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EXECUTIVE SUMMARY
This Programmatic Environmental Impact Statement (PEIS) evaluates potential environmental
impacts associated with the NSF funding of the United States Implementing Organization's
(USIO) participation in the Integrated Ocean Drilling Program (IODP). The IODP is an
international research program that explores the history and structure of the earth as recorded in
seafloor sediments, fluids, and rocks. Based on international agreements, the IODP-USIO
proposes to operate the modernized and retrofitted JOIDES Resolution, also referred to as the
Scientific Ocean Drilling Vessel (SODV), to provide a light, riserless drilling vessel to conduct
earth sciences research throughout the world’s oceans as part of the IODP.
The Consortium for Ocean Leadership formerly the Joint Oceanographic Institutions,
Incorporated (JOI) and its partners, the Lamont-Doherty Earth Observatory of Columbia
University (LDEO) and Texas A&M University (TAMU) through the Texas A&M Research
Foundation (TAMRF), have been selected by the National Science Foundation (NSF) to be the
IODP-USIO for the light drilling vessel and related activities.
The proposed action encompasses the USIO’s implementation of riserless ocean drilling
techniques that have evolved and been refined for over thirty years. Proposed activities include
the mechanical operation of the vessel, riserless ocean drilling, core sampling, seismic surveys or
long-term deployment of reentry devices and instrumentation at selected sites, seismic profile
experiments or supplemental seismic surveys at certain sites, and related onboard research
activities. The JOIDES Resolution will provide a modernized riserless drilling platform
incorporating improvements to the quality and rate of core samples, and will feature twelve
modernized laboratories, allowing for a greater variety of instrumentation that onboard scientists
can use to analyze cores samples while at sea.
This PEIS addresses the use of the JOIDES Resolution and the USIO's participation in IODP
Phase 2 drilling operations for at least the next 20 years. The PEIS evaluated three alternatives
including: (A) ocean drilling as dictated by specific scientific research needs and consistent with
robust IODP policies; (B) riserless ocean drilling expeditions designed and conducted to meet
site-specific scientific objectives, however without input from the IODP Science Advisory
Structure process including the review of environmental conditions at each drillsite that may be
adversely affected by drilling activities; and (C) the no action alternative.
The PEIS is designed to view the USIO drilling program as a whole and thereby assembles and
analyzes the broadest range of direct, indirect, and cumulative impacts associated with the entire
program independent of specific geographic location rather than assessing individual cruises
separately. Activities addressed in the PEIS include operations associated with the vessel while
in transit, outputs occurring during drilling and the completion of boreholes, and research-related
activities including the long-term deployment of instruments. The PEIS evaluated potential
effects on marine water quality, sea bottom and sediment quality, air quality, acoustic
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environment, marine biological resources including marine mammals, fish, sea turtles,
invertebrates, Essential Fish Habitats (EFH), and threatened and endangered species, commercial
and recreational fisheries, marine vessel transportation, and cultural resources as well as impacts
resulting from accidental events.
The potential impacts resulting from the proposed activities for each of the alternatives under
consideration are summarized in Table ES-1. In the event that a proposed ocean drilling
expedition is planned to be conducted in a highly sensitive environment which is beyond the
conditions described in this PEIS, a supplemental assessment will be prepared to evaluate those
site-specific conditions and potential impacts. This process enables NSF to identify any prudent
conservation practices and mitigation measures that may be applied across the entire program or
applicable to a particular expedition.
The findings of this PEIS indicate that a majority of the outputs associated with the performance
of riserless drilling expeditions in either Alternatives A or B would have minor and transitory
effects on the environment. Most impacts associated with the proposed action would be highly
localized and would disappear once the vessel completes drilling activities at a particular site and
leaves the area. Many of the outputs associated with the operation of the JOIDES Resolution,
exclusive of drilling outputs, such as wastewater discharges, air emissions, noise from propulsion
equipment and transducer-based equipment are common to most merchant marine vessels. Some
outputs associated with riserless drilling activities (seafloor disturbance, deposition of sediment
drill cuttings, deployment of equipment or materials) may remain evident on the seafloor after
borehole drilling is complete on a long-term basis; however the effects on the benthic
environment would be minor.
The potential scientific benefits of the proposed operation of the JOIDES Resolution including
riserless drilling and related research activities are known to be substantial. The knowledge that
will be gained from the scientific research will far outweigh the relatively localized and minor
impacts to the marine environment.
This EIS has been prepared consistent with the requirements of the National Environmental
Policy Act (NEPA). The NSF is the lead agency for the proposed action, with National Oceanic
and Atmospheric Administration (NOAA) National Marine Fisheries Service acting as a
cooperating agency. This PEIS is also consistent with Executive Order 12114, Environmental
Effects Abroad of Major Federal Actions, which directs federal agencies to provide for informed
decision making for major federal actions outside the U.S., including the global commons, the
environment of a non-participating foreign nation, or impacts on protected global resources.
The scoping process for this PEIS was initiated by the publication of a Notice of Intent (NOI) in
the Federal Register. Scoping presentations were held in San Diego, CA (15 February 2006),
College Station, TX (17 February 2006), and Silver Spring, MD (February 23, 2006) notifying
the public of the beginning of the PEIS process. No responses were received from the general
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public however federal agencies and earth sciences researchers attended the scoping
presentations.
After scoping, the Draft PEIS was prepared, which provided an evaluation of the potential
impacts of proposed federal action on the human or natural environment. The draft PEIS also
informed decision makers and the public of reasonable alternatives that would avoid or minimize
adverse impacts, or enhance the quality of the environment. A Notice of Availability (NOA) of
the Draft PEIS was published by the U.S. Environmental Protection Agency (USEPA) in the 17
August 2007 Federal Register, and the document was made available for review and comment
over a 45-day period to government agencies and to those persons or organizations that may be
interested or affected. In addition, two public meetings were held in Silver Spring, MD (21
September 2007) and Washington D.C. (28 September 2007) to seek comments and additional
input. No comments on the Draft PEIS were received from any agencies, organizations, or the
public.
Subsequent to this final PEIS, a Record of Decision (ROD) will be issued and will be published
in the Federal Register. The ROD will establish the proposed action, describe the public
involvement and agency decision-making processes, and present commitments to specific
mitigation measures. The proposed action can then be implemented.
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Table ES-1. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity
Operate the
SODV
(vessel in transit
and at a drill site
using thrusters for
dynamic
positioning; note:
impacts associated
with drilling and
coring activities
are summarized
below)

Output

Affected
Environment

Duration
Short term

Discharges
Water Quality
(treated wastewater,
Seafloor
greywater, treated
Biological Resources
bilgewater, deck
drainage, ballast water,
Typical Short term
treated lab discharges)
Long term
Sensitive Areas
Short term
Fisheries Short term

Physical Disturbances
Underwater Noise
(operation of vessel
engines, generators,
thrusters, mechanical
systems, instruments,
transponder beacons)

Intensity
Minimal

No environmental impacts
Local

Minimal

Local

Minimal

Local

Minimal

0
Unlikely (A,B)

2

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A,B)

3
2
2
1
1
0

Short term

Marine Traffic

Short term

Local

Minimal

Unlikely (A,B)

1

Acoustical
Environment

Short term

Local

Minimal

Unlikely (A,B)

2

Biological Resources
Typical Short term

Local

Minimal

Unlikely (A,B)

1

Long term
Short term

Local

Minimal

Fisheries Short term

Local

Minimal

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)

2
1
2
1

Short term
Short term

Local
Local

Minimal
Minimal

Unlikely (A,B)
Unlikely (A,B)

1
1

Continuous

(Not Applicable)

Minimal

Unlikely (A,B)

0

Air Quality
Air Quality
Vessel Crew &
Resources
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Local
Minimal
No environmental impacts (A,B)

Severity
Rating
1

Water Quality
Seafloor

Sensitive Areas

Air Emissions
• exhaust, vapors
• laboratory
Hazardous Materials
(storage & use)

Extent
Local

Probability
of an Impact
(Alternative)
Unlikely (A,B)

Table ES-1. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Output

Affected
Environment

Solid & Hazardous
Vessel Crew &
Waste (handling,
Resources
storage, incineration)
Discharges
Conduct
Riserless Drilling (seawater drilling
fluid, sediment
and Coring
Water Quality
displaced from the
(in addition to
impacts associated borehole, drilling mud,
with the operation cement, tracers)
of the SODV)
Seafloor

Duration

Extent

Intensity

Probability
of an Impact
(Alternative)

Continuous

(Not Applicable)

Minimal

Unlikely (A,B)

0

Certain (A,B)

2

Certain (A,B)

2

Possible (A,B)

2

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A)
Highly
Unlikely (B)

3
3
2
2
3

Local; seawater drilling
fluid injected into the
borehole at ≤ 1,900 L/min;
Minimal
Short term
suspended fine grain
+
particles may extend 100
m from the borehole
Local; fine grain particles
Short term deposited within 100 m of Minimal
the borehole
Biological Resources
Local; benthos & fish
Minimal
Typical Moderate
eggs/larva may be
displaced
Local; habit may be
Moderate
Sensitive Areas Long term
disturbed
Local; fish may be
Minimal
Fisheries Short term
displaced
Cultural Resources Long term Local; sediment deposition Minimal

Physical Disturbances

Water Quality

No environmental impacts (A,B)
Local; drill cuttings mound
Seafloor
Long term
Minimal
within ~5 m of borehole
Biological Resources
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Severity
Rating

3
0

Certain (A,B)

3

Table ES-1. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Output

Affected
Environment

Duration

Typical Moderate
Sensitive Areas Moderate
Fisheries Moderate
Marine Traffic

Short term

Extent
Local; benthos may be
displaced or smothered
Local; benthos may be
displaced or smothered

Intensity

Probability
of an Impact
(Alternative)

Severity
Rating

Minimal

Possible (A,B)

3

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A,B)
Unlikely (A)
Highly
Unlikely (B)

3
3
3
3
1
3

Moderate

Local

Minimal

Local

Minimal

Cultural Resources Long term Local; damage or alteration Minimal
Underwater Noise
(operation of vessel
engines, generators,
thrusters, mechanical
systems, instruments,
transponder beacons,
drilling/coring)

3

Acoustical
Short term
Environment
Biological Resources
Typical Short term

Local

Minimal

Unlikely (A,B)

2

Local

Minimal

Sensitive Areas Short term

Local

Minimal

Fisheries Short term

Local

Minimal

Unlikely (A,B)
Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)

No environmental impacts (A,B)
No environmental impacts (A,B)

1
2
1
2
1
0
0

No environmental impacts (A,B)
No environmental impacts (A,B)
No environmental impacts (A,B)

0
0
0

Discharges
Conduct
(none)
Research
Activities
(geophysical
logging, downhole
measurements)

Water Quality
Seafloor
Biological Resources
Typical
Sensitive Areas
Fisheries
Underwater Noise
Acoustical
Short term
(small seismic sources) Environment
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Local

Minimal

Unlikely (A,B)

2

Table ES-1. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Complete
Boreholes and
Install
Equipment

Accidental
Events

Output

Releases/Discharges
(heavy drilling mud for
borehole closure,
cement for casings and
borehole seal,
deployment of reentry
devices, observatories
and instruments)
Discharges
(petroleum
hydrocarbons from
major fuel spill from
the vessel; liquids
and/or gases from
blowout caused by
drilling into geological
source)

Affected
Environment

Duration

Extent

Intensity

Biological Resources
Typical Short term

Local

Minimal

Sensitive Areas Short term

Local

Minimal

Fisheries Short term

Local

Minimal

Water Quality
Short term
Seafloor
Long term
Biological Resources
Typical
Sensitive Areas

Local
Local

Minimal
Minimal

Fisheries

Severity
Rating

Possible (A,B)
Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A,B)
Likely (A,B)

1
2
1
2
1
2
3

No environmental impacts (A,B)
No environmental impacts (A,B)

0
0

No environmental impacts (A,B)

0

Air Quality

Short term

Local (petroleum vapors,
geologic gasses)

Severe

Water Quality

Long term

Major

Severe

Seafloor

Long term

Major

Severe

Acoustical
Environment
Biological Resources

Probability
of an Impact
(Alternative)

Highly Unlikely
(A,B)
Highly Unlikely
(A,B)
Highly Unlikely
(A,B)

No environmental impacts (A,B)

Typical Long term

Major

Severe

Sensitive Areas Long term

Major

Severe
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2
4
4
0

Highly Unlikely
(A,B)
Highly Unlikely
(A,B)

4
4

Table ES-1. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Output

Affected
Environment

Duration

Extent

Intensity

Fisheries Long term

Major

Severe

Major

Severe

Marine Traffic

Long term

Probability
of an Impact
(Alternative)
Highly Unlikely
(A,B)
Highly Unlikely
(A,B)

Severity
Rating
4
4

Notes: Severity Ratings: 0 = no impact; 1 = minimal local effect that ceases immediately after the vessel leaves a particular drill site; 2 = minimal local effect
that continues for a limited period of time after the vessel has left a particular drill site; 3 = minimal local long-term effect; 4 = substantial effects that may be
realized on a major (regional) and long-term basis.
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1.0

INTRODUCTION

1.1

United States Participation in the Development of Scientific Ocean Drilling

Scientific ocean drilling represents one of earth science’s longest running and most successful
international collaborations. In 1961 when drilling technology was used to successfully recover
the first sample of oceanic crust, scientific drilling took root as a new scientific discipline. Over
the next 45 years, scientific ocean drilling revolutionized earth science, as it continues to do
today (see Figure 1-1).
1.1.1

Project Mohole

The vision and reality of deep ocean drilling began in 1961 with Project Mohole. Project
Mohole, led by the American Miscellaneous Society with funding from the National Science
Foundation, was an ambitious attempt to drill through the Earth's crust into the Mohorovičić
discontinuity and to provide an earth science complement to the high profile Space Race.
Project Mohole contracted with Global Marine of Los Angeles for the use of its oil drillship
called CUSS I. Consortia of Continental, Union, Superior and Shell Oil Companies (CUSS) had
originally developed the drillship in 1956 as a technological test bed for the nascent offshore oil
industry. While "CUSS I" was one of the first vessels in the world capable of drilling in water
depth up to 183 m (600 ft), Project Mohole expanded its operational range by virtually inventing
what is now known as dynamic positioning (See Figure 1-2).
Phase One was executed in the spring of 1961. Off the coast of Guadalupe, Mexico, five holes
were drilled, the deepest at 183 m (601 ft) below the sea floor in 3,500 m (11,700 ft) of water.
This was unprecedented, not in the hole's depth but because of the depth of the ocean and
because it was drilled from an untethered platform. Also, the core sample proved quite valuable,
showing Miocene age sediments with the lowest 13 m (44 ft) consisting of basalt. Phase One
proved that both the technology and expertise were available to drill into the Earth's mantle.
However, Mohole-Phase Two was dissolved in 1966 for budgetary reasons.
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Figure 1-1. History of U.S. Scientific Ocean Drilling
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Figure 1-2. Project Mohole Drillship, CUSS I

(Left) Overhead view of CUSS I, the converted Navy Barge used for Project Mohole's deep-sea
drilling tests in spring of 1961 (NSF photograph). (Right) CUSS I crew lowering one of the six
taut line submerged buoys used for dynamic positioning. The six buoys were lowered into a
circular pattern at a depth of about 200 feet. The ship would then use sonar to position itself in
the center of the circle (NSF photo).

1.1.2

DSDP

The Deep Sea Drilling Project (DSDP), based out of Scripps Institution of Oceanography at the
University of California, San Diego began June 24, 1966. Starting in August of 1968, the
Glomar Challenger (Figure 1-3) took DSDP into the Atlantic, Pacific, and Indian Oceans as well
as the Mediterranean and Red Seas.
From August 11, 1968, to November 11, 1983 an impressive list of drilling accomplishments
were achieved from the Challenger. Core samples revealed the existence of salt domes, provided
definitive proof for continental drift and seafloor renewal at rift zones confirming Alfred
Wegner's theory of continental drift, gave further evidence to support the plate tectonics theory
of W. Jason Morgan and Xavier Le Pichon, and enabled many more important discoveries
(see http://www.iodp.tamu.edu/publicinfo/glomar_challenger.html for more details).
With the advent of larger and more advanced drilling ships, the JOIDES Resolution replaced the
Glomar Challenger in January 1985, to start the Ocean Drilling Program.
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Figure 1-3. Glomar Challenger

From 1968 to 1983, the Glomar Challenger pioneered scientific ocean drilling as the research
vessel for the Deep Sea drilling Project, operated by the Scripps Institution of Oceanography,
University of California, San Diego.

1.1.3

ODP

The Ocean Drilling Program (ODP) was an international cooperative effort to explore and study
the composition and structure of the Earth's ocean basins. ODP operations, which began in
1985, directly succeeded DSDP. ODP was a truly international effort with contributions from
Australia, Germany, France, Japan, the United Kingdom and the European Science Foundation
Consortium for Ocean Drilling (ECOD) consisting of 12 additional European countries. The
program used the drillship JOIDES Resolution (originally known as SEDCO/BP 471) (Figure
1-4) on 110 expeditions to drill about 2000 holes from major geological features located in the
ocean basins of the world. The sediments recovered ranged in age from the last decade all the
way back to the Triassic Period, nearly 227 million years ago. ODP advanced scientific
discovery deep below the seafloor and provided evidence of 1) fluids circulating through the
ridge flanks of the ocean floor, 2) the formation of volcanoes and volcanic plateaus at rates
unknown today, 3) natural methane frozen deep within marine sediments as gas hydrate, 4) a
vibrant microbial community living deep within oceanic crust, and 5) persistently rhythmic
climate history. Drilling discoveries led to further questions and hypotheses, as well as to new
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disciplines in earth sciences such as the field of pale-oceanography. In 2003 ODP was replaced
by the Integrated Ocean Drilling Program (IODP).
Figure 1-4. JOIDES Resolution

(Left) JOIDES Resolution (originally known as SEDCO/BP 471) was converted in Pascagoula,
Mississippi, in the fall of 1984. She was built in Halifax, Nova Scotia in 1978 and had previously
sailed the world as a top-class oil-exploration vessel. (Right) The ship can deploy up to 30,000
feet of drill string.

Detailed information on program administration, scientific results, engineering and science
operations, samples, data, publications, or outreach materials is located on the ODP legacy
website (http://www-odp.tamu.edu/index.html). A summary of past USIO riserless drilling
activities is provided in Appendix A.
1.2

IODP Scientific Goals: The Initial Science Plan

The first program principle developed by the International Working Group charged with
formulating IODP states “The IODP is an [integrated, multi-drilling platform] scientific research
program with objectives identified in the IODP Science Plan”. Thus the Initial Science Plan
(ISP) is the heart of IODP, providing fundamental guidance as to the scientific and technical
objectives that are of greatest interest to IODP. Exciting discoveries are certain to lead to new
priorities in the future and IODP will be flexible in responding to unique opportunities, but the
ISP lays out an essential framework for the design and evaluation of scientific studies that will
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help to achieve critical goals. IODP studies will lead to a better understanding of the deep
biosphere and the sub-seafloor ocean; environmental change, processes, and impacts; and solid
earth cycles and geodynamics.
The full title of the Initial Science Plan for IODP is “Earth, Oceans and Life: Scientific
Investigations of the Earth System Using Multiple Drilling Platforms and New Technologies.”
The ISP grew out of numerous workshops, conferences, and discussions among hundreds of
scientists, engineers, and agency representatives. The contents of the ISP were formulated
mainly during the periods from 1997 to 2001 by an international, multi-disciplinary, scientific
community, drawn together by common interests, technical needs, an appreciation for the
wonder of scientific discovery, and dedication to the success of the complete enterprise. Some
of the objectives discussed in the ISP date back to the original Conference on Scientific Ocean
Drilling (COSOD, 1982), while others were developed only in the last few years leading to the
establishment of IODP. The Conference on Cooperative Ocean Riser Drilling (CONCORD,
1997) and the Conference on Multiple Platform Exploration for the Ocean (COMPLEX, 1999)
were particularly important in formulating the scientific objectives for IODP and drafting the ISP
(http://www.iodp.org/isp/).
1.2.1

Initial Science Plan Themes

The ISP identifies three broad themes on which scientific ocean drilling efforts will be
concentrated beyond the year 2003. The first is the study of the deep biosphere and associated
sub-seafloor ocean. The second involves investigating Earth’s environmental change, in terms of
both its processes and effects. The final theme encompasses a range of inter-related scientific
problems pertaining to the cycles and geodynamics of the solid Earth. Within these broad
themes, specific areas of concentration are identified for which ocean drilling is either the best,
or only, way to solve scientific problems of a fundamental nature. These areas of concentration
include studies of: seismogenic zones, gas hydrates, rapid climate change and periods of extreme
climates, continental breakup and sedimentary basin formation, large igneous provinces, and the
fundamental nature of oceanic crust.
1.2.2

Implementation Strategy

The integration of multiple drilling platforms, exploratory tools, and diverse strategies in
resolving outstanding questions is discussed throughout the ISP and is central to the success of
IODP. A detailed discussion of the IODP is presented in Appendix B.
The specific IODP initial drilling initiatives require the IODP to deploy closely linked drilling
platform types simultaneously (Figure 1-5). A riserless drillship such as the modernized JOIDES
Resolution will enable IODP to reach the ocean’s greatest depths, while continuing to expand the
global sampling coverage and disciplinary breadth characteristic of ODP and DSDP.
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Figure 1-5. IODP’s Multi-platform Approach

The Riserless vessel enables IODP to drill in the deepest water, the Riser vessel provides the
ability to drill deepest into the Earth, and the Mission-specific platform allows IODP to complete
projects in areas too shallow for the other two drillships. The three platforms enable IODP to
conduct scientific ocean drilling in almost any condition.

A riser-equipped drillship will permit IODP to address deep objectives that require drilling for
months to a year or more at a single location. Deep objectives include the “seismogenic zone”
experiment, designed to determine the behavior of earthquake-generating faults in subduction
zones; the deep crustal and intra-sedimentary biosphere; the three-dimensional structure of
oceanic and Large Igneous Province (LIP) crust; and the processes of continental breakup and
sedimentary basin formation. Mission-specific platforms will permit unprecedented examination
of the history of sea-level change in the critical region near the shoreline, the recovery of highresolution climate records from atolls and reefs in shallow water areas, and the exploration of
climatically sensitive, ice-covered regions not yet sampled by drilling, such as the Arctic Ocean
basin.
Of fundamental importance to successful drilling from these platforms is the deployment of new
or improved drilling, sampling and downhole petrophysical tools, which allow scientists to
recover drilled sections more completely, to obtain uncontaminated samples at ambient
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pressures, to isolate and record data on the physical properties of specific intervals within
boreholes and to initiate drilling and recovery of exposed hard rocks. DSDP and ODP have laid
a solid technological foundation in most of these areas. Some tools, such as the advanced piston
corer (APC) developed for scientific ocean drilling by ODP, require little engineering
improvement. Significant improvement of other tools, such as hard rock drilling systems,
require that IODP closely interact with scientific users, and call upon the advice and technical
expertise of the drilling industries. As IODP drilling progresses into harsher environments,
where the challenge of recovering biologically, chemically and physically intact samples
continues to increase, improved tools will be critical for achieving the program’s scientific goals.
Post-drilling observations and experiments in boreholes, pioneered by ODP, are of great
importance in IODP. Sustained time-series recordings by instruments sealed within boreholes
are required to investigate active processes such as pore-water flow, thermal and chemical
advection and crustal changes. Boreholes will also be used for perturbation experiments to
investigate in situ physical properties of sediments and/or crust, and their associated microbial
communities. A global network of geophysical observatories for imaging Earth’s deep interior is
also planned.
Another important element of the IODP’s new vision for scientific drilling is the development of
closer links between marine geoscientists and their continental drilling and industry colleagues.
For example, many fundamental scientific questions to be addressed over the next decade “cross
the shoreline.” Attacking these problems will require an integrated approach combining
continental studies (e.g., lake and continental crust drilling, field-based mapping, onshoreoffshore geophysical transects) and drilling into the seafloor. Close interaction with international
scientific programs, such as InterRidge, InterMargins, the International Ocean Network (ION),
International Geosphere-Biosphere Program of Past Global Changes (PAGES), International
Marine Past Global Change Study (IMAGES), Nansen Arctic Drilling (NAD) and the
International Continental Drilling Program (ICDP) will continue to contribute greatly to the
quality of IODP science. Ongoing industry-academic dialogue is also defining broad overlap in
fundamental research problems that are of interest to both communities. As hydrocarbon
exploration rapidly expands into deeper water and the international scientific community gains
interest in using deep-water riser technology, opportunities for intellectual and technological
collaboration should continue to grow.
1.3

Scope of the Proposed Action

The scope of the proposed action and this Programmatic Environmental Impact Statement (PEIS)
encompasses all aspects of the operation of the modernized JOIDES Resolution by the United
States Implementing Organization (USIO) and a member of the IODP. Proposed activities to be
conducted by the JOIDES Resolution and addressed in this impact statement include the
mechanical operation of the vessel, riserless ocean drilling, core sampling, and related onboard
research activities. Depending upon the specific research objectives of each ocean drilling
expedition and guidance provided by the IODP scientific community, it is anticipated that the
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JOIDES Resolution will perform earth sciences research throughout the world’s oceans in marine
conditions where riserless drilling is optimally suited.
This PEIS focuses on the evaluation of all operations and research activities to be conducted by
the modernized JOIDES Resolution independent of specific geographic locations. The operation
of the vessel, ocean drilling, and implementation of research procedures as described herein,
incorporate various mitigating measures designed to minimize or avoid adverse impacts to the
marine environment. In the event that a proposed ocean drilling expedition is planned to be
conducted in a highly sensitive environment which is beyond the conditions described in this
PEIS, a supplemental assessment will be prepared to evaluate those site-specific conditions and
potential impacts.
1.4

Purpose of the Programmatic Environmental Impact Statement

In 1969, Congress enacted National Environmental Policy Act (NEPA), which provides for the
consideration of environmental issues in federal agency planning and decision-making.
Regulations for federal agency implementation of the act were established by the President’s
Council on Environmental Quality (CEQ). In addition, NEPA requires federal agencies to
prepare an Environmental Impact Statement (EIS) for actions that may significantly affect the
quality of the human and natural environments.
The scope of this EIS addresses all aspects of the proposed action involving IODP-USIO
riserless ocean drilling program and therefore is designated a Programmatic EIS. Assessment of
other IODP activities such as riser drilling and drilling from mission-specific platforms are not
included in this PEIS and will be addressed in separate environmental documents. The National
Science Foundation (NSF) is the lead agency for the proposed action, with the National Oceanic
and Atmospheric Administration (NOAA) National Marine Fisheries Service (NMFS) acting as
a cooperating agency. Cooperating agencies have jurisdiction by law or special expertise with
respect to certain environmental impacts from a proposed action by another agency.
Under NEPA, the PEIS must disclose significant environmental impacts and inform decision
makers and the public of the reasonable alternatives that would avoid or minimize adverse
impacts or enhance the quality of the human environment. The first step in the NEPA process is
the preparation of a notice of intent (NOI) to develop the PEIS. The NOI provides an overview
of the proposed project and the scope of the PEIS. The NOI for this project was published in the
Federal Register on January 10, 2006.
Scoping is an early and open process for developing the “scope” of issues to be addressed in the
PEIS and for identifying potentially significant environmental effects associated with the
proposed action. The scoping process for this PEIS was initiated by the publication of the NOI.
During this process, the public was provided an opportunity to define, prioritize, and convey
these environmental concerns to the agency through both oral and written comments. The public
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comment period was 45 days. Scoping presentations were held in San Diego, CA (15 February
2006), College Station, TX (17 February 2007), and Silver Spring, MD (February 23, 2006)
notifying the public of the beginning of the PEIS process. No responses were received from the
general public; however, federal agencies and earth sciences researchers attended the scoping
presentations.
After scoping, the Draft PEIS was prepared, which provided the complete description of the
proposed federal action and an evaluation of the potential impacts on the human or natural
environment. The Draft PEIS also informed decision makers and the public of reasonable
alternatives that would avoid or minimize adverse impacts, or enhance the quality of the
environment.
The Draft PEIS was released on 7 August 2007 and the US Environmental Protection Agency
(USEPA) placed a notice of availability in the 17 August 2007 Federal Register. Printed, CD,
and downloadable copies of the Draft PEIS were made available for review over the 45-day
comment period. The Draft PEIS was provided to the following government agencies and
persons or organizations:
Federal Agencies and Offices
Bureau of Land Management
Council for Environmental Quality
Department of the Interior
Environmental Protection Agency
Fish and Wildlife Service
Food and Drug Administration
Marine Mammal Commission
Mineral Management Service
National Institute of Health

National Marine Fisheries Service
National Oceanographic and Atmospheric
Administration
National Park Service
Office of Surface Mining
State Department
U.S. Coast Guard
U.S. Geological Survey
U.S. Navy

U.S. State Agencies and Offices
California Coastal Commission
Canadian Agencies and Offices
Canadian Hydrographic Service
Natural Sciences and Engineering Research Council of Canada
Private and Other Organizations or Individuals
Acoustic Ecology Institute
American Geological Institute
American Petroleum Institute
Audubon Society
Blue Ventures
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Conservation International
Consortium for Ocean Research and
Education
Coral Reef Alliance
Cousteau Society

Deep Sea Conservation Coalition
Earth First
ExxonMobil
Friends of the Earth
Global Coral Reef Alliance
Green Peace
Humane Society
International Association of Geophysical
Contractors
International Council for Exploration of the Sea
International Coral Reef Action Network
International Ocean Institute
IUCN - The World Conservation Union
Dr. Larry Mayer, University of New
Hampshire
Living Oceans Society

National Geographic Society
Nature Conservancy
Natural resources Defense Council
Ocean Alliance
Ocean Conservation Research
Oceana
Oceanic Environmental Solutions
Oceanic Society
Oceanography Society
Seas at Risk
Sierra Club
Whale and Dolphin Conservation Society)
Wildlife Conservation Society
Woodside Energy Ltd.
World Ocean Network
World Wildlife Fund

Public meetings were held at NOAA in Silver Spring, MD on 21 September 2007 and
Consortium for Ocean Leadership, formerly the Joint Oceanographic Institutions (JOI) in
Washington D.C. on 28 September 2007 to address questions or comments on the Draft PEIS.
No comments were received; therefore the Draft PEIS only required minor revision to describe
the review process. A record of decision (ROD) will be prepared and published in the Federal
Register to document the finalization of the PEIS. The proposed action can then be
implemented.
The PEIS is consistent with Executive Order 12114, Environmental Effects Abroad of Major
Federal Actions, which directs federal agencies to provide for informed decision making for
major federal actions outside the U.S., including the global commons, the environment of a nonparticipating foreign nation, or impacts on protected global resources
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2.0

DESCRIPTION OF THE PROPOSED ACTION

2.1

Introduction

The modernized JOIDES Resolution will serve as the state-of-the-art, riserless drilling research
platform for the science community as well as the United States' contribution to support the
scientific mission of the IODP. The U.S. will only conduct riserless ocean drilling and therefore
potential impacts arising from riser-equipped drilling operations or drilling from other missionspecific platforms are beyond the scope of this PEIS. Overall, the IODP will build upon the
successes of the DSDP and ODP by enhancing the capabilities of scientific ocean drilling
through international partnerships using multiple drilling platforms. In this environmental
impact statement, the JOIDES Resolution will also be referred to as the Scientific Ocean Drilling
Vessel (SODV).
The information contained herein focuses on the identification and quantification of outputs
resulting from proposed riserless ocean drilling activities which are known or suspected to
interact with the environment. The section concludes with a description of the regulatory
framework and compliance requirements applicable to each specific expedition.
2.2

Vessel Operations and Associated Environmental Outputs

2.2.1

Overview of Vessel Capabilities and Operations

After 20 years of service, the JOIDES Resolution, the pioneering scientific research vessel that
has allowed scientists to retrieve samples of the Earth’s crust and sediments from deep beneath
the ocean, is being modernized and retrofitted with funding provided by the NSF Major Research
Equipment and Facilities Construction (MREFC) Account to serve as a state-of-the-art riserless
drillship for the IODP. As such, the modernized JOIDES Resolution (i.e., SODV) will improve
the quality and rate of core samples brought up from the deep, while retaining many of the same
mechanical systems of its predecessor.
During its history, the JOIDES Resolution has been adapted and upgraded with minor
modifications several times. But the scale of the current conversion will be beyond any past
upgrades. The SODV will continue to be a uniquely outfitted drillship that can dynamically
position over specific seafloor locations while drilling up to 8,385 m (27,500 ft) total depth in
water depths ranging from 75 to >6,000 m, depending on the desired penetration below the
seafloor.
The SODV will feature a modernized laboratory, allowing for a greater variety of
instrumentation that onboard scientists can use to analyze cores samples while at sea. The
SODV will provide an enhanced drilling instrumentation system and a refurbished sub-sea
camera system. Although the SODV conversion process will produce a riserless drilling vessel
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with numerous enhanced capabilities, the environmental outputs resulting from the operation of
the ship will be similar to those realized during the past expeditions. For example, most of the
drillship mechanical systems such as the engines and drill rig components will remain the same.
The SODV will be a completely self-sustained unit carrying sufficient fuel, water, and supplies
to enable her to remain at sea for 60 days with a crew of up to 128. Navigational capabilities
will include SATNAV, LORAN C, and GPS (Global Positioning System); the latter providing
precise satellite positioning and thus enhanced accuracy of drill site location. The SODV’s icestrengthened hull will permit the vessel to navigate in medium ice conditions, and withstand air
temperatures of -18°C to 43°C and sea temperatures of -2°C to 27°C. The SODV’s ABS Ice
Class 1B rating will afford the ship the highest ice classification of any drillship currently in
service.
The drilling, propulsion, and positioning systems on the SODV are diesel-electric powered with
the twin propellers able to provide an average cruising speed of 11 knots. The computercontrolled dynamic positioning (DP) system will use an acoustic referencing device (beacon or
pinger) deployed on the seafloor to maintain the ship over a specific location, using a
combination of 12 thrusters, each powered by a 750 hp electric motor and capable of producing
10,250 kg (100,525 newtons) of thrust. When operating in conjunction with the vessel’s main
propellers, the thrusters enable the drillship to move in any direction. Four hydrophones
mounted in the hull will be used to continually receive signals transmitted from the beacon on
the seafloor. A computer will automatically control the thrusters and main propulsion unit to
maintain the SODV’s heading and location over the borehole. The vessel will be able to
maintain position within three percent of water depth in up to 7.5 m (25 ft) waves, 60 knot
winds, and 3.0 knot currents. General specifications for the SODV are presented in Appendix C.
Figure 2-1 provides a simplified schematic of the ship.
The proposed operator of the SODV, ODL/Transocean, will follow specific procedures designed
to protect the environment and reduce environmental risk as documented in the Transocean
Environmental Management System (EMS) (Transocean, 2006). Additional documents
supporting the EMS and applicable regulatory requirements (e.g., MARPOL) include:
•
•
•
•
•

Garbage Management Plan
Power Management Plan
Ballast Water Management Plan
Shipboard Oil Pollution Emergency Plan (SOPEP)
Spill Plan
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Figure 2-1. SODV Profile
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Based on recent IODP-USIO riserless drilling experience, and for the purpose of this
PEIS, it is assumed that each typical SODV expedition may be up to 61 days in duration
including five days in port and 56 days at sea either in transit or performing riserless
drilling operations. This generic model will be used to quantify various vessel-related
and drilling outputs which are time dependent such as exhaust emissions and liquid waste
discharges.
2.2.2

Water Discharges

Routine vessel operations on the SODV are expected to result in the controlled discharge
of sanitary wastewater (treated sewage), non-sanitary wastewater (greywater, victual
wastes), bilge water (treated), deck drainage, cooling or other process water, desalination
brinewater, ballast water, and laboratory wastewater (treated). Assuming the typical
duration of a SODV expedition is 61 days, most of these discharges will occur during the
56–day period the SODV is at sea. Characteristics of these discharges are summarized in
Table 2-1 and are described below.
Table 2-1. Projected Liquid Waste Discharges from the SODV
Source
Sanitary wastewater
(sewage, blackwater)
Non-sanitary wastewater (greywater)
Bilge water
Deck drainage
Noncontact cooling water
Desalination brinewater
Ballast water
Laboratory wastewater

Volume
(liters/day)
15,810
55,000
Variable
Variable
34,300,000
2,179,000
Variable
Variable

Treatment
Activated sludge/
suspended aeration/disinfection
Untreated
Oil/water separator 1
Oil/water separator (as needed) 1
Untreated
Untreated
Untreated
Neutralization

Note:
1

The SODV will have the capability to treat up to 120,000 liters/day of bilge water and/or contaminated
deck drainage through the oil/water separator; however these liquid waste streams are highly variable and
will only require discharge on an intermittent basis.

2.2.2.1 Sanitary Wastewater
Sanitary wastewater (blackwater) generated onboard the SODV will consist of human
wastes from restrooms. The SODV wastewater treatment system will consist of an
extended aeration process and the resulting effluent will be disinfected by chlorination.
Sanitary wastewater will be conveyed to the wastewater treatment device via a vacuum
system. Approximately 15,810 liters of sewage would be treated and discharged each
day. The treated effluent would equal or exceed MARPOL Annex IV requirements by
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exhibiting total suspended solids and 5-day biochemical oxygen demand (BOD5)
concentrations of less than 50 mg/L and a fecal coliform bacteria concentration of less
than 250 MPN (most probable number) colonies per 100mL. The SODV will be capable
of storing approximately 16 days of wastewater at typical generation rates.
2.2.2.2 Non-sanitary Wastewater
Non-sanitary wastewater will consist of greywater (wastewater from washing, bathing,
laundry) and victual wastes (wastewater from food preparation and service sources).
Victual wastes will be macerated before entering the greywater waste stream. Because
greywater exhibits a significantly lower organic loading than blackwater and contains
fewer pathogens, it decomposes and assimilates readily in the sea without treatment. It is
estimated that up to 55,000 L of untreated greywater would be discharged daily including
approximately 200 liters of macerated victual wastes. The SODV will be capable of
storing approximately 3 days of greywater.
2.2.2.3 Bilge Water
Bilge water is the aqueous waste that accumulates in various chambers in the vessel’s
hull. Bilge water originating from drainage in the engine room or other mechanical areas
may contain oil residues. Oily bilge water will be collected and treated through an IMOapproved oil/water separator resulting in an oil in water concentration of less than
15 parts per million (ppm) and discharged to the sea. The separated oil phase will be
periodically combusted as needed in the onboard incinerators. Because bilge water will
be generated on a variable and intermittent basis, the quantity discharged cannot be
projected. The oil/water separator is capable of treating up to 120,000 liters of oily water
per day.
2.2.2.4 Deck Drainage
Deck drainage will consist of rain, seawater, and washwater from the deck and drilling
floor that may contain sediment, oil, or other residues. Generally, if the decks are free of
residues, the drainage will be discharged to the sea through scuppers. However, if oil or
other residues are present on the deck or the ship is in an area where discharge of deck
drainage is prohibited, the scuppers will be sealed and the drainage conveyed to a settling
tank for processing through an oil/water separator. After treatment, the aqueous phase
will be discharged to the sea and the oily residue, if any, will be combusted in the
onboard incinerators. Because deck drainage will be generated on a variable and
intermittent basis, the quantity discharged cannot be projected. The oil/water separator is
capable of treating up to 120,000 liters of oily water per day.
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2.2.2.5 Cooling Water
Untreated seawater will be used as a heat exchange media to cool engines, pumps, and
other mechanical components onboard the SODV. The cooling water will only come in
contact with heat exchange coils, pumps, and piping and will not come in contact with
combustion residues, oil, sludge, metal shavings, or chemicals such as descaling agents.
Approximately 34.3 million liters of cooling water will be discharged each day.
2.2.2.6 Desalination Wastewater
Freshwater used onboard the SODV will be obtained through the desalination of seawater
by flash evaporators. The desalination units produce freshwater and waste brinewater
which will exhibit a salinity content approximately 25 percent higher than ambient
seawater. It is estimated that 132.9 million liters of brinewater may be released to the sea
during a typical expedition or approximately 2.1 million liters each day.
2.2.2.7 Ballast Water
Ballast water is used to lower a vessel’s center of gravity, thereby improving stability,
increasing propeller immersion, and helping to control trim. The ballast water holding
tanks on the SODV have a nominal capacity of 745,000 liters. Seawater will be pumped
to or from the vessel’s ballast tanks as needed, consistent with regulatory requirements
and the SODV’s Ballast Water Management Plan. The volume of ballast water
discharged will be variable and intermittent as required by operating conditions and
cannot be predicted.
2.2.2.8 Laboratory Wastes
The laboratory protocol onboard the SODV prohibits discharge of chemicals directly to
the environment or to the vessel’s sewer system. The acid drain system in the
laboratories will convey washwater potentially containing inorganic liquid acid residues
to a chemical neutralization tank for treatment. Liquid chemical wastes such as solvents
will be containerized for subsequent disposal onshore. The volume of treated laboratory
wastewater discharged will be relatively minor and intermittent as required by laboratory
operations.
2.2.3

Acoustic Sources

The marine environment in which the SODV will be operating is constantly exposed to
background noise from various natural and man-made sources, including sounds
generated on a continual basis and from discrete events. Natural sources of sound in the
marine environment include wave, wind, rain, volcanic activity, earthquakes, biological
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sources such as fish and marine mammal vocalizations for foraging and echolocation, and
the movement of ice in polar climates.
Sound levels in calm seas have been characterized at approximately 60 dB re 1 μPa 1
(Hurley and Ellis, 2004) typically in the 1 Hz to 30 kHz frequency range, although the
combined wind and wave action can increase the noise level significantly (WDCS, 2004).
Precipitation events may increase the sound level in the 100 to 500 Hz frequency range
by up to 35 dB (Nystuen and Farmer, 1987), while thunderstorms may also produce
additional noise up to 15 dB in the 50 to 250 Hz range (Dubrovsky and Kosterin, 1993).
Volcanic activity and earthquakes will also contribute to background noise levels on an
intermittent basis, typically in frequencies up to 500 Hz (WDCS, 2004). Earthquakes can
be expected to result in intense, short-term increases in sound levels up to 30-40 dB
above background (Schreiner et al., 1995), although major earthquakes may generate
underwater sounds ranging from 200 to 240 dB re 1 μPa (ERT Ltd., 2006).
Anthropogenic (man-made) noise sources that may contribute to background levels in the
open ocean primarily include shipping traffic and commercial fishing activities. Typical
source levels during operation of an in-transit merchant vessels range from 158 dB re 1
μPa for fishing trawlers, 172 re 1 μPa for commercial freighters, and up to 190 dB re 1
μPa for larger vessels such as supertankers (Hurley and Ellis, 2004). The primary source
of noise from commercial vessels are its propellers, particularly when the ship is cruising
at high speed which can produce sound in the broadband range but focused at lower
frequency ranges (5-500 Hz) (OSPAR, 2006). Taking both natural and anthropogenic
acoustic sources into consideration, typical background sound levels of 95 dB re 1 μPa
may be expected at deep ocean sites (Richardson, et al., 1995)
The SODV’s acoustic and vibrational sources such as the engines, propellers, thrusters,
mechanical systems, and transducer-based equipment such as a single beam sonar
system, sub-bottom profiling system, and an acoustic Doppler current profiler (ADCP)
unit will primarily affect the underwater marine environment. In general, underwater
sounds attenuate with distance from the source; the distance that noise from the SODV
travels will depend on the intensity of the individual source and oceanographic
conditions. While in transit, the SODV will be cruise at an average speed of 20.3 km/hr
(11 knots) using four of the seven diesel-electric engines which produce an average total
power output of 7.0 megawatts (MW). Although specific acoustic data for the SODV
1

The measurements used to characterize acoustical sources are typically expressed in decibels (dB)
measured at a 1 meter distance and referenced to pressure units, microPascal (µPa). For acoustics in air, a
standard reference pressure of 20µPa is used, while a standard reference pressure of 1µPa is used for
acoustics in water. Additional units are used to measure the levels of sound intensity, including zero to
peak (0-p), peak to peak (p-p) and root mean square (rms). In general, 0-p values will be lower than p- or
rms. The rms pressure is an average over the pulse duration. Received levels of pulsed sounds are also
expressed on an energy or Sound Exposure Levels (SEL) basis, for which the units are dB re (1 µPa)2 ·s,
typically 10-15 dB less than the rms level for the same pulse.
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under cruise conditions is not available, it is reasonable to assume that the SODV will
produce sound levels comparable to merchant vessels of the same size class. For
example, the average source level for a typical merchant vessel in transit, ranges between
160 and 190 dB re 1 μPa in the 5 to 900 Hz frequency range and attenuates to 150 dB re 1
μPa within 100 m (ERT Ltd., 2006).
When the SODV is at a drill site, it will typically operate three diesel engines to produce
sufficient electrical power to operate the 12 dynamic positioning thrusters that may be
needed to maintain position. Based on data collected during a test of the drillship
SEDCO/BP 471 (Honeywell, 1984) which was later designated the JOIDES Resolution
and now the SODV, it was estimated that the sound level generated by the vessel’s
engines and all of the thrusters operating simultaneously is approximately 154 dB re 1
μPa. In a study unrelated to the SODV, the underwater noise from a ship equipped with
thrusters exhibited 140 dB re 1 μPa at the source with frequencies ranging from 10 Hz to
100,000 Hz (Faugstadmo, 1998).
Transducer-based instrument systems that may be used onboard the SODV such as a
single-beam echo sounder, an Acoustic Doppler Current Profiler, and a sub-bottom
profiler will also generate acoustical outputs. The intensity and direction of the
acoustical source will vary depending on the type of instrument. The single-beam echo
sounder will operate at a frequency of 350 kHz and produce a source sound level in the
range of 200-230 dB re 1μPa with the maximum intensity within a 45° beam from the
source. The ADCP will produce a maximum acoustic source level of 224 dB re 1μPa at
307 kHz over a conically-shaped 30° beam. The sub-bottom profiler will operate in the
3.5 kHz frequency range and have an approximate acoustical source output of 204 dB re
1 μPa while emitting energy in a 30° beam from the bottom of the ship. It is expected
that the echo sounder and sub-bottom profiler will be in continuous operation while the
vessel is in transit and approaching a drill site but will be shut off when the vessel is
drilling. Because all of these transducer-based sources are focused and directional, the
emitted sound levels will be significantly attenuated outside the focus of the beams.
2.2.4

Physical Disturbances

The routine operation of the SODV will disturb the surrounding environment including
physical changes to the water column and the seafloor.
2.2.4.1 Seawater Turbulence
It is anticipated that when the SODV is operating in Dynamic Positioning (DP) mode to
hold a fixed location against the combined action of the wind, current, and waves, up to
12 of the vessel’s thrusters and possibly the vessel’s main propellers may be operating
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simultaneously. The turbulence created by these propulsion units will result in mixing of
the surrounding water column.
2.2.4.2 Seafloor
Although the SODV anchors rarely, the anchor and chain when deployed will physically
disturb the seafloor and benthic organisms, if present.
2.2.5

Air Emissions

The operation of the SODV will generate air emissions from the combustion of
petroleum hydrocarbon fuel in the vessel’s engines. The combustion of diesel fuel will
result in the generation of gaseous and particulate pollutants including sulfur oxides,
nitrogen oxides, carbon monoxide, carbon dioxide, particulate matter, and hydrocarbons.
The amount of pollutants emitted to the atmosphere will be directly related to the engines
fuel consumption and the sulfur content of the fuel (EPA, 2000).
There are seven electro-motive (diesel-electric) engines on the SODV, five rated at 2,100
kW each and two rated at 1,500 kW each. The average fuel consumption and power
output of the SODV will be 6,800 L per day (1.2 MW) when is in port, 45,400 L per day
(7.0 MW) while in transit, and 20,800 L per day (3.0 MW) while on-site and drilling. It
is anticipated that the SODV will use standard marine gas oil fuel containing less than 0.5
percent sulfur. Based on these operating conditions, Table 2-2 presents the total
estimated air emissions occurring during a typical 61-day expedition.
Table 2-2. Estimated SODV Engine Emissions During a Typical 61-Day
Expedition

Parameter
Carbon Dioxide
Carbon Monoxide
Nitric Oxide
Nitrogen Dioxide
Nitrogen Oxides
Particulate Matter
Sulfur Oxides
Total Hydrocarbons

Emissions (metric ton)
At Sea (56 days)
In-Port
(5 days)
Transit
On-Site (51
Fuel
(5 days)
days)
Usage:
Fuel Usage:
Fuel Usage:
34,000 L
227,000 L
1,061,000 L
104
589
2,705
0.212
0.85
6.2
1.4
8.1
36
2.3
13
59
1.5
8.9
40
0.039
0.221
0.998
0.069
0.459
0.210
0.022
0.074
0.693
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Total
Emissions
(metric-tons/
expedition)
3,399
7.2
45
74
50
1.2
0.738
0.789

In addition to the engine exhaust emissions, volatile chemicals associated with the
operation and maintenance activities on the SODV will be intermittently released to the
air. These substances may include cleaners, degreasers, solvents, paints, and aerosols.
Because these materials are used routinely in small quantities but on an intermittent basis,
the resulting emissions are relatively insignificant. Refrigerants will be used in closed
systems (e.g., HVAC, refrigerators, freezers, specialized laboratory equipment) onboard
the SODV and recovered when maintenance is performed on the equipment to prevent
release to the environment. In addition, new refrigerant systems that are installed on the
SODV during the conversion process will avoid the use of ozone depleting substances
such as hydrocholorofluorocarbon (HCFC) compounds to the maximum extent possible.
Another air emissions source on the SODV involves the evaporative loss of volatile fuels.
Fuel evaporative emissions can occur as a standing storage loss when a volatile fuel
thermally expands in a rigid container or tank which is vented to the atmosphere.
Working evaporative emission loss is caused by the displacement of vapors when a tank
is filled or fuel is transferred. The type and amount of fuel, number of transfers, and
movement of the ship will contribute to the evaporative emissions. An estimate of fuel
evaporative emissions was developed using an USEPA model (EPA, 1995) and based on
the assumption that marine gas oil fuel is chemically similar to distillate fuel oil no. 2.
Conservatively, since the fuel aboard the SODV would be stored in bulk tanks and not
exposed to rapid temperature changes, 16° C (60° F) was selected as a representative
temperature for the emissions calculation. Standing losses were assumed to be twice the
working loss to account for emissions resulting from motion of the fuel in the tanks while
the vessel is at sea. Table 2-3 presents the estimated fuel evaporative emissions for a
typical 61-day expedition.
Table 2-3. Estimated Evaporative Emissions from Diesel Engine Fuel During a
Typical Expedition
In Port (5 days)

At Sea (56 days)
Transit
On-site
(5 days)
Vessel
Fuel
Fuel
(51 days)
Fuel Usage:
Refueling:
Usage:
Usage:
1,061,000
227,000 L
Evaporative 1,224,000 L 34,000 L
Loss
Emissions (kg-petroleum hydrocarbons)
Working
3.62
------Loss 1
Standing
--0.19
1.24
5.82
Loss 2
Total Evaporative Losses

Total
Evaporative
Emissions
(kg-petroleum
hydrocarbons/
expedition)
3.62
7.25
10.87

Notes:
1
Working Loss = [0.001] x [Fuel Vapor Molecular Weight] x [Fuel Vapor Pressure] x [Fuel Usage for
Typical Expedition] x [Number of Diesel Fuel Transfers]
2
Standing Loss = 2 x [Working Evaporative Losses]
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Air emissions will also be produced by onboard incinerators which will be used to
destroy combustible nonhazardous solid waste, used oil, and waste oil from the oil/water
separator. The SODV will be equipped with two new incinerators with a total combined
capacity to burn approximately 2 cubic meters of nonhazardous solid waste per day. The
incinerators will consume approximately 12 liters of marine gas oil or waste oil per hour
for fuel. A typical combustion cycle will require approximately 3 hours. Using USEPA
emission factors for a small controlled air incinerator (EPA, 1995) and taking into
consideration pollutants which may originate from the combustion of waste oil, Table 2-4
provides an estimate of the air emissions from the incinerators assuming the units only
operate during the average 56-day period that the vessel is at sea. Noncombustible solid
waste such as glass and metals containers will be segregated, compacted, and disposed
onshore.
Table 2-4. Estimated Air Emissions from SODV Incinerators During A Typical Expedition
Solid Waste
22.4 metric tons per expedition1
Emission Factor
Emissions
(kg/metric ton
Parameter
(kg)
combusted)
Characteristic Air Pollutants
Carbon
1.5
33
Monoxide
Nitrogen Oxides
1.8
40
Particulate
2.3
52
Matter
Sulfur Oxides
1.1
24
Total Organic
0.2
3.36
Carbon (TOC)
Metals
Aluminum
5.24E-03
1.17E-01
Antimony
6.39E-03
1.43E-01
Arsenic
1.21E-04
2.71E-03
Barium
1.62E-03
3.63E-02
Beryllium
3.12E-06
7.00E-05
Cadmium
2.74E-03
6.14E-02
Chromium
3.88E-03
8.70E-02
Copper
6.24E-03
1.40E-01
Iron
7.22E-03
1.62E-01
Lead
3.64E-02
8.16E-01
Manganese
2.84E-04
6.37E-03
Mercury
5.37E-02
1.20E+00

Fuel/Waste Oil
2,016 L per expedition1
Total
Emission Factor
Emissions
Emissions
(kg/L fuel
(kg/expedition)
(kg)
combusted)
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2.53E-04

0.5

34

1.92E-03

3.9

44

7.94E-03

16

68

1.29E-02

26

50

1.20E-04

0.24

3.61

5.41E-07
7.22E-06

1.09E-03
1.45E-02

2.16E-07
1.44E-06
2.16E-05
6.25E-07

4.36E-04
2.91E-03
4.36E-02
1.26E-03

6.01E-09
6.01E-06

1.21E-05
1.21E-02

1.17E-01
1.44E-01
1.73E-02
3.63E-02
5.06E-04
6.43E-02
1.31E-01
1.41E-01
1.62E-01
8.16E-01
1.85E-02
1.20E+00

Table 2-4. Estimated Air Emissions from SODV Incinerators During A Typical Expedition

Parameter
Nickel
Silver
Thallium
Note:
1

Solid Waste
22.4 metric tons per expedition1
Emission Factor
Emissions
(kg/metric ton
(kg)
combusted)
2.95E-04
6.61E-03
1.13E-04
2.53E-03
5.51E-04
1.24E-02

Fuel/Waste Oil
2,016 L per expedition1
Total
Emission Factor
Emissions
Emissions
(kg/L fuel
(kg/expedition)
(kg)
combusted)
1.92E-05
3.88E-02
4.54E-02
2.53E-03
1.24E-02

A typical expedition comprises 56 days at sea (5 days in transit, 51 days on-site). The SODV incinerator will typically
consume 2 m3 (or 400 kg) of waste and 36 L of used oil or marine gas oil per day.

2.2.6

Hazardous Materials Management

Routine operations onboard the SODV will require the handling and storage of various
hazardous materials. A hazardous material is generally considered a substance or
mixture exhibiting characteristics such as reactivity, corrosivity, toxicity, flammability, or
suspected to be harmful to human health or the environment. Hazardous material use
onboard the SODV can be broadly categorized as materials associated with the
mechanical operation of the vessel and those used in the laboratories. Hazardous
materials will not be intentionally released from the SODV to the environment.
2.2.6.1 Vessel Operations
Hazardous materials that will used in support of the mechanical operation of the SODV
include substances such as fuel, lubricants, hydraulic fluids, cleaning agents, solvents,
paints, and coatings. Appendix C contains a list of the hazardous materials that were
used in the past and are representative of future SODV operations. The storage, use, and
handling of these hazardous materials will be guided by information contained in
Material Safety Data Sheets and procedures documented in the SODV operator’s
Environmental Management System (EMS). In addition, the EMS contains procedures
which address occupational exposure, environmental preparedness and response, the
Shipboard Oil Pollution Emergency Plan (SOPEP), and the Spill Plan.
2.2.6.2 Laboratory Operations
In the SODV’s laboratories, various chemical reagents and gases will be used to perform
physical and chemical tests on core samples collected during drilling. Appendix C
provides a list of the laboratory chemicals that were used in the past and is representative
of future use of chemicals in the SODV’s laboratories.

2-12

2.2.7

Solid and Hazardous Wastes

Various solid and hazardous wastes will be generated onboard the SODV resulting from
the operation of the vessel including personnel support services and activities in the
laboratories.
2.2.7.1 Vessel Operations
Nonhazardous solid wastes generated during operation of the SODV will include refuse
such as cardboard, paper, rags, metal cans, wood, as well as food-related wastes which
will not be macerated and discharged as a liquid waste stream. These solid wastes will
not be disposed into the sea. Combustible wastes will be segregated from other wastes
and destroyed in the SODV’s incinerators. Noncombustible waste will be compacted and
stored for subsequent offload and disposal onshore. Waste disposal activities will be
conducted and recorded consistent with the SODV’s Garbage Management Plan.
Uncontaminated scrap metal such as steel from damaged or obsolete deck plates, railings,
and drill pipe may be periodically disposed of at sea consistent with MARPOL Annex V
requirements.
While at sea, the SODV’s incinerators are expected to combust on average approximately
2 cubic meters of nonhazardous solid waste each day. Approximately 12 liters of marine
gas oil or waste oil will be used per hour to fuel the incinerators. The ash produced by
the incinerators will be collected, stored, and offloaded for onshore disposal. During
previous ODP operations, a burn basket was used along with an incinerator to dispose of
combustible solid wastes at sea. It is anticipated that the burn basket will not be used on
the SODV even though it is permissible under MARPOL requirements.
Hazardous wastes produced on the SODV will include used oil, lubricants, hydraulic
fluid, and residues resulting from the use of cleaning agents, acids, and other products
containing harmful constituents. With the exception of combustible waste oil, all
hazardous wastes from vessel operations will be properly containerized and stored for
subsequent onshore disposal. Waste lubricating oils from mechanical equipment as well
as the organic phase from the oil/water separator will be combusted in the onboard
incinerators along with nonhazardous solid waste. The incinerators will have the
capacity to burn approximately 50 liters of waste oil per hour. As needed, waste oil that
cannot be incinerated will be stored for subsequent disposition in an appropriate onshore
facility.
2.2.7.2 Laboratory Operations
The SODV’s laboratories will perform various analytical tests to assess various
geophysical, geochemical, and biological properties of core samples obtained from
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drilling. Minor quantities of solid waste will be generated such as residue from samples,
plastics, glass, cardboard and other packaging materials, and paper. Combustible solid
wastes will be segregated for subsequent combustion in the onboard incinerators while
noncombustible wastes will be containerized and stored for onshore disposal.
In general, the onboard laboratories consume relatively small quantities of chemical
reagents (see Appendix C) and the resulting wastes may contain trace residues of these
materials. Although perfluoro(methylcyclohexane) also appears in Appendix C, it is not
specifically consumed in the laboratories but is occasionally injected into the seawater
drilling fluid as a tracer to detect if core samples collected for microbiological evaluation
have been cross-contaminated by drilling fluid. Inorganic acid wastes generated in the
laboratories will be neutralized and discharged to the sea while other wastes including
organic liquids will be containerized for subsequent onshore disposal.
2.3

Riserless Drilling Operations and Associated Environmental Outputs

2.3.1

Overview of Riserless Drilling Operations

The SODV is designed to perform riserless drilling and utilize a hollow drill string
through which seawater, the drilling fluid, is pumped to lubricate the drill bit and clear
cuttings from the borehole. Riserless drilling procedures that will be used on the SODV
have evolved over many years of IODP-USIO experience including the ODP and DSDP.
Integral with this riserless drilling expertise, the IODP-USIO has developed the
guidelines listed in Table 2-5 to define, mitigate, and avoid potential health and safety
hazards as well as adverse environmental impacts.
Table 2-5. SODV Riserless Drilling Health, Safety, and Environmental Guidelines
Title
Subjects
Draft Guidelines for Drillsite Selection and
Methods to Identify Potential
Near-Surface Drilling Hazard Surveys. February Seafloor, Man-made, and
2003. Bruce, Robert J., Consulting
Subsurface Geologic Hazards:
Geophysicist, and Shipp, R. Craig, Shell
• Scope of Surveys
International E&P Inc., Interim Pollution
• Recommended Drillsite Survey
Prevention and Safety Panel, Integrated Ocean
Types and Density
Drilling Program.
• Standard Data Types and
Recommended Parameters
• Analysis of Geohazards and
Reporting
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Table 2-5. SODV Riserless Drilling Health, Safety, and Environmental Guidelines
Title
Guidelines for Site Survey and Safety. 2007.
Graber, K.K., ODP Tech. Note, 32 [online],
available from the World Wide Web:
(http://www-odp.tamu.edu/
publications/tnotes/tn32/INDEX.HTM)
[Cited 2007-08-08]
Hydrogen Sulfide Drilling Contingency Plan.
2006. Mills, W.G., Malone, M.J., and Graber,
K., 2006. ODP Tech. Note, 33 [online], available
from World Wide Web:
(http://www-odp.tamu.edu/
publications/tnotes/tn33/INDEX.HTM)
[Cited 2007-08-08]

•
•
•

•
•
•

Subjects
Principal hazards
Hydrocarbon flow during drilling
Logging

H2S hazard conditions
H2S operation instructions
Special coring procedures for H2S
sites

The SODV will essentially use many of the same drilling and coring tools that were used
and refined during the ODP. These tools are identified on Table 2-6 and described in
detail in Appendix D. All drilling and coring equipment is intended to be retrieved
before the SODV leaves the drilling site. In the event that a drilling tool is lost in a
borehole, attempts will be made, if feasible, to retrieve it; however, a possibility exists
that some lost equipment cannot be retrieved resulting in a release to the environment.
Table 2-6. Typical SODV Drilling and Coring Equipment
Device
Drillship Tools
Drill String
Bottom Hole Assembly
(BHA)
Rig Instrumentation
System (RIS)
Vibration Isolated
Television (VIT)
Coring Tools
Advanced Piston Corer
(APC)
Rotary Core Barrel
(RCB)
Extended Core Barrel

Application
Used to deploy and retrieve all coring/drilling devices, reentry
structures, completion hardware, and associated equipment.
Composed of drill pipe, a bottom hole assembly (BHA), and a
bit.
Primary drilling system used to advance boreholes of required
diameter following collection of continuous cores.
Data acquisition system that can present real-time data and
drilling parameters in digital and graphical formats.
Used to provide visual observation of the sea floor, primarily
during reentry of an existing borehole.
Obtains continuous and relatively undisturbed cores from
very soft to firm sediments.
Obtains continuous cores from hard rock formations.
Obtains continuous cores from soft to moderately hard
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Table 2-6. Typical SODV Drilling and Coring Equipment
Device
(XCB)
Advanced Diamond
Core Barrel (ADCB)
Motor Driven Core
Barrel (MDCB)
Pressure Core Sampler
(PCS)
Core Bits

Application
formations.
Obtains continuous cores from firm to well lithified
sedimentary or igneous formations.
A wireline-retrievable coring system designed to improve
core recovery in formations that are difficult to core using the
APC or XCB.
Used to retrieve core samples while maintaining in situ
pressures. The primary application of the PCS is to recover in
situ hydrates.
The APC/XCB coring system can use three types of bits for
coring soft to firm sediments: four roller cone bit with
tungsten carbide chisel teeth, “anti-whirl” bits, or tungsten
carbide blade “drag” bits.

Reentry Tools
Drill-In-Casing (DIC)
Free Fall Funnel (FFF)
The Hard Rock Base
(HRB)
The Hard Rock Reentry
System (HRRS)
Reentry Cone and
Casing System (RECC)
Underreamer
Downhole Tools
Advanced Piston Corer
Temperature (APCT)
Tool
The Advance Piston
Corer Methane
(APCM)
The Davis-Villinger
Temperature Probe
(DVTP)
The Instrumented
Water Sampler (IWS)
Drilling Sensor Sub
(DSS)

Drills in a 25 cm casing string simultaneously with the bit to
support an unstable sediment zone to prevent hole collapse.
Metal funnel (229 cm dia., 103 cm high), support plate, glass
flotation marker balls.
Designed to focus the direction of the drill bit into hard
irregular seafloor surfaces otherwise undrillable.
Metal funnel; 33.9 cm casing. Used to install casing with
reentry capability on a sloping or rough hard rock seafloor,
where standard installations are not practical.
Metal cone, seafloor support plate, transition pipe, additional
casings (various diameters).
Drills an enlarged hole to provide clearance for additional
*casing strings and cement.
Obtains single measurements of temperature at discrete
depths.
Used to continuously monitor temperature, pressure, and
conductivity changes in the core liner to quantify changes that
occur in gas-rich cores.
Obtains heat-flow measurements in semiconsolidated
sediments that are too stiff for the Advanced Piston Corer
Temperature (APCT) tool.
Formation fluid sampling tool with a motorized syringe-type
sampling piston considered a replacement for the Water
Sampler Temperature Probe (WSTP).
Used to measure drilling and coring parameters near the bit
during operations to improve downhole tool performance by
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Table 2-6. Typical SODV Drilling and Coring Equipment
Device

Application
optimizing control of drilling parameters.

Wireline Tools
Lockable Float Valve
(LFV)
Mechanical Bit Release
(MBR)
2.3.2

A flapper-type valve used in the APC/XCB when logging is
anticipated following or during coring. Allows the crew to
continue to core in the same hole or move to a new hole after
logging without tripping the pipe.
Used to remotely release the RCB core bit to allow logging
tools to pass through the BHA.

Discharges Associated with Drilling and Coring

Various outputs will occur during riserless drilling that affect the surrounding
environment including the release of seawater drilling fluid, the deposition of sediment
cuttings on the seafloor, and the periodic use and release of drilling mud [naturally
occurring minerals such as sepiolite (http://www.mindat.org/min-3621.html) or
attapulgite (also referred as palygorskite, http://www.mindat.org/min-3072.html)]
injected into a borehole to enhance the removal of cuttings.
2.3.2.1 Seawater
During drilling, the SODV will pump unaltered saltwater through the drill string and into
the borehole to flush the cuttings from the hole. The seawater drilling fluid will force the
cuttings up the annular space of the borehole and exit the hole at the seafloor forming a
mound. Depending on the characteristics of the strata being drilled, 392 to 1,862 L of
seawater drilling fluid may be released each minute.
2.3.2.2 Cuttings
The drill cuttings produced by the SODV represent the release of naturally-occurring
geologic materials which will be deposited on the seafloor surrounding the borehole. The
volume of cuttings released will depend on the type of strata being penetrated and the
size and depth of the borehole. For a typical 25 cm diameter borehole, approximately 6
m3 of cuttings will be generated for each 100 m of strata drilled. In cases where a larger
size borehole is needed to support the installation of casings or an observatory, a 54.5 cm
diameter borehole would produce approximately 28 m3 of cuttings per 100 m drilled.
Over the past 21 years, the USIO has drilled 1,901 riserless boreholes in the seafloor of
which 647 (34 percent) penetrated to a depth of 100 m or less, 987 (52 percent) extended
from 100 to 500 m deep, and the remainder (14 percent) range from 500 m up to 2,100 m
deep. Observatories were installed in 27 boreholes (1.4 percent) while reentry devices
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and casings were installed in an additional 45 holes (2.3 percent). Although the specific
dimensions of each borehole to be advanced by the SODV will be based on specific
research objectives accepted by the science community, it is anticipated that the past
trends in the number and depth of boreholes as well as the installation of observatories
and reentry devices will be representative of future IODP-USIO riserless drilling
activities.
Drill cuttings produced by the SODV are expected to range in particle size from 2 µm for
fine silt and clay to 30 mm for coarse gravel materials (Neff, 2005). The spatial
deposition of drill cuttings will depend on the drilling and coring method used, the
particle size and density of the material displaced from the borehole, and bottom currents
affecting the transport of these materials. For example, it is expected that a coarsetoothed roller bit would produce a higher percentage of large particles in the cuttings
while an Advanced Diamond Core Barrel (ADCB) used in hard rock strata may produce
a higher percentage of fine particles. At sites where hydraulic washing (i.e., jetting in) is
used to prepare a borehole for the installation of a casing, reentry cone, or observatory,
suspended sediment particles may be expelled from the borehole at greater velocity than
what would be encountered during typical drilling and coring activities and the sediments
would be dispersed over a larger radius.
In general, larger cuttings particles will settle to the seafloor rapidly and within several
meters of the borehole while smaller particles will remain in suspension longer and
spread farther from the hole (Whitford, 2003; LGL, 2005). Typically, cuttings displaced
from a borehole will settle in a conical mound surrounding the hole. The distance that
the mound extends from the center of the borehole will be directly related to the volume
of displaced material and its angle of repose on the seafloor, which is conservatively
assumed to be 35° (Whipple, 2004). For example, a 500 m borehole that generates 30 m3
of displaced material would result in a 3.5 m high mound extending approximately 2.5 m
from borehole. A borehole advanced to a depth of 2,000 m would generate
approximately 120 m3 of material deposited in a conical mound 3.8 m high and extending
5.5 m from the hole. If the upper portion of a borehole is enlarged to a 54.6 cm diameter
to accommodate an observatory, an additional 26 m3 of sediment would be deposited on
the seafloor; however this material would be dispersed over a greater area since hydraulic
jetting-in techniques would have probably been used to create the larger diameter hole.
Visual observations of a limited number of boreholes with a TV camera confirm
sediment displaced during drilling will typically form a localized mound around the
borehole.
2.3.2.3 Drilling Mud and Cement
Under normal riserless drilling conditions, seawater will be the primary drilling fluid
used by the SODV. However, there will be occasions when drilling mud, which has a
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higher specific gravity than seawater, will be needed to more effectively displace cuttings
from the borehole, control formation pressures, seal permeable formations, maintain well
bore stability, or assist in formation evaluation via logging equipment. When needed, the
SODV will use sepiolite drilling mud, a naturally-occurring mineral, or attapulgite,
another natural mineral, which may be used in geographic areas where it may be more
readily available or less expensive. The SODV will not use chemical additives to
enhance the drilling muds.
In addition to drilling mud, for certain applications the SODV may introduce cement into
a borehole for the installation of casings or borehole closure. The amount of cement
expected to be used during future expeditions will depend on a number of site-specific
factors, such as the planned research application, borehole depth, and formation
conditions.
Table 2-7 identifies typical applications which may involve the use of drilling mud and
cement by the SODV.
Table 2-7. Typical Riserless Drilling Applications Involving the Use of Drilling Mud
and Cement

Application (purpose)
Drilling Mud Sweep
(expel cuttings from a borehole)
Heavy Drilling Mud Slug
(stabilize borehole during drill bit change)
Drilling Mud Plug (seal a borehole)
Cement (anchor and stabilize a casing)

Concentration
(grams/L)

Wet Weight of Mixture
(seawater + solids)

66

1.066 kg/L (8.9 lb/gal)

258
737
258
869

1.258 kg/L (10.5 lb/gal)
1.737 kg/L (14.5 lb/gal)
1.25 kg/L (10.5 lb/gal)
1.869 kg/L (15.6 lb/gal)

In total, approximately 25 percent of all previous boreholes drilled for research purposes
by the USIO required the use of drilling mud to remove (sweep) excess cuttings or solids
from a borehole (Table 2-8). It is anticipated that drilling mud will be used by the SODV
at approximately the same frequency to facilitate the removal of solids from a borehole.
For example, approximately 4 percent of all future boreholes are likely to require 10,000
to 25,000 liters of drilling mud to sweep excess solids from each hole.
Table 2-8. Drilling Mud Used by the USIO
to Sweep Excess Solids from Boreholes (1996 – 2005)
Number of
Boreholes 1
39 (4.6%)
27 (3.2%)

Number of
Sweeps
52
70

Range of Mud Used
per Borehole (Liters)
≤ 5,000
5,000 – 10,000
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Table 2-8. Drilling Mud Used by the USIO
to Sweep Excess Solids from Boreholes (1996 – 2005)
Number of
Boreholes 1
35 (4.2%)
49 (5.8%)
26 (3.1%)
15 (1.8%)
21 (2.5%)
212 (25.2%)

Number of
Sweeps
206
525
377
271
973
2,474

Range of Mud Used
per Borehole (Liters)
10,000 – 25,000
25,000 – 50,000
50,000 – 75,000
75,000 – 100,000
100,000 – 700,000

Notes:
1
A total of 840 boreholes were drilled during the period (number in parenthesis
represent the percent of the total)

Periodically, a more concentrated mixture of sepiolite or attapulgite drilling mud will be
used to either stabilize a borehole during drilling operations or seal a borehole upon
completion. Table 2-9 summarizes the historical use of heavy drilling mud during
previous USIO expeditions. Although the frequency and quantity of use will be site and
application specific, it is anticipated that the future use of heavy drilling mud by the
SODV will follow a similar trend.
Table 2-9. Heavy Drilling Mud Used to Stabilize and Seal
Boreholes (1996 - 2005)
Number of
Boreholes 1
3 (0.4%)
11 (1.3%)
24 (2.8%)
6 (0.7%)
2 (0.2%)
46 (5.5%)

Range of Mud Used
per Borehole (Liters)
≤ 5,000
5,000 – 10,000
10,000 – 25,000
25,000 – 50,000
615,000 & 700,000 2

Notes:
1
A total of 840 boreholes were drilled during 1996 – 2005 (number in parenthesis
represent the percent of the total)
2
Two boreholes were drilled in the Gulf of Mexico during Expedition 308 which
required 615,000 and 700,000 liters of heavy mud, respectively for stabilization
and sealing

Both drilling mud and cement contain fine grain-size particles typically less than 74 µm
in diameter (Neff, 2005). Similar to dispersal of drill cuttings, drilling mud particles will
be expelled from a borehole when drilling mud is used to sweep the borehole (generally
once every 3 or 4 cores) or when the drill string is reintroduced into a borehole displacing
a temporary slug of heavy mud. Drilling mud and cement used to plug (seal) a borehole
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will be isolated below the seafloor and remain in place, although excess particles,
spillage, or water soluble components may be released to the surrounding marine
environment during installation. Similar to the fate of fine drill cuttings particles, drilling
mud and cement particles that are ejected from a borehole will become temporarily
suspended in the water column and disperse as controlled by seafloor bottom currents.
2.3.2.4 Drill Pipe and Joint Compounds
Assembly SODV drill pipe mating joints and associated drill string components require
various lubricants and anti-seizing compounds to ensure proper connection including:
•

Drill pipe - Zinc-based compounds containing at least 50 percent by weight finelypowdered metallic zinc and not more than 0.3 percent active sulfur are used;

•

Drill collars, heavy-wall drilling joints, bits, and other BHA components - lead or
zinc-based lubricant with approximately 60 percent metallic content are used,
typically in fine powdered form, and not more than 0.3 percent active sulfur;

•

Non-metallic drill collars - copper-based compounds.

Although these materials are applied to joint threads prior to assembly, trace amounts
may squeeze out of the tightened joints and be released to the surrounding seawater when
the drill string and coring equipment are deployed.
2.3.2.5 Irretrievable Material and Equipment
A review of past DSDP/ODP/IODP drilling logs suggests that occasionally some drill
string components or equipment may be accidentally or deliberately released to the
environment for operational reasons. Equipment loss will be considered an
environmental release because in many cases it may not be possible or practical to
retrieve the items. It should be noted that the rate at which equipment has been lost at sea
has decreased significantly each year since the inception of the ODP in 1985 due to
improved drilling technologies and practices as well as more efficient recovery methods.
It is anticipated that accidental or deliberate equipment losses will occur occasionally
during SODV operations.
Sections of drill string including the bottom hole assembly (BHA), which makes up the
lower portion of the drill string, may occasionally be lost in and near a borehole
particularly when drilling in hard rock, unstable formations, or in rough sea conditions.
For example, during a 13-year period from 1985 to 1997, a total of 10,090 m of drill
string was lost in six separate years (1989, 1990, 1993, 1994, 1995, and 1996) while no
drill string was lost during the other seven years. Although the loss of 10,090 m of drill
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string is operationally significant, the frequency of drill string losses is very low
considering that during the 13-year period, 1,268 boreholes were drilled at 475 sites
representing total drilling and coring penetrations of 78,000 and 230,000 m, respectively.
Drill bits and related hardware may accidentally or deliberately be released to the
seafloor by the SODV particularly when drilling in hard rock conditions. In addition,
expendable bits may be intentionally left on the seafloor to expedite certain types of
operations such as downhole logging so that the entire drill string does not have to be
tripped (retrieved) back to the ship to remove the drill bit. It can be expected that on
average one or two bits may be lost or intentionally released per SODV expedition.
A free fall funnel will be deployed at certain drill sites to facilitate reentering a borehole
following a drill bit change or other operation requiring the drill string to be tripped back
to the ship. Typically, the free fall funnel is not recovered from the seafloor. On
average, it is anticipated that the SODV may deploy one free fall funnel per expedition.
2.3.3

Acoustic Sources

In addition to acoustic sources discussed in Section 2.2.3 associated with SODV
propulsion and navigational systems, underwater noise and vibration will be generated by
the drilling and coring equipment and transponders temporarily deployed to the seafloor
to support drilling operations. It has been estimated that the underwater source sound
level generated by drilling operations in the open ocean is approximately 150 dB re 1 μ
Pa (Richardson et al., 1995). Another estimate of acoustic outputs from ocean drilling
activities on a vessel with operating thrusters indicates that the sounds are primarily in the
broadband range (10 Hz -10 kHz range) and may be intermittently as high as 190 dB re 1
μ Pa (Hildebrand, 2004; Whitford, 2006). Sound level measurements from two different
drillships were reported to be between 174 and 185 dB re 1 μ Pa (Hurley and Ellis 2004,
WDCS, 2004).
In December 2001, the JOIDES Resolution began ODP Leg 200 with the primary goal of
drilling a suitable borehole for a seismometer at a location approximately halfway
between California and Hawaii. Seismic monitoring instrumentation had been previously
installed at the site on the seafloor at a depth of 4,979 m and transmitted acoustic data to
researchers in Hawaii via an underwater cable. Ambient noise levels were continuously
monitored at the underwater observatory during the time the drillship approached the site,
drilled a borehole, collected cores, installed casing, and left the area. Quiet periods were
noted when cores were being recovered while sound levels increased above background
by approximately 40 dB during drilling operations. By comparison, a large container
ship which passed within 180 km of the monitoring instrumentation caused the sound
level (RMS) in the octave centered at 8 Hz to increase by 50 dB over the ambient noise
level. Following completion of drilling activities, the drillship passed directly over the
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monitoring instrumentation and the measured sound level (rms) in the 8 Hz octave was
less than 20 dB above the ambient noise level (Stephen 2003).
During drilling, up to 12 of the SODV’s thrusters as well as the vessel’s main propellers
may be used to dynamically position the vessel at a drill site. As described in Section
2.2.3, sound level measurements of the drillship SEDCO/BP 471, which is now
designated the SODV, were made when all 12 thrusters and the vessel’s main props were
operating simultaneously. Using hull-mounted hydrophones, the average received sound
level was 154 dB re 1 μPa. Although this data does not account for the additional
underwater sound produced when the drilling equipment onboard the SODV is operating,
the data provides a baseline sound level for the SODV’s propulsion systems.
Underwater acoustical transponders or beacons such as Datasonics Model UAB 354EM
will be deployed to the seafloor to aid in the operation of the SODV’s dynamic
positioning system. Output from a beacon is adjustable and will be generally set to a
source sound level of 199 – 214 dB re 1 μ Pa at a frequency range of 12 to18 kHz. The
acoustic output from the beacon radiates upward in a +/- 6 degree cone pattern about the
true vertical. The transmit pulse duration is ~3.5 ms with a repetition interval of
approximately 1,000 ms. The transponder power level will be set to the minimum needed
to avoid multipathing and to prolong battery life. If multiple offset boreholes are to be
drilled in an area, generally only one beacon will need to be deployed. The beacon which
will be anchored on the seafloor with a weight, can be acoustically turned on or off and
released from the weight for recovery.
2.3.4

Physical Disturbances

By the nature of drilling and coring operations, the SODV will physically disturb the
seafloor environment surrounding each borehole including the water column and crustal
materials in the formation.
2.3.4.1 Seafloor
Sediment cuttings generated during SODV drilling activities will be discharged at the top
of the borehole and physically alter the seafloor. Assuming a 25 cm (9 7/8 in) diameter
borehole is drilled, approximately 6 m3 of cuttings will be generated for every 100 m the
drilled is advanced. For a 50.7 cm diameter borehole, 20 m3 of cuttings would be
released for every 100 m drilled.
It is estimated that 90 percent of the material ejected from a borehole including drill
cuttings and drilling mud will be deposited on the seafloor within several meters of the
hole forming a conical mound. The remaining fine grain-size material will be
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temporarily suspended in the water column near the seafloor and transported by local
currents away from the point of discharge (Neff, 2005).
2.3.4.2 Water Column
Drilling operations will result in the release of drilling fluid (seawater) and drill cuttings
to the water column in proximity to the seafloor. Under normal SODV drilling
operations, seawater will be pumped through the drill string and exit into a borehole
through the drill bit. Drill cuttings will be washed upward in the annular space between
the drill string and the borehole walls, and expelled onto the seafloor. Drill cuttings
ejected from a borehole will range in particle size from 2 µm to 30 mm (Neff, 2005).
The larger particles will quickly settle to the seafloor near the borehole, while the finer
particles (typically less than 74 µm in size) may remain in suspension temporarily
causing an increase in turbidity in the water column. The cuttings particles are expected
to settle out of the water column and onto the seafloor at a rate of 2.6 x 10-1 to 1.3 x 10-6
m/sec (Nedwed, 2004). Depending upon site-specific conditions, between 392 to 1,862 L
per minute of seawater drilling fluid will be used to flush the drilling cuttings from the
borehole, however the volume of drilling fluid used will be kept to a minimum to prevent
erosion of the borehole.
If seawater drilling fluid does not effectively flush cuttings from a borehole, drilling mud
consisting of naturally-occurring mineral sepiolite (or attapulgite) mixed with seawater
will be periodically used to sweep the excess solids from the hole. In these instances, the
drill cuttings as well as the drilling mud will be discharged to the water column near the
seafloor. In addition, drilling mud placed in a borehole as a temporary slug will be
displaced to water column when the drill string reenters the borehole. The fine grain-size
particles from the drilling mud will be suspended in the water column near the borehole
and settle out onto the seafloor at a rate of 1.1 x 10-2 to 2.7 x 10-5 m/sec (Brandsma and
Smith, 1996).
2.3.4.3 Crustal Materials
During drilling operations, it is anticipated that the SODV will encounter crustal
materials including stratified deposits, interstitial water, gas hydrates, and possibly other
hydrocarbon expressions. Because drilling and coring operations provide a potential
conduit for the mixing, fluid exchange may occur between layers. Fluid movement in the
seacrust may potentially rise to the seafloor and disperse in the water column.
Additionally, drilling fluid (seawater and sepiolite) may dilute crustal fluids contained in
crustal pore spaces.
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2.4

Representative Research Activities and Associated Environmental Outputs

2.4.1

Overview of Research Procedures

2.4.1.1 Supplemental Site Characterization
Occasionally, when the SODV approaches a drill site, it may be necessary to collect site
characterization data to supplement existing site survey data and verify site conditions
before proceeding with drilling operations. Supplemental site characterization activities
may include verifying drill site locations using standard geodetic positioning techniques,
measuring water currents, or conducting visual surveys of the seafloor in the vicinity of
the drill site using a vibration isolation television (VIT) camera system. Under special
conditions, a Remotely Operated Vehicle (ROV) or Autonomous Underwater Vehicle
(AUV) may be obtained and deployed to survey the seafloor. In addition, it may be
necessary to supplement or verify existing geophysical data by conducting a limited
single-channel seismic survey. The supplemental seismic survey would involve
deploying a small airgun seismic source and a 100-m long oil-filled hydrophone streamer
to investigate a limited area and collect sufficient information to correlate with existing
geophysical data. The seismic survey would be conducted using procedures designed to
incorporate mitigating measures to prevent adverse impacts to the biota as described in
the Programmatic Environmental Impact Statement/Overseas Environmental Impact
Statement for National Science Foundation-Funded Marine Seismic Research and the
ODP Airgun Policy and Marine Mammal Strategy (JOIDES, 2003). It should be noted
that the hydrophone streamer contains approximately 135 liters of refined mineral oil and
could potentially be damaged thereby releasing all or a portion of the oil to the sea.
2.4.1.2 Logging
Based upon the specific scientific objectives for each expedition, the SODV may perform
various geophysical measurements of the subsurface using borehole logging techniques.
These measurements are intended to augment ocean drilling, core recovery, and analysis,
by providing in situ information about the formations below the seafloor. As specified in
the approved operating plan for each expedition, borehole logging tools may include
formation testers, samplers, borehole seismic monitoring, and imaging tools. In general,
these borehole tools are small enough to fit inside the drill string (up to 10 cm in
diameter), may be up to 29 meters in length, and are intended to be recovered from the
borehole after measurements are made. Table 2-10 identifies common logging tools that
may be available on the SODV to support specific research needs although more
specialized third-party logging tools may be used occasionally as needed. Additional
detail describing these tools is provided in Appendix D.
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Table 2-10. Summary of Downhole Logging Tools
Device
Logging Tools Selection

Application
The logging tool selection is typically finalized in the
expedition operational plan. Standard tool strings
that measure basic formation properties are always on
the SODV. Specialty tool use is dictated by the
scientific objectives of the expedition.

Triple Combo Tools
Accelerator Porosity Sonde (APS) Obtains porosity values that are less influenced by
environmental conditions.
Dual Induction Tool (DIT)
Measures spontaneous potential and three different
resistivity values: deep induction, medium induction,
and shallow spherically focused resistivity.
Hostile Environment Lithodensity Obtains density measurements based on interaction
Sonde (HLDS)
of gamma rays emitted by a Cs137 radioactive source
with the electrons in the formation.
Hostile Environment Gamma Ray Measures the natural gamma ray radiation of the
Sonde (HNGS)
formation.
Temperature/Acceleration/Pressure Obtains borehole temperature, tool acceleration, and
Tool (TAP)
hydrostatic pressure data.
Formation MicroScanner/Sonic Tools
Dipole Sonic Imager (DSI)
Produces a full set of compressional and shear
waveforms, cross-dipole shear wave velocities and
amplitudes.
Formation MicroScanner Sonde
Measures formation acoustic velocity, natural gamma
(FMS)
ray, and borehole diameter.
Scintillation Gamma Ray Tool
Provide a measurement of the radioactive content of
(SGT)
the formation.
Third Party Tools
Core Barrel - Extended Memory Measures and records drill string acceleration and
Drill String Accelerometer (CB- ambient pressures during coring.
DSA-XM)
Core Barrel - Retrievable Memory Measures incoming weight-on-bit, torque-on-bit, and
Module (CB-RMM)
pressure data from the Drilling Sensor Sub via a
wireless inductive link.
Core Barrel Temperature Tool
Obtains temperatures while drilling to allow an
(CB-TT)
assessment if conditions are favorable for subsequent
wireline or logging-while-drilling operations in
hydrothermal environments.
Multi-Sensor Spectral Gamma Ray Obtains data to improve the vertical resolution of
Tool (MGT)
natural gamma-ray logs by using an array of short
detector modules with approximately 60 cm spacing.
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Table 2-10. Summary of Downhole Logging Tools
Device
Ultra-High Temperature MultiSensor Memory Tool (UHTMSM)
Specialty Tools
Azimuthal Resistivity Imager
(ARI)

Application
A slim-hole memory tool which measures pressure
and temperature in hot boreholes.

Obtains deep measurements and azimuthal
resistivity images around the borehole to provide data
characterizing features and details that elude
conventional resistivity measurements.
Array Seismic Imager (ASI)
Obtains three-dimension walkaway vertical seismic
profile (VSP) data in both vertical and deviated wells
using an array of five seismic shuttles.
Dual Laterolog (DLL)
Provides two resistivity measurements with different
depths of investigation into the formation (deep,
shallow).
Logging-While-Coring Resistivity- Obtains lateral resistivity measurements in an 8-inch
at-the-Bit (LWC-RAB8)Tool
(20 cm) tool.
Logging-While-Drilling (LWD)
Measures azimuthal borehole compensated formation
adnVISION Tool
density and neutron porosity.
Logging-While-Drilling (LWD)
Obtains multiple, borehole-compensated phase shift
arcVISION Tool
and attenuation resistivity measurements in medium
to large boreholes at two frequencies and provides a
non-azimuthal gamma ray measurement.
Logging-While-Drilling (LWD)
Obtains a complete set of formation evaluation
EcoScope Tool
measurements using a pulsed neutron generator
(PNG) and optional neutron gamma density
measurements without the traditional side-mounted
cesium source.
Logging-While-Drilling (LWD)
Used to compute porosity and estimate fracture
sonicVISION Tool
porosity in carbonate rocks.
Logging-While-Drilling
Obtains magnetic resonance measurements in the
(LWD) proVISION Tool
borehole and transmits them in real-time to the
surface.
Logging-While-Drilling
Obtains lateralog resistivity measurements in
(LWD) geoVISION Tool
conductive muds.
Monitoring-While-Drilling
An in-line drill collar that records at the-bit drilling
TeleScope Tool
parameters and telemeters the data as well as data
from other LWD tools to the surface in real-time.
SlimXtreme Array Induction
Measures the borehole formation conductivity in
Imager Tool (QAIT)
open holes. The SlimXtreme version (QAIT) is used
in slim holes under severe environmental conditions.
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Table 2-10. Summary of Downhole Logging Tools
Device

Application

Inline Checkshot Tool (QSST)

A single-axis seismic checkshot tool (hydrophone)
that measures the vertically incident signals at the
bottom of the hole.
Ultrasonic Borehole Imager (UBI) Borehole televiewer.
Versatile Seismic Imager (VSI)
Used in conjunction with a seismic source and
records seismic waves. Performs integrated
processing for interpretation of borehole and surface
seismic data and provides high definition images.
Well Seismic Tool (WST)
Used in conjunction with an airgun seismic source
and records acoustic waves in a borehole that provide
seismic velocity gradient and depth travel time
information for determining in situ velocity profiles;
also called a Vertical Seismic Profile (VSP).
3-Axis Well Seismic Tool (WST-3 A three axis check shot tool used for both zero offset
and offset vertical seismic profiles (VSP).
Axis)
Stuck Tool Procedure
Various accepted practices
Strategies:
1. Pulling harder on the cable
2. Adding pipe (if using the CSES)
3. Cutting and stripping
4. Using the Kinley crimper/cutter
5. Additional specialized strategies
2.4.2

Discharges and Materials Released to the Environment

It is anticipated that the following SODV research-related activities will result in the
release of various substances to the environment.
2.4.2.1 Irretrievable Equipment
The research-related logging tools identified in Table 2-11 as well as other deployed
oceanographic devices (e.g., beacons, buoys) are intended to be recovered by the SODV
when drilling-related activities are complete in a particular area. However, occasionally
retrieval of a deployed or lost device is not successful. In addition, certain devices such
as weights are intended to be expendable and will be deployed with no expectation of
recovery. Observatories are permanent borehole completion structures and will be
further described in Section 2.8.2.
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2.4.2.2 Tracers
Geochemical tracers may be used by the SODV for specific pre-approved applications to
help improve understanding of porosity, permeability and diffusivity, and to quantify
rates of fluid transport in igneous basement. During microbiological investigations of
cores, a tracer, which is not naturally-occurring, may be carefully metered into the
seawater drilling fluid to provide an indication if cored samples have been crosscontaminated by the drilling fluid thereby compromising the integrity of the samples.
Perfluoro(methylcyclohexane) is a tracer that may be used by the SODV because it is
inert and can be detected with high sensitivity. This tracer has a low solubility in water
of ~1 mg/L (Colwell et al., 1992) which facilitates gas phase partitioning and quantitative
headspace analysis by gas chromatography. When used, perfluoro(methylcyclohexane)
is introduced into the seawater drilling fluid to achieve a final concentration of 1 mg/L.
Depending upon the drilling conditions, the seawater drilling fluid containing the tracer
will be released from the drill bit into the formation at a rate ranging from 392 – 1,862
liters per minute.
Alternatively, extremely small and inert microsphere particles may be deployed by the
SODV during coring and used as a tracer. In this application, a 2.5 ml bag of
microspheres would be placed on the shoe of the Advanced Piston Corer (APC) and
ruptured when the corer is activated. This process would yield approximately1010
microspheres/mL at the point of coring. The presence of the inert microspheres in the
cored sample would provide a positive indication that drilling fluid had contacted the
core and compromised the quality of the sample.
2.4.3

Acoustic Sources

Vertical seismic profiling (VSP) is the process of recording seismic data within the
borehole environment and may be performed by the SODV to meet specific research
objectives. During a VSP experiment, the Well Seismic Tool (WST) consisting of a
single geophone would be secured successively at different depths in the borehole and an
airgun would be fired in the water next to the ship each time the WST was repositioned.
The WST would record both the direct, downgoing waves, and up-going waves reflected
from changes in acoustic impedance below the receiver. Alternatively, the versatile
seismic imager (VSI) may be used in place of the WST.
Typically, the SODV may either perform checkshot VSP which is used to calibrate
surface seismic surveys or a zero offset VSP which would be used to derive formation
velocities and identify certain features such as faults and overpressure zones. From 2004
through 2006, the USIO performed a total of nine zero offset VSP surveys that were
generally less than 7 hours each in duration. The VSP surveys utilized a single 3,441 cc
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(210 in3) generator-injector (GI) airgun configured to operate with generator and injector
volumes of 737 cc (45 in3) and 1,720 cc (105 in3), respectively, and an acoustical source
output up to 191 dB re 1 µPa (see Appendix E). The surveys included up to a total of 300
airgun shots with approximately 15 shots at each WST position. At one deep hole site,
the VSP survey was performed with a 1,720 cc (105 in3) airgun operated in the harmonic
mode and firing a total of 900 shots over a 10 hour period.
Depending upon site-specific conditions and research objectives, a parallel cluster of two
4,100 cc (250 in3) generator airguns (output up to 194 dB re 1 µPa at the source) will be
available onboard the SODV to provide additional airgun configuration options. It is
anticipated that some of VSP experiments would utilize the two 4,100 cc (250 in3)
generator guns and last up to 12 hours in duration. A detailed description of the airguns,
operating parameters associated with VSP, and graphic depictions of the sound exposure
levels are included in Appendix E.
Depending on site-specific research objectives, other types of VSP surveys that could
potentially be performed by the SODV include offset, vertical incident, walkaway,
amplitude versus offset (AVO), and 3D. These VSPs are more complex than the
checkshot and zero offset VSPs, may require higher output airguns than is typically
carried on the SODV, and would involve the use of more than one vessel. Potential
impacts associated with these types of VSPs are beyond the scope of this EIS and would
be evaluated on a site by site basis.
As indicated in Section 2.4.1.1, occasionally the SODV may perform a limited scope
single-channel seismic survey to confirm existing site characterization geophysical data
and drill site conditions. Generally, these surveys will involve the use of a small seismic
source operated for a short duration, typically less than 12 hours. It is expected that a
single 3,441 cc (210 in3) GI airgun would be used as the source for future single channel
seismic surveys. A description of the airgun, operating parameters, and graphic
depictions of the sound exposure levels is included in Appendix E. Additional detail
pertaining to the use and assessment of seismic sources is presented in a separate
document entitled the Programmatic Environmental Impact Statement/Overseas
Environmental Impact Statement for National Science Foundation-Funded Marine
Seismic Research.
In addition, acoustic outputs will result from the use of several borehole logging
instruments including the Dipole Sonic Imager (DSI), Logging-while-drilling (LWD)
Tool String, Sonic (Isonic) Tool, and Ultrasonic Borehole Imager will utilize sonic
transmitters and receivers. Detailed information on these tools is provided in
Appendix D.
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2.4.4

Physical Disturbances

Some physical disturbance to the seafloor environment will occur as a result of researchrelated activities performed by the SODV. These disturbances will be derived from the
placement of permanent structures such as reentry devices and observatories on the
seafloor (see Section 2.5).
2.4.5

Air Emissions

Air emissions will occur in SODV laboratories as a result of research-related activities
such as those identified in Table 2-11.
Table 2-11. Summary of Laboratory Emissions
Emissions Source
Vapors or aerosols from chemical
reactions
Vapors from volatile solvents
Fugitive emissions from compressed or
cryogenic gases
Fugitive emissions from core samples

Substances Released
Acid (HCl, HF, HNO3) vapors from the
digestion solid materials
Acetone, methanol, propanol
Nitrogen, oxygen, inert gases
Methane and other aliphatic hydrocarbons,
hydrogen sulfide

The type and quantity of laboratory chemicals and gases that may be used on the SODV
for research applications will depend on the objectives of the expedition. Based upon
past usage patterns (Appendix C), the quantity of chemicals that is expected to be used in
the SODV’s onboard laboratories and contribute to air emissions is quite small.
Generally, air emissions from these chemicals will be released in laboratory fume hoods
or ducted areas and exhausted outdoors to the ambient air. Because these materials are
used in small quantities and on an intermittent basis, it is not reasonable to estimate the
frequency and composition of each release.
Fugitive gases containing hydrocarbon and other organic or sulfur compounds may be
emitted from samples when cores are opened and processed. The types and
concentrations of fugitive gases released will be site dependent and cannot be
generalized. These gases will be captured by vents and exhausted outdoors.
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2.5

Environmental Outputs Associated With Borehole Completion and Deployed
Equipment

2.5.1

Materials Introduced Into the Borehole

When drilling, coring, and logging operations are complete at a particular drill site, all
drill equipment and tools will be retrieved by the SODV and the borehole will either be
abandoned as-is, sealed, or prepared for continuing use. Items that may be permanently
placed in a borehole include substances used to seal the hole (drilling mud, cement) or
materials needed for the installation of observatories or reentry devices (casings, cement,
instrumentation, supporting hardware).
Heavy Drilling Mud
Consistent with past practices, it is anticipated that most boreholes advanced during
IODP riserless drilling activities will be left open when drilling and related measurements
are complete. However as indicated in Section 2.3.2.3, if site conditions indicate that
subsurface materials could migrate from an open borehole, the hole would be filled or
plugged with heavy drilling mud and sealed with cement. The plugging mud would be a
more concentrated mixture of sepiolite (or attapulgite) and seawater than occasionally
used to sweep excess solids from a borehole during drilling (see Table 2-8). Heavy mud
would be injected directly into a borehole and would not be expected to affect the
surrounding seafloor or water column.
Based upon site characterization data evaluated during the site selection process, the
SODV will have heavy mud available at certain sites to serve as a safety and
environmental control measure to fill a borehole quickly, if needed, and provide
hydrostatic kick control to prevent the release of pressurized materials. For this
application, the hole would be filled to the uppermost competent layer with the heavy
mud and sealed with a cement plug.
Cement
As described in Section 2.3.2.3, neat cement slurry may be used by the SODV for the
installation of casings and plugging of select boreholes. The primary constituents of
cement include calcium silicate and calcium sulfate additives. The cement slurry will be
mixed at a concentration of 869 grams of material per liter of water (see Table 2-9) and
injected into the borehole. The cement will stabilize the casing in the borehole and
prevent open circulation between the ocean bottom water and formation intervals.
Progressively smaller casings may be attached to hangers and cemented in place. The
amount of cement used will depend on the length of casing and the diameter of the
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borehole. For example, a casing installed during Expedition 179 required approximately
10,000 kg (22,000 lb) of cement.
Casing
Depending upon site-specific conditions, the SODV will install casings of different
diameters and lengths to suit the particular application. When used in conjunction with
an observatory, the casing will provide an essential barrier between the measuring
devices and crustal layers by preventing fluid exchange between the overlying seawater
and the crustal fluids, while logging devices are operating inside the borehole. Casings
may also be used to stabilize boreholes or isolate the borehole from formation fluid or
pressure, especially for deep boreholes. Casings represent permanent installations and
will not be retrieved.
2.5.2

Reentry Devices and Observatories

Consistent with the approved scientific objectives for each expedition, the SODV may
install engineered structures at selected drilling sites to facilitate reentry into a borehole at
a later time to either continue drilling and coring activities or support the installation of
instrumentation in a permanent observatory. These reentry devices are intended to be
permanent structures and will not be retrieved. Table 2-12 identifies common reentry and
observatory systems that may be deployed by the SODV. Installation of these systems
will typically involve deployment of casings and cement to secure the structures and
casings. Detailed descriptions of these devices are presented in Appendix D.
Table 2-12. Borehole Research Tools
Device
Observatories
Circulation Obviation
Retrofit Kit (CORK)
Advanced Circulation
Obviation Retrofit Kit
(ACORK)
Support Tools
Borehole Packers
Borehole Instrument
Hanger (BIH)

Typical Components
Reentry cone and casing system, sensor string (pressure
gauges, thermistors), additional scientific instruments as
needed
Reentry cone and casing system; instruments (data loggers,
samplers), casing screens and packers, sensor string
(pressure gauges, thermistors)
An inflatable rubber element that seals the annular space
between the drill string and the borehole wall
Provides a flexible system that can be customized to install
scientific instruments in permanent boreholes for enhanced
long-term downhole measurements. Includes an ROV
platform, which serves as a landing pad for submersibles
or ROVs to access the data.
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2.6

Environmental Outputs Associated With Accidental Events

2.6.1

Geologic Sources

With any type of land- or marine-based deep earth drilling activity, there is always a risk
of an accidental event resulting from the uncontrolled release of pressurized
hydrocarbons in a formation from a borehole to the surrounding environment. This event
is commonly called a blowout. In riserless drilling, control features that are inherent in
riser drilling and used to prevent the escape of hydrocarbons from a borehole are not
available; therefore each SODV expedition will incorporate special safety precautions to
prevent a blowout or gas leak from occurring. These features include a comprehensive
and conservative site selection process to identify and avoid drilling in conditions where
an uncontrolled release hazard may exist, a stringent program of continuous real-time
monitoring of hydrocarbon content in recovered sediments, and the immediate
availability of heavy mud to seal a borehole and prevent a release. Existing SODV
guidelines and contingency plans which describe these features include the Guidelines for
Drillsite Selection and Near-Surface Drilling Hazard Surveys (Bruce, Robert J., Shipp, R.
Craig, 2003), Guidelines for Site Survey and Safety (Graber, 2007), and Hydrogen
Sulfide Drilling Contingency Plan (Mills, et al., 2006).
Although the careful selection of drill sites is the best insurance against blowouts or the
accidental penetration of an oil or gas accumulation, a minimal risk remains. This lowlevel risk is reduced further by carefully planned and thoroughly executed shipboard
laboratory procedures. All boreholes will be continuously cored. This means that, as
permitted by the physical nature of the material being drilled, a sample of every foot of
rock and sediment recovered in a core will be brought into the shipboard laboratory for
immediate examination. Thus, any signs of either gas or liquid hydrocarbon will be
detected as an early warning that the drill may be approaching a hydrocarbon rich
environment.
It is possible in the drilling of relatively deep, open holes in the seafloor to penetrate an
undetected, small reservoir of gas, so thin that it might be missed in the coring, or that its
laboratory warning signal was so fleeting it was not detected. The gases in such small
volume accumulations might then migrate into the open hole and exhaust into the sea.
This would cause no particular damage to the seafloor environment and would probably
be undetectable at the sea surface. It could, however, conceivably damage an adjacent
reservoir formation by water encroachment. Consistent with previous ODP policies and
procedures, every hole that penetrates more than approximately 400 meters into the
seafloor will be logged. These well logs yield information on formation properties
which, when combined with a second look at slight hydrocarbon shows in the cores, may
give a clue to thin, leaky reservoirs. The abandonment procedures for such sites call for
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sealing off the interval with either heavy mud or cement as conditions require, equal to or
greater than petroleum exploration industry standards.
Special measures will be performed by the SODV in areas where oil exploration and
production facilities are operated. In these areas, boreholes will only be advanced to
relatively shallow depths where nearby industry drilling data has confirmed that
hydrocarbons were not encountered. In addition, the Measurement While Drilling
(MWD) tool will be used in conjunction with Logging While Drilling (LWD) and
Pressure While Drilling (PWD) tools to detect potentially pressurized formations and
trigger immediate implementation of mitigating measures.
2.6.2

Vessel-related Sources

The risk of an accidental event involving fuel or hazardous materials onboard the SODV
will always be present as with any ocean-going ship. The primary concern is the spillage
and release of petroleum hydrocarbon substances such as fuel, hydraulic fluid, or liquid
hazardous substances. Marine diesel fuel (i.e., marine gas oil), degreasers, solvents, and
aerosols will be present on the SODV with diesel fuel being the most abundant (SODV
capacity of 3,290 metric tons).
To avoid spills, SODV operations will be conducted consistent with established
environmental protection procedures contained in the ship operator’s Environmental
Management System (EMS) including the Shipboard Oil Pollution Emergency Plan
(SOPEP) and Spill Plan. These guidelines combined with in-depth experience of the
vessel’s operator, will help to minimize the potential risk of vessel-related releases to the
environment. However, unpredictable events such as collisions with other vessels or
groundings represent a very small but inherent risk.
2.7

Current Regulatory Framework Potentially Affecting the Proposed Action

All marine operations by the SODV including ocean drilling and research activities will
be performed within the constraints of the regulations that govern any particular
operation. An environmental legislation review was conducted to identify the applicable
laws and regulations with respect to vessel and drilling operations applicable to the
following representative countries:
•
•
•
•
•
•

Angola
Australia (Victoria, New South Wales, South Australia, Northern Territory)
Brazil
Canada (Newfoundland, Nova Scotia)
Egypt
Equatorial Guinea
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•
•
•
•
•
•
•
•

India
Italy
Indonesia
Malaysia
Thailand
United States of America
Venezuela
Vietnam

The review encompassed international conventions related to pollution prevention as well
as national environmental legislation in countries where requirements and responsibilities
are clearly defined. Based on this, the study addressed the following objectives:
•
•
•
•

Confirm environmental legislation registers for countries included in this study.
Review license and permit holder’s responsibilities and obligations related to national
environmental legislation.
Determine the SODV operator’s environmental legislation and regulatory
responsibilities versus those of other IODP participants.
Identify national environmental legislation requirements for the SODV operator to be
aware of specific to operating countries.

2.7.1

Flag State Requirements and International Regulations

Flag state requirements cover items such as design and constructions, stability, freeboard,
watertight integrity, fire fighting appliances, and lifesaving equipment, pollution
prevention, radio installations, manning levels and competence, navigation, normal and
emergency operation, mooring and position keeping. These requirements are presented in
a series of internationally recognized conventions, protocols and codes, usually sponsored
by the International Maritime Organization (IMO), a specialized agency of the United
Nations devoted to maritime affairs. The main conventions and protocols affecting
mobile offshore units such as the SODV are:
•
•
•
•
•
•

International Convention for the Prevention of Pollution from Ship Protocol of 1978
(MARPOL 73/78) and subsequent amendments;
Safety of Life at Sea Convention of 1974 (SOLAS 1974) with 1978 and subsequent
amendments;
IMO Code for the Construction and Equipment of Mobile Offshore Units, 1979 and
1989 (IMO 1979 / 1989 MODU Code) and amendments;
International Convention on Load Lines, 1966 (ILLC 1966) and amendments;
Convention on the International Regulations for Prevention of Collision at Sea, 1972
(COLREG 1972) and subsequent amendment;
International Convention on Tonnage Measurement of Ship, 1969;
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•
•
•
•
•
•

International Convention Relating to Intervention on the High Seas in Cases of Oil
Pollution Casualties (INTERVENTION), 1969;
Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matter (LDC), 1972;
International Convention on Oil Pollution Preparedness, Response and Cooperation
(OPRC), 1990;
Protocol on Preparedness, Response and Co-operation to pollution Incidents by
Hazardous and Noxious Substances, 2000 (HNS Protocol);
International Convention on the Control of Harmful Anti-fouling Systems on Ships
(AFS), 2001; and
International Convention for the Control and Management of Ships' Ballast Water
and Sediments, 2004.

2.7.2

Coastal State or National Legislation and Regulations

Coastal states have generally accepted International Maritime Certificates (SOLAS;
MODU Code, ILLC, MARPOL, etc.) issued by or on behalf of recognized maritime
administrations. In addition, Coastal States have delegated authority to act or issue
documents on their behalf to Classification Societies or other agencies. The extent of
acceptance and authorization must be clarified with the Coastal State. Where there exists
acceptance of the maritime certificates and/or appointed classification society by the
Coastal State, surveys and certificates required to comply with requirements of the
Coastal State legislation should, as far as possible, be conducted simultaneously with the
maritime certificates and/or appointed classification society surveys.
In addition, the following regulations would be applicable to the SODV when it is
operating either within U.S. jurisdiction or at locations outside of U.S. waters since its
funding originates from a Federal agency.
Marine Mammal Protection Act (MMPA)
The MMPA of 1972 established, with limited exceptions, a moratorium on the “taking”
of marine mammals in waters or on lands under U.S. jurisdiction. The act further
regulates “takes” of marine mammals in the global commons (i.e., the high seas) by
vessels or persons under U.S. jurisdiction. The term “take,” as defined in Section 3 (16
USC 1362) of the MMPA, means “to harass, hunt, capture, or kill, or attempt to harass,
hunt, capture, or kill any marine mammal.” “Harassment” was further defined in the
1994 amendments to the MMPA, which provided two levels of “harassment,” Level A
(potential injury) and Level B (potential disturbance).
The proposed action is designed to avoid Level A harassment and minimize potential
disturbances to marine mammals (Level B) by avoiding marine mammal migratory
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routes, consistent feeding grounds, and local breeding grounds that concentrate cetaceans
in critical areas.
Endangered Species Act (ESA)
The ESA (16 USC 1531 to 1543) applies to federal actions in two separate respects.
First, the ESA requires that Federal agencies, in consultation with the responsible wildlife
agency, ensure that proposed actions are not likely to jeopardize the continued existence
of any endangered species or threatened species or result in the destruction or adverse
modification of critical habitat [16 USC 1536 (a)(2)]. Regulations implementing the
ESA expand the consultation requirement to include those actions that “may affect” a
listed species or adversely modify critical habitat.
Second, if an agency’s proposed action would take a listed species, then the agency must
obtain an incidental take statement from the responsible wildlife agency. The ESA
defines the term “take” to mean “harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or attempt any such conduct” [16 USC 1532(19)].
•

Harm is defined by regulation as “an act which actually kills or injures” fish or
wildlife (50 CFR 222.102)

•

Harass is defined by regulation to mean an “intentional or negligent act or omission
which creates the likelihood of injury to wildlife by annoying it to such an extent as to
significantly disrupt normal behavioral patterns which include, but are not limited to,
breeding, feeding or sheltering” (50 CFR 17.3)

During various review stages of each proposed expeditions, activities will be undertaken
to identify those proposed drilling locations where endangered species may be present.
When applicable, IODP-USIO will consult with NOAA Fisheries under section 7(a)(2) of
the ESA with respect to planned activities that may affect a listed species, including
appropriate documentation of location- and time-specific parameters for the expedition.
In response to any biological opinions that may be issued by NMFS for the proposed
activities, the IODP-USIO will implement Reasonable and Prudent Measures (RPMs)
necessary to prevent the harming or harassing of these organisms, and will comply with
related terms and conditions to meet ESA requirements.
Coastal Zone Management Act
The CZMA provides assistance to states, in cooperation with federal and local agencies,
for developing land and water use programs for the coastal zone. This includes the
protection of natural resources and management of coastal development. The respective
state coastal zone management program implements policy.
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The CZMA requires that any federal agency activity within or outside the coastal zone
that affects any land or water use or natural resource of the coastal zone be carried out in
a manner that is consistent, to the maximum extent practicable, with the enforceable
policies of NOAA approved state management programs. Hence, under the CZMA, the
NSF will determine whether IODP-USIO operations will affect the coastal zone and, if
so, whether they are consistent with the enforceable policies of approved state coastal
programs.
National Marine Sanctuaries Act
Consistent with the standards set forth by the National Marine Sanctuaries Act, the
National Marine Sanctuary Program Regulations (codified at 15 CFR Part 922) prohibit
specific kinds of activities, describe and define the boundaries of the designated national
marine sanctuaries, and set up a system of permits to allow the conduct of certain types of
activities (that would otherwise not be allowed). Each sanctuary has its own set of
regulations (subparts) within 15 CFR Part 922.
Although drilling within National Marine Sanctuaries during the proposed action will be
avoided unless there is critical scientific value, Subpart E of the regulations is most
applicable, and contains provisions for the processing of sanctuary permits, emergency
regulations, and appeals. While each Sanctuary has its own unique set of regulations,
there are some regulatory prohibitions that are typical for many sanctuaries:
•
•
•
•

Discharging material or other matter into the sanctuary,
Disturbance of, construction on, or alteration of the seabed,
Disturbance of cultural resources, and
Exploring for, developing, or producing oil, gas, or minerals (with a grandfather
clause for preexisting operations).

In addition, some sanctuaries prohibit other activities, such as the disturbance of marine
mammals, seabirds, and sea turtles, operation of aircraft in certain zones, use of personal
watercraft, mineral mining and anchoring of vessels.
Magnuson-Stevens Fishery Conservation and Management Act
The Magnuson-Stevens Act, enacted to conserve and restore the nation’s fisheries,
includes a requirement for NMFS and regional fishery councils to describe and identify
Essential Fish Habits (EFH) for all species that are federally managed. EFH is defined as
those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to
maturity. In compliance with the act, the NSF will consult with the Secretary of
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Commerce regarding any proposed activity that is authorized, funded, or undertaken by
the agency that may adversely affect EFH.
Antarctic Treaty
The Antarctic Treaty will apply to all activities conducted in regions below 60° south
latitude. The treaty was signed on 1 December 1959 by the twelve nations that had been
active during the International Geophysical Year (IGY): Argentina, Australia, Belgium,
Chile, France, Japan, New Zealand, Norway, South Africa, United Kingdom, United
States and USSR. The Antarctic Treaty system currently includes 28 consultative parties
and 17 acceding states, and encompasses several measures designed to protect the
scientific value and the Antarctic environment:
Agreed Measures for the Conservation of Antarctic Fauna and Flora (1964);
• Convention for the Conservation of Antarctic Seals (1972);
• The Convention on the Conservation of Antarctic Marine Living Resources (1982);
and
• Protocol on Environmental Protection to the Antarctic Treaty (1991), including
Annex 1-6.
•

In addition, Antarctica is designated as a Special Area under Annex I, II and IV of the
International Convention for the Prevention of Pollution from Ship Protocol of 1978
(MARPOL 73/78).
2.7.3

Local Regulations

The following environmental legislation and regulations generally apply to ocean drilling
activities and primarily relate to the petroleum industry for the particular country.
Angola
General Environmental Law (GEL) ascribes responsibility to all persons who, as a result
of their actions, cause damage to the environment, degrade, destroy or fail to sustain
natural resources. Such persons are compelled to restore them and/or pay compensation
for the damage caused. GEL provides that all firms are obligated to protect the
environment:
•
•
•

General Environmental Law 5 of 1998(GEL): Article 16
General Environmental Law 5 of 1998(GEL): Article 17
General Environmental Law 5 of 1998(GEL): Article 18

For Petroleum Industry Environmental Protection Decree 39, the following outlines the
requirements for a Spill Response Plan and a Spill Prevention Plan:
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•
•
•
•
•
•
•

Petroleum Industry Environmental Protection Decree 39 of 2000: Article 6
Petroleum Industry Environmental Protection Decree 39 of 2000: Article 6(5)
Petroleum Industry Environmental Protection Decree 39 of 2000: Article 10
Petroleum Industry Environmental Protection Decree 39 of 2000: Article 11
Petroleum Industry Environmental Protection Decree 39 of 2000: Article 15
Petroleum Industry Environmental Protection Decree 39 of 2000: Article 16
Petroleum Industry Environmental Protection Decree 39 of 2000: Article 27

Brazil
•
•
•
•
•
•
•
•
•
•
•
•
•

•

CONAMA 273 of 19/12/97 – National Environmental Council, Installation License
CONAMA 01 of 23/01/1986 – National Environmental Council, Installation License
Lei estadual 1356/88 – Installation License
LEI 9966 of 28/04/02 – Risk Management Program
CONAMA 293 of 12/12/2001 – National Environmental Council, Environmental
Audit
CONAMA 265 of 27/01/00– National Environmental Council, Environmental Audit
CONAMA 306 of July, 2002 – National Environmental Council, Environmental
Audit
Lei estadual 3471/2000 – Environmental Audit
LEI 9966 of 28/04/02 – Liquid Effluent
CONAMA 20 of 18/06/1986 Liquid Effluent
Lei estadual 3007/98 Solid Waste
ABNT rules Solid Waste
Law Nº 6938, of 08/31/1981 - National Environment Policy Article 14 of this law sets
forth that “without prejudice to application of the penalties provided for in this article,
the polluter is obliged to indemnify or to remedy any damage caused to the
environment or to third parties affected by its activity, regardless of the existence of
blame.”
Law Nº 9605, of 12/12/1998. Article 2 of Law Nº 9605 of 12/12/1998 clearly defines
who is responsible for compliance with environmental rules, as follows:
“Article 2 - Everyone who contributes in any way for the crimes foreseen in this law
will be subject to the penalties established herein, according to his/her culpability,
such as the director, administrator, council or technical body member, auditor,
manager, representative or agent of a legal person.”
Law Nº 9605 also establishes penalties for individuals and companies that fail to
comply with existing environmental laws. This law allows penalties for companies
and individuals that include:
Fines of up to US$ 70,000;
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Cleaning of the contaminated areas and indemnification of the affected
persons; and
Up to 5 year prison term.
CONAMA Decision Nº 237 of 12/19/1997. This CONAMA Decision establishes
basic rules for the licensing of activities considered to be polluting. This matter is
dealt with in detail in Section 3 below, Licensing and Authorization Requirements.
Law Nº 9966 of 04/28/2000. This law was created as a consequence of two large oil
spills and it establishes preventive steps to be taken by companies engaging in
activities that handle oil and its derivatives such as oil, diesel, gasoline and fuel oil.
CONAMA Decision Nº 293 of 12/12/2001. This Decision involves the development
of Emergency Plans and outlines the minimum criteria required in a Plan. Emergency
Plans must be prepared for ports, port installations, platforms, pipelines and
supporting installations.
Decree Nº 4136 of 02/20/2002 sets forth the penalties to be imposed in the event of
violations of Law Nº 9966 of 04/28/2000 (see above).
ANP Administrative Ruling Nº 03 of 01/10/2003 establishes mandatory reporting of
accidents involving oil and its derivatives. Furthermore, it establishes the reporting
procedure and fines for failing to report. The Rule does not clearly define “accident”
in terms of its size or magnitude, therefore making it potentially applicable to any size
accident.
Legislative Decree Nº 60, of 04/19/1995 approves the text of the International
Agreement of 1973 on prevention of pollution by ships.
Legislative Decree Nº 43, of 05/29/1998 approves the text of the International
Agreement (London 11/30/90) on emergency preparation caused by oil pollution.
Decree Nº 2508, of 03/04/1998 enacts the International Agreement on prevention of
pollution by ships, completed in London on 11/02/1973.
CONAMA Decision Nº 20, of 06/18/1986 regulates the classification of fresh water,
brackish water and salt water in the Brazilian territory.
CONAMA Decision Nº 05, of August 1993 establishes definitions, classifications and
minimum procedures for the management of solid wastes resulting from health
services, ports and airports.
CONAMA Decision Nº 265, of 01/27/2000 establishes how to carry out
environmental audits in activities that handle oil and its derivatives. The details of this
audit appear in CONAMA 306, listed directly below.
CONAMA Decision Nº 306, of July 2002 establishes minimum requirements for
environmental audits. The audit scope is similar to ISO 14001.
IBAMA Administrative Ruling Nº 10, of 08/17/2001 establishes mandatory
registration in the “Cadastro Técnico Federal” (Federal Technical Reference File) for
individuals and legal persons engaged in potentially polluting activities.
Legislative Decree Nº 74, of 09/30/1976 approves the text of the International
Agreement on civil liability for any damage caused by oil pollution.
-

•

•

•

•
•

•
•
•
•
•

•

•
•

•
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Egypt
The role and responsibilities of Egyptian Ministries & Authorities having an implicit
mandate on Environment in Egypt can be summarized as follows:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Regulation of Environmental protection Law 4/1994
Petroleum Pipeline Agreements Law 4/1988
Petroleum Concessions Law 6/1974
Licensing of wastewater drainage Law 93/1962
Identifying methods of treating ponds and marshes Law 57/1978
Observing rules for public cleanliness Law 88/1967
Urban planning and land use Law 59/1979
Definition of historical buildings Law 529/1953
Protection of antiquities Decree 2828/1971
Regulation of excavation Law 117/1983
Protecting the River Nile and the waterways from pollution Law 48/1982
Regulating discharge of wastewater and reuse of drainage Law 12/1984
Protection of Agricultural Land. Law 53/1966
Protection of marine life and regulation of fisheries Law 24/1983
Rules and requirement for industrial projection. Law 21/1958
Regulating use of chemicals in industry Presidential Decree 116/1965, Law 137/1981
Specifications of industrial products. Occupational safety and health measure Law
27/1981

India
The following conventions are either directly applicable to India in that it has adopted
them or, with varying levels of influence, are considered by the Government of India
(GOI) in its deliberations of the expected development of the offshore and onshore oil
and gas industry:
Global Conventions on Protection of Marine Environment
•
•

•

Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter (London Convention 1972), London, 1972;
International Convention for the Prevention of Pollution from Ships, 1973, as
modified by the Protocol of 1978 relating thereto (MARPOL 73/78), London,
1973 and 1978;
Convention on the Control of Transboundary Movements of Hazardous (Basel
Convention);
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•
•

•
•
•
•
•

International Convention on Civil Liability for Oil Pollution Damage 1969 (1969
CLC), Brussels, 1969, 1976, and 1984;
International Convention on the Establishment of an International Fund for
Compensation for Oil Pollution Damage 1971 (1971 Fund Convention), Brussels,
1971;
Convention on Liability and Compensation for Damage in Connection with the
Carriage of Hazardous and Noxious Substances by Sea (HNS), London, 1996;
International Convention on Oil Pollution Preparedness, Response, and Cooperation (OPRC), London, 1990;
International Convention Relating to Intervention on the High Seas in Cases of
Oil Pollution Casualties (Intervention Convention), Brussels, 1969;
United Nations Convention on the Law of the Sea (UNCLOS), Montego Bay,
1982;
The Convention for the Protection of the Marine Environment of the North-East
Atlantic (OSPAR); 1992; 1996; 2000; Includes CHARM (Chemical Hazard
Assessment & Risk Management). Although this convention does not apply
directly to India, it is frequently referenced by government agencies and working
groups in India when speaking about offshore oil & gas exploration. More
significantly, the International Finance Corporation (World Bank Group)
specifically references OPSAR as providing guidance to the offshore oil and gas
exploration industry.

Indonesia
Control of Water Pollution; Regulation 20/1990 - Surface Water
• Reg/20/1990 Section 17
• Reg/20/1990 Section 20
• Reg/20/1990 Section 19
• Reg/20/1990 Section 21
• Reg/20/1990 Section 32
Air Emission Standards; Regulation 41/1999
• Reg/41/1999 Section 4
• Reg/41/1999 Section 21
• Reg/41/1999 Section 22
• Reg/41/1999 Section 26
• Reg/41/1999 Section 39
• Reg/41/1999 Section 51
• Reg/41/1999 Section 52
• Reg/41/1999 Section 54
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Hazardous & Toxic Waste Management; Regulation 18/1999
• Reg/18/1999 Section 3
• Reg/18/1999 Section 7 & Appendix 5A
• Reg/18/1999 Section 8
• Reg/18/1999 Section 9
• Reg/18/1999 Section 10
• Reg/18/1999 Section 11
• Reg/18/1999 Section 27
• Reg/18/1999 Section 28
• Reg/18/1999 Section 40
• Reg/18/1999 Section 47
• Reg/18/1999 Section 48
• Reg/18/1999 Section 55
Oil Gas & Geothermal Industry (Risk Based Approach to Health, Safety and
Environment) Regulations (2003)
• Regulation 4, Oil gas Regs 2003
• Schedule 1, 2.2 Oil Gas Regs 2003
Act Number 23/1997; Management of the Living Environment
• 23/1997 Chapter 5, Section 14
• 23/1997 Chapter 6, Section 20
• 23/1997 Chapter 6
• 23/1997 Chapter 7, Part III, Section 34
• 23/1997 Chapter 7, Part III, Section 35
• 23/1997 Chapter 7, Part III, Section 36
• 23/1997 Chapter 7, Part III, Section 37
• 23/1997 Chapter 9, Section 41
• 23/1997 Chapter 9, Section 43
• 23/1997 Chapter 9, Section 44
• 23/1997 Chapter 8, Section 40
Guidelines for the Establishment of Environmental Quality Standards (EQS) - Surface
Water & Sea Water
• Decree KEP-02/MENKLH/1/1988
Guidelines for the Establishment of Environmental Quality Standards (EQS) - Air
Quality
• Decree KEP-02/MENKLH/1/1988
Odor Level Standards - Air Quality
• Decree KEP-50/MENLH/11/1996
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Noise Level Standards - Air Quality
• Decree KEP-48/MENLH/11/1996
Malaysia
•
•
•
•
•
•
•
•
•
•

Exclusive Economic Zone Act (1984)
Environmental Quality Act (1974) & Amendments of (1985) & (1996)
Malaysia Thailand Joint Authority (Petroleum Regulations) and Procedures (1990)
Scheduled Waste Regulations (1989): Prescribed Premises
Clean Air Regulations (1978)
Environmental Quality (Prohibition on the use of Chlorofluorocarbons and Other
Gases as Propellants and Blowing Agents) Order (1993) (CFC's)
Atomic Energy Licensing Act (1984)
International Convention on Oil Pollution Preparedness, Response and Cooperation
(OPRC) (1990)
Environmental Quality (Clean Air) Regulations (1978) (Clean Air)
Petroleum (Safety Measures) (Transportation of Petroleum by Water) Regulations
(1985) (Water Transport

United States
Mineral Mining Service (MMS)
• Title 30 - Chapter II - MMS - Part 250 - Oil, Gas and Sulphur Operations in the
Outer: The installation must be decommissioned in a manner that does not cause
undue or serious harm to the human, marine or coastal environment.
• NTL 98-16: Venting of H2S prohibited, except for maintenance and repair operations
and where the emission levels do not exceed 15-minute-time-weighted average of
20ppm. NTL 98-16 also addresses guidance on protection against SO2 emissions;
approval of flaring systems and other environmental and safety considerations.
• NTL 98-20: Outlines requirements for Shallow Hazard Surveys and Reports designed
to prevent blowouts and rig damage.
• NTL 98-26: MMS requires any object installed on the lease (wells, pipelines,
platforms, etc) must be properly removed and the site cleared and verified.
• NTL 2000-G20: All leases in greater than 400 meters of water depth in which
chemosynthetic communities have been found must adhere to avoidance plan and
conduct appropriates surveys.
• NTL 2002-G01: Certain leases in the Gulf of Mexico will have additional lease
stipulations requiring the Operator to conduct remote sensing surveys to determine
the presence or absence of certain archaeological features.
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•
•
•

•

•

•
•

•

•

•

NTL 2000-G07: Gives requirements for Marine Riser systems on Floating Rigs to
prevent accidental disconnects and resulting safety and environmental danger.
NTL 2002-G12: Outlines process for implantations of North American Datum 83
surveying / coordinate system for location of wells and facilities.
NTL 99-G16: Certain leases in the Gulf of Mexico will have additional lease
stipulations requiring the Operator to conduct remote sensing surveys to determine
the presence or absence of certain biological assemblages (sea grasses, turtles, fish,
etc).
NTL 99-G22: Provides Standardized Guidance and instructions for sub-seabed
disposal and offshore storage of oil and gas wastes generated in the OCS and
classified as "Exempt" E&P Wastes under RCRA. Also covers the offshore storage of
waste which contains NORM above background levels.
NTL 2003-G06: Provides requirements and instructions for offshore placarding and
annual video training of all offshore personnel regarding the prevention of loose
items, trash and debris entering the marine environment.
NTL 2003-G03: Provides guidance on conducting ROV survey for Deepwater
operations.
30 CFR 250: All leases in greater than 400 meters of water depth in which
chemosynthetic communities have been found must adhere to avoidance plan and
conduct appropriates surveys.
30 CFR 254: Allows Operator to cover more than one facility, operation or location
with a single Oil Spill Response Plan (OSRP). Eastern Gulf of Mexico lease must
have individual plans.
40 CFR – 112: Owners or operators of onshore or offshore facilities which have or
could be expected to have a discharge must prepare a written Facility Response Plan.
Existing faculties have 6 months to prepare the plan and a further 6 months to
implement the plan.
Oil Pollution Act Places liability for oil pollution incidents on responsible parties.
Contains financial penalties for clean-up and damages. OPA Response Planning
requirements are administered in the GOM by the MMS.

Clean Water Act/ Federal Water Pollution Control Act
• EPA has authority to set effluent discharge standards for all point source industries
including offshore oil and gas E&P. It is unlawful to discharge any pollutants unless
a National Pollutant Discharge Elimination System permit is obtained.
• Continental Shelf Region - Code of Federal Regulations NPDES Outer Continental
Shelf General Permit for Western Portion of Gulf of Mexico: For Each new lease the
Operator must submit a letter signed by an Authorized Manager requesting coverage
of lease activities under the existing Gulf of Mexico (GOM) General Permit. Similar
General Permits cover the Texas and Louisiana state waters.
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•

•
•

Federal Water Pollution Control Act: 33 U.S.C. 1251 et seq. MARPOL 73/78 sets a
standard of 15 ppm for oil contaminated discharges, which must not be exceeded:
vessels grater than 400grt must have an oil/water separator and a Shipboard Oil
Pollution Emergency Plan (OPEP).
Oil Pollution Prevention and Response;
Title 49 CFR - Subtitle III - Chapter 51 - Transportation of Hazardous Material
Federal Water Pollution Control Act, as amended by Clean Water Act 1977.

Resource Conservation and Recovery Act (RCRA)
• 40 CFR - Parts 240-299: Waste generators - must determine if waste is hazardous. A
waste manifest must be prepared on EPA form 8700-22 and 8700-22A. The manifest
must state the permitted facility to which the waste is being transported - establishes
requirement for manifest copy distribution and requires retention for 3 years.
• Establishes timescale for accumulation of waste at point of generation (180 days for
companies generating between 100 and 1000Kg per month provided the quantity does
not exceed 6000 Kg provided specific conditions regarding storage and labeling and
emergencies are met or 270 days if the waste must be transported over 200 miles for
disposal).
• 40 CFR - Subchapter I - Solid Wastes: State Agencies regulate disposal of oil field
wastes, garbage and other waste streams.
Clean Air Act
• Part 55 Outer Continental Shelf Air Regulations: Prior to modification or 18 months
prior to application for preconstruction a Notice of Intent must be submitted through
the EPA Regional office and the pollution control agency of the nearest onshore area
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3.0

ALTERNATIVES

3.1

Introduction

The Earth’s surface veneer of seafloor sediment and extrusive volcanic rock represents
the most recent snapshot of geologic time. Beneath that veneer, buried in sedimentary
sections and the underlying crust, is a rich history of the waxing and waning of glaciers,
the creation and aging of oceanic lithosphere, the evolution and extinction of
microorganisms and the building and erosion of continents. More than thirty years of
scientific ocean drilling by the U.S. have explored this history in increasing detail,
revealing the complexity of the processes that control crustal formation, earthquake
generation, ocean circulation and chemistry, and global climate change. Drilling has also
revealed that deep within marine sediments, rock pore spaces and rock fractures is an
active environment where ocean water circulates, microbes thrive and natural resources
accumulate.
The IODP’s drilling initiatives require the deployment of closely linked drilling platform
types simultaneously to achieve specific research objectives. As the subject of this PEIS,
the SODV will enable the USIO to reach the ocean’s greatest depths using riserless
drilling technology, while continuing to expand the global sampling coverage and
disciplinary breadth characteristic of the ODP and DSDP. In concert with the IODPUSIO’s riserless drilling capability, a riser-equipped drillship operated by the Japan
Agency for Marine-Earth Science and Technology (JAMSTEC) Center for Deep Earth
Exploration (CDEX) will permit the IODP to address deep objectives that require drilling
for months to a year or more at a single location. Deep objectives include the
“seismogenic zone” experiment, designed to determine the behavior of earthquakegenerating faults in subduction zones; the deep crustal and intra-sedimentary biosphere;
the three-dimensional structure of oceanic and Large Igneous Province (LIP) crust; and
the processes of continental breakup and sedimentary basin formation. Complementing
these capabilities, mission-specific platforms implemented by the European Consortium
for Ocean Research Drilling (ECORD) Science Operator for the IODP will permit
unprecedented examination of the history of sea-level change in critical regions near the
shoreline, the recovery of high-resolution climate records from atolls and reefs in shallow
water areas, and the exploration of climatically sensitive, ice-covered regions not yet
sampled by drilling, such as the Arctic Ocean basin.
Within the scope of these IODP drilling initiatives, the proposed action encompasses the
USIO’s implementation of riserless ocean drilling techniques that have evolved and been
refined for over thirty years. Alternative A of the proposed action represents the
performance of riserless drilling activities focusing primarily on achieving specific
scientific goals and minimizing health and safety hazards as carried out during the eras of
the DSDP and ODP. In Alternative A, riserless drilling would be conducted without the
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benefit of advisory support obtained through technical reviews by the IODP. Alternative
B represents an enhancement of Alternative A and is designed to merge the USIO’s
expertise in riserless drilling with input provided by the IODP Science Advisory
Structure (SAS). The IODP process would include environmental reviews of each
proposed drilling expedition which would identify conditions that could be potentially
affected by riserless drilling operations and recommend measures to avoid adverse
impacts. In Alternative C, the USIO would not conduct riserless ocean drilling.
The following describes each of these alternatives in greater detail and provides a
discussion of other research technologies that were identified but eliminated from further
consideration in the PEIS.
3.2

Alternative A – Conduct Riserless Ocean Drilling Based Solely on Scientific
Research Needs

In Alternative A, riserless ocean drilling expeditions would be designed and conducted to
meet site-specific scientific objectives as developed by the proponents of the research. In
this alternative, the primary focus during the planning and implementation of riserless
drilling expeditions would be on achieving the proposed scientific objectives and
avoiding unsafe working conditions. Figure 3-1 identifies the process features and the
environmental components of this alternative.
Texas A&M University (TAMU) and Lamont-Doherty Earth Observatory (LDEO), the
IODP-USIO’s science support contractor, would maintain a distinct, independent panel of
safety experts (Safety Panel) to advise the IODP-USIO on safety issues and drilling
hazards. The IODP-USIO Safety Panel would review all site-specific data pertaining to
each expedition and render a final decision regarding site safety. The IODP-USIO Safety
Panel would grant approval before an expedition could be scheduled.
TAMU would provide the IODP-USIO management with a preliminary review of a series
of expeditions that may be grouped together (leg) for logistical reasons based on
operational feasibility, time, cost, location, and environmental factors. The IODP-USIO
would assemble a ship schedule and assign key personnel, and the Science Services
groups at TAMU and LDEO would formulate a detailed operating plan in concert with
the Staff Scientist/Expedition Project Manager, Co-chief Scientists, IODP-USIO staff,
and Overseas Drilling Limited/Transocean, the vessel operator and owner.
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Figure 3-1. Expedition Review and Planning Process for Alternative A
Input
Proposal,
Site Survey Data
(Proponent)

Process
Safety Panel Review
(USIO)

Environmental Components
Proponent identifies potential geologic &
environmental hazards, hydrogen sulfide
conditions, weather and seasonal
considerations; review focuses upon
potential safety issues

Expedition is scheduled
(USIO)

USIO Safety Panel
Recommendations

Operating Plan and
Scientific Prospectus
(USIO)

Site Survey Data Package
and Expedition Safety
Package (USIO)

Environmental Permits,
Approvals, Documentation
(USIO)

Incorporate drilling schedule,
specifications, deployments, logging,
monitoring (hydrogen sulfide,
hydrocarbon), environmental mitigating
measures

Incorporate data necessary for safety
contingencies

Plan supplemental reviews, site-specific
hazard mitigation
Consistent with Environmental
Management System, vessel is prepared
for optimal engine, incinerator,
wastewater treatment performance (ODL)

Commence Expedition

Legend

ODL Overseas Drilling Limited
USIO United States Implementing Organization
A pre-cruise meeting would be held with the Co-Chiefs at TAMU about 6-12 months
prior to the leg, and the IODP-USIO Operations Manager (Ops Mgr), Staff
Scientist/Expedition Project Manager (EPM), Lab Officer and other staff would become
involved in detailed planning with the Co-Chiefs. A detailed Scientific Prospectus would
be prepared at the pre-cruise meeting, reflecting the agreed upon priorities and
implementation strategies for each expedition. The Site Survey Package consisting of
data required for an expedition would be published in the Scientific Prospectus. The
Expedition Safety Package would be prepared which would include a collection of all
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data and documentation (including the Site Survey Package) necessary to support a safe
and environmentally compliant operation. In the event that proposed riserless drilling
operations were to take place in regulated or environmentally sensitive areas, applicable
permits and authorizations (e.g., Marine Mammal Protection Act) or supplemental
environmental review documents would be submitted to the appropriate authorities prior
to scheduling the expedition. Both the Site Safety and the Expedition Safety Packages
would contain pertinent information on the potential geological or environmental hazards
that would be used to determine appropriate contingencies during drilling.
Prior to the vessel departure, the IODP-USIO would obtain necessary approvals for the
areas in which the vessel will operate including permits and other regulatory
notifications. In parallel, the vessel operator (ODL/Transocean) would ensure that vessel
systems such as engines, incinerators, and wastewater treatment devices are functioning
properly per regulatory requirements (e.g., MARPOL).
In Alternative A, the comprehensive additional IODP SAS advisory process including the
identification and review of the anticipated environmental conditions at each proposed
drill site would not be performed. As a result, the IODP SAS would not provide
additional advice or feedback to the proponents and the IODP-USIO regarding potential
environmental impacts and mitigating measures that could be incorporated into the
operating plan for each riserless drilling expedition. Without input from the IODP
advisory process, the nature and extent of proposed drilling and coring activities will be
less optimized to minimize possible adverse effects in environmentally sensitive areas. If
environmentally sensitive conditions are not recognized during the planning process for
each expedition, opportunities to identify and implement effective mitigating measures to
prevent or minimize adverse environmental impacts may not be realized.
3.3

Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific
Research Needs and IODP Support

In Alternative B, riserless ocean drilling expeditions would be designed and conducted to
meet site-specific scientific objectives as presented by the proponents of the research and
would incorporate advisory input and support from the IODP. The IODP would provide
a mechanism for the efficient and effective integration and selection of multiple drilling
platforms, exploratory tools, and diverse strategies in resolving outstanding research
questions as discussed in the IODP ISP.
The need to effectively prevent or minimize safety and environmental risks during
drilling has been recognized throughout the history of the DSDP, ODP, and IODP.
Policies to minimize drilling hazards originally developed during DSDP and ODP would
continue to be updated during the USIO’s participation in the IODP. The value of the
potential scientific results of any drilling proposal would be balanced against the possible
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hazards so that IODP-USIO riserless operations can achieve valuable scientific results
without jeopardizing the health of individuals, the environment, or the future of the
program. Figure 3-2 depicts the combined IODP and USIO review processes which
would be used to select safe drilling locations and methods, and identify site-specific
environmental conditions that could be adversely affected by riserless drilling activities
before an expedition is included in the drilling program.
At the IODP level (see Appendix B), the Central Management Office of IODP-MI would
provide scientific direction and planning advice to the USIO represented by the
Consortium for Ocean Leadership, Inc formerly the Joint Oceanographic Institutions
(JOI) and its science services subcontractors at TAMU and at LDEO. There are two
main committees in the IODP, the SASEC (SAS Executive Committee), which oversees
all policies and procedures, and the SPC which oversees the science. These committees
and their associate subgroups would forward recommendations to the USIO and IODPMI for action, who would in-turn notify Consortium for Ocean Leadership, Inc, TAMU,
and LDEO. A responsibility of the SPC would be to prioritize recommendations for the
drilling sites and consider recommendations from the various SAS technical panels
including the SSP, EPSP, STP, and EDP.
The SSP provides advice to IODP-MI through the SPC on the adequacy of, and need for,
site survey information relating to proposed drilling target sites. On notification from the
IODP-MI Science Advisory Structure Office, proponents of proposals that have been
highly ranked by the SSEP would submit supporting site survey data to the IODP Site
Survey Data Bank for archiving. The information contained in these data packages
would be derived from previous geophysical research efforts (e.g., seismic surveys) and
would characterize the area in the immediate vicinity (within 1 km) of each proposed drill
site for the purpose of evaluating seafloor conditions (water depth, seafloor topography
and stability) and identifying potential hazards and environmental concerns.
A site survey data package for a particular expedition would include geological
characteristics of each proposed drill site as well as information pertaining to
environmental or man-made hazards, the presence of sensitive biological communities,
and cultural resources. The data package, along with the proposal would be evaluated by
the SSP to determine if (1) regional and site-specific survey data are of sufficient quality
and quantity to properly image the sites and that the selected sites adequately address the
scientific questions posed in the proposal, (2) proposed sites are in feasible places for the
riserless drilling vessel to core, and (3) the regional and site-specific survey data are of
sufficient quality and quantity that it is possible to extrapolate the results from this
borehole over a usefully broad portion of the ocean and/or to apply the results from this
borehole to related questions and analogous sites worldwide. The SSP would provide
comments on this evaluation to the SPC and also provide advice to proponents on how to
improve their data packages.

3-5

Figure 3-2. Expedition Review and Planning Process for Alternative B
Input
Proposal or Addendum
(Proponent)

Process
SSEP & External Review
(IODP-MI)
SAS Review (IODP-MI)
(SPC, STP, EDP input)

Site Characterization Data
to Site Survey Data Bank
(Proponent)
Safety Review Report &
Presentation (Proponent)

(Supplemental information,
if needed)

Environmental Components
Proponent identifies potential geologic
and environmental hazards, hydrogen
sulfide conditions, biological
communities, fisheries, cultural
resources, weather and seasonal
considerations as well as site
characterization geological data

SSP Review (IODP-MI)

Review sufficiency of site survey data
and adequacy of proposed drilling sites to
meet research objectives; recommend
additional data, if needed

EPSP Preview (IODP-MI)
(as needed)

Review potential geologic and
environmental hazards, hydrogen sulfide
conditions, biologically sensitive areas;
recommend additional data, if needed

SPC forwards proposal to
OTF
EPSP Review (IODP-MI)
(re-review, if needed)

Safety Panel Review (USIO)

EPSP review focuses on potential
geologic and environmental hazards,
hydrogen sulfide conditions, biologically
sensitive areas; recommend mitigating
measures; USIO review concentrates on
potential safety issues

Expedition is scheduled
(IODP-MI/SAS, USIO)
EPSP Recommendations
USIO Safety Panel
Recommendations

Operating Plan and
Scientific Prospectus
(USIO)
Site Survey Data Package
and Expedition Safety
Package (USIO)
Environmental Permits,
Approvals, Documentation
(USIO)

Commence Expedition

(continued)
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Incorporate drilling schedule,
specifications, deployments, logging,
monitoring (hydrogen sulfide,
hydrocarbon), environmental mitigating
measures

Incorporate data necessary for safety
contingencies
Plan supplemental reviews, site-specific
mitigation and monitoring strategies
Consistent with Environmental
Management System, vessel is prepared
for optimal engine, incinerator,
wastewater treatment performance (ODL)

Legend
EDP
EMS
EPSP
IODPMI
ODL

OTF
SAS
SPC
SSEP
SSP
STP
USIO

Engineering Development Panel
Environmental Management System
Environmental Protection and Safety Panel
Integrated Ocean Drilling Program Management International
Overseas Drilling Limited

Operations Task Force
Science Advisory Structure
Science Planning Committee
Science Steering and Evaluation Panel
Site Survey Panel
Science and Technology Panel
United States Implementing Organization

During the review, the SSP would examine the potential hazards and other environmental
issues described in the proposal and included in the data package. The SSP would
identify a proposal that may have potential safety or environmental concern and pass this
information along to the EPSP for preview and analysis. A proposal proponent may be
asked to present additional environmental data, as needed.
The EPSP is an essential component in the review of drilling proposals to identify
unacceptable operational hazards and adverse environmental impacts. The EPSP
advisory panel currently consists of 18 multi-disciplinary experts drawn from industry,
government, and academia with diverse backgrounds including the specialties shown in
Table 3-1.
Table 3-1. Current EPSP Member Specialties
Member
1
2
3
4
5
6
7
8
9

Specialty
Member
Specialty
Geophysics, geopressure,
10
Geophysical exploration
drilling technology & methods
Exploration geophysics
11
Gas hydrates, structural geology
Mining engineering, offshore
Deep-sea exploration,
12
drilling operation
hydrothermal system, gas hydrates
Seismic, methane hydrate
13
Marine ecology, biodiversity
exploration
Marine drilling operations
14
Petroleum engineering
Deepwater riser drilling,
Downhole measurements
15
geohazards
Petroleum geochemistry,
Petroleum geology and
16
exploration & development
geophysics
Petroleum geology, deepwater
17
Geophysics, seismic data
carbonate
Marine biology, ecology
18
Gas hydrates, geotechnology

Following the EPSP preview, if needed, the SPC would rank all the proposals and send
them to IODP-MI for operational evaluation by OTF. A full review by the EPSP would
occur next, including evaluation of supplemental data provided by the proponent(s) as the
result of the EPSP preliminary review. As indicated above, the EPSP would provide
independent advice to IODP-MI through the SPC regarding potential safety and
3-7

environmental hazards that may exist because of general or specific geology of the
seafloor, as a consequence of human activities, or the potential impact on the marine life
and their environment.
During the EPSP review process, a representative proponent would make a presentation
consisting of a project overview followed by an appraisal of each proposed drill site and a
description of the key safety and environmental issues. The purpose of the presentation
would be to provide the panel with information on the proposed drilling activities,
environmental conditions at each drill site, and other site-specific features that would
allow the panel to identify operational hazards and potential environmental impacts.
Consistent with Guidelines for the EPSP Safety Review Report and Presentation, and
Expedition Safety Package (Appendix F), the proponent would prepare and present a
report containing maps and data which provide the following information:
•
•
•
•
•

•

A summary of the scientific objectives and environmental issues of the proposed
expedition.
Completed site summary forms.
A contoured seafloor bathymetry map with an appropriate contour interval to
illustrate the topography.
Multibeam maps (contours at 50-100 m intervals or finer).
Track chart of available seismic data. This map should also identify any known
hazards, communication cables, and/or protected areas, as well as any prior
commercial wells or scientific drilling sites.
An uninterpreted section with the drill site annotation.

Specific issues that may be identified by the EPSP include the need for additional data
such as shallow hazard survey, other special surveys, or a drilling protocol document. In
some instances this may also include a request for interpretation of hazards survey data
by an independent entity. Following examination of the data package, the EPSP would
provide guidance on site selection and data processing to improve imaging of the sites,
and on modification of site locations, so that the proposed sites would be safe to drill and
will meet the scientific objectives. Typically, the site survey data would characterize the
area in the immediate vicinity (within 1 km) of each proposed drill site for the purpose of
evaluating seafloor conditions (water depth, seafloor topography and stability) and
identifying potential hazards and environmental concerns while allowing flexibility in the
use of alternate drill sites if unexpected field conditions prevent drilling at primary
locations.
Some frequently asked questions posed by the EPSP to the proponent(s) related to
environmental issues include:
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•
•
•
•

•

•

Are there are any reasons to suspect that an over-pressured section will be
encountered?
Are there any indications of active (or previously active) vent systems or hydrocarbon
seeps in the area of proposed drilling?
Is there a probability of encountering H2S (hydrogen sulfide) or hydrates during
coring or core recovery?
Are there any biological communities within 100 meters of any proposed drill sites,
what are they (e.g., vents, deep-water reefs, etc.), and what is the evidence for their
existence (e.g., sampling, visual, etc.)?
Is the proposed drilling location in the vicinity of a fishery (species, typical gear),
known local breeding ground, consistent feeding area, migration route, or habitat to
threatened or endangered species?
Have alternative sites been prepared if weather, currents, ice, sensitive biological
communities, etc. prevent drilling or in the event additional time is available during
the planned expedition?

Supplemental EPSP review may be necessary if sites are moved or new sites are added.
In the event that proposed riserless drilling operations were to take place in regulated or
environmentally sensitive areas, the EPSP would acknowledge the need to submit
applicable permits and authorizations (e.g., Marine Mammal Protection Act) or
supplemental environmental review documents to the appropriate authorities prior to
scheduling the expedition. In some instances, EPSP approval may be contingent on
additional data or reports requested. Following the final EPSP review, the panel will
make recommendations for each site which will then be forwarded to the SPC, IODP
OTF, and the IO. Possible site recommendations may be:
•
•
•
•
•
•

Approve as requested
Approve to a specified depth other than that originally requested
Approve at a new site based on discussions between panel members, proponents, and
operator
Approve with the recommendation of a specific drilling order and/or specific
monitoring requirements
Defer any recommendation until additional specified information is provided
Not approve

Separate from the IODP structure, TAMU would maintain a distinct, independent panel
of safety experts (Safety Panel) to advise the IODP-USIO on safety issues and drilling
hazards. In concert with EPSP advice, the IODP-USIO Safety Panel would review all
site-specific data pertaining to a particular expedition and render a final decision
regarding site safety. The IODP-USIO Safety Panel would grant approval before an
expedition can be scheduled.
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Responding to input from IODP-MI, including EPSP guidance, TAMU would provide
IODP-USIO management with a preliminary review of a series of expeditions that may
be grouped together for logistical reasons (leg) and the IODP-USIO advises OTF
accordingly on operational feasibility, time, cost, location, and environmental factors.
SPC would review and approve the proposed drilling schedule recommended by OTF for
use in Annual Program Plan preparation by IODP-MI and the implementing
organizations. The IODP-USIO would assemble a ship schedule and assign key
personnel, and the IODP-USIO Science Services groups at TAMU and LDEO would
formulate a detailed operating plan in concert with the Staff Scientist/Expedition Project
Manager, Co-chief Scientists, IODP-USIO staff, and ODL/Transocean, the vessel
operator and owner.
A pre-cruise meeting would be held with the Co-Chiefs at TAMU about 6-12 months
prior to the leg, and the IODP-USIO Operations Manager (Ops Mgr), Staff
Scientist/Expedition Project Manager (EPM), Lab Officer and other staff would become
involved in detailed planning with the Co-Chiefs. A detailed Scientific Prospectus would
be prepared at the pre-cruise meeting, which reflects the agreed upon priorities and
implementation strategies for each expedition. The Site Survey Package consisting of
data required for an expedition would be published in the Scientific Prospectus. The
Expedition Safety Package would then be prepared which would be a collection of all
data and documentation (including the Site Survey Package) necessary to support a safe
and environmentally compliant operation. Both the Site Safety and the Expedition Safety
Packages would contain pertinent information on the potential geological or
environmental hazards that would be used to determine appropriate contingencies during
drilling.
Prior to the vessel departure, the IODP-USIO would obtain necessary approvals for the
areas in which the vessel would operate including permits and other regulatory
notifications. If necessary, site-specific environmental assessments, Incidental
Harassment Authorization (IHA), mitigating measures, monitoring strategies, and
contingencies for alternate drill sites, would have been developed, reviewed by the
appropriate authorities, and incorporated into the operating plan. In parallel, the vessel
operator (ODL/Transocean) would ensure that vessel systems such as engines,
incinerators, and wastewater treatment devices are functioning properly per regulatory
requirements (e.g., MARPOL).
Benefits resulting from the collaboration of USIO riserless drilling planning efforts and
IODP SAS review processes that contribute to the minimization of adverse
environmental impacts include:
•

Selection of the optimum drilling platform based upon site-specific conditions and
research objectives;
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•

Ensuring that site characterization data is adequate to support the proposed research
objectives and identify potentially sensitive environmental conditions for protection;

•

Selection of the most appropriate drilling locations and minimal number of boreholes
to be drilled based on research needs and local environmental conditions;

•

Developing plans and procedures to limit vessel and drilling related discharges in
environmentally sensitive areas to the minimum needed to support the intended
research; and

•

Minimizing the use of acoustic sources (e.g., transducer-based equipment, seismic
sources) in environments containing organisms sensitive to outputs from these
sources.

3.4

Alternative C - Do Not Conduct Ocean Drilling (No Action Alternative)

In Alternative C, the IODP-USIO would not operate the SODV and would not provide
the riserless ocean drilling capability to the IODP. Unless the riserless drilling resources
are realized from other sources, the IODP’s goal to integrate multiple drilling platforms,
exploratory tools, and diverse strategies to resolve outstanding research questions as
identified in the ISP may not be achieved. The long-term U.S. commitment and expertise
to support earth sciences research using riserless ocean drilling technologies would be
lost.
3.5

Alternatives Not Considered

Riserless drilling is a central pillar in the IODP’s strategy to integrate multiple drilling
platforms and exploratory tools along with riser-equipped drilling and mission-specific
platforms. The IODP recognizes that for specific types of geologic conditions,
environmental settings, and research applications, riserless ocean drilling is the most
efficient and effective technology available. In these instances, there are no equivalentperforming alternatives to riserless ocean drilling. Although riser-equipped drilling
resources and mission-specific platforms may be configured to perform riserless drilling,
they are not optimally suited to conduct riserless drilling for applications and in
environments that the SODV is intended to operate. As a result, riser-equipped drilling
resources and mission-specific platforms were not considered as viable alternatives to
riserless drilling.
Other technologies may be used to access earth materials below the seafloor such as very
large piston coring devices. Although large piston coring and similar devices are
effective in certain types of seafloor strata, penetration depths are limited (typically <50
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m) and sampling of hard rock substrates is not possible. As such, these types of devices
were not considered as suitable alternatives to riserless drilling.
Compared to riserless drilling and coring technologies, the extent of disturbance to the
seafloor can be reduced by the use of narrow-kerf (i.e., small diameter) diamond coring
devices. Diamond coring bits are effective in recovering cores from friable, laminated
hard/soft, and crystalline formations. Because of the narrow-kerf design, these coring
devices result in less drill cuttings released to the seafloor than other riserless drilling and
coring techniques. However, narrow-kerf coring has depth limitations, cannot sample
certain types of unconsolidated sediment substrates, and the resulting cores are smaller
than conventional cores thereby potentially limiting the types of analyses that can be
performed on the cores. Although a narrow-kerf coring device may slightly reduce the
extent of seafloor disturbance, its use is not equivalent to SODV riserless drilling and
coring technologies and was not considered an alternative.
The strata below the seafloor may also be investigated remotely using seismic surveying
techniques. Marine seismic surveys are conducted using one or more airguns which are
towed behind a vessel and activated by compressed air to generate a pressure pulse that
travels downwards into the seabed. The pulses, reflected back from the seabed and
underlying strata, are detected by one or more hydrophone streamers also towed by the
ship, recorded, interpreted, and plotted. As the survey of a specific area proceeds, the
airguns are continually fired and recharged with compressed air at several second
intervals depending on site-specific conditions and the objectives of the survey. This
remote sensing technology is very effective and widely used to explore oil and gas
reserves as well as for scientific research purposes. In fact, seismic surveying data is a
required precursor for scientific ocean drilling to identify locations of unique research
interest. Seismic surveying data alone fails to provide the types of physical and chemical
data obtained from the recovery and analysis of core samples, in situ logging
measurements, and borehole observatories needed to address many complex scientific
objectives. As a result, seismic surveying is a highly important foundation to support
ocean drilling but is not an equivalent alternative for drilling and coring.
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4.0

ENVIRONMENTAL ANALYSIS

4.1

Introduction

As indicated in Section 1, the proposed action involves the continuation of ocean drilling
activities for scientific research purposes by the United States using the modernized
riserless drilling vessel and research platform, the SODV. The direct effects of the
proposed action relate to the outputs of each riserless drilling activity which interact with
the environment. Section 2 of the PEIS identified the SODV processes and activities that
would result in physical changes, or entities imposed on or released, to the environment
as the result of these actions. The outputs also include by-products of a process or
activity such as air emissions, wastewater discharges, noise, or fuel spills. The following
section identifies the environmental media or receptors that may be affected by the
proposed action and a discussion of potential impacts for each of the alternative.
4.2

Marine Water Quality

The operation of the SODV including riserless drilling, coring, and related research
activities will result in the discharge of substances to the sea and create disturbances on
the seafloor that may potentially impact water quality. Sanitary wastewater (consisting of
human waste) and non-sanitary wastewater (washwater or greywater), desalination
brinewater, and victual (food-related) wastes will be discharged as the vessel operates on
the open sea. Intermittent discharges of deck drainage, bilge and engine room drainage,
noncontact cooling water, and ballast water will also occur. Ocean drilling activities will
also result in the release of fine grain-size particles from the borehole which will disperse
in the water column near the seafloor.
4.2.1

Environmental Settings

Seawater is a solution of salts of nearly constant composition, dissolved in variable
amounts of water. There are more than 70 elements dissolved in seawater but only six
make up greater than 99 percent of all the dissolved salts. These dissolved salts occur as
ions. The resulting average salinity in the open ocean is approximately 35 parts per
thousand (ppt or ‰); however, the concentration of dissolved material changes with the
addition or removal of water, i.e., salinity variations can result from differences in local
rates of evaporation and precipitation over the ocean and from the volume of freshwater
discharged into a particular basin. The salinity of the Red (40‰) and Mediterranean
(38‰) Seas is high because of low rainfall and high evaporation, whereas the Black
(18‰) and Baltic (8‰) Seas have a low salinity due to a large influx of freshwater and a
low rate of evaporation.
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The chemical constituents of seawater originate from the (1) degassing (releasing of
volatile chemicals) of Earth's mass that began after the planet's formation and continues
today during volcanic activity, (2) erosion of sediments and basalts on land by
weathering, (3) seawater reactions with basalt extruded under the sea that release
chemicals to seawater, (4) biological processes that produce organic chemicals and cycle
bioreactive elements, (5) photochemical reactions that occur in the upper pelagic waters,
and (6) radioactive decay of elements that yield other elements.
Seawater salinity varies with depth. Surface layers of water are generally well-mixed by
waves, winds, and tides and their salinities and temperatures are generally uniform
(though can exhibit seasonal changes due to increased rainfall, evaporation, etc.).
Beneath the surface can be a zone called the halocline, which is characterized by rapid
salinity changes with increasing depth. Below the halocline, deep water is relatively
uniform in salinity and temperature. Where there is both a thermocline and a halocline,
the density of water changes dramatically called a pycnocline. These variations of
temperature, density and salinity are shown in Figure 4-1 and represent the water quality
environment in which drilling operations occur.
Figure 4-1. Thermocline, Halocline and Pycnocline in Seawater

4.2.2

Regulatory Settings

Broadly speaking several international laws and treaties apply to marine pollution on the
open sea (beyond territorial waters or other waters under jurisdiction of a nation or state),
including those regulating discharges from marine vessels. The following water quality
requirements are applicable to the discharges from the SODV or related to drilling
operations.
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International Convention for the Prevention of Pollution from Ships (1973) as modified
by the Protocol of 1978 (MARPOL 73/78)
Annex IV of MARPOL 73/78 contains a set of regulations regarding the discharge of
sewage into the sea, ships' equipment and systems for the control of sewage discharge,
the provision of facilities at ports and terminals for the reception of sewage, and
requirements for survey and certification. The regulations in Annex IV of MARPOL
73/78 prohibit the discharge of sewage into the sea, except when the ship has in
operation an approved sewage treatment plant and is discharging comminuted and
disinfected sewage using an approved system at a distance of more than three nautical
miles from the nearest land; or is discharging sewage which is not comminuted or
disinfected at a distance of more than 12 nautical miles from the nearest land. Ships
without these approved systems must retain sewage in a holding tank, and governments
are required to ensure the provision of adequate facilities at ports and terminals for the
reception of sewage.
Regulations for the Prevention of Pollution by garbage from ships are contained in Annex
V of MARPOL 73/78. Under Annex V, garbage includes all kinds of food (excluding
fresh fish), domestic and operational waste generated during the normal operation of the
vessel and liable to be disposed of continuously or periodically. Annex V totally
prohibits the disposal of plastics anywhere into the sea, and severely restricts discharges
of other garbage from ships into coastal waters and "Special Areas". The Annex also
obliges Governments to ensure the provision of facilities at ports and terminals for the
reception of garbage. Special areas established under the Annex include the
Mediterranean Sea, Baltic Sea area, Black Sea area, the Red Sea area, the Gulfs area
(Gulf of Oman/Arabian Sea), the North Sea, the wider Caribbean Region, and the
Antarctic area. These are areas which have particular problems because of heavy
maritime traffic or low water exchange caused by the land-locked nature of the sea
concerned. Although the Annex was optional, the Annex did receive sufficient number
of ratifications to enter into force on 31 December 1988.
In accordance with regulation 9 of Annex V, all ships of 400 gross tonnage and above
and every ship certified to carry 15 persons or more, and every fixed or floating platform
engaged in exploration and exploitation of the seabed must provide a Garbage Record
Book, to record all disposal and incineration operations. The date, time, position of ship,
description of the garbage and the estimated amount incinerated or discharged must be
logged and signed. The books must be kept for a period of two years after the date of the
last entry. The Garbage Management Plan should designate the person responsible for
carrying out the plan and should be in the working language of the crew. This regulation
makes it easier to check that the requirements on garbage are being adhered to because
ship personnel must keep track of the garbage and what happens to it. It may also prove
an advantage to a ship when local officials are checking the origin of improperly disposed
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garbage. Administrations may exempt fixed or floating platforms while engaged in
exploration and exploitation of the seabed from providing a Garbage Record Book.
Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matter (London Convention or LDC)
The Inter-Governmental Conference on the Convention on the Dumping of Wastes at
Sea, which met in London in November 1972 at the invitation of the United Kingdom,
adopted this instrument, generally known as the London Convention. The Convention
contributes to the international control and prevention of marine pollution. It prohibits
the dumping of certain hazardous materials, requires a prior special permit for the
dumping of a number of other identified materials and a prior general permit for other
wastes or matter. "Dumping" has been defined as the deliberate disposal at sea of wastes
or other matter from vessels, aircraft, platforms or other man-made structures, as well as
the deliberate disposal of these vessels or platforms themselves. Article 4 states that
Contracting Parties "shall prohibit the dumping of any wastes or other matter with the
exception of those listed in Annex 1” including: (1) dredged material, (2) sewage sludge,
(3) fish waste, or material resulting from industrial fish processing operations, (4) vessels
and platforms or other man-made structures at sea, (5) inert, inorganic geological
material, (6) organic material of natural origin, and (7) bulky items primarily comprising
iron, steel, concrete and similar unharmful materials for which the concern is physical
impact and limited to those circumstances, where such wastes are generated at locations,
such as small islands with isolated communities, having no practicable access to disposal
options other than dumping. The only exceptions to this are contained in Article 8 which
permits dumping to be carried out "in cases of force majeure caused by stress of weather,
or in any case which constitutes a danger to human life or a real threat to vessels..."
The 1996 Protocol, adopted on 7 November 1996, and effective on 24 March 2006, is
intended to replace the 1972 Convention. It represents a major change of approach to the
question of how to regulate the use of the sea as a depository for waste materials. One of
the most important innovations was to introduce (in Article 3) what is known as the
"precautionary approach". This requires that "appropriate preventative measures are
taken when there is reason to believe that wastes or other matter introduced into the
marine environment are likely to cause harm even when there is no conclusive evidence
to prove a causal relation between inputs and their effects.”
International Convention for the Control and Management of Ships' Ballast Water and
Sediments
This Convention was adopted on 13 February, 2004, and it will enter into force 12
months after ratification by 30 States, representing 35 percent of world merchant
shipping tonnage. The Convention is divided into Articles; and an Annex which includes
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technical standards and requirements in the Regulations for the control and management
of ships' ballast water and sediments. The main features of the ballast water Convention
that apply to the SODV are outlined below.
Annex - Section B Management and Control Requirements for Ships
Ships are required to have onboard and implement a Ballast Water Management Plan
approved by the Administration (Regulation B-1). The Ballast Water Management Plan
is specific to each ship and includes a detailed description of the actions to be taken to
implement the Ballast Water Management requirements and supplemental Ballast Water
Management practices.
Ships must have a Ballast Water Record Book (Regulation B-2) to record when ballast
water is taken on board, circulated or treated for Ballast Water Management purposes,
and discharged into the sea. It should also record when Ballast Water is discharged to a
reception facility and accidental or other exceptional discharges of Ballast Water.
Additional requirements pertaining to Ballast Water Management are contained in
regulation B-4 and include the following provisions:
•

Whenever possible, conduct ballast water exchange at least 200 nautical miles from
the nearest land and in water at least 200 m in depth, taking into account Guidelines
developed by IMO.

•

In cases where the ship is unable to conduct ballast water exchange as above, this
should be as far from the nearest land as possible, and in all cases at least 50 nautical
miles from the nearest land and in water at least 200 m in depth.

•

When these requirements cannot be met, areas may be designated where ships can
conduct ballast water exchange. All ships shall remove and dispose of sediments from
spaces designated to carry ballast water in accordance with the provisions of the
ships' ballast water management plan.

Annex - Section D Standards for Ballast Water Management
There is a ballast water exchange standard and a ballast water performance standard.
Ballast water exchange could be used to meet the performance standard:
Regulation D-1 Ballast Water Exchange Standard – Ships performing Ballast
Water exchange shall do so with an efficiency of 95 percent volumetric exchange
of Ballast Water. For ships exchanging ballast water by the pumping-through
method, pumping through three times the volume of each ballast water tank shall
be considered to meet the standard described. Pumping through less than three
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times the volume may be accepted provided the ship can demonstrate that at least
95 percent volumetric exchange is met.
Regulation D-2 Ballast Water Performance Standard – Ships conducting
Ballast Water Management shall discharge less than 10 viable organisms per
cubic meter greater than or equal to 50 micrometers in minimum dimension and
less than 10 viable organisms per milliliter less than 50 micrometers in minimum
dimension and greater than or equal to 10 micrometers in minimum dimension;
and discharge of the indicator microbes shall not exceed the specified
concentrations.
a. The indicator microbes, as a human health standard, include, but are not be
limited to: Toxicogenic Vibrio cholerae (O1 and O139) with less than 1
colony forming unit (cfu) per 100 milliliters or less than 1 cfu per 1 gram (wet
weight) zooplankton samples;
b. Escherichia coli less than 250 cfu per 100 milliliters;
c. Intestinal Enterococci less than 100 cfu per 100 milliliters.
Ballast Water Management systems must be approved by the Administration in
accordance with IMO Guidelines. These include systems which make use of
chemicals or biocides; make use of organisms or biological mechanisms; or which
alter the chemical or physical characteristics of the Ballast Water.
Convention for the Protection of the Marine Environment of the North Atlantic (OSPAR
1992)
An international water quality agreement pertaining to the North Atlantic was prepared
by 14 signatory states to the Oslo and Paris Conventions and is known as the Convention
for the Protection of the Marine Environment of the North Atlantic (OSPAR 1992). The
goal of OSPAR is to take all possible steps to prevent and eliminate pollution, take the
necessary measures to protect the maritime area against the adverse effects of human
activities so as to safeguard human health and to conserve marine ecosystems and, when
practicable, restore marine areas which have been adversely affected. OSPAR contains
five annexes two of which may be relevant to drilling activities including Annex IV Assessment of the quality of the marine environment and Annex V - Protection and
conservation of the ecosystem and biological diversity of the maritime area.
National Laws and Regulations
In addition to the international conventions identified above, some countries have specific
regulations and guidelines regarding marine water quality within their territorial waters.
Some of these regulations are more stringent than the international conventions. These
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national regulations generally exist to protect endangered habitats, fishery and allied
industries, and aquaculture. Some of these regulations address regional initiatives, such
as the European Union’s Thematic Strategy on the Protection and Conservation of the
Marine Environment. In preparation for each expedition (see Section 2.10), the vessel
operator (ODL/Transocean) and the science support contractor (TAMU) will identify
specific territorial marine water quality guidelines, regulations, and permitting
requirements relevant to the countries where vessel and drilling operations will take
place.
4.2.3

Significance Criteria

Water quality impacts associated with SODV operations may be considered significant if
any of the following criteria are exceeded:
•

Release of visible indications of oil or grease, spilled petroleum products, garbage
that has not been macerated, plastics, organics, or any other substances that are
prohibited;

•

Effects of turbidity, pH, and other chemical indicators that are persistent at the
location of discharge and not reversed by natural attenuation processes over a shortterm period;

•

Physical/chemical changes that extend beyond the immediate area of discharge
resulting in exceedance of water quality parameters stipulated by international,
national, regional, or local laws and regulations;

•

Alteration of local sea currents to an extent that the mixing and assimilating processes
of the discharges are compromised; or

•

Release and dispersal of drilling fluids and other drilling-related substances beyond
expected fate and transport characteristics or loss of equipment that would cause
leaching of toxic or harmful constituents into the seawater.

4.2.4

Impact Source Characterization

Based on recent USIO riserless drilling experience and for the purpose of this PEIS, it is
assumed that each typical SODV expedition may be up to 61 days in duration including
five days in port and 56 days at sea either in transit or performing riserless drilling
operations. While at sea during each expedition, the SODV will discharge various
liquids to the sea, including treated sanitary wastewater, non-sanitary wastewater, bilge
water, noncontact cooling water, deck drainage, ballast water, desalination brinewater,
and treated laboratory wastewater. These discharges will be compliant with applicable
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laws and treaties and the resulting impacts are not expected to be significantly different
than water quality impacts from similar size and class vessels. When the SODV is in an
area where national or international regulations prohibit a certain type of discharge, the
liquid wastes will be retained onboard in storage tanks or transferred to a temporary
holding facility. Upon leaving a regulated area, the SODV will release treated and
untreated liquid wastes to the sea consistent with international conventions. Similarly,
when the vessel is docked and port facilities are not available for the conveyance and
disposal of sanitary wastewater, the SODV will temporarily hold wastewater until
transfer or treatment and discharge is possible. The SODV will be capable of storing
approximately 16 days of wastewater at typical generation rates.
Sanitary wastewater generated onboard the SODV will be collected using a vacuum
conveyance system, treated via an activated sludge/suspended aeration process, and
disinfected by chlorination prior to discharge. The wastewater treatment system is
capable of processing and discharging up to 15,800 liters per day and meeting MARPOL
standards yielding effluent containing less than 50 mg/L for total suspended solids (TSS),
50 mg/L for 5-day biological oxygen demand (BOD5), and 250 MPN colonies/100mL for
fecal coliform bacteria. Table 4-1 summarizes the projected wastewater discharge
volumes and maximum pollutant loadings for a typical 61-day SODV expedition.
Table 4-1. Projected SODV Liquid Waste Discharge
Source
Sanitary Wastewater 2
Non-sanitary Wastewater 3
Desalination Brinewater
Bilge Water
Deck Drainage
Noncontact Cooling Water
Ballast Water
Laboratory Wastewater
TOTAL
TOTAL

Liters Per Expedition 1 (per day)
963,800 (15,800)
3,355,000 (55,000)
132,929,000 (2,179,000)
Unquantifiable (intermittent and variable) 4
Unquantifiable (intermittent and variable) 4
2,092,300,000 (34,300,000)
Unquantifiable (intermittent and variable)
Minimal (intermittent and variable)
2,229,547,800 (36,549,800)
137,247,800 (2,249,800)

(excluding noncontact cooling water)

Notes:
1
Typical expedition duration is 61 days including 5 days in port and 56 days at sea (5 days in
transit and 51 days drilling on-site).
2
Sanitary wastewater will be treated to meet or exceed MARPOL requirements for TSS, BOD5,
and fecal coliform bacteria. Assuming a 61-day expedition and treatment to MARPOL
requirements, pollutant loadings for both TSS and BOD5 would be 54.9 kg.
3
Includes approximately 200 liters per day of macerated victual (food-related) wastes.
4
Deck drainage containing oil or other residues will be collected and treated before discharge
using an oil/water separator (capacity of 120,000 liters per day).
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Unlike sanitary wastewater which contains a high organic load and pathogens, the
SODV’s non-sanitary wastewater (greywater) consists primarily of domestic washwater
which will rapidly assimilate in the sea even without treatment. Based on anticipated
water consumption rates, it is estimated that the SODV will generate and discharge
55,000 liters of greywater per day during a typical expedition. If necessary, the SODV
can store several days of greywater at the typical generation rate.
It is estimated that up to 132,929,000 liters of brinewater, obtained as a by-product from
the production of potable water in flash evaporator desalination units, will be released to
the sea during a typical expedition. The flash evaporators, which use waste heat from the
SODV’s main engines, produce potable water and the brinewater byproduct which has a
salinity concentration approximately 25 percent higher than ambient seawater. The
brinewater discharge will disperse and dilute rapidly in the sea.
Bilge water will be collected in holding tanks and processed in an IMO-approved
oil/water separator to remove oil to a concentration level less than 15 parts per million
(ppm). Generally, if the decks are free of residues, drainage will be discharged directly to
the sea through scuppers. However, if oil or other residues are present on the deck or the
ship is operating in an area where the discharge of deck drainage is prohibited, the
scuppers will be sealed and the deck drainage conveyed to a settling tank for processing
through an oil/water separator. Up to 120,000 liters of water may be processed in the
oil/water separator and discharged each day.
Untreated seawater will be used as a heat exchange media for onboard engines, pumps
and other mechanical components on the drillship. The cooling water will only come in
contact with heat exchange coils, pumps, and piping and therefore will not be
contaminated with combustion residues, oil, sludge, metal shavings, or chemicals.
Ballast water, comprised of seawater will also be discharged periodically consistent with
the SODV’s Ballast Water Management Plan.
Liquid discharges from the SODV will also include wash and rinse water from the
vessel’s laboratories that may contain inorganic chemical residues (e.g., acids).
Wastewater from the laboratories will be neutralized prior to discharge. Liquid organic
wastes will be segregated in the laboratories and containerized for subsequent onshore
disposal.
Physical characteristics of the sea in the immediate vicinity of the SODV may be affected
by the ship’s propulsion systems. When the SODV is dynamically positioned at drill site,
the vessel’s main propellers and up to 12 thrusters may be needed to hold position. The
turbulence created by the propulsion units will agitate the water column and potentially
cause stratified seawater within approximately 100 m of the ship to mix.
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Water quality near the seafloor will be affected by residues from riserless drilling
operations including seawater drilling fluid used to flush sediment and rock drill cuttings
from the borehole, drilling mud (sepiolite), and cement slurry. When ejected from a
borehole, fine grain-size particles may become temporarily suspended in the water
column and will be transported by bottom currents, if present, until the material settles
out on the seafloor.
Based on video observations of ODP boreholes, larger grain-size particles released from
a borehole during drilling tend to form a conical mound on the seafloor surrounding the
borehole. These observations also indicate that the turbidity plume from the borehole
usually rises several meters above the seafloor and dissipates rapidly after the injection of
the seawater drilling fluid into the borehole ceases.
As indicated in Section 2.3.2, during a ten-year period of the ODP, drilling mud was used
in 25 percent of the boreholes to clean (sweep) excess drill cuttings from the borehole, or
to stabilize and plug the hole. When used to clean a borehole, drilling mud was typically
introduced at a concentration of 60 grams per liter of seawater. Drilling mud used to
stabilize or seal a borehole was more concentrated at 250 grams to 730 grams per liter of
seawater. The volume of drilling mud injected into a hole varied ranging from 795 liters
to 700,000 liters. These drilling mud usage characteristics are expected to be
representative of future SODV operations. With the exception of drilling mud used to
permanently seal a borehole, residual mud along with the drill cuttings will be ejected
from the borehole and dissipate. It is estimated that approximately 90 percent of the drill
cuttings consisting of large grain-size particles will rapidly settle to the seafloor while the
suspended fine particles (less than 74 µm in diameter) will be transported by the
prevailing currents away from the borehole (Neff, 2005). The settling rate of fine silt and
clay particles is estimated to be 1.1 x 10-2 to 3.0 x 10-5 m/sec (Brandsma and Smith,
1999).
The results of two studies of a drill site in the North Atlantic provide additional insights
into the fate and transport of the drilling mud discharged to the sea. A sediment transport
model was used to predict that a plume of drilling mud released from a drilling platform
in relatively shallow water (30-70 m) could potentially extend up to several hundred
meters from the drill site and remain suspended in the water column for several days to a
week or more before settling on the seafloor (Hannah et al., 2003, 2005). In addition,
several other studies have been conducted to evaluate the dispersal rate and patterns of
drilling muds discharged to the water column from offshore drilling platforms. For
example, the concentration of drilling mud in the water column 100 m down-gradient of a
drilling platform in the Cook Inlet was diluted by 10,000 compared to the concentration
at the source (Houghton et al., 1980). In a more comprehensive study, the concentration
of suspended solids resulting from the use of drilling mud at seven offshore drilling
platforms was evaluated by USGS using samples collected in currents ranging from 24 to
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44 cm/s. The sampling data indicated that the plume of suspended solids from each
platform typically dispersed to a concentration below control or background levels at
distance of 96 m or less from the source (Shinn et al., 1980).
When mud is used by the SODV, the spatial extent that fine grain-size drilling mud
particles travel in the water column is expected to be minimal since most SODV drill
sites will be located in relatively deep water and may not be significantly affected by
strong bottom currents or wave action. Under these relatively quiescent conditions, the
fine grain-size particles will settle out of the water column quickly and near the borehole.
Because drilling mud, if needed for a particular borehole will only be used intermittently
during drilling, the inert fine grain-size particles will only be released to the water
column for relatively short periods of time.
Occasionally small quantities of an inert material such as perfluro(methoxycyclohexane)
may be injected into a borehole to act as a tracer when collecting cores samples for
microbiological analysis. In this application, the SODV will meter the tracer liquid into
the seawater drilling fluid to produce a final concentration of 1 mg/L. Assuming drilling
fluid is typically injected into a borehole at a rate of 392 – 1,862 liters/minute,
approximately 0.4 – 1.9 grams of tracer may be introduced into the borehole each minute.
Occasionally, inert microsphere particles may be used as a tracer instead of
perfluro(methoxycyclohexane) and introduced into the drilling fluid to yield a
concentration of 1010 spheres/mL at the point of drilling. Based on past experience,
chemical tracers or microspheres will only be used occasionally, and then will be
introduced into the marine environment at extremely low concentrations.
Damage or loss of the 100-m long oil-filled hydrophone streamer used during occasional
single-channel seismic surveys could potentially result in a water quality impact. The
streamer is typically towed behind the vessel during a survey and contains approximately
135 liters of light aromatic hydrocarbon oil. Unless the streamer is severely damaged,
baffles and bulkheads would prevent a sudden loss of the oil. In addition, loss of signal
or added noise would be readily apparent to technicians monitoring the instrument and
would result in the streamer’s immediate retrieval, thereby minimizing the quantity of oil
released.
4.2.5

Impact Analysis

Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
Similar to most marine shipping vessels, the treated and untreated liquid wastes
discharged from the SODV are not expected to adversely affect water quality due to the
lack of toxic constituents in the waste streams, rapid mixing once discharged, and the
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assimilative capacity of the sea. In addition, treated wastewater streams are not expected
to result in visual indicators of oil, grease, or un-macerated solid materials. The
environmental effects of these discharges will be localized in extent and short-term in
duration.
Operation of the SODV’s propellers and thrusters when the SODV is at a drill site will
create turbulence that may potentially affect surrounding seawater. It is estimated that
the effects of this turbulence will be limited to within approximately a 100 m of the
vessel for the amount of time the vessel is positioned at a drill site. The resulting mixing
is not expected to alter currents, surface wave conditions or assimilative properties of the
surrounding water column.
The effects of turbidity resulting from riserless drilling activities on the seafloor are
generally not expected to affect water quality on a large scale or regional basis. The
release of fine grain-size particles in the water column would be confined to an area
within several hundred meters of the borehole site. Impacts, if any, will be minimal and
will be highly localized and dependent on site-specific factors affecting the transport of
fine grain particles from a borehole during drilling.
The scope of drilling and coring activities that may be performed in Alternative A may
slightly increase the spatial or temporal extent of any resulting water quality impacts. For
example, if more boreholes were advanced in an area or the boreholes were drilled deeper
than needed to support specific research objectives, or drilling mud was used
continuously, the increased turbidity plume could affect water quality over a greater area
and for a longer period of time. Drilling and coring activities also have the potential to
occur within sensitive environments that would not be adequately identified in advance.
In these instances, the discharges and resulting water quality impacts would have a
greater potential to impact sensitive biota.
Impacts to marine water quality resulting from the occasional use of inert tracers are not
expected to occur due to the generally small quantities that may be typically introduced
into the surrounding seawater and the low tracer concentrations. It is possible that light
hydrocarbon oil could potentially be released from the occasional use of hydrophone
streamer. The highly refined oil which is less dense than seawater, would disperse on the
surface and rapidly evaporate (<24 hours) (UNEP-GPA, 2006).
Overall, the impacts to water quality from riserless drilling activities, including
discharges from the SODV, thruster turbulence, and riserless drilling operations will be
minimal. Additionally, impacts to water quality originating from the occasional use of
inert tracers or in the event of an accidental release of oil from the hydrophone streamer
would be expected to be minimal.
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Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS. The intensity, extent, and
duration of potential impacts to water quality resulting from the mechanical operation of
the SODV are not expected to change as compared to Alternative A. The impacts to
water quality resulting from SODV operations will include:
•

Localized, short-term impacts resulting from SODV discharges of treated wastewater,
greywater, treated bilgewater, deck drainage, ballast water, and treated lab discharges;
and

•

Localized disturbances resulting from mixing of the water column surrounding the
SODV during thruster operation.

Discharges associated with drilling and coring operations, including seawater drilling
fluid, sediment displaced from the borehole, drilling mud, cement, and tracers in
Alternative B would also have localized affect near a borehole. However, through the
IODP SAS review and advisory process, site-specific best management practices or
mitigating measures may be identified to reduce environmental outputs associated with
drilling and coring operations. As a result, the duration and extent of water quality
impacts may be reduced compared to Alternative A.
In addition, potentially sensitive environments would be identified during the
environmental review and planning processes for Alternative B. In response to these
concerns, drilling operations would be modified or avoided to prevent conditions where
water quality issues from drilling discharges could produce potentially adverse
environmental effects.
Overall, water quality impacts resulting from riserless drilling activities in Alternative B
are expected to be minimal. Similar to Alternative A, impacts from the occasional use of
inert tracers or accidental release of petroleum hydrocarbon oils from the hydrophone
streamer are also expected to be minimal.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative), no
discharges resulting from SODV operations would occur and marine water quality would
be unaffected.
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4.3

Sea Bottom and Sediment Quality

4.3.1

Environmental Settings

Most SODV riserless drilling operations are expected to occur in deep water areas where
the seafloor has not been disturbed by other activities such as commercial fishing (e.g.,
bottom trawling) or mineral exploration. In general, the seafloor may contain a mixture
of one or more naturally occurring sediments:
•

Lithogenous sediment - derived from the weathering of continental rocks and
volcanic eruptions

•

Biogenous sediment - comprised of the remains of organisms. When the sediment
contains 30 percent or more organic material it is termed ooze. Oozes are further
subdivided into calcareous oozes, which are only found in water depths less than
3,000 m, and siliceous ooze that occur throughout the deeper portions of the ocean
basin.

•

Hydrogenous sediment - precipitated directly from seawater. The most common
hydrogenous sediment is manganese nodules. How and why they form remains
something of a mystery, but probably requires a contribution from hydrothermal
waters generated by heat from subsea volcanoes.

Mixing of bottom sediments occurs naturally as a result of current and wave motion.
Seismic events, turbidity currents, storm events or excessive loading may also contribute
to sedimentation patterns. Storms can drive wave, current, and river runoff, which can
then transport sediments great distances alongshore and offshore.
Sediment mixing events may occur on an intermittent basis and produce suspended
particle concentrations up to several tens of milligrams per liter. However, these
concentrations would be expected to decrease rapidly as the suspended particles settle
and are redeposited on the seafloor. The frequency and magnitude of these events are
expected to decrease in deeper water due to the weaker influence of turbulence associated
with the currents and surface waves. At depths exceeding approximately 153 m (500 ft),
the frequency of mixing events is low. The SODV will typically be drilling in water
depths much greater than this and thus natural sediment mixing events affecting these
areas will be minimal.
The vast seafloor ocean environment may contain features that are characterized as
biologically sensitive environments such as chemosynthetic communities, coral reefs, and
seamounts. These areas are described in Section 4.7 and Appendix G.
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4.3.2

Regulatory Settings

Few laws exist to govern drilling-related outputs to the sea bottom and changes in marine
sediment quality. In U.S. territorial waters, the Clean Water Act prohibits discharge of
oil or hazardous substances and regulates the disposal of dredged or fill material.
Although the release of materials into the water column may affect sediment water
quality, the Clean Water Act does not specifically address sediment quality in the marine
environment. However, it does generally prohibit the use of surfactants or other
dispersing agents that may be used to dissipate oil on the surface and cause petroleum
hydrocarbons to agglomerate, sink in the water column, and mix with sediments.
The Convention for the Protection of the Marine Environment of the North Atlantic
(OSPAR convention 1992) is a major international agreement which may be applicable to
SODV operations that affect the seafloor. The OSPAR convention is a general water
quality agreement pertaining to the North Atlantic. The goal of OSPAR is to take all
possible steps to prevent and eliminate pollution, take the necessary measures to protect
the maritime area against the adverse effects of human activities so as to safeguard
human health and to conserve marine ecosystems and, when practicable, restore marine
areas which have been adversely affected. OSPAR contains five annexes including
Annex IV which pertains to the assessment of the quality of the marine environment and
Annex V related to the protection and conservation of the ecosystem and biological
diversity of the maritime area.
The convention is administered by the OSPAR Commission, which prepares Decisions
and Recommendations to address specific issues such as the following which may relate
to drilling activities, SODV outputs, and sediment quality:
Decision 2000-03

Use of Organic-Phase Drilling Fluids (OPF) and the Discharge of
OPF-Contaminated Cuttings

Agreement 2004-10 OSPAR List of Substances / Preparations Used and Discharged
Offshore which are Considered to Pose Little or No Risk to the
Environment (PLONOR)
Agreement 2005-06 Background Concentrations for Contaminants in Seawater, Biota
and Sediments
4.3.3

Significance Criteria

Impacts to the sea bottom and sediment quality are considered significant if any one of
the following actions occur:
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•

Drilling operations permanently alter the seafloor to an extent greater than the area
influenced by natural transport and deposition of the displaced material;

•

Turbidity or suspended sediment concentrations are persistent and are not reversed by
natural dispersion processes over a period of several weeks;

•

Materials and irretrievable equipment accumulate in quantities sufficient to degrade
sediment quality, or create a hazard to fisheries; or

•

The advancement of boreholes significantly increase hydrothermal circulation of
fluids in oceanic crust or penetrate into active magma chambers.

4.3.4

Impact Source Characterization

Drilling operations will result in the displacement and subsequent deposition of cuttings
on the seafloor consisting of sediment and geological basement materials. For uncased
25 cm diameter boreholes, approximately 6 m3 of material will be displaced for each 100
m drilled. For larger 56 cm diameter boreholes used to accommodate casings or
observatory installations, 28 m3 of material would be displaced for each 100 m drilled.
Table 4-2 summarizes the volume of material displaced for boreholes of varying depth.
During drilling, the cuttings will be swept from the borehole by seawater drilling fluid
pumped through the drill string and discharged from the drill bit.
Table 4-2. Volume of Displaced Material
Borehole
Depth (m)
100
200
500
800
1,000
2,000

Sediment Displaced (m3)
25 cm dia.
56 cm dia.

6
12
30
48
60
120

28
55
138
221
276
552

The size and density of the particles in the displaced material will depend upon the
physical characteristics of the seafloor sediments, underlying crustal layers, and the
drilling/coring methods used. However, drill cuttings will generally range in size from 2
µm for fine silt and clay particles to 30 mm for coarse gravel materials (Neff, 2005).
Because particle size rather than density controls the particle settling rate, it is estimated
that approximately 90 percent of the mass of cuttings will be deposited on the seafloor
near the borehole (Neff, 2005). The remaining 10 percent, mostly composed of fine
suspended particles, will disperse in the water column near the seafloor by local bottom
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currents. In general, cuttings particles are expected to settle on the seafloor at a rate of
2.6 x 10-1 to 1.3 x 10-6 m/sec (Nedwed, 2004)
Because the SODV will normally operate in deep water, the effect of wind and surface
currents will be minimal, thereby limiting the transport of fine grain-size cuttings by
these mechanisms. Video observations made at several ODP borehole sites indicate that
drill cuttings tend to form a conical mound around a borehole. These mounds were
typically circular and rapidly decreased in height with distance from the borehole. At
sites where there was a distinct color contrast between the cuttings and seafloor sediment,
the finer particles appeared to extend up to 30 m from the borehole.
Drilling muds may be used occasionally during riserless drilling to facilitate the removal
of excess cuttings from a borehole (i.e., sweep). When used for this purpose in the past,
the drilling mud was introduced into a borehole at a concentration of 66 grams of solids
per liter of seawater (Table 2-17) and at a rate of 392-1,862 L/min. Based on historical
trends (Table 2-18), it is anticipated the SODV will use drilling mud in 25 percent of the
boreholes to be drilled and then only when needed based on site-specific conditions and
research needs. Depending on these factors, the number and volume of drilling mud
sweeps per borehole may range from one or two, representing less than 5,000 liters of
drilling mud, to dozens of sweeps totaling 100,000 to 700,000 liters of mud.
Drilling mud used to sweep a borehole will be discharged from the borehole along with
drill cuttings. Drilling mud consists of fine grain-size particles generally less than 74 µm
in diameter that will become temporarily suspended in the water column before settling
to the seafloor (Neff, 2005). The height that a plume of drilling mud particles extends
above the seafloor will be affected by the frequency, duration, and volume of drilling
mud sweeps, while the distance the suspended solids travel will depend on the velocity of
the bottom currents and settling rate of the particles. Under relatively calm conditions,
the settling rate for fine silt and clay drilling mud particles is estimated to be 1.1 x 10-3 to
3.0 x 10-5 m/sec (Brandsma and Smith, 1999).
Based on site-specific conditions, the SODV may periodically deploy heavy drilling mud
to stabilize a borehole (i.e., prevent it from caving in on itself) or to seal it for closure. In
these instances, the drilling mud will be mixed at a concentration ranging from 258 to
737 grams of solids per liter of seawater (Table 2-17). Based on historical trends, it is
anticipated that the SODV will deploy heavy drilling muds in 5.5 percent of the
boreholes to be drilled (Table 2-19). The volume of heavy drilling mud to be used for
these applications will depend on the depth of the borehole but is generally expected to
be less than 50,000 liters per borehole. Heavy drilling mud used for this application as a
temporary slug will be expelled from the borehole when the drill string is reintroduced
into the borehole to resume drilling operations. Heavy drilling mud which is intended to

4-17

fill a borehole for permanent closure will remain in the borehole and will not disperse or
be displaced to the marine environment.
Most studies focusing upon the fate and transport of drilling muds have been derived
from drilling operations performed on offshore platforms involving the continuous large
scale use and discharge of drilling mud. As indicated in the discussion on water quality
impacts (section 4.2.4), a sediment transport model was used to predict that a plume of
drilling mud released from a platform in relatively shallow water (30-70 m) could
potentially extend up to several hundred meters from the source and could remain
suspended in the water column for several days to a week or more before settling to the
seafloor (Hannah et al., 2003, 2005). These results are consistent with another dispersion
model study for an offshore drilling operation in Russia which predicted rapid dilution of
drilling mud within of several hundred meters of the discharge point (Ayers, 1994).
While these studies of the transport of fine grain-size particles discharged from oil
drilling platforms provide an indication of the underwater fate of drilling mud in the
marine environment, it is anticipated that the spatial extent of drilling mud particles
released during SODV operations will be less extensive. The release of drilling mud
particles from riserless drilling operations will occur at the seafloor, not from a platform
and the transport of these particles will be less affected, if at all, by surface currents and
wave action. Drilling mud will not be used by the SODV continuously nor in every
borehole drilled, and therefore the releases will be intermittent and relatively short in
duration. As a result, not every drill site will be impacted by drilling mud particles. For
the sites where drilling mud is used, fine grain-size particles may extend several hundred
meters down-current, however the thickness of the material deposited on the seafloor will
be minimal since the amount of drilling mud used will be limited.
Cement may be used in conjunction with heavy drilling mud to plug and permanently
seal certain boreholes and may also be used in select boreholes to secure casings, reentry
cones, or observatories. These permanent structures and associated scientific equipment
will be installed at pre-determined drill sites (see Section 2.8.3) and will not be retrieved.
Occasionally a drill string, drill bits, coring equipment, or anchoring weights may be
accidentally or intentionally released to the seafloor or in a borehole to facilitate
operations (see Section 2.6.3). Uncontaminated scrap metal from the SODV may also be
disposed of at sea and deposited on the seafloor.
When a borehole is advanced into the seafloor, fluids may flow into the hole until
pressure equalization is achieved. However, intercommunication of fluids between
formations is unlikely, limiting the total volume that may be released. During previous
ocean drilling expeditions, temperatures as high as 260° C were recorded when
penetrating certain oceanic crustal areas. After abandonment, thermal convection may
warm seawater and mix between convective cells that could develop from the thermal
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gradient in the rock. Dissolved gases may also be present. Evidence exists for
hydrothermal circulation of fluids in oceanic crust for some distance out from spreading
centers where heat flow is high. These migrations probably occur through fissures and
voids. Because holes will be filled with weighted mud or cemented to inhibit
hydrothermal circulation through the hole, the presence of a borehole is not expected to
contribute to this natural process.
4.3.5

Impact Analysis

Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
The impacts to the seafloor resulting from the dispersal of sediment, rock cuttings, and
drilling mud used during riserless drilling activities in Alternative A will be extremely
localized and will include slight alterations in the seafloor topography. The extent of
these impacts will depend on the volume of borehole cuttings displaced, amount of
drilling muds used, if any, and local oceanographic factors affecting the dispersion of the
fine grain-size particles. Benthic biota in the vicinity of a borehole may be displaced,
partially covered, or smothered by deposited materials. The extent of these effects near a
borehole will vary from site to site depending on the degree of endemism of the benthic
community. Benthic impacts are discussed in greater detail in Section 4.6.
Without the benefit of an independent review of a proposed riserless drilling expedition
in Alternative A, drilling and coring activities may be more extensive both in the number
of boreholes advanced and the use of drilling mud than absolutely needed to support the
intended research, thereby increasing seafloor impacts. In addition, sensitive
environments or cultural resources may not be adequately identified in advance in
Alternative A, thereby limiting the application of effective mitigating measures or the
avoidance of the critical habits. In sensitive environments, adverse effects caused by
seafloor disturbances may be more pronounced and persistent.
A recent review of the effects of drill cuttings and drilling mud discharges from offshore
rigs on marine biota concluded that short duration ocean drilling operations, such as those
which would be performed by the SODV would not have a significant effect on the
marine environment (Whitford, 2006). Although the use of drilling mud by the SODV
will be occasional and variable depending on site-specific conditions, impacts resulting
from the deposition of inert sepiolite or attapulgite drilling mud on the seafloor are
expected to be localized to the immediate area surrounding the borehole.
Seafloor impacts resulting from the deployment of heavy drilling mud plugs and cement
in a borehole will be minimal because these materials will be permanently emplaced in
the hole, thereby not adversely affecting the surrounding seafloor. In addition, natural

4-19

transport and sedimentation processes will eventually restore the seafloor terrain to its
original contour. The presence of permanent structures such as a reentry device or
observatory in a borehole, and on the seafloor will disturb the sediment during
installation but will not extensively or adversely affect the seafloor environment or
benthic communities.
Overall, no significant changes to the seafloor or ocean sediment quality are expected to
occur as a result of drilling operations performed in Alternative A. Impacts from the
deposition of cuttings or drilling mud particles on the seafloor, the localized alteration of
the seafloor topography, and the deployment of equipment or materials on the seafloor
will be minimal.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, proposed riserless drilling activities would be subject to the
comprehensive review process by the IODP SAS during the planning for each expedition.
The nature and extent of impacts to the seafloor environment and sediment quality
resulting from Alternative B expeditions are expected to be similar to those described for
Alternative A, including:
•

Localized disturbances to the seafloor derived from the installation of boreholes and
the introduction of naturally-occurring drilling muds and cement;

•

Localized deposition of drill cuttings and drilling mud particles, and alteration of
seafloor topography;

•

Displacement or smothering of benthic organisms in the immediate vicinity of the
borehole; and

•

Localized disturbances to the seafloor derived from the installation of permanent
structures.

The review process conducted in Alternative B will examine data characterizing the
environmental setting and resources which may be present at each proposed drill site.
For example, potentially sensitive environments will be identified during the planning
process for each expedition (see Section 3.3) and may prompt the performance of a
supplemental environmental review, implementation of site-specific mitigating measures,
or the avoidance of critical areas completely. As needed, drilling operations may be
modified to avoid creating significant adverse effects to sensitive environments or
resources. The resulting impacts to seafloor and sediment quality in these settings may
be reduced as compared to Alternative A since measures would be taken to avoid
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adversely affecting sensitive environments. Overall, impacts to the seafloor and sediment
quality from riserless drilling activities in Alternative B are expected to be minimal.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative), the
seafloor would not be disturbed by SODV operations and sediment quality would be
unaffected.
4.4

Air Quality

4.4.1

Environmental Settings

The fate and transport of air emissions from the SODV will depend on the following
physical and chemical factors which define atmospheric dispersion:
•

Meteorological conditions such as wind speed and direction, the amount of
atmospheric turbulence (as characterized by what is called the "stability class"), the
ambient air temperature and the height to the bottom of any inversion aloft that may
be present.

•

Emissions parameters such as source location and height, source vent stack diameter
and exit velocity, exit temperature and mass flow rate.

•

Terrain elevations at the source location and at the receptor location.

•

The location, height and width of any obstructions (such as buildings or other
structures) in the path of the emitted gaseous plume.

The Gaussian Plume model (Draxler, 1981) or the Briggs Plume Rise model (Briggs,
1969) will be used to qualitatively describe the fate of air emissions from SODV
operations. For example, the Gaussian plume (Figure 4-2) takes the shape of an inverted
cone exiting from the source (e.g., SODV engine exhaust outlet) and is continually
mixing and interacting with air constituents. Movement of the SODV, wind, temperature
variations in both lateral and vertical directions, will affect the shape of this cone of
dispersal. Some of this mixing may be temporary and upon encountering precipitation,
exhaust emissions constituents may eventually return to land or sea.
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Figure 4-2. Gaussian Plume Model Used to Characterize Dispersion from a Point
Source

LEGEND
h = stack height
H = effective stack height, including rise of hot
plume near source
Z = distribution of mass in vertical dimension

4.4.2

Regulatory Settings

MARPOL – Annex VI
Annex VI of MARPOL 73/78 contains requirements issued in a series of 19 regulations
and one Technical Code to control the air pollution from ships, including the emission of
ozone-depleting substances, nitrogen oxides (NOx), sulfur oxides (SOx), volatile organic
compounds (VOCs) and shipboard incineration. It also establishes requirements for
reception facilities for wastes from exhaust gas cleaning systems, fuel oil quality, and for
the establishment of SOx Emission Control Areas (SECAs). This Annex entered into
force on 19 May 2005 by the signatory parties but the United States has not yet ratified it.
Although the provisions of Annex VI are not binding to the U.S. at the current time, the
Annex’s requirements provide a benchmark for comparison.
Air Pollution Prevention (IAPP) certificate
All ships greater than 400 gross tons must obtain an International Air Pollution
Prevention (IAPP) certificate after the owner demonstrates that the vessel complies with
all relevant requirements under MARPOL Annex VI. Before a certificate is issued, an
initial survey will be conducted to ensure that the equipment, systems, fitting
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arrangements and material used onboard fully comply with the requirements of Annex
VI. The IAPP is valid for five years, at which point the vessel will be subject to
successful completion of periodic surveys. These surveys confirm that no actions or
modifications have been made to the ship’s equipment that would take it out of
compliance.
Nitrogen Oxide Emissions
This Annex VI requirement applies to each diesel engine with a power output of more
that 130 kW installed on a ship constructed on or after 1 January 2000, and each diesel
engine with a power output of more that 130 kW which undergoes a major conversion on
or after that date. However, the regulation does not apply to emergency diesel engines,
engines installed in lifeboats or from any equipment intended to be used solely in case of
emergency. Figure 4-3 depicts the Annex VI NOx emission limits for marine diesel
engines rated above 130 kW expressed in grams per kilowatt-hour for a particular rated
engine speed (in rpm).

Figure 4-3. Annex VI NOx Requirements

Engines are to be certified that they comply with the Annex VI NOx emissions limits, to
be documented through a verification process, including either a new engine certification
or one of three onboard certification processes for existing engines such as the engine
parameter method, simplified measurement method, or the direct measurement and
monitoring method
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Ozone Depleting Substances
New installations which contain ozone-depleting substances are prohibited on all ships
after the entry into force date, except new installations containing
hydrochlorofluorocarbons (HCFCs), which will be permitted until 1 January 2020.
Sulfur Oxide Emissions
Under Annex VI, the sulfur content of any fuel oil used onboard ships is not to exceed
4.5 percent. For those ships operating within SECAs, the sulfur content is not to exceed
1.5 percent. Alternatively, a scrubber can be used to treat emissions below 6 g SOx/kwhr.
The first SECA designated area was the Baltic Sea, which came into force on 19 May
2006. The second SECA designated is the North Sea, which is expected to come into
force during 2007. Actions to ensure fuel oil quality consistent with Annex VI
requirements include (1) retention of bunker delivery notes documenting the lack of
contaminants in fuel oils, (2) signed declaration from the fuel supplier documenting the
4.5 percent maximum sulfur levels, and (3) retention of fuel samples onboard for a period
of 12 months.
Use of Incinerators
Annex VI specifies that after 1 January 2000, only incinerators approved under IMO
Resolution MEPC 76(40) are allowed, and onboard combustion of waste using other
methods (e.g., open burning) is prohibited. The operating manual and the approval
certificate for such incinerators must be maintained onboard and the crew trained and
capable of operating the incinerators in accordance with the manual. Flue gas
temperatures shall be monitored and maintained at not less than 850° C for continuous
feed and reach 600° C within 5 minutes for batch feed. In addition, PCBs and fuel
containing halogens are prohibited from incineration, as are PVC’s (polyvinyl chlorides)
except in approved shipboard incinerators consistent with specifications in resolutions
MEPC 59(33) or MEPC 76(40).
Other International Agreements
OSPAR 1992 contains several provisions applicable to air emission sources. The
agreement contains five annexes of which Annex II, Prevention and Elimination of
Pollution by Dumping or Incineration, pertains to air emissions. Specifically,
incineration is prohibited in the territorial seas of the signatory states.
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National Laws and Regulations
Besides the international conventions identified above, some countries have specific
regulations and guidelines regarding air quality within their territorial waters. These
regulations exist with the intent to protect regional air quality or regulate emissions
within their ports. In preparation for each expedition (see Section 2.10), the vessel
operator (UDL/Transocean) and the science support contractor (TAMU) will identify
specific territorial air quality guidelines, regulations, and permitting requirements
relevant to the countries where vessel and drilling operations will take place.
U.S. Environmental Protection Agency Regulations
(40 CFR part 50) National Ambient Air Quality Standards
Should the vessel be operating in a port or the territorial waters of the U.S., it may be
subject to the NAAQS (National Ambient Air Quality Standards). Areas of the U.S.
where air pollution levels persistently exceed the national ambient air quality standards
may be designated “nonattainment areas”. Sources operating within these nonattainment
areas, including marine vessels, may be subject to limitation in emissions for VOCs,
NOx, and other parameters.
(40 CFR Part 94) Control of Emissions from Marine Compression-Ignition Engines
The emission standards regulations issued by the USEPA apply only to U.S. flagged
vessels with newer engines but can also be used as a baseline for comparison to evaluate
estimated emissions from the SODV. The EPA standards include two tiers with different
implementation schedules. Tier 1 standards, effective in 2004, adopted the MARPOL
Annex VI standards for NOx emissions, using the Regulation 13 NOx curve (Figure 4-3).
Tier 2 standards will be promulgated in 2007 and include more stringent standards for
total hydrocarbons (HC), NOx, carbon monoxide (CO), and particulate matter (PM). Tier
2 standards are derived from type and size of engine. The Tier 2 standards that would
apply to engines comparable to those used onboard the SODV are presented in Table 4-3.
Based on the EPA Tier 2 emission standards presented in Table 4-3 and assuming the
SODV conducts a typical 61-day expedition SODV (5 days in port, 5 days in transit, 51
days on-site), the resulting emissions would be equal to 37,200 kg exhaust hydrocarbons
and nitrogen oxides (HC + NOx), 1,264 kg PM, and 23,280 kg of CO.
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Table 4-3. USEPA Marine Engine Tier 2 Exhaust Emission Standards
(5.0 to 15 Liter per Cylinder Engines)

Power

Displacement
(see note)

All
ranges

5.0 < L/cy <
15

Exhaust Hydrocarbons +
Nitrogen Oxides
(g/kW-hr)

Particulate
Matter
(g/kW-hr)

Carbon
Monoxide
(g/kW-hr)

7.8

0.27

5.0

Note: the SODV’s 16-cylinder EMD 645 series engines have a displacement of 10.57 L per
cylinder and a rated engine speed of 900 rpm.

4.4.3

Significance Criteria

An impact to air quality is considered significant if any one of the following occur:
•

Release of NOx or SOx emissions that exceed the MARPOL Annex VI requirements;

•

Release of VOCs, NOx, or other emissions that exceed NAAQS parameters while the
vessel is operating in U.S. waters;

•

Incineration of any substances that are prohibited by MARPOL Annex VI
requirements;

•

Release of visible plumes of particulates, soot, or uncombusted material that do not
disperse under natural wind conditions; or

•

Loss and dispersal of oil or other volatile organic compounds (VOCs) that would
cause the uncontrolled release of contaminants into the atmosphere

4.4.4

Impact Source Characterization

The SODV will generate emissions to the atmosphere from the vessel’s engines,
incinerators, fuel storage and transfer operations, maintenance functions, and research
activities in the vessel’s laboratories. Fuel combustion byproducts (exhaust emissions)
will be produced by the vessel’s diesel-electric engines. The composition and quantity of
exhaust emissions that will be released from the vessel during typical expedition were
estimated (Table 4-4) using air emissions factors developed by EPA.

4-26

Table 4-4. Estimated Exhaust Emissions During a Typical 61-day SODV
Expedition
SODV Operational Phase
No. of Days
No. of Engines in Use
Fuel Use (liters)
Parameter
Sulfur Oxides
Nitric Oxide
Nitrogen Dioxide
Nitrogen Oxides
Carbon Monoxide
Carbon Dioxide
Particulate Matter
Total Hydrocarbons

In Port
5
1
34,000
69
1,409
2,299
1,547
212
104,539
39
22

Transit
On-site
5
51
4
3
227,000
1,061,000
Emissions (kg)
459
210
8,123
36,141
13,250
58,966
8,917
39,674
848
6,153
589,455
2,705,530
221
998
74
693

Total
61
N/A
1,322,000
738
45,672
74,515
50,138
7,212
3,399,524
1,258
789

Note: N/A = Not applicable

The estimated NOx emission rate of 10.8 g/kW-hr would comply with the MARPOL
Annex VI requirements for NOx. Because the SODV will utilize low-sulfur fuel (<0.5
percent) which is well below the MARPOL requirement of 4.5 percent, the SODV will
comply with the Annex VI SOx emissions requirement. Although the EPA Tier 2
standards will not be applicable to the SODV, the total estimated exhaust emissions that
would occur during a typical 61-day expedition would be within the Tier 2 guidelines for
PM and CO but would exceed the combined standard for exhaust HC + NOx.
Exhaust emissions will be generated while the SODV is in-port, transiting between ports
and drilling sites, and while dynamically positioned at each drill site. Over 95 percent of
the total emissions from a typical 61-day expedition would be generated offshore as the
vessel transits and while it is drilling. Exhaust emissions (e.g., particulates, water vapor)
which may be visible exiting the vessel’s stacks will rapidly disperse in the atmosphere.
Exhaust emissions will also be released to the atmosphere from operation of the SODV’s
incinerators used to combust nonhazardous solid waste and waste lubricating oil. The
SODV’s main fuel, marine gas oil (i.e., diesel) will also be used to fuel the incinerators.
The incinerators will be operated consistent with the MARPOL Annex VI requirements
and national or international regulations applicable to the area where the vessel is
operating. In areas where incinerators exhaust emissions are prohibited, combustible
wastes will be retained onboard and will be combusted when the vessel sails into an area
where incineration is allowed.
On average, the SODV’s two incinerators are expected to combust 2 m3 of solid waste
and 36 liters of marine gas oil diesel fuel or waste lubricating oil each day the vessel is at
sea. Exhaust emissions from the incinerators were estimated (Table 4-5) using emissions
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factors developed by EPA. Analogous to the fate of the SODV’s engine exhaust
emissions, the incinerators may produce emissions which are visible near the exhaust
stack outlet however they will rapidly disperse.

Table 4-5. Estimated Air Emissions from SODV Incinerators During A Typical
Expedition

Amount Combusted
Parameter
Characteristic Air Pollutants
Carbon Monoxide
Nitrogen Oxides
Particulate Matter
Sulfur Oxides
Total Organic Carbon (TOC)

Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Nickel
Silver
Thallium

Solid Waste
22.4 metric tons 1
Emissions (kg)
33
40
52
24
3.36

Fuel/Waste Oil
Total
1
Emissions
2,016 L
(kg/expedition)
Emissions (kg)
0.4
3.0
12
20
0.2

1.17E-01
1.43E-01
2.71E-03
3.63E-02
7.00E-05
6.14E-02
8.70E-02
1.40E-01
1.62E-01
8.16E-01
6.37E-03
1.20E+00
6.61E-03
2.53E-03
1.24E-02

1.09E-03
1.45E-02
4.36E-04
2.91E-03
4.36E-02
1.26E-03
1.21E-05
1.21E-02
3.88E-02

34
44
68
50
3.61
1.17E-01
1.44E-01
1.73E-02
3.63E-02
5.06E-04
6.43E-02
1.31E-01
1.41E-01
1.62E-01
8.16E-01
1.85E-02
1.20E+00
4.54E-02
2.53E-03
1.24E-02

Note:
1
During a typical expedition, it is anticipated that the SODV will spend 56 days at sea (5 days in
transit, 51 days on site). During this time, it is assumed the incinerators will combust 2 m3 (or 600
kg) of solid waste and 36 L of marine gas oil fuel or used oil per day.

Since petroleum hydrocarbon fuels, such as marine gas oil, contain volatile organic
constituents, the SODV will be a source of such fuel evaporative emissions. During a
typical 61-day expedition, the total evaporative losses were estimated to be 10.87 kg of
petroleum hydrocarbons (178 grams per day). These hydrocarbon emissions will
disperse in the air and degrade with sunlight.
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In addition to fuel evaporative losses, various volatile or gaseous chemicals will be used
onboard the SODV for various operational and maintenance processes. These materials
may include volatile components in cleaners, degreasers, solvents, paints, refrigerants,
and aerosols. Typically these substances will be used intermittently and in small
quantities. The volumes of resulting air emissions are not expected to be significant.
Refrigerants present onboard the SODV will be contained in closed systems and
recovered to prevent release to the environment when maintenance is performed on the
equipment. In addition, the use of hydrocholorofluorocarbon (HCFC) compounds in new
refrigerant systems will be avoided wherever possible, even though these compounds are
presently allowed under MARPOL Annex VI requirements.
Volatile constituents or gases will also be emitted to the atmosphere from the SODV’s
research laboratories from the use of chemical reagents and compressed gases. The types
of chemicals that may be used in the laboratories are provided in Appendix C and include
acids, alcohols, and organic solvents. The resulting emissions will be exhausted outdoors
via laboratory fume hoods and exhaust ducts. In addition, when seafloor cores are
opened, the cored material may release gaseous constituents (e.g., methane, hydrogen
sulfide) which will be exhausted outside.
4.4.5

Impact Analysis

Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
The emissions resulting from SODV operations during expeditions performed in
Alternative A, including engine exhaust and incinerator combustion byproducts, are
expected to be transitory and will not adversely impair local air quality. Fuel evaporative
emissions resulting from SODV operations are not expected to be detectable or adversely
affect local air quality.
Similarly, emissions from volatile or gaseous chemicals used onboard the SODV for
operations or in the laboratories are expected to be minimal. Because the chemicals are
used on an intermittent basis and in small quantities, the resulting air emissions are
expected to be minimal.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the duration of each expedition as well as operating conditions on the
SODV which result in the release of air emissions are expected to be the same as in
Alternative A. Therefore, the resulting emissions would be transitory and would not be
expected to adversely affect or degrade the local air quality.
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Alternative C – No Action
If the IODP-USIO did not conduct IODP riserless drilling activities (No Action
Alternative), there would be no air emissions from the operation of the SODV.
4.5

Acoustic Environment

Various mechanical systems and equipment onboard the SODV such as the engines,
pumps propulsion devices, drilling equipment, and certain types of instrumentation will
produce noise which will be emitted to the underwater marine environment. In addition,
the SODV may occasionally perform research activities such as single-channel seismic
surveys and vertical seismic profiling (VSP) which by design involve the use of small
underwater seismic sources. The evaluation of all acoustical outputs and impacts
associated with SODV operations is discussed in this section. Further information
pertaining to the effects of acoustic sources on marine organisms is provided in Section
4.6. Additional detail pertaining to the use and assessment of seismic sources is
presented in a separate document entitled the Programmatic Environmental Impact
Statement/Overseas Environmental Impact Statement for National Science FoundationFunded Marine Seismic Research.
4.5.1

Environmental Settings

Acoustical and vibrational outputs to the environment will occur during most stages of
SODV operations including transiting between ports and drilling sites, while dynamically
positioned (DP) at drill sites, and during drilling or coring activities. Noise has the
potential to travel distances from the source in air and water, depending on the intensity
of the source and environmental conditions tending to attenuate the propagation of the
sound energy. At sea there are few, if any, potential receptors subject to airborne noises
and the sound is generally expected to attenuate below ambient levels within 3.2 km of
the source (Minerals Management Service 1983). Therefore, the primary focus of this
acoustical impact analysis is related to the underwater environment.
Natural Sound Sources
Ambient noise is a critical component in evaluating potential adverse impacts resulting
from SODV acoustical outputs. In general, ambient noise in the ocean environment is
produced by the action of waves and currents and in the absence of anthropogenic
sources may approach sound levels of about 60 dB re 1 μPa (Hurley and Ellis, 2004).
Wind, rain, volcanic, and natural seismic events may increase sound levels significantly
(WDCS, 2004). In polar regions, the movement of ice (melting glaciers, ice sheets,
icebergs, sea ice) may contribute as much as 90 dB to the ambient noise level.
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Various biological sources also contribute noise to the ambient ocean environment. Most
whale species produce sounds for communication as well as dolphins which also use
sound for echolocation and to locate prey. Fin whales have been known to produce noise
levels of 160-186 dB re 1 μPa at 20 Hz (Richardson et al, 1995), which is considered to
be representative of many whale species. Fish are known to produce sounds such as
grunts, grinds, and scrapes to mark territory, bonding, and hunting. Sounds made by
barnacles when they open and close their shells and move appendages have been detected
many miles from barnacle beds (Frings, 1977). In tropical and semitropical coastal
regions, the crackle and hiss of certain types of shrimp is a dominant biological source of
sound. In general, background noise levels attributed to organisms can exceed 70 dB
(Urick, 1983).
Anthropogenic Sound Sources
Anthropogenic sources of noise in the sea include marine shipping traffic, construction
activities, and petroleum/mineral exploration and production facilities. Table 4-6
provides examples of typical sound levels from these types of sources (IOSEA, 2006).

Table 4-6. Sound Sources from Various Maritime Activities
(adapted from Evans and Nice, 1996; Richardson et al, 1995)

Source
Oceanographic
measurement tools 2
Geophysical (seismic)
measurement tools 3
Production drilling
platforms
Jack-up drilling rig
Semi-submersible
drilling rig

Received sound levels (dB)
at different ranges 1

Frequency
(kHz)

Source
Level
(dB re 1μPa)

0.1 km

1 km

10 km

100 km

10 to 200

<230

190

169

144

69

4

4

0.008 to 0.2

248

210
208

144
187

118
162

102 5
87

0.25

163

123

102

77

2

0.005 to 1.2

85 to 127

0.016 to 0.2

167 to 171

Drillship

0.01 to 10
45 to 7,070 6

179 to 191
174 to 185 6

24 to 66
106 to
110
118 to
130

Large merchant vessel

0.005 to 0.9

160 to 190

Supertanker

0.02 to 0.1

187 to 232

45 to 87
127 to
131
139 to
151
120 to
150
147 to
192

99 to 129
126 to
171

4

<41
0
81 to
6 to 10
85
93 to
18 to 30
105
74 to
<29
104
101 to
26 to 71
146

Notes:
1
Based on spherical spreading model
2
Pinger, side-scan sonar, fathometer, etc.
3
It is estimated that 170 ships routinely perform seismic surveys including 90 ships operated for the oil and
gas exploration while the other conduct seismic measurements for other purposes including scientific
research (MMC, 2007).
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4

Actual measurements in St. George's Channel, Irish Sea
Extrapolated figure as presented by Evans & Nice, 1996
6
Moored (anchored) drillship [Hurley and Ellis (2004)]
5

4.5.2

Regulatory Settings

The regulatory requirements that apply to acoustic outputs from the SODV depend on the
vessel’s location and distance from coastal nations, territories, or specially protected
areas. In addition, the SODV will be subject to U.S. regulations applicable to federal
actions abroad or on the high seas. The major U.S. regulations that address the effects of
acoustic disturbances on the high seas are the Marine Mammal Protection Act
administered by the National Marine Fisheries Services and the Endangered Species Act
(ESA), requiring conservation of endangered and threatened species and their habitats.
Many countries have similar laws governing their territorial waters and the open sea.
The MMPA regulates activities that have the potential to result in the “take” of marine
mammals, including activities that may expose marine mammals to acoustic stimuli
above certain levels. A “take” is defined in section 3(13) as, "to harass, hunt, capture, or
kill, or attempt to harass, hunt, capture, or kill any marine mammal." The MMPA
further clarifies the types of activities that constitute harassment. Any activity having the
potential to injure a marine mammal or marine mammal stock in the wild is defined as
“Level A” harassment. Behavioral changes resulting from acoustic outputs may be
considered “Level B” harassment of certain marine mammals in the terminology of the
1994 amendments to the MMPA. Level B harassment is defined as “harassment having
the potential to disturb a marine mammal or marine mammal stock in the wild by causing
disruption of behavioral patterns, including, but not limited to, migration, breathing,
nursing, breeding, feeding, or sheltering.”
The NMFS clarified the definition of Level B harassment by stating “…a simple change
in a marine mammal’s actions does not always rise to the level of disruption of its
behavioral patterns. … If the only reaction to the [human] activity on the part of the
marine mammal is within the normal repertoire of actions that are required to carry out
that behavioral pattern, NMFS considers [the human] activity not to have caused a
disruption of the behavioral pattern, provided the animal’s reaction is not otherwise
significant enough to be considered disruptive due to length or severity. Therefore, for
example, a short-term change in breathing rates or a somewhat shortened or lengthened
dive sequence that are within the animal’s normal range and that do not have any
biological significance (i.e., do no disrupt the animal’s overall behavioral pattern of
breathing under the circumstances), do not rise to a level requiring a small take
authorization.” The definition of “harassment” in the MMPA was expanded in the
reauthorization bill passed by the U.S. House of Representatives in July 2006 to define
both Level A or B harassment to originate from “any act” likely to cause those effects.
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Currently, NMFS uses received underwater sound pressure levels of 180 dB re 1 μPa
(rms) (cetaceans) and 190 dB re 1 μPa (rms) (pinnipeds) as the Level A Harassment
thresholds, which means that NMFS assumes, for the sake of their analysis, that all
animals exposed to these levels or above will respond in a way that NMFS classifies as
Level A Harassment. Similarly, NMFS considers 160 dB re 1 μPa (rms) the Level B
Harassment Threshold, and assumes that all animals exposed to these levels or above (but
below 180 or 190 dB) will respond in a way that NMFS classifies as Level A
Harassment. These guidelines take into consideration the sound pressure level exposure
as well as other attributes, such as duration, frequency, or repetition rate, all of which are
critical for assessing impacts on marine mammals. For continuously-produced sounds
such as those generated by marine construction operations, NMFS considers 120 dB re 1
μPa (rms) the received sound pressure level above which some marine mammals will
respond to in a way that NMFS classifies as Level B Harassment..
Based on this guidance, NMFS acknowledges that simple exposure to sound or brief
reactions by an organism that does not disrupt the animal’s behavioral patterns in a
potentially significant manner, do not constitute harassment or “taking”. The phrase
“potentially significant” is commonly meant “in a manner that might have deleterious
effects to the well-being of individual marine mammals or their populations”.
Even with this guidance, there are difficulties in evaluating if a marine mammal has been
“taken by harassment”. For many species and situations, there is little detailed
information about their reactions to noise. Behavioral reactions of marine mammals to
sound are difficult to predict. Reactions to sound, if any, depend on species, state of
maturity, experience, current activity, reproductive state, time of day, and many other
factors. If a marine mammal does react to an underwater sound by changing its behavior
or moving a small distance, the impacts of the change may not be significant to the
individual let alone the stock or the species as a whole. However, if a sound source
displaces marine mammals from an important feeding or breeding area for a prolonged
period, the impacts on the animals could be significant. Given the many uncertainties in
predicting the quantity and types of impacts of noise on marine mammals, it is common
practice to estimate the number mammals that may be present within a particular distance
of sound source. In relation to SODV operations, this approach would likely
overestimate the number of marine mammals that may be affected in some biologically
important manner.
The MMPA enables the NMFS to authorize "incidental takes" for non-fishery maritime
activities, provided the takings are of small numbers and have no more than a "negligible
impact" on those marine mammal species not listed as depleted under the MMPA. The
"incidental take" authorizations require that notice be published in the Federal Register
for the specified activity and geographical region. Authorization for incidental takes of
small numbers of marine mammals by "harassment" are issued through an expedited
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process known as Incidental Harassment Authorization. Based on the nature and
intensity of the sound sources used in typical riserless drilling expeditions (including both
the small seismic sources and the thrusters used to hold the SODV in place during
drilling) and the locations of typical operations, NSF does not anticipate that the
generated sounds will result in the incidental taking of marine mammals by harassment
and therefore warrant NMFS MMPA authorization. However, an evaluation will be
conducted for each event, paying special attention to sensitive areas, such as NM
Sanctuaries, shallower areas, or areas with known concentrations of marine mammals
breeding, feeding, or migrating. In the event that a proposed expedition has the potential
to incidentally disturb a marine mammal or marine mammal stock in the wild by causing
disruption of behavioral patterns (Level B harassment), including, but not limited to,
migration, breathing, nursing, breeding, feeding, or sheltering, then an IHA may be
appropriate.
4.5.3

Significance Criteria

Impacts to biological receptors are considered significant under the following conditions:
•

Acoustic outputs strong (intense) enough and over a sufficient duration to cause death
of a marine species or otherwise cause injuries involving:
◊
◊

a Permanent Threshold Shift (PTS), that will cause permanent hearing
impairment;
neurological effects, bubble formation, resonance effects, and other types of organ
or tissue damage. Using the NMFS guidelines, acoustic outputs exceeding 180
dB re 1 μPa (rms), for cetaceans and 190 dB re 1 μPa (rms) for pinnipeds may
cause this type of adverse impact to marine mammals.

•

Acoustic outputs of sufficient intensity and duration which initiate behavioral changes
that severely disrupt an organism’s health by interfering with migration, breathing,
nursing, breeding, feeding, or sheltering; or

•

Acoustic outputs of sufficient intensity and duration to displace marine organisms
from critical feeding or breeding areas for prolonged periods.

4.5.4

Impact Source Characterization

In general, acoustic outputs to the marine environment may elicit various responses by
marine mammals and other aquatic animals ranging from avoidance, no reaction or
interest, to physical injury or mortality. The following provides additional detail on the
nature of these responses.
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Disturbance Reactions
An organism’s reaction to underwater sounds depends on a combination of factors
including the species, state of maturity, experience of the animal to unfamiliar sounds,
type of activity, reproductive state, time of day, and sea conditions. If a marine mammal
reacts briefly to an underwater sound by changing its behavior or moving a small
distance, the impacts of the change are unlikely to be significant. Some individual
marine mammals may exhibit behavioral responses at received levels below 160 dB re
1μPa levels while others may tolerate higher sound levels without reacting in any
substantial manner. For example, recent research indicates that some species of baleen
whales display avoidance reactions at sound levels slightly below 160 dB re 1μPa while
pinnipeds are generally less responsive (Stone 2003; Gordon et al. 2004). In fish,
behavioral response to underwater sounds primarily include avoidance, typically
stimulated at noise levels above 160 to 180 dB re 1 μPa, (Evans and Nice, 1996, Gordon
et al, 2004).
Masking
Sounds used by numerous cetaceans and pinnipeds for communication and echolocation
typically involve lower frequencies (<150 kHz). Intense background sounds at lower
frequencies may mask or degrade an organism’s ability to communicate or echolocate
effectively.
Hearing Impairment
Temporary or permanent hearing impairment is possible when marine mammals are
exposed to sounds generally above 210 dB re 1 μPa. TTS is the mildest form of hearing
impairment that can occur during exposure to a strong sound (Kryter 1985). While
experiencing TTS, the hearing threshold rises and a sound must be stronger in order to be
heard. TTS can last from minutes or hours to (in cases of strong TTS) days. For sound
exposures at or somewhat above the TTS threshold, hearing sensitivity recovers rapidly
after exposure to the noise ends.
For toothed whales exposed to single short pulses, the TTS threshold appears to be a
function of the energy content of the pulse (Finneran et al. 2002). Given the available
data, the received level of a single acoustic pulse might need to be on the order of 210 dB
re 1 μPa in order to produce brief, mild TTS. Exposure to several acoustical pulses at
received levels near 200–205 dB might result in slight TTS in a small odontocete,
assuming the TTS threshold is a function of the total received pulse energy.
For baleen whales, there are no data, direct or indirect, on levels or properties of sound
that are required to induce TTS. However, no cases of TTS are expected given the types
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of the sources, and the strong likelihood that baleen whales would avoid the area before
being exposed to levels high enough for there to be any possibility of TTS. Many
cetaceans are likely to show some avoidance of either the approaching or stationary
vessel and the associated levels of sound. In those cases, the avoidance responses of the
animals themselves will reduce or (most likely) avoid any possibility of hearing
impairment.
In pinnipeds, TTS thresholds associated with exposure to brief pulses (single or multiple)
have not been measured. However, prolonged exposures show that some pinnipeds may
incur TTS at somewhat lower received levels than do small odontocetes exposed for
similar durations (Kastak et al. 1999; Ketten et al. 2001; cf. Au et al. 2000).
Permanent Threshold Shift (PTS) is a more intense form of hearing impairment, in which
there is physical damage to the sound receptors in the ear. In some cases, there can be
total or partial deafness, whereas in other cases, the animal has an impaired ability to hear
sounds in specific frequency ranges. Relationships between TTS and PTS thresholds
have not been studied in marine mammals, but are assumed to be similar to those in
humans and other terrestrial mammals. PTS might occur at a received sound level of 20
dB or more above that inducing mild TTS if the animal were exposed to the strong sound
for an extended period or to a strong sound with very rapid rise time.
Physiological Effects
Physiological damage or mortality in fish exposed to underwater sounds generally occurs
at sound levels in excess of 220 dB re 1 µPa. Injuries and other non-auditory
physiological effects that may occur in marine mammals exposed to underwater sound in
excess of 180 dB re 1 μPa may include stress, neurological effects, bubble formation,
resonance effects, and other types of organ or tissue damage. These types of effects are
generally caused by exposure to strong acoustic pulses at close range for a long period of
time.
Based on this general understanding of the range of possible effects that underwater noise
may have on marine organisms, the following describes the potential range of noiserelated impacts that may occur specific to the acoustic outputs resulting from SODV
operations, research-related drilling and coring processes, and the use of small seismic
sources. Additional details describing the potential impacts of acoustic outputs to
specific marine organisms are presented in Section 4.6.
Generally, a dynamically positioned drillship which uses thrusters to maintain a fixed
position over a drill site will generate more underwater noise than other commonly used
types of commercial drilling rigs (R.A. Buchanan et al., 2003). Based upon underwater
sound level measurements, it is expected that the SODV’s engines and thrusters exclusive
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of drilling activities will generate approximately 154 dB re 1 µPa of noise. Drilling and
coring operations will add to the underwater noise and vibrational output from the vessel
however some of the noise will emanate from the drill string extending from the SODV’s
moonpool, through the water column, and into the seafloor. As shown in Table 4-6,
underwater sound levels attributed to moored oil exploration drillships typically may
range from 174 to 185 dB re 1μPa (Hurley & Ellis, 2004). In comparison, a supertanker
may emit up to 232 dB re 1μPa while military sonar equipment may emit 235 dB re
1μPa.
Using an underwater hydrophone, sound measurements were made while the JOIDES
Resolution was drilling in the Pacific Ocean in December 2001. The monitoring data
identified a 40 dB shift (increase) over ambient sound levels when the vessel was drilling
with quiet periods occurring when core samples were being recovered. During the
monitoring event, the increase in noise created by the passage of a container ship 180 km
away from the hydrophone was more than twice the level produced by the drillship as it
transited directly over the monitoring equipment (Stephen, 2003).
The SODV’s transducer-based instruments will also generate acoustical outputs,
primarily while the vessel is in transit, but also when the vessel is at a drill site prior to
commencement of drilling. Because these sources are highly directional and aimed
toward the seafloor, peak sound levels would only be received directly beneath the
vessel. The peak sounds produced by the single beam echo sounder typically range from
200 to 230 dB re 1μPa emitting two pulses per second in a 30° beam. Sub-bottom
profilers generally produce a peak sound level of 204 dB re 1μPa at 50 millisecond
intervals and emit a 45° beam from the bottom of the ship. The estimated acoustic source
level for the ADCP unit is ≤ 224 dB re 1μPa which is emitted in a 30° conically shaped
beam. Using the ADCP as an example, sound levels of 160 and 180 dB re 1μPa would
be realized approximately 1,514 and 151 m beneath the source, respectively. Sound
levels produced by the single beam echo sounder and sub-bottom profiler are expected to
propagate and attenuate similarly.
The underwater acoustic transponder beacons deployed on the seafloor to be used in
conjunction with the vessel’s dynamic positioning system have an acoustic source output
of 199 to 214 dB re 1μPa with a frequency range of 12 to18 kHz. Because the beacons
are often deployed in very deep water, relatively few species, if any, would be capable of
diving deep enough to be exposed to peak sound levels.
Following drilling and coring operations, certain downhole instruments which exhibit
acoustical outputs may be deployed into a borehole using a wireline that passes through
the drill string. The outputs will be short duration events and will be significantly
attenuated within the borehole.
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Occasionally a single-channel seismic survey or vertical seismic profiling measurement
may be performed using a small seismic source (1 or 2 airguns). The pulsed acoustic
outputs from the airguns that may be occasionally used by the SODV generate
underwater sounds at frequencies below 250 Hz. The acoustic energy from the single or
double airgun configuration would travel underwater in a circular spreading pattern and
attenuate with distance from the source. Table 4-7 presents the predicted maximum
lateral distances from the source for 160 dB re 1 µPa (rms) and 180 dB re 1 µPa (rms)
sound levels. Graphs depicting the predicted received sound levels are presented in
Appendix E.

Table 4-7. Estimated Sound Level Distances from SODV Seismic Sources

Airgun Configuration

Single GI gun, 737 cc
(45 cu in) injector volume
Single 4,100 cc (250 cu in)
G Gun,
Double 4,100 cc (250 cu in)
G gun parallel cluster

Airgun Depth
(meters)

3
5
6
10
3
5
6
3
5
6

Distance from Source (meters)
160 dB re 1 µPa
180 dB re 1 µPa
1
2
(rms)
(rms)

23
30
35
38
44
56
63
66
100
100

230
300
350
385
440
560
630
665
1,000
1,000

Notes:
1
180 dB re 1 µPa (rms) ≈ sound exposure level (SEL) of 170 dB re (1 µPa)2·s
2
160 dB re 1 µPa (rms) ≈ 150 dB re (1 µPa)2·s SEL

A recent study of sound propagation from marine seismic survey sources indicated that
sound energy produced by airguns traveled longer distances laterally than predicted in
shallow water (< 300 m depth) but less in deeper water (Tolstoy et al., 2004). Since the
water depths where the SODV will typically operate are expected to be greater than 300
m, the actual distance that the seismic source sound levels may travel may be less than
the values shown in Table 4-7. Additional detail pertaining to the use and assessment of
seismic sources is presented in a separate document entitled the Programmatic
Environmental Impact Statement/Overseas Environmental Impact Statement for National
Science Foundation-Funded Marine Seismic Research.
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4.5.5

Impact Analysis

Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
During transit, sound and vibration produced by the SODV engines, propulsion systems,
and transducer-based instruments may be noticeable to nearby marine organisms. It is
expected that many potential receptors will perceive the continuous noise produced by
the approaching vessel and will deviate from the path of the vessel thereby avoiding
exposure to peak and potentially harmful noise levels. It is unlikely that the transducerbased equipment on the SODV would cause a marine organism to be exposed to sound
levels greater than the 180 dB re 1 µPa (rms) level which the NMFS considers to be
potentially harmful for several reasons. First, the sound would be produced in narrowly
focused beams directed toward the seafloor and would only affect organisms directly
beneath the vessel. Second, at a typical cruising speed of 11 knots (20 km/hr), it is
expected that if an organism were exposed to noise from the vessel, it would only be for a
short period of time. Finally, the short pulse duration from the transducer devices
reduces the risk of hearing impairment or other injury to exposed organisms. Therefore,
potential impacts to organisms exposed to sounds and vibrations from the transiting
SODV would be expected to be minimal.
The noise created by the SODV while it is dynamically positioned over a drill site and the
physical turbulence in the water caused by the vessel's thrusters are likely to deter many
marine organisms from approaching the drillship and becoming exposed to potentially
intense sound levels. Because most drill sites will be located in deep open ocean areas
that are not densely populated by marine organisms, the potential that an individual or a
population of animals may be exposed to continuous noise levels that could cause
behavioral changes is very low.
Similarly, the short-term increase in the ambient noise created by vessel operations or
drilling and coring may deter some organisms from a particular area, resulting in
temporary displacement and possible disturbance to an animals’ feeding or spawning
behavior. In general, the SODV will only occupy a drill site for a relatively short period
of time (i.e., hours or days), thereby allowing displaced organisms to repopulate the area
when drilling ceases and the vessel departs. Therefore, the resulting behavioral effects to
marine organisms would be minimal, short-term, and reversible.
In most areas where the SODV is expected to operate, the range of potential effects to
biological receptors resulting from riserless ocean drilling operations and related research
activities are expected to be minimal. However, in Alternative A, drilling and research
activities could proceed in sensitive marine environments such as native hunting areas,
migratory routes, consistent feeding grounds, or local breeding grounds that concentrate
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cetaceans or other sensitive species in critical areas. Without effective mitigating
measures or avoidance of critical areas when sensitive species are expected to be present,
certain marine organisms may be at greater risk of exposure to acoustical outputs from
the SODV operations if the plans to conduct the riserless drilling and related research
activities did not take into consideration the possible presence of these animals.
Similarly in Alternative A, although a seismic survey or VSP experiment may be
performed in an area without consideration of the marine organisms that may be present,
these research activities will consistently incorporate best management practices to
prevent marine biota from being exposed to sound levels that could result in injury (≥ 180
dB re 1 µPa rms) or significant behavioral changes (≥ 160 dB re 1 µPa rms). Resulting
behavioral effects, if any, would be minimal and short-term. Additional detail pertaining
to the impact assessment of seismic sources is presented in a separate document entitled
the Programmatic Environmental Impact Statement/Overseas Environmental Impact
Statement for National Science Foundation-Funded Marine Seismic Research.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the acoustical outputs and range of potential impacts resulting from
IODP-USIO riserless drilling expeditions are expected to be minimal and similar to those
described in Alternative A. However, in Alternative B, USIO ocean drilling and research
activities will be planned and implemented based upon input received through the IODP
SAS review and advisory process. As such, proposed drill sites where potentially
sensitive marine organisms may be present during drilling operations would be identified
and suitable mitigating measures would be incorporated into the Operating Plan and
Scientific Prospectus for each expedition. These measures may include modifying the
schedule for an expedition or limiting the types of activities performed to avoid or
minimize exposing sensitive marine organisms to potentially disturbing or harmful
acoustic levels. At drill sites where marine organisms that are potentially sensitive to
acoustic sources may be densely populated or the proposed research activities may result
in more intense or prolonged acoustic exposures, a supplemental environmental review
may be prepared to evaluate the site-specific risks and develop recommendations for
additional mitigating measures. Therefore, the extent of acoustical source impacts in
Alternative B for all receptors including cetaceans and other sensitive organisms would
be expected to be minimal for IODP-USIO ocean drilling expeditions.
Alternative C – No Action
If the IODP-USIO did not conduct IODP riserless drilling activities (No Action
Alternative), there would be no acoustic outputs resulting from the operation of the
SODV and ocean drilling activities.
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4.6

Marine Biological Resources (Near-Coastal and Deep Sea)

4.6.1

Environmental Settings

This section addresses the seven major communities found in the marine environment,
and provides the context from which the potential impacts of the IODP-USIO riserless
drilling operations can be assessed. Plankton (4.6.1.1) is the collective term for a variety
of marine (and freshwater) organisms that drift through the water. By definition,
plankton are unable to resist ocean currents. This is in contrast to nektonic organisms
that can swim against the ambient flow of the water environment and control their
position, such as fish (4.6.1.2), cephalopods (4.6.1.3), marine mammals (4.6.1.5), and
marine reptiles (4.6.1.6). Benthos (4.6.1.4) is another collective term used to describe
organisms associated with the seabed, including those living in, on, or near the bottom
substrate. Finally, seabirds (4.6.1.7) are those birds that travel varying distances across
the sea and typically breed on offshore islands or coastal areas (Levinton, 1995). The
environmental settings section concludes with a discussion of threatened species
(4.6.1.8).
4.6.1.1 Plankton
Plankton are primarily divided into broad functional (or trophic) groups. Depending on
whether a planktonic organism is a protist, plant, or animal, a distinction is made between
phytoplankton and zooplankton. Phytoplankton are autotrophic algae that live near the
water surface where there is sufficient light to support photosynthesis. Among the more
important groups are the diatoms, cyanobacteria, and dinoflagellates. Zooplankton are
small protozoans or metazoans (e.g. crustaceans and other animals) that feed on other
plankton; zooplankton include some of the eggs and larvae of larger animals, such as sea
urchins, sea stars, fish, crustaceans, and annelids. Bacterioplankton, of which many
phytoplankton are a subset, play an important role in remineralizing organic material
down the water column (Omari, 1992).
Plankton are found throughout the oceans of the Earth. Plankton abundance and
distribution are strongly dependent on factors such as ambient nutrient concentrations, the
physical state of the water column, and the abundance of other plankton. The local
abundance of plankton varies horizontally, vertically, and seasonally. The primary
source of this variability is the availability of light. Nearly all plankton ecosystems are
driven by the input of solar energy (with the exception of chemosynthetic organisms),
and this confines primary production to surface waters and to geographic regions where,
and seasons when, light is abundant. Planktonic organisms usually depend upon the
surface waters for their survival. Phytoplankton will die unless they are near a source of
sunlight for photosynthesis. They will be unviable if they sink below a depth of 50 to
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100 m in the open seas, but will be unable to photosynthesize even in much shallower
depths in estuaries and inshore waters. A secondary source of variability is that of
nutrient availability. Although large areas of the tropical and sub-tropical oceans have
abundant light, they experience relatively low primary production because of the poor
availability of nutrients such as nitrate, phosphate, and silicate.
While plankton are found in the greatest abundance in surface waters, they occur
throughout the water column. At depths where no primary production occurs,
zooplankton and bacterioplankton make use of organic material sinking from the more
productive surface waters above. This flux of sinking material can be especially high
following the termination of spring blooms. Many planktonic organisms undergo diurnal
vertical migrations; i.e. they move toward the surface during the night and descend
during the day. Diurnal vertical migrations are common in surface waters, but they also
have been observed to depths of greater than 1,000 m, where light from above is no
longer detectable. Some animals such as copepods and jellyfish can migrate 400-800 m
in a single day (Levinton, 1995).
4.6.1.2 Fish
Fish constitute the largest and most diverse group of marine vertebrates. They are
taxonomically separated into three classes. Class Agnatha encompasses approximately
50 species of the most primitive of living fish, the jawless lampreys and hagfish. Class
Chondrichthyes comprises approximately 300 species of sharks, skates, and rays; they are
characterized by having a cartilaginous skeleton and lacking scales. Skates and rays have
flattened bodies, and most are adapted to a bottom-dwelling habitat. While many skates
and rays live in coastal waters; only a few species, like manta rays, live in the open sea
(FishBase, 2006). Class Osteichthyes (teleost fish), comprising the majority of living
fish, with over 20,000 marine species, includes those fish which have a bony skeleton.
As with most other animal groups, the largest fish populations are found in temperate
waters, but species diversity is much higher in tropical and subtropical waters (Lalli &
Parsons, 2002). Food supplies for oceanic fish vary in abundance due to physical factors.
Some species respond to predictable seasonal variability in food concentration by
migrating to certain feeding sites when prey becomes particularly abundant. For
example, tuna in the Pacific migrate to areas where swarms of pelagic crabs are
seasonally available. Other fish, such as those associated with special benthic habitats
(e.g., coral reefs) are themselves specialized to feed on corals or resident plants and
animals (Lalli & Parsons, 2002).
The “pelagic zone” refers to the open waters of the ocean, and fish that live in this region
are typically mobile and/or migratory species that are not closely associated with
permanent structures such as coral reefs. The largest of the pelagic teleosts are
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piscivorous species such as tuna, jackfish, and barracuda. Some fish, such as cod,
haddock (both family Gadidae), and hake (family Lotidae), feed in both mid-water and
on the sea bottom and are capable of catching fish or benthic invertebrates. True
demersal fish spend all their lives on or near the sea bottom, where some (e.g. sole) feed
exclusively on benthos (e.g. clams, worms, crustaceans) and others (e.g. halibut, turbot)
eat smaller fish (Lalli & Parsons, 2002).
Fish residing in deeper waters (>200 m) are not as numerous as epipelagic species (i.e.
those occurring within the illuminated surface zone where there is sufficient light for
photosynthesis), and they are not commercially exploited. Mesopelagic fishes live in
depths between 150 and 2000 m. Most mesopelagic species undergo vertical migrations
often moving into the epipelagic zone at night to prey on plankton and other fish. The
most diverse of the roughly 1000 mesopelagic fish species, both in numbers of species
and individuals, are the 300+ species of stomiatoids and the 200-250 species of lanternfish (family Myctophidae). The majority of mesopelagic fish are small, ranging from
about 25-70 mm in length at maturity; the largest mesopelagic species are about 2 m
long. The best known stomiatoid genus, Cyclothone, contains many species, and these
fish live between 200 and 2000 m in depth in large schools. The shallower-living species
are silvery or partly transparent; the deeper residents are typically black. The lantern-fish
perform diurnal vertical migrations, some rising to the very surface to feed on planktonic
crustaceans, and this group comprises a major food source for tuna (family Scombridae),
squid (family Teuthida), and porpoises (family Phocoenidae). In bathypelagic waters
(1000 to 4000 m deep), there are about six times fewer fish species (Lalli & Parsons,
2002). In contrast to mesopelagic fish, bathypelagic species are largely adapted for a
sedentary existence in a habitat with low levels of food and no light. Some of the species
occupying the bathypelagic zone also cross into the mesopelagic zone during vertical
migrations.
The swimming abilities of most fish make them independent of ocean currents, and they
are able to migrate from one area to another, selecting favorable conditions in terms of
food availability or reproductive sites and associated physical parameters. Whereas many
species may undertake oceanic migrations ranging from several hundred to several
thousand kilometers between, for example, feeding and spawning areas, other fish may
undertake migrations between the sea and freshwater. Anadramous fish, such as salmon
(family Salmonidae), sturgeon (family Acipenseridae), shad (family Clupeidae), smelt
(family Osmeridae), and sea lampreys (family Petromyzontidae), breed in freshwater; the
young then migrate to sea, where they spend most of their adult life, with the adults
eventually returning to their specific freshwater sites to breed and spawn. Catadromous
species are those that breed in the sea, but spend the majority of their adult life in
freshwater. Some of the longest migrations are undertaken by the catadromous American
and European eels (Anguilla sp.), of which the adults migrate from rivers in Europe and
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eastern North America to breeding sites in the Sargasso Sea where they spawn and die
(Lalli & Parsons, 2002).
4.6.1.3 Cephalopods
Species within the class Cephalopoda, the largest of the invertebrates, belong to the
phylum Mollusca, and include squids, cuttlefish, pearly nautilus (Nautilus sp.), and
octopus. Cephalopods are the most mobile of the mollusks, and their greater nervous
organization facilitates their advanced locomotion. While many other mollusks have
hard external shells, most cephalopods do not. Nautilus has a coiled external shell, while
squids and cuttlefish have a smaller internal skeleton, and the octopus has no hard
skeleton at all (Levinton, 1995).
There are approximately 786 distinct living species of cephalopods, which are found in
all the oceans of the world and at all depths. Because they are elusive creatures, the
habits and ecological details of most species of cephalopods are not well known. The
cephalopods all have two well-developed eyes used in hunting prey. The octopus spends
most of its time scurrying along the seafloor, feeding on other bottom dwellers such as
crabs. In contrast, nautilus and squids are active swimmers and also can prey on fish.
4.6.1.4 Benthos
Benthic communities are strongly structured by sediments, which are mainly composed
of detritus in the form of dead phytoplankton and zooplankton. Relative to the pelagic
zone, the seafloor presents a greater variety of physically diverse habitats that differ from
each other in terms of depth, temperature, light availability, and type of substrate. Hard,
rocky substrates provide sites of attachment for sessile species like barnacles and mussels
which remain in one place throughout their adult life. Soft-bottom substrates (e.g. mud,
clay, sand) offer both food and protection for burrowing animals. At least partly owing
to the greater variety of benthic habitats, the number of species of benthic animals
(estimated at >1 million) is much greater than the combined number of pelagic species of
larger zooplankton, fish, and marine mammals (Lalli & Parsons, 2002).
As in the pelagic environment, vertical gradients of temperature, light, and salinity are
important in establishing distinctly different living regimes for benthic organisms. Some
of the ecological-depth divisions have well-defined boundaries, while others are more
arbitrary zones. The animals that inhabit different zones are generally of different
species, each uniquely adapted to the particular environment where it is found. A variety
of marine plants attach to the seabed or live within sediments in shallow depths. All
marine plants are restricted to the epipelagic zone; which extends from the surface down
to about 100-150 m (NHM, 2005).
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Benthic animals (zoobenthos) are separated into two ecological categories based on
where they live relative to the substrate. Infauna are those species which live wholly or
partly within the substrate; this category includes many clams and worms (polychaetes)
as well as other invertebrates. Infaunal species usually dominate communities in soft
substrates, and they are most diverse and abundant in subtidal regions. Epifauna are
those animals living on or attached to the seafloor. A few common examples of epifauna
include corals, barnacles, mussels, many starfish, and sponges. Epifauna are present on
all substrate types, but they are particularly richly developed on hard substrates. A third
category includes those animals that live in association with the seafloor but also swim
temporarily above it; animals such as prawns and crabs, or flatfish such as sole (family
Soleidae), form the epibenthos (Lalli & Parsons, 2002).
Benthic communities contain an extremely diverse assemblage of zoobenthos. Some of
the dominant types of animals in benthic communities are described below.
Xenophyophores, the largest of all protozoans, are especially abundant in the hadal zone
(the deepest part of the oceans); they extend their pseudopodia to form tangled masses on
the seafloor, which collect organic matter from surface sediments. Ciliates, many of
which are adapted to attach to sand grains or to live freely within the interstitial spaces of
sediments, provide a link between bacteria and deposit-feeding invertebrates. The most
primitive multicellular animals are the sponges, whose many cavities provide protective
refuge for myriads of small animals such as worms and crustaceans. Polychaetes are a
class of over 10,000 species of segmented worms with multiple appendages. Molluscs
include over 50,000 marine species, among them familiar snails, sea slugs, bivalved
clams and mussels. Echinoderms comprise over 5,600 species within several classes,
including starfish, sea stars, sea urchins, and sea cucumbers. Benthic decapod
crustaceans include the familiar crabs, lobsters, and shrimp; the group has both epifaunal
and infaunal representatives. Decapods show their greatest diversity in shallower water,
but a few species live at depths of 5,000 to 6,000 m. Many decapods are economically
important as human food, and those species along with mollusks constitute the shellfish
industry (Lalli & Parsons, 2002).
4.6.1.5 Marine Mammals
Three orders of mammals have evolved from different terrestrial ancestors and are
independently adapted to life in the sea including Cetacea, Pinnipeds, and Sirenia.
The order Cetacea comprises approximately 75 species of marine mammals known as
whales, porpoises, and dolphins. The largest of these marine mammals are the baleen
whales; these include the biggest animals that have ever lived, the blue whales
(Balaenoptera sp.), which can attain a length of 31 m. Baleen whales form a separate
suborder of about ten species; most of these immense whales feed primarily on
zooplankton. Some of the large baleen whales (e.g. greys, humpbacks) make extensive
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seasonal migrations, usually breeding in winter in tropical waters and moving poleward
to feed in summer. Grey whales spend the summer in the Bering Sea and in the Arctic
Ocean and winter in breeding grounds in bays on the Pacific Coast off Baja California
and off Korea and Japan. Humpback whales (Megaptera novaeangliae) consist of
several independent migrating populations; one, for example, winters in the Hawaiian
Islands and spends the summers in Alaskan waters, while another population divides its
time between waters offshore of California and those of Mexico.
Smaller cetaceans do not undertake long migrations, but move in response to changing
food supplies or physical changes. The odontocetes, equipped with teeth and
characterized by having a single blowhole rather than two, are not reliant on surfaceliving prey, and may undertake dives to depths of several hundred meters. Sperm whales
(Physeter macrocephalus) can routinely dive to depths of 1,000 m, and hold the record
among marine mammals for deepest dives; this species is believed to descend to over
2,200 m in search of giant squid (Levinton, 1995). Many odontocetes are capable of
sophisticated communication and can generate a series of sonic and ultrasonic clicking
signals. In killer whales, pods (groups of whales) often use sounds different from other
pods. The clicks are also used while hunting prey as a means of echolocation, in which
they emit pulses of sound and monitor the returning echoes (Levinton, 1995).
Seals, sea lions (both of the family Otariidae), and walruses (Odobenus rosmarus sp.) are
known taxonomically as pinnipeds, meaning ‘feather-footed’ to describe their four
swimming flippers. In contrast to whales, these animals spend part of their time on land
or on ice floes, where they congregate for breeding and resting. The 32 species of
pinnipeds are found in all the seas of the world, but the majority of the species and the
largest populations are found in the cold waters of the Arctic and Antarctic (Lalli &
Parsons, 2002). Most feed primarily on fish or squid, but walruses also use their tusks to
dig mollusks and other benthic animals from the sea bottom. Sea otters often dive tens of
meters to pull abalones (Haliotis sp.) and urchins from hard bottoms; whereas male
elephant seals have been traced to depths of over 1,500 m. Pinnipeds typically live and
travel in herds, and some may undertake long migrations at sea (Levinton, 1995).
Manatees (Trichechus sp.) and dugongs (Dugong dugon) belong to the order Sirenia.
They are the only herbivorous aquatic mammals, and they rely on larger plants, not algae,
for nourishment. Their food requirements restrict them to living in shallow coastal
waters, estuaries, and rivers. All four species of this order reside in warm waters and do
not come onto land. The sirenians have been particularly vulnerable to hunting pressure
because of their inshore habitats and their slow, placid behavior. At one time, dugongs
had a widespread distribution which included Atlantic waters; today, they are restricted to
shallow waters of the Indian and Pacific Oceans. All three species of manatees are found
only in tropical Atlantic waters (Lalli & Parsons, 2002).
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4.6.1.6 Marine Reptiles
There are comparatively few reptiles that have adapted to a marine life (Lalli & Parsons,
2002). The best known are the eight species of marine turtles, but there are also more
than six times as many species of sea snakes (family Hydrophiidae), and there is one
marine lizard, a large seaweed-eating iguana of the Galapagos Islands.
Sea turtles are integral components of the ocean environment and have been shown to
have beneficial impacts on coral reefs, seagrass meadows, and coastal dune ecosystems.
Marine turtles are usually found in tropical waters, but some migrate or are carried by
currents to temperate shores. All undertake long migrations to return to land in order to
lay their eggs at specific nesting sites on sandy shores.
Sea snakes breathe air by means of nostrils and lungs, but they are truly marine animals
that inhabit coastal estuaries, coral reefs, or open tropical water. Most of the
approximately 60 species remain at sea to bear their young. They school in large
numbers and feed on small fish or squid which they kill with venom injected by fangs.
Sea snakes are presently restricted to warm waters of the Indian and Pacific Oceans (Lalli
& Parsons, 2002).
4.6.1.7 Birds
Seabirds live throughout the oceans and consist of a diverse array of adaptive types.
They vary from the flightless cormorant to the frigate-bird, which is completely
dependent upon long-term flight. They range from those species feeding upon small
zooplankton to those, such as pelicans, that feed on large muscular fish. Some are limited
to a relatively small feeding and breeding area, whereas others migrate for thousands of
miles, such as the Arctic tern (Sterna paradisaea), a seabird in the gull family (Terres,
1996). Approximately 95 percent of seabirds are colonial.
Seabirds include penguins, petrels, pelicans (Pelecanus sp.), and auks. Penguins live
only in cold Antarctic and sub-Antarctic waters in colonies that vary from a few pairs to
thousands. Petrels have modified tubes on their bills, which they use to drink salt water
and dispose of the salt. Pelican and their relatives (the boobies, gannets, and cormorants)
are often heavy and include many brightly colored and ornamented species. They are
mainly tropical, but some species nest in the Arctic and Antarctic. While some, such as
the frigate-birds (Fregata sp.), fly far out to sea, most of this group stays closer to land.
Gulls (family Laridae), terns (family Sternidae), and auks comprise the most diverse
group of seabirds. Various gull species extend over vast areas of the northern hemisphere
and can be found breeding in a wide variety of shoreline and island habitats (Levinton,
1995). Terns are smaller and more oceanic than gulls, and are most abundant in diversity

4-47

in the tropics (Levinton, 1995). Auks are usually black and white, have chunky bodies,
and are excellent swimmers and divers (Terres, 2006). Puffins (Fratercula sp.) ,
members of the auk family, include four species that are found in the North Atlantic and
North Pacific oceans, with a large percentage of puffins breeding on the coast of Iceland.
There are approximately 12 to 15 million puffins in the world (Project Puffin, 2006).
The many species of oceanic birds have developed diverse methods of feeding and take
different types of prey; this is reflected in species differences in structure of the bill and
wings. However, the majority of seabirds are essentially dependent on the uppermost
layers of the sea for their food (Lalli & Parsons, 2002). Although seabirds are found
world-wide, the largest colonies are located adjacent to highly productive ocean areas
where food is plentiful and concentrated. At sea, birds frequently form feeding
aggregations along oceanic fronts which, like upwelling regions, have relatively high
biological productivity. Far fewer birds are present in low-productivity tropical regions.
Seasonal changes in the marine environment can be reflected in the distribution of birds,
and some species undertake long annual migrations in response to seasonal food
availability and suitable weather for breeding. Seabirds also exhibit natural fluctuations
in population densities which can be caused by climate change and subsequent
fluctuations in prey availability (Lalli & Parsons, 2002).
Migration pathways over the ocean include routes over the Atlantic Ocean from Labrador
and Nova Scotia to the mainland of South America (Bird Nature, 2001) and the East
Asian-Australasian flyway, which extends from Siberia and Alaska in the north, to
Australia and New Zealand in the south.
4.6.1.8 Threatened Species
The populations of many marine species are decreasing to unsustainable levels
(MarineBio, 2006). Key threats, primarily due to human activities, include accidental
capture in fishing gear, habitat destruction, overharvest, and ship strikes (NOAA, 2006a).
Other possible causes of marine mortality include the introduction of new diseases,
ecosystem changes such as algal blooms, and indirect effects of climate change.
Although pollution rarely kills marine creatures directly (with the exception of
catastrophic events), it can impair their health, harm their reproductive potential, and
eventually lead to their death. Ingestion of marine debris and entanglement in plastic
trash can be significant additional sources of mortality (Ocean Commission, 2004). In
the past few decades, there has been a considerable increase in the number of species
listed as threatened from marine life families such as whales, dolphins, manatees and
dugongs, salmon, seabirds, sea turtles, and sharks.
The International Union for Conservation of Nature and Natural Resources (IUCN),
through its Species Survival Commission (SSC) assesses the conservation status of
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numerous global species in order to highlight taxa threatened with extinction, and
therefore promote their conservation. The IUCN Red List of Threatened Species
provides taxonomic, conservation status, and distribution information on taxa that have
been globally evaluated using the IUCN Red List Categories and Criteria. This system is
designed to determine the relative risk of extinction, and the main purpose of the IUCN
Red List is to catalog and highlight those taxa that are facing a higher risk of global
extinction (i.e. those listed as critically endangered, endangered, and vulnerable). The
IUCN Red List currently tallies over 16,000 threatened species, including both terrestrial
and aquatic species, and primarily plants and animals. The Red List is available at:
http://www.iucnredlist.org.
Marine animals teetering above extinction on the critically endangered list are the
coelacanth, southern bluefin tuna (Thunnus maccoyii), as well as the hawksbill and
leatherback turtles. Marine endangered animals include: loggerhead, green and olive
ridley (Lepidochelys olivacea) turtles, various species of saw fish (family Pristidae), and
the blue whale. Among a large list of marine animals that could go extinct if nothing
changes (i.e. threatened) are the dugong, humphead wrasse (Cheilinus undulatus), whale
shark (Rhincodon typus), humpback whale, grey nurse shark (Carcharias taurus), and
great white shark (Carcharodon carcharias).
4.6.2

Regulatory Settings

The oceans of the world are subject to a number of international conservation efforts.
Among several institutions with an interest in sponsoring efforts to protect and manage
the habitats of marine organisms are the United Nations Environment Program (UNEP),
the United Nations' Educational, Scientific and Cultural Organization (UNESCO)
Intergovernmental Oceanographic Commission, the International Ocean Institute, the
International Maritime Organization, and the World Conservation Union Global Marine
Program. As part of the global effort to protect the planet’s biodiversity, the UNEP
administers one of the world’s largest conservation agreements – the Convention on
International Trade in Endangered Species of Wild Fauna and Flora, known as CITES.
More than 150 governments have ratified the treaty, which offers varying protection to
more than 35,000 species of animals and plants. CITES bans international commercial
trade in species threatened with extinction. It also protects other species, which are not
threatened, but may be at serious risk unless international trade is strictly regulated
(CITES, 2006).
Among other international treaties to protect marine life are the International Convention
for the Prevention of Pollution from Ships (MARPOL) and the International Convention
on the Regulation of Whales. Conservation of the natural resources within the ocean
environment also constitutes part of several other broad agreements, such as the
Convention Concerning the Protection of the World Cultural and Natural Heritage
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(World Heritage Convention) and the Convention on the Conservation of Migratory
Species of Wild Animals (Bonn Convention)
There are also numerous agreements focused on specific reaches of water. These are too
numerous to list, but include agreements such as the Convention for the Protection and
Development of the Marine Environment of the Wider Caribbean Region and the
Convention of the Conservation of Antarctic Marine Living Resources (CCAMLR).
UNEP’s Regional Seas Program consists of several regional agreements, making it one of
the most globally comprehensive initiatives for the protection of marine and coastal
environments, including: Arctic, Antarctic, Baltic, Caspian, Atlantic Coast of West and
Central Africa (Abidjan Convention), Eastern Africa, North-East Pacific (Antigua
Convention), Mediterranean (Barcelona Convention), North-East Atlantic, South-East
Pacific (Loma Convention), South Pacific (Noumea Convention), North-West Pacific,
east African seaboard (Nairobi Convention), Kuwait region (Kuwait Convention), and
Red Sea and Gulf of Aden (Jeddah Convention). All of these agreements share the
underlying principle of pursuing the conservation of biological diversity and the
sustainable use of its components; some also address issues ranging from chemical
wastes to coastal development (UNEP, 2006)
Within the United States, the early 1970s witnessed the passage of several landmark
environmental laws; many of these statutes affected marine species indirectly but two
were focused specifically on the conservation and protection of these organisms. The
Endangered Species Act (ESA) was enacted to conserve endangered and threatened
species and the ecosystems upon which they depend. The ESA works in two stages.
First, the government protects a species from possible extinction, and then it takes steps
to restore the species’ numbers to the point where it is no longer threatened (HSUS,
2006). The law includes powerful prohibitions against any action that harms a listed
animal. The law, with limited exceptions, prohibits federal agencies from authorizing,
funding, or carrying out any action that would jeopardize a member of a listed species or
destroy its critical habitat. Table 4-8 summarizes the marine mammal and sea turtle
species that are listed in the Endangered Species Act of 1973.

Table 4-8. Marine Mammals and Reptiles Listed in the Endangered Species Act
Year
Listed Status

Species
Cetaceans
Dolphin, Chinese River
Dolphin, Indus River
Porpoise, Gulf of California harbor/vaquita
Whale, blue
Whale, bowhead
Whale, fin
Whale, gray (1 listed DPS)

(Lipotes vexillifer)
(Platanista minor)
(Phocoena sinus)
(Balaenoptera musculus)
(Balaena mysticetus)
(Balaenoptera physalus)
(Eschrichtius robustus)
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1989
1991
1985
1970
1970
1970

E (F)
E (F)
E (F)
E
E
E

Table 4-8. Marine Mammals and Reptiles Listed in the Endangered Species Act
Year
Listed Status

Species
- Western North Pacific
Whale, humpback
Whale, killer (1 listed DPS)
- Southern Resident
Whale, Northern right
Whale, sei
Whale, Southern right
Whale, sperm

(Megaptera novaeangliae)

1970
1970

E
E

(Orcinus orca)
(Eubalaena glacialis)
(Balaenoptera borealis)
(Eubalaena australis)
(Physeter macrocephalus)

2005
1970
1970
1970
1970

E
E
E
E (F)
E

(Monachus tropicalis)
(Arctocephalus townsendi)
(Monachus schauinslandi)
(Monachus schauinslandi)
(Phoca hispida saimensis)
(Eumetopias jubatus)

1967
1985
1976
1970
1993

E
T (F)
E
E (F)
E (F)

1990
1997

T
E

Pinnipeds
Seal, Caribbean monk
Seal, Guadalupe fur
Seal, Hawaiian monk
Seal, Mediterranean monk
Seal, Saimaa
Sea Lion, Steller (2 listed DPSs)
- Eastern
- Western

Sirenia
Manatee, Amazonian
Manatee, West African
Manatee, West Indian

E (F)
T (F)
E

(Trichechus inunguis)
(Trichechus senegalensis)
(Trichechus manatus)

Sea Turtles
Turtle, green (2 listed populations)
- Florida & Mexico's Pacific coast
- all other areas
Turtle, hawksbill
Turtle, Kemp's ridley
Turtle, leatherback
Turtle, loggerhead
Turtle, Olive ridley (2 listed populations)
- Mexico's Pacific coast breeding colonies
- all other areas

(Chelonia mydas)
(Eretmochelys imbricata)
(Lepidochelys kempii)
(Dermochelys coriacea)
(Caretta caretta)
(Lepidochelys olivacea)

1978
1978
1970
1970
1970
1978

E
T
E
E
E
T

1978
1978

E
T

Notes:
E = endangered; F = foreign; T = threatened DPS = Distinct population segment

The Marine Mammal Protection Act was passed in response to public concerns about the
incidental deaths of hundreds of thousands of dolphins each year associated with tuna
fisheries, the hunting of seals for fur, and the continuing commercial harvest of whales
despite controls by the International Whaling Commission. The MMPA, with limited
exceptions, prohibits the hunting, killing, or harassment of marine mammals. The
MMPA also established the independent Marine Mammal Commission, which is charged
with reviewing and making recommendations on domestic and international actions and
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policies of all federal agencies with respect to marine mammal protection and
conservation.
In addition to the international conventions and U.S. laws identified above, some
countries have specific regulations and guidelines regarding protection of marine
resources within their territorial waters. Some of these regulations are more stringent
than the international conventions. These national regulations generally exist to protect
endangered habitats, fishery and allied industries, and aquaculture. In preparation for
each expedition, the vessel operator (ODL/Transocean) and the science support
contractor (TAMU) will identify specific territorial guidelines, regulations, and
permitting requirements relevant to the countries where vessel and drilling operations
will take place.
4.6.3

Significance Criteria

An impact on marine and near-coastal biological resources is considered significant if
any of the following apply:
•

Any substantial loss or degradation to biological populations or communities or a
functional habitat value that cannot recover within a reasonable period of time;

•

Any substantial impedance of fish or wildlife migration or passage routes; or

•

Any loss of a population of a threatened, endangered, or candidate species or its
habitat, for example, by reduction of numbers, substantial alteration in behavior,
reproduction, or survival, or loss or disturbance of habitat.

4.6.4

Impact Source Characterization

Discharges, physical disturbances, and acoustic sources resulting from SODV drilling
and related research operations may affect marine organisms present in the vicinity of the
vessel as it transits or operates at a particular drill site. The following provides detail on
the nature of these sources.
4.6.4.1 Discharges and Physical Disturbances from SODV Operations
As described in Section 2.2.2, the SODV will discharge liquid wastes consisting of
treated sanitary, untreated domestic (grey water) wastewater including victual (foodcontaminated) wastes, desalination brine water, deck drainage, and treated drainage from
bilge and engine room sources, non-contact cooling water, and ballast water. In addition,
wash and rinse water from the vessel’s laboratories will be treated to neutralize inorganic
chemical residues (acids) before being discharged.
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Sanitary wastewater will be processed in a marine sewage treatment plant prior to
discharge. Under normal conditions, approximately 15,800 liters of sanitary wastewater
will be treated per day and the resulting effluent will contain less than 50 mg/L
suspended solids, 50 mg/L BOD5, and fewer than 250 total coliform bacteria colonies per
100 ml. Untreated non-sanitary wastewater (greywater) will also be discharged to the
sea. It is estimated that approximately 55,000 liters of greywater per day will be
discharged from the SODV during a typical expedition. In addition, up to 120,000 liters
of drainage containing oily residues may be processed in an oil/water separator to a
concentration level less than 15 parts per million (ppm) and discharged per day. It is
expected that wastewater discharges will be subject to rapid dilution and assimilation in
the sea.
Other than the noncontact cooling water comprising unprocessed seawater, the largest
discharge volume from the drillship will occur as a result of the potable water
production/desalination process. It is estimated that the SODV would discharge
approximately 132.9 million liters of waste brinewater per typical expedition. Because
desalination will be performed by evaporation, the resulting brinewater discharge will
only include constituents naturally contained in seawater. As described in Section 2.2.2,
it is anticipated that the salinity level of the brinewater will be approximately 25 percent
stronger than ambient seawater. The brinewater discharge will disperse and dilute rapidly
in the sea.
Operation of the SODV’s propulsion equipment will create physical disturbances to the
water column in proximity to the ship. When the SODV is dynamically positioned at a
drill site, the ship’s main propellers and up to 12 thrusters will cause turbulence and
mixing that may affect the water column up to a distance of about 100 m from the ship.
4.6.4.2 Acoustic Outputs from SODV Operations
Noise produced by SODV operations has the potential to impact many marine organisms
particularly cetaceans exposed to the underwater sounds. Operations of the SODV will
generate noise and vibration created by the ship’s engines, propellers, thrusters,
mechanical systems, and transducer-based instruments such as sonar, ADCP, and
transponder beacons. It is expected that the SODV’s engines and thrusters exclusive of
drilling activities will generate approximately 154 dB re 1 µPa of noise. The pulsed
sounds from the transducer-based instruments will be emitted in narrow beams directed
beneath the vessel, including the single-beam echo sounder (200 to 230 dB re 1μPa
within a 30° beam), the sub-bottom profilers (up to 204 dB re 1μPa within a 45° beam),
and the ADCP (up to 224 dB re 1μPa over a 30° beam). The underwater acoustic
transponder beacons deployed on the seafloor typically have an acoustic output of 199 -
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214 dB re 1 µPa at the source. The energy emitted by these transducer-based sources is
highly directional and will attenuate with distance from the source.
Additional sound will be produced drilling operations. As previously summarized (Table
4-6), moored drillships (production drilling) typically produce sounds in the range of 174
- 185 dB re 1μPa (Hurley and Ellis (2004).
Single-channel seismic surveys or VSP operations, which may be occasionally performed
by the SODV at selected sites, represent an additional source of underwater acoustic
energy from the ship. These activities are typically performed using a small seismic
source (1 or 2 airguns) having a typical maximum acoustic output of 194 dB re 1 µPa at
the source operated for short durations of time (less than 12 hours). The acoustic energy
from the relatively small seismic source airguns travel underwater in a circular spreading
pattern and rapidly attenuate with distance from the source (Table 4-7).
As described in Section 4.5.5, the potential range of effects from acoustical sources on
various marine organisms encompasses various physiological effects, hearing
impairment, and disturbance reactions. These effects are often species specific and may
also involve minor changes in behavior, interference with vocalization, or temporary
displacement of individual animals. The following provides more detailed information
on how certain types of marine mammals may react to acoustic stimuli such as the
acoustic sources on the SODV.
Baleen Whales
Based on available literature, Richardson (1995) concluded that whales seem to react to
lower frequency echo sounders, sometimes showing avoidance reactions. Baleen whales
appear to react to frequencies up to 28 kHz but generally do not react to transducer-based
equipment at 36 kHz and above. One observation of baleen whale’s reaction to a
transponder beacon occurred during ODP Leg 188 in January to March 2000 (SCAR,
2002). In this case, pods of humpback whales were observed swimming around and
under the vessel for about two hours while the vessel was drilling. In addition, several
individuals raised their heads above the water (spy hopping) within 30 m of the vessel
and commenced breaching displays before departing.
Whales are often reported to show no overt reactions to pulses from large arrays of
airguns at distances beyond a few kilometers, even though the acoustic pulses remain
well above ambient noise levels. However, baleen whales exposed to strong noise pulses
often react by deviating from their normal migration route and/or interrupting their
feeding and moving away. In the case of the migrating gray and bowhead whales, the
observed changes in behavior appeared to be of little or no biological consequence to the
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animals. They simply avoided the sound source by displacing their migration route to
varying degrees but within the natural boundaries of the migration corridors.
Studies of gray, bowhead, and humpback whales have determined that received levels of
pulses in the 160–170 dB re 1 μPa range seem to cause obvious avoidance behavior in a
substantial fraction of the animals exposed. Subtle behavioral changes sometimes
become evident at somewhat lower received levels.
Data on short-term reactions (or lack of reactions) of cetaceans to impulsive noises do not
necessarily provide information about long-term effects. It is not known whether
impulsive noises affect reproductive rate or distribution and habitat use in subsequent
days or years. However, gray whales continued to migrate annually along the west coast
of North America despite intermittent seismic exploration and much ship traffic in that
area for decades (Malme et al. 1984). Bowhead whales continued to travel to the eastern
Beaufort Sea each summer despite seismic exploration in their summer and autumn range
for many years (Richardson et al. 1987).
Toothed Whales
Little systematic information is available about reactions of toothed whales to noise
pulses. Few studies similar to the more extensive baleen whale studies have been
reported for toothed whales. However, systematic work on sperm whales is underway.
Some observations of toothed whale reactions to transducers were documented by
Richardson et al. (1995) particularly for equipment producing sound in the animals’
optimum hearing range. For example, in one study, sperm whales ceased calling when
exposed to sounds in the 6-13 kHz range. Reaction thresholds in deplhinid species were
also found to be as low as 110-130 dB re 1 μPa but response times for higher levels may
vary due to habituation or other behavioral effects, as seems to occur with baleen whales.
Some observations of killer whales approaching and accompanying vessels operating
echo sounders in transit have also been documented suggesting that these animals are not
adversely affected by this type of acoustic source (SCAR, 2002).
Although dolphins and small toothed whales may be observed near vessels producing
high acoustical output sound levels (e.g., seismic surveys), there is a general tendency for
most delphinids to show some limited avoidance to acoustic sources. There have been
indications that small toothed whales sometimes tend to head away, or to maintain a
somewhat greater distance from the vessel, when a large array of seismic airguns is
operating than when it is silent (e.g., Goold 1996; Calambokidis and Osmek 1998; Stone
2003). Similarly, captive bottlenose dolphins and beluga whales exhibit changes in
behavior when exposed to strong pulsed sounds (Finneran et al. 2000, 2002). However,
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the animals tolerated high received levels of sound (pk–pk level >200 dB re 1 µPa)
before exhibiting aversive behaviors.
There are no specific data on the behavioral reactions of beaked whales exposed to
acoustical sources. A few beaked whale sightings have been reported from seismic
vessels (Stone 2003). However, most beaked whales tend to avoid approaching vessels
even without the added noise (e.g., Kasuya 1986; Würsig et al. 1998). Beaked whales
have been reported to show avoidance reactions to standard vessels and it is to be
expected that they would similarly avoid the SODV.
Pinnipeds
Pinnipeds are not likely to show a strong avoidance reaction to the acoustical outputs
from the SODV. There is very little published data on the response of seals to
transducer-generated sound, although Richardson et al. (1995) reviewed three related
studies. One study documented altered swimming patterns in harp seals in response to a
200 kHz echo sounder being operating nearby. Other studies noted the absence of
reactions from 60-69 kHz acoustic tags attached to ringed and Weddell seals.
Visual monitoring data taken onboard vessels emitting high acoustical outputs such as
those conducting seismic surveys have shown that pinnipeds only slightly avoid
acoustical sources and exhibit only minor changes in behavior. Those observations
suggest that pinnipeds frequently avoid coming within a few hundred meters of the
acoustic source. However, initial telemetry work suggests that avoidance and other
behavioral reactions to small acoustical sources may be stronger than pinniped reactions
to intense sources (Thompson et al. 1998b).
4.6.4.3 Discharges from Drilling, Coring and Borehole Completion Activities
Drilling operations will result in the displacement and subsequent deposition of cuttings
on the seafloor consisting of sediment and geological basement materials. As shown in
Table 4-2, for uncased 25 cm diameter boreholes, approximately 6 m3 of material will be
displaced for each 100 m drilled while 28 m3 of material would be displaced for each 100
m drilled of larger 56 cm diameter boreholes. Occasionally, drilling muds consisting of
naturally occurring minerals (sepiolite or attapulgite) mixed with seawater may also be
used to remove (sweep) excess cuttings from a borehole at a typical concentration of 66
grams of solids per liter of seawater. Generally, the larger grain-size particles originating
from drill cuttings will settle out within several meters of the borehole forming a mound,
while smaller particles from drilling fines or drilling mud are expected to remain in
suspension and eventually settle on the seafloor within several hundred meters of the
borehole.
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In addition to drilling mud used to clean boreholes, heavy drilling muds mixed to more
dense concentrations or cement may be used to plug and permanently seal certain
boreholes. Cement will also be used to also be used in select boreholes to secure casings,
reentry cones, or observatories. In some applications where heavy drilling mud is used as
a temporary slug, it will be expelled from the borehole when the drill string is
reintroduced into the borehole to resume drilling operations. Heavy drilling mud and
cement which is intended to seal a borehole for permanent closure or install casings or
permanent structures will remain in the borehole and will not disperse or be displaced to
the marine environment.
4.6.4.4 Physical Disturbances Drilling, Coring and Borehole Completion Activities
Drilling and coring operations will also result in physical disturbances to the seafloor
environment. These disturbances will be derived from the installation of boreholes,
including the displacement and deposition of drill cuttings and naturally-occurring
drilling muds that may be introduced into the borehole during the drilling process.
Localized disturbances to the seafloor environment will also occur as a result of the
installation of permanent structures such as reentry cones and observatories at selected
drill sites. The extent of the disturbances created by the presence of these structures will
be limited to the immediate vicinity surrounding the borehole.
Occasionally a drill string, drill bits, coring equipment, or anchoring weights may be
accidentally or intentionally released to the seafloor or in a borehole to facilitate
operations (see Section 2.3.2). Uncontaminated scrap metal from the SODV may also be
disposed of at sea and deposited on the seafloor. These materials will not be retrieved
and will create localized disturbances on the seafloor.
4.6.5

Impact Analysis

Potential impacts to marine biological resources resulting from the operation of the
SODV and riserless ocean drilling activities are discussed below. It should be noted that
since the scope of this PEIS focuses on a general assessment of IODP-USIO riserless
drilling and related research activities independent of specific geographic locations and
time periods, it is only possible to make qualitative statements regarding the potential
range of effects on these biological resources and their anticipated significance.
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4.6.5.1 Plankton
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
The nutrients in the treated and untreated liquid wastes released from the SODV in
Alternative A will be rapidly diluted and assimilated into the sea upon discharge.
Because of these conditions, SODV wastewater discharges are not expected to enhance
phytoplankton growth or reproduction. Therefore, no appreciable change in
phytoplankton abundance in the vicinity of the drillship is expected.
Zooplankton may be indirectly affected by the discharge of liquid wastes from the SODV
due to their dependence on the phytoplankton community. Because phytoplankton are
not expected to be adversely affected by SODV discharges, there should be no collateral
effect on zooplankton. Zooplankton could potentially experience a direct effect from the
discharge of suspended solids causing an interference with respiratory activities. This
effect, if present at all, would be short term and the resulting impacts would be minimal.
Because sanitary wastewater would always be treated prior to discharge, the effluent is
not anticipated to affect the dissolved oxygen concentration of the receiving seawater
beyond a very small area at the discharge point known as the zone of initial dilution.
Therefore, no adverse impacts to zooplankton and phytoplankton resulting from
dissolved oxygen deficiencies are expected.
Increased salinity resulting from brinewater discharges may also affect plankton
populations. Recent studies on zooplankton salinity tolerance indicate that increased
salinity can affect distribution and abundance of zooplankton species (Hall & Burns,
2003). However, due to the rapid dilution of the brinewater discharge in the sea, the
resulting salinity concentrations are expected to quickly equilibrate to local levels. Any
increased salinity effects on zooplankton community structure would be short term and
localized to the immediate discharge area.
Finally, the treated drainage discharges from the SODV bilge, engine room, and portions
of the deck will only occur periodically and are anticipated to mix quickly in the sea and
will be dispersed by surface currents. Thus, impacts to zooplankton and phytoplankton
from this source are anticipated to be minimal.
Mixing of the water column caused by operation of the vessel’s thrusters when the SODV
is in the dynamically positioned mode will potentially influence local plankton
communities. Increased turbulence may potentially redistribute phytoplankton and
zooplankton within communities within approximately 100 m of the vessel. These
localized effects would be short term, reversible, and would occur only while the vessel is
positioned at a drilling site.
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IODP-USIO drilling activities are expected to occur at depths exceeding 200 m and
therefore in areas where no light penetrates to the seafloor. In general, all active
photosynthetic activity occurs above 200 m; therefore, no impacts to phytoplankton due
to drilling operations are anticipated. Drill activities that occur at shallower depths are
also anticipated to have minimal impacts to phytoplankton, because the quantity of fine
grain-size particles released would only have a localized effect on turbidity and would
not significantly reduce the effective photosynthetic zone.
In general, the distribution and abundance of zooplankton decrease with depth. The exact
distribution of zooplankton communities is driven by the presence of phytoplankton and
oxygen. Below 1,000 m, oxygen concentrations are, in general, too low to support
zooplankton populations. Regardless of depth, the impacts to zooplankton from drilling
activities will likely be negligible; however, some regions of the world’s deep oceans do
contain hydrothermal vents, which support overlaying zooplankton communities (see
Section 4.7.1.1). In general it is anticipated that the large grain-size particles originating
from drilling discharges will settle out within a few meters of the borehole and will likely
not impact any zooplankton communities present. However, the smaller particles are
expected to remain in suspension slightly above the seafloor and dissipate down current
of the borehole. The resulting turbidity is expected to dissipate rapidly with distance
from the borehole. Although localized plumes of elevated turbidity may occur, they are
generally expected to be limited to within several hundred meters of the borehole.
There is very little known about most of these deepwater zooplankton communities, and
therefore their sensitivity to the effects of turbidity is difficult to assess. However, it can
be expected that zooplankton in the vicinity of a borehole may experience interference
with feeding and respiratory activities due to the increased suspended solids
concentrations. The turbidity plume associated with the riserless drilling will be
composed of particles of native rock, clay, silt, and other naturally-occurring minerals
used by the SODV in drilling mud, which are all relatively inert materials. Therefore, no
toxicity impacts are expected as a result of the localized turbidity plumes. In addition,
these relatively inert drilling muds are not expected to bioaccumulate through the food
chain.
Phytoplankton and zooplankton impacts in the areas where riserless drilling activities will
occur are expected to be very similar. Slight differences in magnitude of impact may
occur due to timing and duration of each expedition. Expeditions that occur during warm
weather seasons may have slightly greater, although still minimal, impacts on
phytoplankton and zooplankton in surface waters, as blooms typically occur during these
months. Impacts are not expected to be significant, as no substantial loss or degradation
to biological populations or communities or the functional habitat value is expected.
However, as indicated above, there is some potential for localized smothering impacts on
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zooplankton in areas near hydrothermal vents, if present in the immediate vicinity of the
borehole (see Section 4.7).
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS. The intensity, extent, and
duration of potential impacts to plankton communities resulting from the discharges from
SODV operations are not expected to differ significantly as compared to Alternative A.
The potential impacts to plankton communities that may result from SODV operations in
Alternative B include:
•

Localized, short-term impacts to zooplankton respiration resulting from increased
turbidity associated with SODV discharges of treated wastewater, greywater, and
other liquid wastes;

•

Localized, short-term impacts to phytoplankton and zooplankton community structure
due to increased salinity from brinewater discharges;

•

Localized, short term, and reversible redistribution of phytoplankton and zooplankton
communities within 100 m of the SODV as a result of turbulence created by thruster
operations;

•

Interference with shallow or deepwater zooplankton feeding and respiratory activities
due to the increased suspended solids concentrations within several hundred meters of
the borehole.

Alternative C – No Action
If the IODP-USIO did not conduct IODP riserless drilling activities (No Action
Alternative), there would be no discharges resulting from SODV operations or drilling
and sampling activities to affect plankton communities.
4.6.5.2 Fish
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
Treated and untreated wastewater discharged from the SODV in Alternative A is
expected to be rapidly diluted in the ambient seawater. It is anticipated that rapid dilution
and dispersion will minimize contact with and impacts to fish.
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Some fish may be exposed to the turbulence created by the thrusters when the SODV is
dynamically positioned over a drill site. The resulting turbulence is generally expected to
be limited to within 100 m of the vessel. Combined with the noise produced by the
vessel operations, the turbulence created by the thrusters will effectively deter most
species of fish from approaching the vessel. Behavioral changes that fish may
experience, if any, would be limited to the immediate area surrounding the vessel and
short term in duration.
Potential effects to fish may result from riserless drilling activities and exposure to
acoustic sources generated by SODV operations. In general, potential impacts caused by
acoustic sources to marine species from drilling activities are not well understood
(ANZECC, 2000). Because most drilling will occur in deep water occupied by
mesopelagic and bathypelagic fish species in relatively limited numbers, the potential for
exposure to environmental outputs and adverse effects is minimal.
In general, riserless drilling activities will not directly affect most fish species inhabiting
the water column. A number of fish species deposit demersal eggs on the seafloor and
therefore it is possible that some eggs may be present in the vicinity of a drill site. To
survive under normal conditions, fish eggs require oxygen to respire and transpire waste
through the cell membrane. In situations where eggs are smothered, this process would
be blocked causing mortality or deformities. The greatest potential impacts to fish eggs
would occur over the continental slope and upper continental slopes where fish are more
likely to spawn. Since the geographic area of each drill site is small and most pelagic fish
are highly fecund (producing millions of eggs), the possible mortality associated with
smothering is likely to be minimal compared to the natural mortality rate associated with
demersal eggs. Given the temporary nature of drilling activity and the small area of
impact at each drilling site, no impacts to demersal eggs as a result of drilling operations
are expected.
During riserless drilling, acoustical outputs will include the noise produced by the vessel,
operation of the drill string, and the underwater acoustic transponders deployed on the
seafloor. Generally, physiological damage or mortality in fish may occur at sound levels
in excess of 220 dB re 1 µPa (Turnpenny & Nedwell, 1994). Fish deterrence is typically
stimulated at noise levels above 160 to 180 dB re 1 µPa (IOSEA, 2006, Evans and Nice,
1996, Gordon et al, 2004). Because adult and juvenile fish have the ability to move away
from acoustical sources, exposure to peak sounds will be limited and it is unlikely that
physiological effects will result. It is expected that most fish will avoid the area and the
continuous output of noise generated by drilling/coring operations, the transponder
beacon deployed near the drill site, and the turbulence created by the vessel’s thrusters.
The impacts associated with this deterrence may include a temporary disturbance in
feeding and spawning behavior in the general vicinity of the vessel. It is anticipated that
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these disturbances would be short term and not significant because fish will rapidly
reoccupy the area once drilling is complete and the vessel has left the area.
Overall, impacts to fish associated with IODP-USIO riserless drilling activities are
expected to be minimal. Expeditions with longer durations will have the potential for
greater cumulative noise and vibration impacts on fish species than those with shorter
durations, but no significant behavioral changes or long-term loss or degradation to
biological populations or communities or functional habitat value is expected.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS which would take into
consideration biological resources present at specific drill sites. However, the intensity,
extent, and duration of potential impacts to fish communities resulting from the
discharges from SODV operations and drilling activities expected to be the same as those
realized for Alternative A, including:
•

Localized, short-term disturbances to fish resulting from turbulence created by the
thrusters when the vessel is dynamically positioned at a drill site; and

•

Localized, short-term disturbances to fish derived from the acoustic outputs generated
by the vessel’s thrusters, drilling/coring operations, and transponder beacons
deployed near the drill site.

Alternative C – No Action
If the IODP-USIO did not conduct IODP riserless drilling activities (No Action
Alternative), there would be no discharges resulting from SODV operations to affect fish.
4.6.5.3 Cephalopods
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
The potential impacts to cephalopods relating to SODV operations in Alternative A are
very similar to those described above for fish. Thus, it is expected that the discharge of
liquids from the SODV will rapidly disperse minimizing contact and impact to
cephalopods.
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The level of information that is available on underwater noise impacts is generally
inconclusive with regard to effects on cephalopods (as it is for fish). Thus, it is possible
that some cephalopods may be deterred from an area by incidental noise from the SODV.
The impacts associated with this deterrence may include a temporary disturbance in
feeding and spawning behavior in the general vicinity of the vessel. It is anticipated that
the impacts resulting from these disturbances would be minimal.
As noted previously, the impacts of riserless drilling operations will occur primarily near
the seafloor. Therefore, no impacts are anticipated as a result of the release of the drill
cuttings or drilling mud on most cephalopod species, due to their mobility and ability to
temporarily leave an affected area. Significant impacts to cephalopod eggs, whether on
the substrate or suspended in the water column, are not expected, because of the limited
dispersal area of material discharged focused around the borehole (section 4.3.4).
In general, impacts to cephalopod organisms in areas where IODP drilling activities will
occur are expected to be minimal. Expeditions with longer durations at one particular
drill site will have the potential for greater cumulative noise impacts on cephalopod
species than those with shorter durations at each drill site. No significant long-term loss
or degradation to biological populations or communities or functional habitat value is
expected.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS. The potential impact to
cephalopods resulting from SODV discharges and drilling activities would be the same as
those realized for Alternative A, and would be limited to localized, short term
disturbances primarily derived from acoustic outputs generated by the vessel and drilling
and coring operations.
Alternative C – No Action
If the IODP-USIO did not conduct riserless drilling activities (No Action Alternative),
there would be no discharges from SODV operations to affect cephalopods.
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4.6.5.4 Benthos
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
Due to the large water depths in which the SODV will typically operate, it is expected
that wastewater discharges from the SODV will have little or no effect on seafloor
benthic communities in Alternative A. Similarly, noise generated from the drillship is
not expected to have an effect on the benthos.
Impacts to deep sea benthic communities in proximity to a borehole may include
disturbance (displacement) or physical contact by the release of materials from the
borehole to the surrounding area. The primary direct impacts to the benthic community
are associated with turbidity and smothering. Indirect effects include substrate changes
in the vicinity of a borehole which may enhance or diminish habitat sites. For example,
the permanent installation of borehole completion devices will alter the seafloor and may
provide a substrate for further benthic development. Impacts to the benthos from these
inert materials would be localized in extent and minimal.
As the plume of suspended particles of drilling fines and drilling mud are transported by
bottom currents, it can be expected that some benthic organisms in the vicinity of the
borehole may be partially covered by deposition of these fine particles and experience
interference with feeding and respiratory activities. It is not anticipated these particles
(composed of inert clay, silt, and minerals) would cause acute or chronic toxicity impacts
to the benthic community. In addition, these discharges are not expected to
bioaccumulate through the food chain.
Because the greatest concentration of drill cuttings and drilling mud particles are
expected to be deposited within a few meters of the borehole (Section 4.3.4), smothering
of the benthic biota, if present in the immediate vicinity of the borehole, is expected.
Smothering would be caused by low oxygen concentrations in the sediment, physical
effects of burial beneath deposited solids, or the physical change in sediment composition
(Neff, 2005). The low oxygen levels affecting the benthic communities would be
expected to eventually increase through biodegradation, in a process known as organic
enrichment, resulting in the recovery of the benthic community (Pearson and Rosenberg,
1978). Additionally, the presence of organic matter in deposited sediments may retard
development of the benthic community (Hartley et al., 2003).
One study in the Bass Strait and Otway Basin in Australia, determined that the
smothering effects of drilling in deep waters were generally short lived, with most
benthic organisms recovering within 4 months (Terrens et al., 1998). Based on these
findings, it is expected that for most of the regions, impacts to benthic organisms from
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riserless ocean drilling will be minimal. However, the negative effects associated with
smothering will vary depending on the degree of endemism of the benthic community. In
some regions of the world’s oceans, the distribution of deep sea benthic communities
appears to be patchy and the specific species assemblages differ at various sites, between
year, and among season. In regions where the benthic community has a wide distribution
of species and heterogeneity of benthic habitat, the isolated drilling activities are unlikely
to disturb any unique benthic communities, and the community is expected to recover in
a relatively short time period. On the other hand, in areas where endemic communities
exist, the effects of smothering may be more significant, although localized in extent.
In general, impacts to benthos in Alternative A are not expected to be significant, as most
expeditions would not result in loss or degradation to biological populations,
communities, or functional habitat value. However, should unique populations be present
near a drill site, localized effects could be significant, as this impact would affect a
greater percentage of the extant population. For example, if hydrothermal vent
communities are present, their very unique species assemblages may not recover rapidly
from smothering or indirect impacts resulting from sediment changes. Additional
information pertaining to biologically sensitive areas is provided in Section 4.7.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS which would take into
consideration biological resources present at specific drill sites. In general, the resulting
impacts to benthos from riserless drilling expeditions in Alternative B are expected to be
minimal, and may include:
•

Localized alteration of benthic communities caused by physical changes in the
substrate;

•

Localized interference with benthic organism feeding and respiration due to
suspended particles of drill cuttings and drilling mud; and

•

Localized impacts to the benthic community derived from smothering effects of drill
cuttings and drilling mud particles deposited on the seafloor.

However, in Alternative B, potentially sensitive benthic communities unique to a
particular area would be identified during the IODP SAS planning and review process.
As needed, drill site locations or particular operations may be modified to avoid
significant adverse effects to these sensitive benthic organisms. For perspective drill sites
where benthic organisms that are especially sensitive to the deposition of sediment from a
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borehole are densely populated, or the proposed research activities may result in more
intense or prolonged exposure, a supplemental environmental review may be prepared to
evaluate the site-specific risks and develop recommendations for additional mitigating
measures. Overall, impacts to benthic organisms resulting from riserless drilling
activities in Alternative B are not expected to be significant.
Alternative C – No Action
If the IODP-USIO did not conduct IODP riserless drilling activities (No Action
Alternative), there would be no discharges resulting from drilling and coring operations
on the seafloor to affect benthic organisms.
4.6.5.5 Marine Mammals
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
In Alternative A, the physical presence of the drillship, whether in transit or at a drill site,
is unlikely to significantly interfere with the movement of marine mammals. Close
approaches of the vessel to marine mammals (or vice versa) are expected to be rare,
considering that the proposed action will only involve one vessel and that the average
density of marine mammals in the open ocean is very low. When close approaches
occur, the mobility of marine animals and their ability to detect the ship would permit
them to easily avoid contact, especially since the cruise speed of the ship is generally 11
knots or less. Therefore, collisions between the drilling ship and marine mammals are
not expected to occur. Detours made by marine animals to avoid the ship will be a
temporary response. When approached by boat or aircraft, bowhead whales have been
observed to change behavior, including changing breathing rates, surfacing intervals, and
time spent on the surface (LGL, 2006). The distances at which gray whales showed a 50
percent probability of exhibiting avoidance response (change in direction, reduction in
speed) were 1.1 km for drillships and only 80 m for helicopter overflight (Malme et al.,
1984).
Discharges from the drillship could potentially disturb marine mammals or their food
sources. Effects on water quality from drillship discharges are expected to be minimal
and localized near the ship. Wake and disturbance effects such as turbulence created by
the dynamic positioning thrusters are likely to deter most mammals from approaching the
vessel, and instead will likely remain outside the small area where an adverse effect from
discharges might occur. Direct physical or toxicological effects of various vessel
discharges on marine mammals are therefore unlikely and few animals would be affected.
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Acoustic outputs from SODV operations have the potential to affect marine mammals
exposed to the underwater sounds. The SODV will generate noise and vibration created
by the ship’s engines, propellers, thrusters, mechanical systems, and transducer-based
instruments such as sonar, ADCP, and transponder beacons. Additional sound will be
produced drilling operations on the seafloor. As previously summarized (Table 4-6),
moored drillships typically produce sounds in the range of 174 - 185 dB re 1μPa (Hurley
and Ellis, 2004). Based upon underwater sound level measurements, it is expected that
the SODV’s engines and thrusters exclusive of drilling activities will generate
approximately 154 dB re 1 µPa of noise. Because the transducer based sources emit
narrow beams of energy directed toward the seafloor and mostly during transit, marine
mammals, if present beneath the vessel, are not expected to be exposed to peak sound
levels (200-230 dB re 1μPa) for prolonged periods.
The potential range of effects of acoustical outputs to marine organisms encompasses
physiological effects, hearing impairment, and disturbance reactions (Section 4.5.5).
Marine mammal reactions to underwater sounds may include cessation of feeding,
resting, socializing, and an onset of alertness or avoidance. These disturbances may not
be biologically significant if they only cause a temporary change in behavior or habitat
use. In contrast, the disturbance may be biologically significant if it causes animals to
avoid critical habitat for an extended time period, or hinders foraging or mating.
It is expected that marine mammals like many marine organisms will perceive the
continuous noise produced by the SODV operations and avoid approaching the vessel,
thereby avoiding exposure to peak noise levels. Some species or individual animals may
not be deterred by the presence of the SODV and may potentially be exposed to the
vessel’s acoustical sources. However, it is generally expected that marine mammals will
not be exposed to potentially harmful levels of noise (≥ 180 dB re 1 µPa), including the
SODV’s transducer-based equipment. Similarly, few species of marine mammals would
be capable of diving deep enough at active drill sites to approach a transponder beacon
deployed on the seafloor and become exposed to a peak sound level from that devices.
Generally, no significant physiological effects to individual animals or marine mammal
populations are expected as a result of the proposed drilling activities.
Single-channel seismic surveys or VSP operations, which may be occasionally performed
by the SODV at selected sites, represent an additional noise source. These activities will
generally involve small seismic sources (1 or 2 airguns) operated for short duration (less
than 12 hours). Resulting effects to marine mammals, if any, would be minimal and
short-term due to the consistent implementation of mitigating measures during these
surveys to prevent exposure to harmful sound levels (≥ 180 dB re 1 µPa rms) or sound
levels that may initiate adverse behavioral effects (≥ 160 dB re 1 µPa). Additional detail
pertaining to the impact assessment of seismic sources is presented in a separate
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document, the Programmatic Environmental Impact Statement/Overseas Environmental
Impact Statement for National Science Foundation-Funded Marine Seismic Research.
Helicopter operations also represent a noise source during SODV operations. Helicopter
overflights will be infrequent and will temporarily affect the surface environment at a
given location. The noise from helicopter operations can cause a startle response and
interrupt whales and dolphins while resting, feeding, breeding, or migrating. Both the
noise and shadow cast by the helicopter can elicit a response from nearby cetaceans
(Richardson et al. 1995). These occurrences would be temporary and would pass within
seconds, having no long-term impact on cetaceans. The greatest potential effect from
helicopters is disturbance of pinnipeds breeding rookeries. Although the infrequent
nature of helicopter operations used to support the SODV suggests that the likelihood of
flights occurring in a region containing pinniped rookeries is minimal, overflights in
these sensitive areas will be prohibited through the use of mitigating measures.
The continuous underwater sounds generated by SODV operations may produce species
specific effects involving minor changes in behavior, interference with vocalization, or
temporary displacement of individual animals from the vicinity of the SODV during
transit or when the vessel is on station at a drill site. However, these effects will be short
term and therefore not anticipated to be significant.
Impacts to marine mammals may vary from place to place, depending on the species
present and their particular sensitivity to noise, or their density. General observations
made during previous DSDP, ODP, and IODP expeditions, suggest that the underwater
noise generated by the ship and riserless drilling activities do not significantly interfere
with animal population densities, communities, habitats, migration, breeding, or feeding
behaviors.
In Alternative A, drilling operations could potentially be conducted at drill sites
containing resident or sensitive marine mammal populations or within areas characterized
as critical habitats, native hunting areas, feeding, or breeding grounds. As a result,
behavioral disturbances caused by acoustic outputs in these areas could potentially have a
more pronounced affect on the population. Similarly, seasonal considerations such as
marine mammal migrational patterns may not be taken into consideration in the selection
of perspective drill sites.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
The range of potential impacts to marine mammals caused by SODV operations
including acoustic sources in Alternative B are expected to be similar to those describes
for Alternative A and would primarily include short-term behavioral effects and
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disturbance reactions. In Alternative B, the comprehensive IODP SAS review process
would identify proposed drill sites where rare or biologically sensitive marine mammal
species may be present and, if so, prompt the selection of suitable mitigating measures or
the recommendation to avoid critical areas to prevent adverse impacts. As needed, these
mitigating measures may include recommendations to modify proposed activities to
reduce the intensity of acoustic outputs, change the timing of an expedition, or select
alternate sites to avoid critical habitats, native hunting areas, breeding, feeding grounds,
or migration pathways.
Prompted by the IODP SAS review and planning process for each expedition, the IODPUSIO would obtain necessary approvals for the areas in which the vessel would operate
including permits and other regulatory notifications. As necessary, the IODP-USIO
would consult with National Marine Fisheries Service with respect to rare or endangered
species (e.g., North Atlantic right whale, Northeast Atlantic bowhead whale) listed in the
Endangered Species Act to prevent harassment or interference to those species. In the
event that a proposed expedition that has the potential to cause significant adverse
behavioral effects or disturbances to marine mammals, the IODP-USIO would apply for
an IHA as required by the Marine Mammal Protection Act. Mitigating measures and
operating conditions developed in response to these requirements and notifications would
be incorporated into the Operating Plan and Scientific Prospectus for the expedition
accordingly.
Additionally, a supplemental environmental review may be prepared to address potential
impacts from a proposed expedition in areas containing sensitive marine mammal
species, dense concentrations of marine mammals, including resident populations, or to
address drilling activities that may result in more intense or prolonged acoustical outputs.
A supplemental review will evaluate site-specific risks to potentially affected marine
mammals species and may include additional strategies to mitigate risks from acoustical
sources.
As a result of the IODP SAS comprehensive review and planning process and associated
mitigating measures, the extent of impacts to marine mammals would be expected to be
minimal for all IODP-USIO expeditions conducted in Alternative B.
Alternative C – No Action
If the IODP-USIO did not conduct IODP riserless drilling activities (No Action
Alternative), there would be no discharges or acoustic outputs from SODV operations or
drilling and coring operations to affect marine mammals.
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4.6.5.6 Marine Reptiles
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
The potential for exposure of marine reptiles to SODV wastewater discharges in
Alternative A is expected to be minimal since water column disturbances (e.g.,
turbulence) caused by the SODV’s presence at a drill site is likely to deter the animals
from approaching the vessel and coming in contact with discharged wastewater.
Although sea turtles are generally not sufficiently mobile to avoid a moving ship in case
of an imminent collision, such situations are expected to be relatively rare because the
density of turtles in the open ocean is very low. Therefore, very few, if any, sea turtles
are likely to be involved in collisions with the drillship, and the resulting effects on turtle
populations would be minimal. Sea snakes, because of their greater mobility, are
unlikely to be victims of a collision.
Unlike marine mammals, sea turtles are not known to be acoustically sensitive or depend
heavily on acoustic cues for communication, navigation, or feeding. The limited
available data on sea turtles indicate that sea turtles are capable of hearing low frequency
sound. Their hearing sensitivity extends from roughly 250–300 Hz to 500–700 Hz, but
their hearing threshold appears to be high. There is some sensitivity to frequencies as
low as 60 Hz, and probably as low as 30 Hz. The effects of sounds from acoustic sources
may primarily include behavioral disturbance, and, at least in theory, temporary or
permanent hearing impairment or non-auditory physical effects if exposed to peak sound
levels (Richardson et al. 1995).
There are few data on temporary hearing loss and no data on permanent hearing loss in
sea turtles exposed to acoustic outputs. The apparent occurrence of TTS in loggerhead
turtles exposed to intense acoustical sources such as airgun pulses at a distance of 65 m
suggests that sounds could cause temporary hearing impairment. In three studies
involving the exposure of sea turtles in enclosures to acoustical sounds originating from
seismic airguns, behavioral responses were observed to include increase in swimming
speed, increase in activity, change of swimming direction, and avoidance. It is not
anticipated that the small seismic source airguns occasionally used by the SODV would
emit sufficient acoustic energy to create these concerns.
Based on available data, it is unlikely that sea turtles will exhibit behavioral changes as a
result of acoustic outputs from SODV operations in Alternative A. If a sea turtle
approaches the SODV during drilling, it is likely the animal will exhibit an avoidance
reaction. Any effects on sea turtles will generally be short-term, reversible, and would
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not be expected to displace the animals from their preferred habitats, foraging, or
breeding areas.
Noise from helicopter operation can elicit a startle response and can interrupt sea turtles
while resting, feeding, breeding, or migrating. Sea turtles spend more than 70 percent of
their time underwater, but it is assumed that sea turtles can hear helicopter noise at or
near the surface, and that unexpected noise may causes animals to alter their activity
(Advanced Research Projects Agency, 1995). It is unlikely that sea turtles or sea snakes
would be adversely affected by infrequent helicopter traffic to and from the SODV.
Unless the SODV is operating in a concentrated area used by sea turtles for breeding, it is
unlikely that sea turtles will be encountered during riserless drilling expeditions. Overall,
the resulting impacts to marine reptiles in Alternative A would be expected to be
minimal, with no significant loss or degradation of marine reptile communities or
functional habitats, or seasonal migration patterns.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS which would help to identify
rare or sensitive biological resources such as sea turtles that may be present at specific
drill sites. Based on IODP SAS advice and guidance, mitigating measures would be
developed to prevent significant adverse effects to marine reptiles by addressing sitespecific factors or seasonal variations that could affect the organisms near proposed drill
sites.
The resulting impacts to marine reptiles in Alternative B would be expected to be
minimal, and because proposed activities will have been designed to account for the
possible presence of these organisms, the intensity, extent, and duration of effects would
be reduced as compared to Alternative A. No significant loss or degradation of marine
reptile communities or functional habitat value are expected as a result of SODV
activities in Alternative B, nor are SODV activities expected to impede seasonal
migrations.
Alternative C – No Action
If the IODP-USIO did not conduct riserless drilling activities (No Action Alternative),
there would be no discharge or acoustic outputs from SODV operations or drilling and
coring activities to affect marine reptiles.
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4.6.5.7 Birds
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
As described in Section 4.4.4 (Impact Source Characterization), operation of the SODV
will result in the continuous release of fuel combustion byproducts to the atmosphere
when the vessel is in transit and at drill sites. Additional air emissions will be generated
by the intermittent use of the SODV’s incinerators and the periodic release of vapors and
gases from the vessels laboratories. However, since the emissions from all sources are
expected to disperse rapidly in the surrounding atmosphere, no impacts to birds are
expected.
The SODV operations will result in discharge of wastewater and victual wastes each day
the vessel is at sea. These discharges could potentially affect marine birds either directly
while the birds are in the water or indirectly through the ingestion of fish or plankton.
Since the points of discharge for liquid wastes from the drillship will occur very close to
the vessel, there should be no significant direct physical or toxicological effects on
marine bird populations. The effects of drillship discharges on fish and zooplankton are
also expected to be minimal and localized in extent. Therefore, resulting indirect effects
on marine birds will also be minimal.
The SODV contains numerous sources of noise including the ship’s diesel-electric
engines, mechanical equipment, and various transducer-based devices. The sounds from
these sources will propagate in air and be transmitted through the vessel and into the
water. It is anticipated that the impacts to bird communities as a result of the drillship
and associated equipment operation would be minimal. SODV activities could affect
marine birds through disturbances caused by helicopter overflights. However, these
disturbances are expected to be very infrequent and temporary. Therefore, only minimal,
short-term impacts on bird populations and their flying patterns are expected.
Overall, the resulting impacts to birds in Alternative A would be expected to be minimal.
The SODV activities are not anticipated to result in a substantial loss or degradation of
marine bird populations or their functional habitat, nor present a substantial impedance of
migration routes.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS which would identify rare or
sensitive bird species that may be present at specific drill sites. Based on IODP SAS
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advice and guidance, mitigating measures would be developed to prevent significant
adverse effects to birds by addressing site-specific factors or seasonal variations that
could affect the organisms near proposed drill sites.
The resulting impacts to bird populations in Alternative B would be expected to be
minimal. No significant loss or degradation of bird communities, functional habitat, or
interference with seasonal migrations are expected.
Alternative C – No Action
If the IODP-USIO did not conduct riserless drilling activities (No Action Alternative),
there would be no discharges or acoustical outputs from SODV operations to affect bird
species.
4.6.5.8 Threatened and Endangered Species
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
As indicated above, the proposed expeditions will have minimal impacts on all marine
organisms including plankton, cephalopods, fish, marine mammals, marine reptiles, and
birds. This conclusion would also generally apply to endangered and threatened species
of those groups; however, any impacts to diminished populations or limited ranges of
threatened or endangered species would be greater than impacts to non-endangered
species. In Alternative A, it is assumed that the SODV would comply with all regulatory
requirements pertaining to threatened species such as the Endangered Species Act.
SODV activities are generally not expected to result in substantial loss or degradation of
the functional habitats that may be used by threatened and endangered species, nor are
IODP riserless drilling activities expected to result in the impedance of fish or wildlife
migration routes. Because of the sensitivity of some endangered populations to the loss
of even just one individual, if endangered species, habitats or other critical breeding,
feeding, or migratory areas are not identified in advance, some impacts resulting from the
riserless drilling expeditions may have the potential to be significant. For example, in
Alternative A, drilling may proceed at locations where outputs such as wastewater
discharges, seafloor alteration, or acoustical outputs have a greater potential to adversely
impact local biota, habitats, or disrupt behavior. Without the benefit of a thorough
environmental planning process to review site-specific conditions at each proposed drill
site, Alternative A ocean drilling expeditions may potentially proceed in habits occupied
by threatened or endangered species where adverse impacts may otherwise be avoided.
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Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the IODP SAS will evaluate each drilling proposal presented by the
principal investigators to identify site conditions where threatened or endangered species
may be adversely affected by the proposed drilling activities. The comprehensive review
process will ensure that sufficient data is available to identify critical species near the
proposed drill sites and recommend for implementation measures to mitigate potentially
adverse impacts. If a riserless drilling expedition were planned in an area where
endangered or threatened species may be adversely impacted or harmed, a supplemental
site-specific environmental review would be performed to evaluate the risks of
proceeding with the proposed action and to develop recommendations to mitigate
unacceptable risks.
As a result of the comprehensive review and planning process and associated mitigating
measures, the extent of impacts to threatened and endangered species is expected to be
minimal for all IODP-USIO expeditions conducted in Alternative B.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative), the
threatened and endangered species present on the seafloor and within the water column
would not be disturbed by SODV operations.
4.7

Biologically Sensitive Areas

4.7.1

Environmental Settings

Many areas of the world's oceans are considered biologically sensitive areas for a variety
of reasons. The primary basis would be the presence of unique or vulnerable
communities or ecosystems such as those found in coral reefs or kelp forests. Other areas
may be considered sensitive because of their overall function, such as critical breeding,
feeding, or migratory habitat for fish, marine mammals, sea turtles, or seabirds. This
section will focus on representative sensitive areas that are known to exist throughout the
world.
4.7.1.1 Sensitive Communities and Ecosystems
Although there are many different types of biologically sensitive areas that may be
present in the world’s oceans, this section will focus on four prominent examples that
include (1) chemosynthetic communities, (2) coral reefs, (3) seamounts, and (4) kelp
forests. Since kelp forests typically only exist in relatively shallow waters (15 to 40 m)
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which are unsuitable for SODV operations, this type of sensitive environment will be
eliminated from further consideration in this assessment. A summary of the
characteristics of the remaining sensitive communities is presented below, while detailed
information on each of these communities is included in Appendix G.
Chemosynthetic Communities
Chemosynthetic communities are unique habitats which support species endemic to
hydrothermal vents or cold seeps. In the deep ocean below the photic zone, at depths
below 300 m, photosynthesis is not possible and low nutrient concentrations sharply
constrain the possibilities for complex community structure. Where venting of
hydrothermal fluids, seepage of hydrocarbons, or other geological processes supply
abundant reduced compounds, chemosynthesis becomes the dominant process of the
ecosystem. Chemosynthesis is a mode of life practiced by numerous groups of bacteria
that are able to oxidize simple compounds such as hydrogen sulfide (H2S) and methane
(CH4) as the energy source (Jannasch, 1989).
Chemosynthetic microbes thrive around areas such as hydrothermal vents, which emit
plumes of hot water that can reach 400°C and contain high concentrations of hydrogen
sulfide, or at cold seeps, where methane and hydrogen sulfide seep from the seafloor at
the same temperature as the surrounding water. Hydrothermal vent and cold seep
communities are considered biologically sensitive areas due to their limited range, large
variety of endemic species, and scientific value.
Hydrothermal vent ecosystems can be unique, with over three hundred species
documented, some of which thrive only at certain vents (endemic species) (WWF,
2006a). Hundreds of hydrothermal vents have been discovered around the world,
typically in clusters called fields.
Species live much longer in the vicinity of cold seeps than hydrothermal vents. The
deepest cold seep ecosystem known is 5,000 to 6,000 m deep in the Sea of Japan. Other
places where cold seeps have been discovered include the Gulf of Mexico and off the
coasts of California and Alaska (WWF, 2006a).
Coral Reefs
Coral reefs are among the most biologically diverse and productive ecosystems of the
world and can exist for thousands of years. Although coral reefs occupy less than one
percent of the marine environment, they are known for their extensive biodiversity,
providing feeding grounds, shelter, and breeding habitat for 25 percent of the world’s
marine life (WWF, 2006b). Coral reefs are formed by colonies of stony coral polyps
which attach to hard surfaces and produce calcium carbonate to form exoskeletons.
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There are many types of coral reefs, including fringing reefs, barrier reefs, and atolls.
Coral reefs occur in both warm and cold water regions. The Great Barrier Reef off the
northeast coast of Australia is an example of a large barrier reef, extending 150 km wide
by 2000 km long. Barrier reefs are also found off the coasts of Belize, Honduras, and
around islands in the west Atlantic and Pacific Oceans, including Tahiti.
Although shallow water tropical coral reefs are reasonably well mapped globally, regions
of deeper water corals are less well located. Deep sea coral reefs grow between 5 and 25
mm per year and some may be over 8,000 years old. Deepwater coral reefs are generally
found near chemosynthetic communities. In fact, coral reefs and other potential hardbottom communities not associated with chemosynthetic communities appear to be very
rare in deep water. Atolls develop on underwater islands, most of which are sinking
volcanoes. They are usually circular or irregular shapes and surround a lagoon that is no
more than 30 to 50 m deep (WWF, 2006b).
Seamounts
Seamounts are underwater hills, mountains, or volcanoes and are typically found rising
from the seafloor in ocean depths of 1,000 to 4,000 m. There may be an estimated
30,000 to 100,000 seamounts in the world (DSCC, 2004), which are often found grouped
together in long chains while isolated seamounts are less common. Similar to
chemosynthetic communities, many species found are endemic, only thriving in the
vicinity of seamounts. In addition, the biodiversity of seamounts is comparable to coral
reefs. Strong currents which attract plankton are associated with seamounts. Due to the
plethora of plankton as a food source, seamounts serve as breeding/spawning and feeding
grounds for marine mammals and fish species, as feeding areas for seabirds, and as
habitats for sponge communities. Fish species in these areas are slow to reach maturity
but have long lifespans, therefore, they are vulnerable to fishing and environmental
changes (DSCC, 2004).
4.7.1.2 Designated Areas
In addition to the sensitive communities described above, many nations throughout the
world have recognized that marine resources in selected coastal areas warrant specific
measures to preserve and protect their economic and environmental value. These areas
may be afforded international, national, or local protection due to the fragility of an
ecosystem or the resources an ecosystem provides. While the nomenclature for areas so
designated may vary widely, to include terms such as marine sanctuaries, marine
protected areas, or marine ecological reserves, for the purposes of this section, the phrase
Marine Protected Areas (MPA) will be used to characterize these areas.
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An MPA is further defined by the World Conservation Union (WCU) as "any area of the
intertidal or subtidal terrain, together with its overlying water and associated flora,
fauna, historical and cultural features, which has been reserved by law or other effective
means to protect part or all of the enclosed environment” (IUCN, 1992). This
designation allows enforceable regulations to protect an area and its marine organisms,
while encouraging continued scientific study and research of a unique ecosystem.
Designated MPAs are vital to protecting water quality, habitat, biodiversity, and fisheries,
and some MPAs may include biologically sensitive communities and ecosystems. Some
nations have defined very restrictive standards for MPAs, prohibiting most uses while
others have placed few restrictions on activities that are deemed compatible with
economic interests and the environment. In some instances, graduated restrictions are
applied, consistent with the vulnerability and uniqueness of a particular area or
ecosystem.
There are currently over one thousand MPAs worldwide, ranging in size from several
square kilometers to several thousand square kilometers, such as the Great Barrier Reef
Marine Park (Gubbay 1995). MPAs cover less than one percent of the world’s oceans
(Kelleher et al., 1995 as cited in Pomeroy et al., 2004) and, with few exceptions are all
located in relatively shallow territorial waters. A searchable database of worldwide
MPAs is provided by MPA Global and based on the World Database of Protected Areas
(MPA Global, 2006).
Almost all MPAs are within state or country territorial waters. There is only one MPA
that currently exists within the high-seas. The International Ligurian Sea Cetacean
Sanctuary, which covers 84,000 km2 off the coast of Italy and France, became an
international MPA in 1999. Efforts are currently underway to create additional high-sea
MPAs (MPA News, 2003). There are many international groups involved in MPA
establishment and management, including the World Commission on Protected Areas
(WCPA), a commission within the WCU, and the World Wildlife Fund (WWF).
In territorial waters of the United States, MPAs include sites within the National Marine
Sanctuary Program, administered by the National Oceanic and Atmospheric
Administration (NOAA), to manage and protect specially designated areas of the nation’s
oceans and Great Lakes for their cultural or natural marine features (see Section 2.10.2).
A total of 13 national marine sanctuaries and one Marine National Monument
encompassing more than 388,000 square kilometers of marine and Great Lakes waters
are designated. The sanctuaries range in size from less than 1 km2 to over 13,700 square
kilometers in Monterey Bay, with the Northwestern Hawaiian Islands Marine National
Monument, over 362,000 square kilometers in size, representing the largest marine
protected area in the world.
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4.7.2

Regulatory Settings

Several existing treaties and agreements, with the goal of protecting and preserving
biodiversity in the world’s ocean, were summarized in Section 4.6.2. Many of the
provisions of these international treaties encompass biologically sensitive areas described
in Section 4.7.1.1. For example, in Alaska bottom trawling is banned on more than
370,000 square miles off Alaska's Aleutian Islands to protect coral beds and other
sensitive fish habitat. Several local provisions aimed at protecting specific areas have
been promulgated by other nations. Recently several countries have made the protection
of deep sea corals and seamounts a priority. Most of these regulations involve the
banning of bottom trawling in the vicinity of known areas in territorial waters. Indonesia
has implemented a trawl ban since 1980 in the Malacca Strait and Northern Coast of
Java, and bottom trawls do not operate in areas where seamounts are found (Oceana,
2005). Other examples of regulations designed to protect these areas include the
following (Oceana, 2005):
•
•
•
•
•

Norway banned bottom trawling on six deep sea coral reefs, covering over 2,000
km2, creating Europe’s largest deep coral protected area;
Canada permanently closed 2,300 km2 of corals in “the Gully” off Nova Scotia;
EU permanently closed Darwin Mounds (100 km2) off Scotland
Australia created a network of 15 seamounts, covering 370 km2, which ban bottom
trawling;
New Zealand has protected 19 seamounts, comprising 40,000 km2.

Management and regulations applicable to MPAs depend on the nature and size of the
site, the location, the climate, local community, state and national government, and
funding; therefore, there are many variations in the regulations that are enforced at
individual MPAs.
Within territorial waters of the United States, each designated National Marine Sanctuary
has its own unique set of regulations, although there are some regulatory prohibitions that
are typical for many sanctuaries (NOAA, 2006b) including:
•
•
•
•

Discharging material or other matter into the sanctuary;
Disturbance of, construction on, or alteration of the seabed;
Disturbance of cultural resources; and
Exploring for, developing, or producing oil, gas, or minerals

Depending on the site, certain activities such as fishing, mining, or recreation activities
may or may not be permitted, and drilling activity in these areas is usually highly
regulated. For example, National Marine Sanctuary regulations in the U.S. restrict
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drilling or coring in the seabed, and access is generally limited to scientific research
conducted under a permit issued by NOAA.
Activities conducted in regions below 60° south latitude will be subject to requirements
of Antarctic Treaty. The Antarctic Treaty system currently includes 28 consultative
parties and 17 acceding states, and encompasses measures designed to protect the
scientific value and the Antarctic environment including:
•
•
•
•

Agreed Measures for the Conservation of Antarctic Fauna and Flora (1964);
Convention for the Conservation of Antarctic Seals (1972);
The Convention on the Conservation of Antarctic Marine Living Resources (1982);
and
Protocol on Environmental Protection to the Antarctic Treaty (1991), including
Annex 1-6.

Antarctica is also designated as a Special Area under Annex I, II and V of the
International Convention for the Prevention of Pollution from Ship Protocol of 1978
(MARPOL 73/78). Certain discharges are prohibited in these Special Areas (see Section
4.2.2).
In addition, a voluntary Code of Conduct for the Scientific Study of Marine
Hydrothermal Vent Sites has been adopted by InterRIDGE, a loosely affiliated group of
hydrothermal-vent researchers. In general, the code applies to marine scientific research
and submarine-based tourism activities at hydrothermal vents located within and beyond
the limits of national jurisdiction and are viewed as an interim measure until regulations
are developed. The code goals are to maximize efficiency of necessary research,
minimize or eliminate adverse environmental impacts through all stages of an activity,
reduce the impact of sampling at heavy use sites by encouraging the development of
micro-analytical procedures, and alternatives to sampling. The code also encourages
participants to minimize or eliminate actual or potential conflicts or interference with
existing or planned marine scientific research activities, and monitor, evaluate, report on
activities.
4.7.3

Significance Criteria

An impact to a biologically sensitive area is considered significant if any of the following
apply:
•

Any substantial alteration or destruction of habitat that prevents reestablishment of
biologically significant communities that inhabited the area prior to the proposed
action;
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•

Alteration or loss of biota in high-quality habitat, such as chemosynthetic
communities; and

•

Outputs occurring within specific MPAs that result in a prohibited action, exceeding
applicable permit requirements or limits, or creating impacts greater than identified in
site-specific supplemental environmental reviews.

4.7.4

Impact Source Characterization

Various outputs associated with SODV operations and related research activities may
affect marine organisms in critical habits near drill sites. These outputs include:
•

Discharge on liquids from the SODV;

•

Turbulent mixing of the sea in proximity to the vessel;

•

Use of acoustical sources; or

•

Disturbances on the seafloor from riserless drilling operations and the release of drill
cuttings, and use of drilling mud and cement.

The source and nature of these outputs were described in detail in Section 2 and were
summarized in Section 4.6.4.
4.7.5

Impact Analysis

In general, the outputs resulting from SODV operations and impacts to biological
resources in sensitive environments will be similar to those discussed in Section 4.6,
however, since the receptors may represent unique individuals or communities, the
resulting degree of one or more effects may be more severe than realized in more
common marine environments. The following describes the potential impacts that may
occur as result of SODV operations for each alternative.
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
Given the deep locations that the SODV will operate, outputs from vessel operations will
occur near the surface hundreds of meters from sensitive communities and structures
associated with the seafloor. Therefore, few of these outputs would be expected to result
in significant impacts to these resources. For example, SODV wastewater discharges
containing nutrients and pathogens would experience rapid dilution and dispersion in the
water column, minimizing the potential for contact with marine biota on these structures
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or causing other conditions (e.g., macro-algae growth) that would smother organisms or
otherwise impede their growth.
Noise and vibrations generated by the operation of the SODV and created by the ship’s
engines, propellers, thrusters, mechanical systems, and transducer-based instruments will
propagate from the vessel and spread depending upon the intensity of the source and the
oceanographic conditions. Sound levels are expected to attenuate sufficiently with
distance from the source to prevent most aquatic organisms from being exposed to noise
levels that would result in adverse physiological effects. It is possible that some sounds
received by an organism in a sensitive community could exceed the 160 dB re 1 µPa rms
guidance level established by NMFS that would be expected to cause avoidance reactions
in some aquatic animals. However as previously described, it is anticipated that these
effects would last for the relatively short period of time the vessel is on-site and drilling.
Because affected organisms in biologically sensitive areas would be expected to return
once the vessel leaves the area, the resulting behavioral effects would be considered
minimal and short-term in duration.
In Alternative A, if riserless drilling proceeded in biologically sensitive areas
characterized by unique species assemblages, the range of impacts could be significant,
particularly if drilling mud were introduced to the habitats. Hydrothermal vent
(chemosynthetic) communities may be unlikely to recover rapidly from drilling mud
deposition, increased turbidity, or changes to substrates in the localized area surrounding
the borehole. It can be expected that the greatest area of smothering impact will be close
to the borehole. Resulting impacts to these deepwater chemosynthetic communities may
potentially be long-term, because activities may prevent re-establishment of the
community and potentially result in the loss or diminishment of unique species. In some
cases, recovery times could be as long as 200 years for mature tube worm communities.
Under Alternative A, it is possible that riserless drilling could proceed in coral reefs and
the obvious initial impact would be the mechanical damage resulting from the borehole
itself, including the impact of the drilling tools and the installation of casings, if used.
The internal circulation of reefs is complex and poorly understood and, due to the
presence of voids and its high permeability, it is unclear what overall effect a borehole
may have on the internal circulation of the reef itself. There is some evidence from field
studies that in addition to damaging the internal structure of the coral, a borehole can
allow the introduction of organisms harmful to long-term growth. However, recent
observations of scientific drilling conducted in coral reef areas has indicated that
controlled advancement of the borehole in the reef structure did not significantly impact
the coral cover (ESO, 2005).
Although laboratory and field studies indicate that corals can tolerate some drilling mud
and natural sediment (ESO, 2005), they are particularly susceptible to prolonged periods
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of increased turbidity and sediment buildup which can inhibit their ability to feed and
photosynthesize. At shallower depths, wave action and local currents may disperse only
a portion of the cuttings and mud in the vicinity of the borehole. For deeper ocean coral
communities, where currents may be very strong, the deposition of drilling material may
be less pronounced. For example, in a study evaluating impacts of exploratory drilling
efforts in Florida, it was concluded that drilling in coral reef habitats subject to currents
and storms resulted in short-term alteration that was essentially undetectable within
several months due to the effects of currents and storms (Dustan et al, 1991).
Nonetheless, prolonged exposure of coral to sediment build-up, at any depth, will have a
negative impact on growth and long-term survival.
Due to the diverse characteristics associated with seamounts, the potential impacts from
the drilling operation in or near these structures could vary quite widely. Certain portions
of the seamount would likely be less susceptible to severe impacts from the drilling of a
borehole. For example, seamounts are extremely steep (sometimes with slopes up to
60o), with limited extent at the summit, and while the tops of many seamounts are
hundreds of meters below sea-level, they can also be shallow enough to support plant life
such as kelp and warm water corals. The potential impacts associated with drilling on or
near seamounts are very similar to those described for benthic organisms (Section
4.6.5.4). Nonetheless, because seamounts represent such a diverse and in many cases
slow growing ecosystem, the drilling impacts could be significant if they result in
substantial alteration or destruction of habitat that prevents re-establishment of
biologically significant communities.
In Alternative A, requirements to notify appropriate authorities necessary to perform
drilling in specific MPAs may not be thoroughly identified in advance to allow sufficient
time or resources to acquire appropriate authorizations. For example, if site-specific
restrictions are not incorporated into expedition planning, potential delays or other
operational changes may be necessary to address pertinent MPA regulations or
permitting. Consequently, certain modifications may inhibit collection of data necessary
to achieve scientific objectives
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the IODP SAS will evaluate each drilling proposal and site
characterization data package presented by the principal investigators to identify site
conditions such as biological resources in sensitive ecosystems that may be adversely
affected by the proposed drilling activities. The comprehensive review process will
ensure that sufficient data is available to identify these critical areas and recommend
appropriate best management practices. If a riserless drilling expedition were planned in
an area where biologically sensitive organisms may be adversely impacted or harmed, a
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supplemental site-specific environmental review would be performed to evaluate the risks
of proceeding with the proposed action and develop recommendations to mitigate
unacceptable risks or select alternate sites.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative),
SODV operations including riserless drilling activities would not affect biological
sensitive areas.
4.8

Commercial and Native Fisheries and Aquaculture

4.8.1

Environmental Settings

Marine fisheries constitute a multi-billion dollar industry supplying about 20 percent of
the animal protein consumed by humans, and also producing animal feeds for domestic
livestock and poultry, fish oils for paints and drugs, pet foods, and some food additives
(FAO, 2004). It is particularly important for many island nations and coastal
communities that rely on fishing either as a commercial activity or as a means of
subsistence. The health of the world’s fisheries is, therefore, a critical concern. As the
human population continues to expand, the increasing demand for high-quality protein
and other marine resources has focused attention on the present stocks of commercial
marine species and on the feasibility of increasing, or at least maintaining, the present
harvest.
Most marine fishery catches take place in coastal waters. However, the share of landings
from the open ocean has increased in recent decades and in 2002 reached 11 percent of
all marine catches. Between 1993 and 2003, the reported landings of marine capture
fisheries fluctuated between 80 and 86 million metric tons, a slight increase over the
preceding decade where the average was 77 million tons. Between the two periods, the
quantity of marine fish caught and discarded has fallen by several million tons (FAO,
2004). This is the result, in part, of improved gear selectivity and fishing practices (that
reduced incidental catch), fisheries management that decreased access to some stocks (by
reducing allowable catches and including the closure of some fisheries), no-discard
policies in some countries (that forced landings of all catches), and growing demand for
fish combined with improved technologies and opportunities for using the incidental
catch.
Marine capture fisheries production in 2002 was 84.5 million tons, while preliminary
estimates for 2003 indicate a drop in production to 81.3 million tons. The top ten capture
fishery producing countries have not changed since 1992 (Table 4-9) (FAO, 2004). In
2002, their cumulative catches represented 60 percent of the world total, with China and
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Peru leading the ranking in both 2001 and 2002. Marine fishery capture production
reported by China has remained fairly stable since 1998, while trends in Peruvian total
capture production are always strongly influenced by the variability of local
environmental conditions. The value of open ocean marine catches was approximately
US$6 billion in 2002. This represented roughly eight percent of the total value for
marine capture fisheries (US$75 billion).

Table 4-9. Marine Capture Fisheries:
Top Ten Producer Countries in 2002

Country
China
Peru
United States
Indonesia
Japan
Chile
India
Russian Fed.
Thailand
Norway

Catch
(million tons)
14.4
8.8
4.9
4.2
4.4
4.3
3.0
3.2
2.9
2.7

The largest fraction (64 percent) of the global marine catch comes from the Pacific
Ocean, with 28 percent from the Atlantic, and eight percent from the Indian Ocean. The
top ten species captured in marine waters worldwide are listed in Table 4-10. While the
production numbers of some species have remained fairly stable, others are in decline.
For example, overall catches of the Gadiformes group of species (e.g. cod, hake, and
haddock) continue to decrease and by 2002 had reached their lowest levels since 1967.
According to the Food and Agriculture Organization of the United Nations (FAO), the
percentages of stocks exploited at or beyond their maximum sustainable levels currently
vary widely among fishing regions. However, available information continues to confirm
that despite local differences, the global potential for marine capture fisheries has been
reached and more rigorous plans are needed to rebuild depleted stocks and prevent the
decline of those being exploited at or close to their maximum potential (FAO, 2004).
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Table 4-10. Marine Capture Fisheries Production:
Top Ten species in 2002
Catch
(million tons)
9.7
2.7
2.0
2.0
1.9
1.9
1.8
1.6
1.5
1.5

Species
Peruvian Anchoveta
Alaska Pollock
Skipjack tuna
Capelin
Atlantic herring
Japanese anchovy
Chilean jack mackerel
Blue whiting
Chub mackerel
Largehead hairtail

Depending on the salinity of the water environment, aquaculture is divided into
freshwater culture, brackish-water culture, and mariculture (the cultivation of marine
animals and plants in the open sea). In 2004, mariculture contributed 36 percent (16.3
million tons) of total global aquaculture production and 34 percent ($21.3 billion) of total
value. By contrast, production in coastal brackish-water communities represented only
four percent (two million tons) of total quantity produced but 12 percent ($7.6 billion) of
the total value, reflecting the prominence of high-value crustaceans and finfish (FAO,
2004; FAO, 2006).
In less than a decade, marine aquaculture (mariculture and brackish-water combined)
production has increased significantly, from 12 million tons in 1998 to a preliminary estimate
of 18.3 million tons in 2004. 90 percent of aquaculture fish production comes from Asia,
with China and Japan the largest producers. Reported Chinese marine aquaculture
production increased at an average annual rate of 10.9 percent compared with 5.5 percent for
rest of the world. Table 4-11 presents the top marine aquaculture species in 2000 by country.
In 2004, the value of marine aquaculture production was approximately $29 billion.

Table 4-11. Top Marine Aquaculture Species in 2000 by Country (CBD, 2004)

Species
Japanese kelp2
Pacific cupped oyster1
Japanese carpet shell1
Yesso scallop2
Laver/Nori2
Atlantic salmon1

Annual
Production
(million tons)
4.58
3.94
1.69
1.13
1.01
0.88
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Top Two Producing
Countries
China, Japan
China, Japan
China, Italy
China, Japan
China, Japan
Norway, Chile

Table 4-11. Top Marine Aquaculture Species in 2000 by Country (CBD, 2004)

Species
Tambalang/Elkhorn/Spinosum2
Giant tiger prawn1
Blue mussel2
Blood cockle2
Wakame2
Fleshy prawn1
Red seaweeds2
Rainbow trout1
Whiteleg shrimp1
Japanese amberjack2
Mediterranean mussel1
Coho salmon2
Green mussel2
Gilthead seabream1

Annual
Production
(million tons)
0.60
0.57
0.46
0.32
0.31
0.22
0.21
0.15
0.14
0.14
0.12
0.11
0.09
0.09

Top Two Producing
Countries
Philippines
Thailand, Indonesia
Spain, Netherlands
China, Malaysia
Japan, Rep. of Korea
China, Rep. of Korea
Indonesia
Chile, Norway
Ecuador, Mexico
Japan, Rep. of Korea
Italy, France
Chile, Japan
Thailand, Philippines
Greece, Turkey

Notes:
1
mariculture or brackish-water culture environment
2
mariculture culture environment only

Fishing in marine waters is often a part-time occupation, due to the variations in seasonal
resource availability and also because fishing is generally regulated through a series of
measures that limit year-round activity. These include: closures of selected fisheries at
certain times of the year; limits on total annual catches of selected species so that
commercial fishermen may fish for only a few days of each month until the quota is
reached; or limiting the number of commercial licenses and the number of fish caught per
trip. According to the FAO (2004), it is apparent that as the share of employment in
marine capture fisheries continues to stagnate, and in some regions decline, increased
opportunities are being provided by aquaculture.
Socioeconomic as well as environmental stresses on near-shore marine fisheries appear
increasingly evident. Almost 50 percent of total marine fishery landings are estimated to
come from small-scale or artisanal fisheries in developing countries. This type of fishing
is not fully commercial in nature and while the technology may in some cases be very
sophisticated, it is not highly dependent on outside sources of capital and materials. Most
of this fish goes to direct human consumption, and in many coastal regions of the world
small-scale artisanal fisheries provide most of the protein and jobs for adjacent
communities. However, in many developing countries the need to generate hard currency
to reduce national dept is most easily accomplished by either selling fishing rights to
countries willing to pay relatively high prices or by exporting high-value fish. This
practice has resulted in many coastal areas being overfished by so called distance water
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fleets, leaving less fish for small-scale and subsistence fishermen, as seen for example in
many African countries (Pauly et al., 2005).
4.8.2

Regulatory Settings

The dominant issue underlying the regulation of the global marine fisheries industry is
overfishing. However, management of the world’s fishing industry is very complicated
because it involves not only biological and ecological knowledge of many species, but
must also take into account economic considerations, competition between nations for
finite (and in some cases rapidly dwindling) fish stocks in the open ocean, labor unions,
and public marketing strategies. There have been a number of important international
treaties and initiatives that seek to regulate the exploitation of the world's fisheries.
Enforcement of these treaties, however, remains a challenge.
Traditionally, international interaction and collaboration on fisheries issues has relied on
a large number of regional fishery bodies (RFBs). In addition to international
cooperation, these groups have historically been responsible for data collection and
research, as well as providing advice on fisheries management. The third UN Law of the
Sea conference (UNCLOS), which concluded in 1982, advocated a greater role for RFBs
in protecting fish stocks, resolving disputes, and implementing standards and regulations.
Following the 1992 United Nations Conference on Environment and Development
(UNCED), and with a growing awareness of the scarcity of global fish resources, the
international community adopted several provisions including the 1993 FAO Compliance
Agreement, the 1995 UN Fish Stocks Agreement, and FAO Code of Conduct for
Responsible Fisheries. The overall subsequent result has been a gradual strengthening of
the role played by RFBs in local fisheries conservation and management (FAO, 2004).
Currently, many RFBs have real management powers and make decisions on allowable
catches, quota allocations, and technical management measures (on mesh size, fishing
seasons, closed areas, etc.). However, recent assessments also indicate that in many cases
RFBs are constrained by a lack of willingness on the part of member countries to
delegate sufficient decision-making power and responsibilities to the agency.
UNCLOS set the limit of territorial waters to 12 nautical miles where the coastal state is
free to set laws, regulate any use, and use any resource. It also established exclusive
economic zones which extended the exploitation rights of coastal nations to 200 nautical
miles from shore, covering all natural resources. Because the populations of many fish
species are migratory, much of the world’s fishing is carried out in international waters
(i.e. outside the national 200-mile economic zone). The UN Agreement on Straddling
Fish Stocks and Highly Migratory Fish Stocks (1995) focused on fishing on the high seas
and elaborated on the fundamental principle established by UNCLOS that countries
should cooperate to ensure conservation and promote sustainable management of fish
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resources. It has been in force since December 2001, and permits state parties access to
selected fishing regions, and regulates the sanctions for infringements (UN, 2006).
With the realization that traditional fishing areas were becoming genuinely threatened,
several other measures to conserve and better manage the global marine fisheries have
taken effect. For example, in 1989 the UN General Assembly adopted a resolution
banning driftnet fishing in the high seas by 1992. A driftnet typically stretches as wide as
40 miles and traps many species, many unintended such as whale, dolphin, porpoise, fur
seal, and other sea animals such as sea turtle and even sea birds. Driftnet fishing
(principally by Japan) is believed to have contributed to a decrease in the population of
such economically valuable fish as tuna, marlin, swordfish, and salmon in the North
Pacific Ocean. The principal fishing nations of the world, including Japan, have either
banned or strictly regulate the use of driftnets by their fleets (Paul, 1994; TED, 1997). In
addition, gear modifications, such as turtle excluder devices, used in the shrimp trawl
fishery since the late 1980s, have saved tens of thousands of sea turtles in US waters and
other areas where gear is required, such as Australia. Nevertheless, sea turtle bycatch in
global shrimp fleets remains very high.
There is no internationally binding legislation, agreement, or convention on aquaculture.
However, several major importing regions and countries have begun to set standards and
regulations to ensure quality and safety and to reduce the social and environmental
impacts of production. These include labeling for origin, reducing the use of veterinary
drugs, and improving management practices to limit the spread of disease from cultured
to wild stocks.
4.8.3

Significance Criteria

An impact to commercial or recreational fishing or to aquaculture is considered
significant if any of the following apply:
•

Short or long-term interference to commercial, recreational, or native (subsistence)
fishing operators resulting in economic loss in areas where the SODV operates; or

•

Long-term exclusion from fishing areas that have historically been important to the
local commercial, recreational, or native (subsistence) resources resulting in
economic loss.

4.8.4

Impact Source Characterization

Various outputs associated with SODV operations and related research activities may
affect fisheries near ocean drill sites. These outputs include:
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•

Discharge on liquids from the SODV;

•

Turbulent mixing of the sea in proximity to the vessel;

•

Use of acoustical sources; or

•

Disturbances on the seafloor from riserless drilling operations and the release of drill
cuttings, and use of drilling mud and cement.

The source and nature of these outputs were described in detail in Section 2 and were
summarized in Section 4.6.4.
4.8.5

Impact Analysis

Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
Impacts to marine fish species resulting from the proposed riserless drilling operations
were described in Section 4.6.5.2. To the extent that those impacts affect the subsistence
value of fish used by individuals as a food source or the commercial harvesting of
important species, there would be an impact to fisheries and aquaculture. As noted in
Section 4.6.5 however, the potential for impacts to open ocean and near-coastal marine
fish resulting from the both the presence of the SODV and the riserless drilling activities
are not expected to be significant regardless of location.
Due to the mobility of fish and thus their ability to avoid disturbances in their habits,
impact to fisheries would be limited primarily to impacts such as disturbances to
schooling fish or the smothering of food sources (e.g. plankton) or demersal eggs with
drilling sediments. Considering the temporary nature of the drilling activity and the small
area of the sea affected, overall impacts to marine fisheries and aquaculture are expected
to be minimal.
Permanent structures such as observatories installed on the seafloor may snag and
damage fishing nets in areas where extensive bottom trawling occurs. In Alternative A,
significant trawl fishing areas may not be identified and therefore the use of speciallydesigned reentry cones and covers to prevent damage to trawling nets may not be
installed.
The proposed drilling and related research activities in Alternative A are not expected to
adversely affect access to known commercial and recreational fishing grounds, areas used
by individuals for subsistence fishing, or result in a loss of economic livelihood.
However, fishing vessels as well as other marine traffic may have to alter course while

4-89

cruising since the SODV must maintain a fixed position while drilling. In Alternative A,
critical fisheries areas may not adequately identified and therefore riserless drilling
operations have greater potential to interfere with some fisheries activities or disrupt fish
behavior thereby potentially affecting fish catches.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the IODP SAS will evaluate each drilling proposal and site
characterization data package presented by the principal investigators to identify site
conditions such as critical fishery areas that may be adversely affected by the proposed
drilling activities. The comprehensive review process will ensure that sufficient data is
available to identify these areas and recommend appropriate best management practices.
If a riserless drilling expedition were planned in an area where fisheries or aquaculture
may be adversely impacted or harmed, a supplemental site-specific environmental review
would be performed to evaluate the risks and develop recommendations to mitigate
unacceptable risks or select alternate sites.
Because of the comprehensive review and planning process and associated mitigating
measures, the extent of impacts to fisheries would be expected to be minimal for all
IODP-USIO expeditions conducted in Alternative B.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative), the
SODV would not operate in any of the world’s oceans and would not affect marine
fisheries resources.
4.9

Marine Vessel Transport & Trade Routes

4.9.1

Environmental Settings

Today’s world fleet of propelled seagoing merchant ships comprises approximately
92,000 large ships, registered in more than 150 nations and manned by over a million
seafarers of virtually every nationality (IMO, 2006). The world’s cargo carrying fleet is
greater than 46,000 ships, with a combined tonnage of 597,709,000 gross tons. The vast
bulk of the fleet consists of: general cargo ships (18,150), tankers (11,356), bulk carriers
(6,139), passenger ships (5,679), containerships (3,165), and others (1,733) (IMO, 2006).
The latest full year estimate of total maritime shipping volume is over 27 thousand billion
ton-miles in 2004 (IMO, 2006). Maritime transport remains the most inexpensive means
of transporting bulk goods; consequently over 80 percent of the world’s trade involves
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ocean transit (IWCO, 1998). In the United States, more than 95 percent of all foreign
commerce is maritime, flowing though more than 300 deep draft ports. Vessel traffic is
not uniformly distributed. The major commercial shipping lanes follow great circle
routes, or follow coastlines to minimize the distance traveled. Dozens of major ports and
“megaports” handle the majority of traffic, but in addition, hundreds of small harbors and
ports host smaller volumes of traffic. The U.S. Navy defines 521 ports and 3,762 traffic
lanes in its catalog of commercial and transportation marine traffic (Emery et al. 2001).
Vessels found in areas outside major shipping lanes include fishing vessels, military
ships, scientific research ships, and recreational craft – the last typically found near shore
(MMC, 2004).
International trade routes are generally transient and largely dependent upon global
economic factors. World market variables are very important in terms of determining
transoceanic vessel routing and densities. While the coastal routes for large commercial
vessels are relatively well defined, offshore routes are much less predictable and
dependent on a variety of environmental and economic factors. Densities along existing
coastal routes are expected to increase to varying degrees both domestically and
internationally. New routes are expected to develop as new ports are opened and existing
ports expanded (NOAA, 2004).
Today, most of the world's shipping travels a relatively small number of major ocean
routes: the North Atlantic, between Europe and eastern North America; the
Mediterranean-Asian route via the Suez Canal; the Panama Canal route connecting
Europe and the eastern American coasts with the western American coasts and Asia; the
South African route linking Europe and America with Africa; the South American route
from Europe and North America to South America; the North Pacific route linking
western America with Japan and China; and the South Pacific route from western
America to Australia, New Zealand, Indonesia, and southern Asia. The old Cape of
Good Hope route shortened by the Suez Canal has returned to use for giant oil tankers
plying between the Persian Gulf and Europe and America.
The current standard for estimating vehicle traffic in specific regions of the ocean is the
Historical Temporal Shipping (HITS) database. Sea lanes with a high density of shipping
include: Straights of Malacca and Singapore, Black Sea and Bosphorus, the Baltic Sea,
the North Sea and English Channel, the River Plate, the Red Sea, and the approaches to
the Panama Canal and St. Lawrence Seaway (GEF, 2006).
Despite the technological advances in transportation systems, prevailing winds, as well as
ocean currents and predominant weather patterns, still determine the safest and most
efficient trade routes. Certain parts of the oceans are off-limits during certain times of the
year due to the threat of waves of severe destructive force. Zones of violent wave
activity exist in the Atlantic and North Pacific during the winter, primarily between
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latitudes 50° and 60° N (including the British Isles and North Sea countries), and in the
corresponding latitudes during the summer in the Southern Ocean (affecting the
increasingly used Cape Horn and Strait of Magellan routes). Similarly, ships transiting
the Indian Ocean, the tropical southwest Pacific, the West Indies, and the China Sea
during the monsoon season may encounter waves of destructive forces sufficient to
damage or sink even a modern merchant vessel (NDU, 2002).
4.9.2

Regulatory Settings

It has always been recognized that the best way of improving safety at sea is by
developing international regulations that are followed by all shipping nations. From the
mid-19th century onwards, a number of international maritime agreements were adopted.
The practice of following predetermined routes for shipping originated in 1898 and was
adopted, for reasons of safety, by shipping companies operating passenger ships across
the North Atlantic. The infamous Titanic disaster of 1912 spawned the first Safety of
Life at Sea (SOLAS) convention, which, albeit completely modified and updated, is still
the most important international instrument addressing maritime safety today, covering,
among others, safety of navigation (IMO, 2006).
Traffic separation schemes (TSS) and other ship routing systems have now been
established in most of the major congested shipping areas of the world, and the number of
collisions and groundings has often been dramatically reduced (IMO, 2006). A traffic
separation scheme is an internationally recognized vessel routing designation which
separates opposing flows of vessel traffic into lanes, including a zone between lanes
where traffic is to be avoided. Vessels are not required to use any designated TSS, but
failure to use one, if available, would be a major factor for determining liability in the
event of a collision. Other routing measures to improve safety at sea include two-way
routes, recommended tracks, deep water routes (for the benefit primarily of ships whose
ability to maneuver is constrained by their draft), precautionary areas, and areas to be
avoided (for reasons of exceptional danger or especially sensitive ecological and
environmental factors) (IMO, 2006). Precautionary areas are designated in congested
areas near harbor entrances to set speed limits, prescribe vessel routing (e.g. recommend
direction of traffic flow), or establish other safety precautions.
Regulating the maritime industry to promote safety and security (as well as prevention of
pollution from ships) worldwide is the function of the International Maritime
Organization (IMO, 2006). Since the inception of the IMO in 1959, a series of measures
have been introduced, in the form of conventions, recommendations, and other
instruments. The best known and most important of these measures are the International
Convention for the Safety of Life at Sea, 1974 (SOLAS); the Convention on the
International Regulations for Preventing Collisions at Sea, 1972 (COLREG); and the
International Convention on Standards of Training, Certification, and Watch-keeping for
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Seafarers, 1978 (STCW) (IMO, 2006). Ships routing systems and traffic separation
schemes that have been approved by IMO are contained in pertinent IMO Publications
(IMO, 2004).
SOLAS covers various aspects of ship safety, including construction, fire protection, lifesaving appliances, radio communications, safety of navigation, the carriage of cargoes,
and safety measures for high-speed craft. SOLAS states that littoral nations may
establish Vessel Traffic Information Services (VTIS) or Vessel Traffic Service (VTS)
when, in their opinion, the volume of traffic or the degree of risk justifies such services.
VTS are shore-side systems that use radar, radio, and visual inputs to gather real time
vessel traffic information and broadcast traffic advisories and summaries to assist
mariners. VTS can range from the provision of simple information messages to ships,
such as position of other traffic or meteorological hazard warnings, to extensive
management of traffic within a port or waterway. Generally, ships entering a VTS area
report to the authorities, usually by radio, and may be tracked by the VTS control center.
Ships must keep watch on a specific frequency for navigational or other warnings, while
they may be contacted directly by the VTS operator if there is risk of an incident or, in
areas where traffic flow is regulated, to be given advice on when to proceed.
Additionally, the littoral nation may establish Regulated Navigation Areas (RNA).
RNAs increase navigational safety by organizing traffic flow patterns; reducing meeting,
crossing, and overtaking situations between large vessels in constricted channels; and
limiting vessel speed. When navigating within RNAs, large vessels must have their
engines ready for immediate maneuvering, operate their engines in a control mode and on
fuel that allows for an immediate response to any engine order, and not exceed a posted
speed limit. Vessels navigating in and around near-shore areas are generally governed by
navigational rules established by the littoral nation. Vessels navigating in open bodies of
water in which foreign shipping traffic is possible are governed by Rule 10 of the
COLREGS. The boundaries between the areas where these rules apply are shown as the
COLREGS Demarcation Lines on navigational charts. Statutory navigation rules also
define the responsibilities of vessels restricted in their ability to maneuver, such as cablelaying vessels or drill rigs like the SODV, and of other vessels operating in their vicinity,
all aimed at preventing collisions or other incidents.
4.9.3

Significance Criteria

An impact on marine vessel transport and trade routes is considered significant if any of
the following apply:
•

IODP SODV activities were to result in an unreasonable delay to commercial,
military, or recreational marine traffic; or
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•

IODP SODV activities cause a increased risk to vessels involving accidents or
collisions.

4.9.4

Impact Source Characterization

The potential impacts to marine vessel transportation and trade routes would be derived
from the presence of the vessel during transit and when positioned at a drill site. The
cruise speed of the SODV is 11 knots (20 km/hr) which is relatively slow compared to
many marine transport vessels. When stationed at drill site, the SODV will use thrusters
to maintain a fixed position and will therefore be unable to change positions unless the
drillstring is retrieved from the seafloor.
4.9.5

Impact Analysis

Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
As noted above, ship traffic within a geographic area is generally related to the region’s
proximity to trade routes between the world’s major ports. Thus, potential impacts
associated with SODV operations will be variable and dependent on the drilling location.
When transiting or stationary at a drill site, the SODV would comply with all
international conventions and regulations pertaining to navigational safety. When
dynamically positioned at a drill site, the SODV, by nature of the activity, will be
required to remain stationary and essentially “tethered” to the seafloor by the drilling
equipment. All approaching large maritime vessels would be able to establish radar
and/or visual contact with the SODV well in advance of any potential collision. When
the SODV is positioned at a drill site, it would be the responsibility of the approaching
vessel to choose a course which avoids a collision. However, the SODV will maintain
visual and radar vigilance of pending traffic conflicts and communicate accordingly via
radio and other means. In addition, the SODV will display universally-recognized
maritime signal flags while drilling, indicating the vessel has restricted ability to
maneuver. Thus, the proposed drilling activities are not expected to adversely affect
shipping traffic.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the duration of each expedition as well as operating conditions on the
SODV which result in potential interferences with marine transportation are expected to
be the same as in Alternative A. Therefore through normal expedition planning or vessel
operations at any given site are expected to be minimal.
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Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative), the
SODV would not operate in any of the world’s oceans and would not affect marine vessel
traffic.
4.10

Cultural Resources

4.10.1 Environmental Settings
Generally speaking, cultural resources can be defined as sites, structures, landscapes, and
objects of some importance to a culture or community for scientific, traditional, historic,
religious, or other reasons. More specifically, underwater cultural heritage (UCH) as
defined under the United Nations' Educational, Scientific and Cultural Organization
(UNESCO) 2001 Convention refers to all traces of human existence having a cultural,
historical or archaeological character which have been partially or totally under water,
periodically or continuously, for at least 100 years (UNESCO, 2001a). By contrast,
under the U.S. National Historic Preservation Act (NHPA) while some exceptions exist, a
criterion of 50 years has developed as a matter of practice and policy for determining
historical significance.
Marine archaeological and cultural sites can vary widely, ranging from individual
artifacts, old harbors, landing places, and historic shipwrecks, to coastal communities
inundated by rising sea levels such as Jamaica’s Port Royal, a victim of an earthquake in
1692. However, the vast majority of the world’s marine cultural resources are
shipwrecks, often holding the remains of a historically significant cargo. These wrecks
are the outcome of thousands of years of travel and trade by sea, following both coastal
and transcontinental routes.
The majority of known shipwrecks lie in relatively shallow coastal waters, the victims of
such factors as bad weather, poor navigation, inaccurate charts, or ocean warfare. For
example, it has been estimated that there are over 100,000 shipwrecks in U.S. waters
alone, most within waters under state jurisdiction (MPA, 2006). These underwater
resources, many of great historical significance, are being located with increasing
frequency due in part to rapidly improving exploration techniques such as high resolution
side scan sonar and remotely operated vehicles. These technological advances combined
with knowledge of historic shipping routes have allowed many coastal marine resources
with cultural significance to be mapped and researched.
While the majority of known marine cultural sites are found in relatively shallow coastal
waters, some lie in much deeper waters. For example, the Minerals Management Service
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(MMS) of the U.S. Department of the Interior estimates that based on historical records,
of the 4,000 historic shipwrecks in the Gulf of Mexico at least 35 are in water greater
than 1,000 feet deep (Irion, 2002). Not surprisingly, in most cases these vessels were
simply lost at sea with no survivors and therefore with no knowledge of even an
approximate location. It has been estimated that there are over three million
undiscovered shipwrecks spread across the world’s ocean floor (Hocking, 1989 cited in
UNESCO, 2001b). Because so many of these vessels are in very deep water, most will
never be found unless specifically targeted for exploration.
Globally, the documentation regarding known UCH sites varies widely. The records of
marine resources of historical significance in North American and European waters
appear to be quite extensive. For example, a recent survey compiled in Ireland by the
Department of the Environment’s underwater archaeology unit listed 11,000 shipwrecks
in coastal waters, including dugouts, Viking longships, sailing vessels, steamers, and
great liners (Underwater Times, 2006). The Australian Department of Environment and
Heritage in a joint project with the states, territories, and the Australasian Institute for
Maritime Archaeology has developed a database of more than 6,500 wrecks all within
Australian territorial waters.
The rapid progress made in exploration techniques has made the seabed more accessible
and resulted in an increased knowledge of marine archaeological sites worldwide,
particularly those found in shallow coastal waters. However, this increased accessibility
has also resulted in leaving many marine archaeological and cultural sites vulnerable to
treasure hunters. As early as 1974, studies indicated that all known wrecks off the
Turkish coast had already been looted. It is estimated only five percent of the
approximately six hundred known antique shipwrecks submerged off the cost of France
(dating from the sixth century B.C. to the seventh century A.D) remain untouched. In
some cases these wrecks have been pillaged despite the fact that they lie in water more
then 100 m deep (UNESCO, 2001b).
4.10.2 Regulatory Settings
The dominant issue underlying international and national regulations targeting the
protection of underwater cultural heritage sites is the increased vulnerability of these sites
to looting by treasure hunters. The trade in objects found in ship wrecks, and in other
underwater sites of historical and cultural significance, has become a common and highly
lucrative activity that often results in the loss and destruction of valuable scientific and
cultural materials. Currently, there is no international law in place to provide significant
legal protection to underwater cultural heritage. Although many nations possess laws to
provide protection in their own territorial waters, others do not and this has led to
confusion about the rights of a nation to protect its cultural heritage, whether submerged
in its own waters or another nation's, or on the high seas (MPA News , 2001).
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The third UN Law of the Sea conference (UNCLOS) was drafted with a view to
providing general provisions for the law of the sea and to regulate the sea’s economic
resources; it does not include any provisions to specifically protect underwater cultural
resources. As a result, the UNESCO 2001 Convention on the protection of Underwater
Cultural Heritage represented the first comprehensive global attempt to protect the
world's underwater historically significant resources. Many nations with significant
maritime interests supported the primary purpose of the Convention, to prevent looting
and unwanted salvage, as well as most of its archaeological and historic preservation
provisions. However, there were two major obstacles that prevented the U.S., UK and
many other nations from supporting the Convention as a whole. First, there was concern
related to the so-called “creeping coastal State jurisdiction” over UCH on the continental
shelf and Exclusive Economic Zone seaward of the 24 nm limit of the contiguous zone
(Varmer, 2005). In the opinion of the U.S., the provisions of the convention would create
new rights for coastal nations in a manner that could alter the delicate balance of rights
and interests set up under UNCLOS (Blumberg, 2001). The second issue dealt with the
treatment of foreign sunken warships and other sunken State craft landward of the 12 nm
limit of the territorial sea. In particular, they were concerned about diluting the principle
of sovereign immunity as it applies to all sovereign vessels and equipment (Varmer,
2005). As of July 2006 only nine of the required twenty nations had ratified the
convention.
There is no U.S. program or statute providing comprehensive protection of UCH. The
Abandoned Shipwreck Act (1988) gives ownership of abandoned shipwrecks embedded
in, or resting on state submerged lands that are of historical significance, to the states.
This legislation directs states to establish a multiple use management regime for the
protection of shipwrecks that also incorporates the protection of natural resources.
Florida, for example, has accomplished this objective by establishing a series of
Underwater Archaeological Preserves.
The National Marine Sanctuary Act (NMSA) provides the strongest protection to UCH
beyond state submerged lands. The NMSA authorizes the Secretary of Commerce,
through the National Oceanic and Atmospheric Administration (NOAA), to set aside
discrete marine areas of special national (and sometimes international) significance.
Under UNCLOS, sanctuaries may be established within the national 200-mile economic
zone. NOAA protects and manages these areas of the marine environment possessing
conservation, recreational, ecological, historical, research, education, or aesthetic
qualities which give them special national significance. While most of the sanctuaries
focus on protecting ecosystems and natural resources, the first sanctuary established in
1973 was actually to protect the USS Monitor from looting and unwanted salvage.
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In addition, oil industry exploration and activity in U.S. waters is regulated by the
Department of the Interior Minerals Management Service (MMS). The MMS defines
archaeological resources as any material remains of human life or activity that are at least
50 years old and are of archaeological interest, and its objective is to ensure that regulated
outer continental shelf activities do not adversely affect significant archaeological
resources on the seabed.
4.10.3 Significance Criteria
The following four evaluation criteria are based on those used by U.S. and International
agencies to determine what properties should be considered for protection from
destruction or impairment resulting from SODV activities:
•

Resources that are associated with events that have made an important contribution to
the broad patterns of history;

•

Resources that are associated with the lives of persons important in our past;

•

Resources that embody the distinctive characteristics of a type, period, or method of
construction, or that represent the work of a master, or that possess high artistic
values, or that represent an important and distinguishable entity whose components
may lack individual distinction; or

•

Resources that have yielded, or may be likely to yield, information important in
prehistory or history.

In general, the SODV activities may have a significant impact on UCH if the resource
would be (1) physically damaged or altered, (2) isolated from the context considered
important, and (3) affected by SODV activities that would be out of character with the
important resource or its setting.
4.10.4 Impact Source Characterization
Drilling operations will result in the physical disturbances to the seafloor environment
surrounding the borehole site caused by the advancement of drill string and displacement
and subsequent deposition of cuttings on the seafloor consisting of sediment and
geological basement materials. Table 4-2 summarizes the volume of material displaced
for boreholes of varying depth.
During drilling, the cuttings will be swept from the borehole by seawater drilling fluid
pumped through the drill string and discharged from the drill bit. It is expected that the
larger drill cutting particles will be deposited near the borehole, forming a relatively
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small conical mound. The fine suspended particles of drill cutting and drilling mud, if
used, will disperse in the water column near the seafloor by local bottom currents and
will eventually settle on the seafloor within several hundred meters of the borehole.
At selected drill sites, permanent structures such as reentry cones and observatories may
be installed. These structures and associated scientific equipment will not be retrieved,
and the presence of these devices or equipment may affect cultural resources that may be
in the vicinity of the drill site.
4.10.5 Impact Analysis
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
A majority of IODP-USIO riserless drilling activities will be conducted in water depths
greater than 500 m. Therefore, most of the mapped historical and cultural resources,
which are generally located in relatively shallow coastal waters, will in all likelihood not
be affected by the proposed activity in Alternative A. However, as described in Section
4.10.1, there are undoubtedly untold numbers of undiscovered shipwrecks and other
culturally significant artifacts lying at great depth throughout the world’s oceans,
particularly along historic trade routes.
Although unlikely, it is possible that a cultural resource may not be adequately identified
prior to drilling resulting in physical disturbance of the resource.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the IODP SAS will evaluate each drilling proposal and site
characterization data package presented by the principal investigators for each proposed
riserless drilling expedition. The site characterization data will include information on
known (mapped) cultural resources. The site survey data packages will be reviewed by
the EPSP as well as other review panels. If proposed drill sites are located near known or
suspected cultural resource sites, recommendations will be made to either select alternate
drill sites or implement mitigating measures to prevent damaging or destroying the
cultural resources.
Because the comprehensive review and planning process are expected to identify known
cultural resources at proposed drill sites and will involve incorporating mitigating
measures to prevent physical disturbances to these features, the extent of impacts to
cultural resources would be expected to be minimal for all IODP-USIO expeditions
conducted in Alternative B. As in Alternative A however, it is possible that an unmapped
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and undiscovered cultural resource may not be adequately identified prior to drilling
resulting in physical disturbance of the resource.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative),
riserless drilling activities by the SODV would not occur and no risk to cultural resources
would be realized.
4.11

Catastrophic Events

Catastrophic events represent accidents or mishaps which may involve the SODV and
could result in major environmental outputs. Broadly speaking, there are two types of
catastrophes that could involve the SODV, vessel-based events and those originating
from geologic sources.
Vessel-related accidents may involve fuel spills or the release of other hazardous
substances, the unexpected loss of equipment, or under extreme circumstances, loss of
the SODV including the 3,290 metric tons (3.8 million liters) of marine gas oil fuel which
it carries. Potential causes of these incidents may include severe weather, equipment
failure, or human error. An event of this nature could occur while the vessel is in transit
or operating at a drill site.
Since the proposed action involves drilling into the earth, an accidental release of gaseous
or liquid hydrocarbons (blowout) from a geological source could occur. In this case,
pressurized hydrocarbons in the formation being penetrated could be uncontrollably
released from the borehole and discharged into the marine environment. However, based
on the past history and experience gained by the USIO during previous riserless drilling
programs (ODP and DSDP) and the consistent use of rigorous mitigating measures to
prevent these types of events, the probability of a major or catastrophic release of
petroleum from a geological source is extremely low.
4.11.1 Environmental Settings
Background sources of petroleum in the sea are diverse and can be categorized into four
major groups: petroleum consumption, extraction, transportation, and natural seeps.
Petroleum consumption (use) is responsible for the majority of oil released into the
marine environment from anthropogenic sources each year (NOAI, 2006). Releases
derived from spills, wastewater, and stormwater sources into rivers represent the most
significant source of petroleum to the ocean environment. Releases from these sources,
particularly those occurring on land or coastal areas, typically occur as slow chronic
releases over a period of years.
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The accidental release of petroleum from geologic sources may occur during exploration
and extraction operations and could be associated with blowouts or equipment
malfunctions. However, blowouts are considered rare because they only occur
approximately once in 25,500 wells (NOAI, 2006).
The transportation (including refining and distribution) of crude oil and refined products
results in the average annual release of 10.2 million liters (2,700,000 gallons) of
petroleum to North American waters and 166 million liters (44,000,000 gallons)
worldwide. The majority of these spills are associated with large tanker vessels (NOAI,
2006).
Natural seeps occur when crude oil is released from the geologic strata beneath the
seafloor to the overlying water column. Recognized by geologists as an indicator of the
potentially economic reserves of petroleum, these seeps are believed to release large
amounts of crude oil annually. Yet the petroleum released from these potentially large
volume seeps is generally released at a rate low enough that the surrounding ecosystem
can adapt and thrive. On an annual basis, natural seepage of crude oil from geologic
formations below the seafloor to the marine environment off the coast of North America
is estimated to exceed 178 million liters (47,000,000 gallons) and 680 million liters
(180,000,000 gallons) globally (NOIA, 2006). In North America, the largest and best
known natural seeps appear to be in the Gulf of Mexico and the waters off of southern
California, regions that also have extensive oil and gas production.
4.11.2 Regulatory Settings
As described in detail in Section 2.9, vessel operations, drilling, and scientific research
performed by the SODV may be subject to U.S. regulations, requirements of host nations,
and international laws and treaties in which the United States is a signatory party. In
general, these regulations only address catastrophic events from vessel-related sources
and may not be applicable for releases from geologic sources. The specific laws or
guidelines that apply will depend on the location of the vessel and the associated distance
from coastal nations or other special areas.
Specific regulations or guidelines may apply to SODV operations performed within the
following range of distances from a coastal nation: territorial seas (within 12 nm), an
Economic Exclusion Zone (within 200 nm), and the open seas (beyond 200 nm).
Additional requirements will apply to activities conducted within certain regions as
defined by the IMO International Convention for the Prevention of Pollution from Ships,
1973, as modified by the Protocol of 1978 (MARPOL 73/78), and the International
Convention on Oil Pollution Preparedness, Response and Co-operation (OPRC) 1990.
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4.11.3 Significance Criteria
Using the USEPA Oil Pollution Prevention Spill Prevention, Control, and
Countermeasure (SPCC) Plan Requirements (40 CFR 112) as a benchmark, discharges to
the marine environment from catastrophic events may be categorized as follows:
•
•
•
•

Minor Oil Discharge - A discharge of less than 3,800 liters (1,000 gallons);
Medium Oil Discharge - A discharge of 3,800 to 38,000 liters (1,000 to 10,000
gallons);
Major Oil Discharge - A discharge of more than 38,000 liters (10,000 gallons); or
Hazardous Substance Discharge - An element or compound, or mixture, (other than
petroleum) which, when discharged in any quantity into or upon navigable or coastal
waters, presents an imminent and substantial danger to the public health or welfare,
including fish, shellfish, wildlife, shorelines, and beaches. Examples include acids,
bases, other laboratory chemicals, radioisotopes, or other bulk chemicals.

Significant water quality impacts resulting from catastrophic releases may include the
following range of effects:
•
•
•
•

Visible release of petroleum products and the subsequent creation of an oil slick;
Physical changes caused by the presence of petroleum hydrocarbons on water
surfaces, such as reduced dissolved oxygen levels;
Exceedance of water quality parameters stipulated by international, national, regional,
or local laws and regulations; or
Loss of chemicals, radioisotopes, or other drilling- or research-related substances or
equipment that would cause leaching of toxic contaminants into the seawater.

Significant impacts to the marine biota derived from catastrophic releases may
encompass the following range of effects:
•
•
•
•
•
•
•
•
•

Death caused by lethal toxic effects from oil or hazardous substances;
Altered physiology, growth, behavior, and reproduction caused by sublethal toxic
effects of oil;
Tainting due to uptake of oil;
Bioaccumulation or biomagnification in a specific species;
Smothering and suffocation due to heavy oil spill;
Habitat damage including loss of food sources;
Disruption of detritus processing;
Selective elimination of species or functional groups that provide the resource base
for higher trophic levels; or
Selective elimination or depression of keystone predators or foundation species that
control or dominate competitive interaction.
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4.11.4 Impact Source Characterization
The following is derived from information published by the International Tanker Owners
Pollution Federation Limited (ITOPF, 2002) and describes the fate and environmental
effects of petroleum hydrocarbons released to the marine environment from major spill
events.
Fate and Transport of Petroleum in the Marine Environment
When crude oil or a refined petroleum product is spilled into the sea, it undergoes a
number of physical and chemical changes, some of which lead to its removal from the sea
surface, while others cause it to persist. Although spilled oil is eventually assimilated by
the marine environment, the time involved depends upon factors such as the amount of
oil spilled, its initial physical and chemical characteristics, the prevailing climatic and sea
conditions and whether the oil remains at sea or is washed ashore.
The physical and chemical changes that spilled oil undergoes are collectively known as
‘weathering’. Although the individual processes causing these changes may act
simultaneously, their relative importance varies with time. Together they affect the
behavior of the oil and determine its ultimate fate, as shown in Figure 4-4.

Figure 4-4. Fate of Crude Oil Spill – Schematic Representation

As soon as oil is spilled, it starts to spread over the sea surface. The speed at which this
takes place depends to a great extent on the viscosity of the oil and the volume spilled.
Fluid, low viscosity oils spread more quickly than those with a high viscosity. Liquid
oils initially spread as a coherent slick but quickly begin to break up. Solid or highly
viscous oils fragment rather than spreading to thin layers. At temperatures below their
pour point, oils rapidly solidify and hardly spread at all and may remain many
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centimeters thick. Winds, wave action and water turbulence tend to cause oil to form
narrow bands or ’windrows’ parallel to the wind direction. At this stage the properties of
the oil become less important in determining slick movement.
The rate at which oil spreads or fragments is also affected by tidal streams and currents the stronger the combined forces, the faster the process. There are many examples of
spills spreading over several square kilometers in just a few hours and over several
hundreds of square kilometers within a few days, thus seriously limiting the possibility of
effective clean-up at sea. It should also be appreciated that, except in the case of small
spills of low viscosity oils, spreading is not uniform and large variations of oil thickness
from less than a micrometer to several millimeters can occur.
The more volatile components of petroleum will evaporate to the atmosphere. The rate
of evaporation will depend on ambient temperatures and wind speed. In general, those
petroleum components with a boiling point below 200°C will evaporate within a period
of 24 hours in temperate conditions. The greater the proportion of components with low
boiling points, the greater the degree of evaporation. The initial spreading rate of the oil
affects evaporation since the larger the surface area, the faster light components will
evaporate. Rough seas, high wind speeds and warm temperatures will also increase the
rate of evaporation. Any residue of oil remaining after evaporation will have an
increased density and viscosity, which affects subsequent weathering processes and the
effectiveness of clean-up techniques.
Spills of highly refined products, such as kerosene and gasoline may evaporate
completely within a few hours and light crudes can lose up to 40 percent of their volume
during the first day. In contrast, heavy fuel oils undergo little, if any, evaporation. When
extremely volatile oils are spilled in confined areas, there may be a risk of fire and
explosion or human health hazards.
Waves and turbulence at the sea surface can cause all or part of a slick to break up into
droplets of varying sizes which become mixed into the upper layers of the water column.
While some of the smaller droplets may remain in suspension, the larger ones rise back to
the surface, where they either coalesce with other droplets to reform a slick or spread out
in a very thin film, often referred to as ‘sheen’. Droplets which are small enough are kept
in suspension by the turbulent motion of the sea, which mixes the oil into ever greater
volumes of seawater, so reducing its concentration. The increased surface area presented
by dispersed oil can promote processes such as biodegradation, dissolution and
sedimentation.
The rate of dispersion is largely dependent upon the nature of the oil and the sea state,
proceeding most rapidly with low viscosity oils in the presence of breaking waves. Oils
that remain fluid and spread unhindered by other weathering processes may disperse
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completely in moderate sea conditions within a few days. The application of dispersant
chemicals can speed up this natural process. Conversely, viscous oils and oils at
temperatures below their pour point, or oils that form stable water-in-oil emulsions, tend
to form thick lenses on the water surface that show little tendency to disperse, even with
the addition of dispersant chemicals. Such oils can persist for weeks and on reaching the
shore may eventually form hard asphalt pavements if not removed.
The rate and extent to which petroleum dissolves depends upon its composition,
spreading, water temperature, turbulence and degree of dispersion. The heavy
components of crude oil are virtually insoluble in seawater whereas lighter compounds,
particularly aromatic hydrocarbons such as benzene and toluene, are slightly soluble.
However, these compounds are also the most volatile and are lost very rapidly by
evaporation, typically 10 to 1,000 times faster than by dissolution. Concentrations of
dissolved hydrocarbons in seawater thus rarely exceed 1 ppm and dissolution does not
make a significant contribution to the removal of oil from the sea surface.
In moderate to rough seas, most oils will take up water droplets and form water-in-oil
emulsions under the turbulent action of waves on the sea surface. This can increase the
volume of pollutant by a factor of up to four times. Emulsions form most readily in oils
which have a combined nickel/vanadium concentration greater than 15 ppm or an
asphaltene content in excess of 0.5 percent when they are fresh. The presence of these
compounds and the sea state determine the rate at which emulsions form. Oils which
readily emulsify do so rapidly in sea states greater than Beaufort Force 3 (wind speed 7 10 knots). Very viscous oils tend to take up water more slowly than more liquid oils. As
the emulsion develops, the movement of the oil in the waves causes the droplets of water
which have been taken up in the oil to become smaller and smaller, making the emulsion
progressively more viscous and stable. As the amount of water absorbed increases, the
density of the emulsion approaches that of seawater. Stable emulsions may contain as
much as 70 - 80 percent water and are often semi-solid and have a strong red/brown,
orange or yellow color. They are highly persistent and may remain emulsified
indefinitely. Less stable emulsions may separate out into oil and water if heated by
sunlight under calm conditions or when stranded on shorelines.
Hydrocarbons can react with oxygen, which may either lead to the formation of soluble
products or persistent tars. Oxidation is promoted by sunlight and although it occurs
throughout the existence of a slick, its overall effect on dissipation is minor compared to
that of other weathering processes. Even under intense sunlight, thin oil films break
down only slowly, and usually less than 0.1 percent per day. Thick layers of very viscous
oils or water-in-oil emulsions tend to oxidize to persistent residues rather than degrade, as
higher molecular weight compounds are formed that create a protective surface layer.
This can be seen in tar balls which sometimes strand on shorelines and which usually
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consist of a solid outer crust of oxidized oil and sediment particles, surrounding a softer,
less weathered interior.
A few heavier residual oils have specific gravities greater than seawater (more than
1.025), causing them to sink once spilled. Most crude and fuel oils have sufficiently low
specific gravities to remain afloat unless they interact with and attach to more dense
sediment or organic particles. Dispersed oil droplets can interact with sediment particles
suspended in the water column, thus becoming heavier and sinking. However, adhesion
to heavier particles most often takes place when oils strand or become buried on beaches.
On exposed, high energy beaches, large amounts of sediment can be incorporated and the
oil can form dense tar mats. Seasonal cycles of sediment build-up and erosion may cause
oil layers to be successively buried and uncovered. Even on less exposed sandy beaches,
stranded oil can become covered by windblown sand. Once oil has been mixed with
beach sediment, it will sink if washed back out to sea by storms, tides or currents. On
sheltered shorelines, where wave action and currents are weak, muddy sediments and
marshes are common. If oil becomes incorporated into such fine grained sediments, it is
likely to remain there for a considerable time.
Shallow coastal areas and the waters of river mouths and estuaries are often laden with
suspended solids that can bind with dispersed oil droplets, thereby providing favorable
conditions for sedimentation of oily particles to the sea bed. Like some heavy crudes,
most heavy fuel oils and water-in-oil emulsions have specific gravities close to that of
seawater, and even minimal interaction with sediment can be sufficient to cause sinking.
Freshwater from rivers also lowers the salinity of seawater, and therefore its specific
gravity, and can encourage neutrally buoyant droplets to sink. Oil may also be ingested
by planktonic organisms and incorporated into fecal pellets, subsequently falling to the
seabed.
When oil droplets in the water column adhere to very fine sediment particles or particles
of organic matter they can form flocculates, which may be widely dispersed by currents
or turbulence. Small quantities of oil in sea bed sediments or on beaches may also
become attached to such particles and become suspended in the water as flocculates as a
result of storms, turbulence or tidal rise and fall. This process sometimes referred to as
clay-oil flocculation, can result over a period of time in the removal of oil from beaches.
Seawater contains a range of marine microorganisms capable of metabolizing oil
compounds. They include bacteria, moulds, yeasts, fungi, unicellular algae and protozoa
which can utilize oil as a source of carbon and energy. Such organisms are distributed
widely throughout the world’s oceans although they tend to be more abundant in
chronically polluted coastal waters, such as those with regular vessel traffic or which
receive industrial discharges and untreated sewage.
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The main factors affecting the rate and extent of biodegradation are the characteristics of
the oil, the availability of oxygen and nutrients (principally compounds of nitrogen and
phosphorus) and temperature. Each type of microorganism involved in the process tends
to degrade a specific group of hydrocarbons and thus a wide range of microorganisms,
acting together or in succession, are needed for degradation to occur. As degradation
proceeds, a complex community of microorganisms develops. Although the necessary
microorganisms are present in relatively small numbers in the open sea, they multiply
rapidly when oil is available and degradation will continue until the process is limited by
nutrient or oxygen deficiency. While microorganisms are capable of degrading most of
the wide variety of compounds in crude oil, some large and complex molecules are
resistant to attack.
Because the microorganisms live in the water, from which they obtain oxygen and
essential nutrients, biodegradation can only take place at an oil/water interface. At sea,
the creation of oil droplets, either through natural or chemical dispersion, increases the
interfacial area available for biological activity and may enhance degradation.
In contrast, oil stranded in thick layers on shorelines or above the high water mark will
have a limited surface area and will be subject to drier conditions which will render
degradation extremely slow, resulting in the oil persisting for many years. Similarly,
once oils become incorporated into sediments on the shoreline or sea bed, degradation is
very much reduced or may stop due to a lack of oxygen and/or nutrients. The variety of
factors influencing biodegradation makes it difficult to predict the rate at which oil may
be removed. Although biodegradation is clearly not able to remove bulk oil
accumulations, it is one of the main mechanisms by which dispersed oil or the final traces
of a spill on shorelines are eventually removed.
The processes described previously are summarized in Figure 4-5. All come into play as
soon as oil is spilled, although their relative importance varies with time, as shown in
Figure 4-4. Spreading, evaporation, dispersion, emulsification and dissolution are most
important during the early stages of a spill while oxidation, sedimentation and
biodegradation are longer term processes which determine the ultimate fate of oil.
The movement of an oil slick on the sea surface is due to winds and surface currents, and
may be influenced by the combined weathering processes. The actual mechanisms
governing spill movement are complex, but experience shows that oil drift can be
predicted from a simple vector calculation of wind and surface current direction, based on
about three percent of the wind speed and 100 percent of the current velocity.
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Figure 4-5. Fate of Oil Spilled at Sea

Predictions of potential changes in oil characteristics with time allow an assessment to be
made of the likely persistence of spilled oil and thereby the most appropriate response
option. In this latter regard, a distinction is frequently made between nonpersistent oils,
which because of their volatile nature and low viscosity tend to disappear rapidly from
the sea surface, and persistent oils, which dissipate more slowly and usually require a
clean-up response. Examples of the former are gasoline, naphtha and kerosene, whereas
most crude oils, intermediate and heavy fuel oils, and bitumen are classed as persistent.
However, this simple distinction fails to recognize the wide variation in the properties of
different oil types. Better predictions of persistence can be made by using relatively
simple empirical calculations based on oil type.
As a general rule, the lower the specific gravity of the oil the less persistent it will be.
The concept of a ‘half life’ is helpful in defining removal rates of less persistent oils.
This is the time taken for the removal of 50 percent of the oil from the sea surface so that
after six half-lives, little more than one percent of the oil will remain. Half-life
calculations are less useful for heavier oils and water-in-oil emulsions. However, it is
important to appreciate that some apparently light oils behave more like heavy ones due
to the presence of waxes. Oils with wax contents greater than about 10 percent tend to
have high pour points and if the ambient temperature is low, the oil will be either a solid
or a highly viscous liquid, and natural breakdown processes will be slow.
Environmental Effects of Marine Oil Spills
Oil spills can have a serious economic impact on coastal activities and on those who
exploit the resources of the sea. In most cases such damage is temporary and is caused
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primarily by the physical properties of oil creating nuisance and hazardous conditions.
The impact on marine life is compounded by toxicity and tainting effects resulting from
the chemical composition of oil, as well as by the diversity and variability of biological
systems and their sensitivity to oil pollution.
The effects of a particular oil spill depend upon many factors, not least the properties of
the oil. Contamination of coastal amenity areas is a common feature of many spills
leading to public disquiet and interference with recreational activities such as bathing,
boating, angling and diving. Hotel and restaurant owners and others who gain their
livelihood from the tourist trade can also be affected. The disturbance to coastal areas
and to recreational pursuits from a single spill is comparatively short-lived and any effect
on tourism is largely a question of restoring public confidence once clean-up is
completed. Industries that rely on a clean supply of seawater for their normal operations
can be adversely affected by oil spills. If substantial quantities of floating or sub-surface
oil are drawn through intakes, contamination of the condenser tubes may result, requiring
a reduction in output or total shutdown while cleaning is carried out.
Simply, the effects of oil on marine life are caused by either the physical nature of the oil
(physical contamination and smothering) or by its chemical components (toxic effects
and accumulation leading to tainting). Marine life may also be affected by clean-up
operations or indirectly through physical damage to the habitats in which plants and
animals live.
The main threat posed to living resources by the persistent residues of spilled oils and
water-in-oil emulsions is one of physical smothering. The animals and plants most at risk
are those that could come into contact with a contaminated sea surface including marine
mammals and reptiles; birds that feed by diving or form flocks on the sea; marine life on
shorelines; and animals and plants in mariculture facilities.
The most toxic components in oil tend to be those lost rapidly through evaporation when
oil is spilt. Because of this, lethal concentrations of toxic components leading to large
scale mortalities of marine life are relatively rare, localized and short-lived. Sublethal
effects that impair the ability of individual marine organisms to reproduce, grow, feed or
perform other functions can be caused by prolonged exposure to a concentration of oil or
oil components far lower than will cause death. Sedentary animals in shallow waters
such as oysters, mussels and clams that routinely filter large volumes of seawater to
extract food are especially likely to accumulate oil components. While these components
may not cause any immediate harm, their presence may render such animals unpalatable
if they are consumed by man, due to the presence of an oily taste or smell. This is a
temporary problem since the components causing the taint are lost (depurated) when
normal conditions are restored.
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The ability of plants and animals to survive contamination by oil varies. The effects of
an oil spill on a population or habitat must be viewed in relation to the stresses caused by
other pollutants or by any exploitation of the resource. In view of the natural variability
of animal and plant populations, it is usually extremely difficult to assess the effects of an
oil spill and to determine when a habitat has recovered to its pre-spill state.
As described in Section 4.6, plankton are floating plants and animals carried passively by
water currents in the upper layers of the sea. Their sensitivity to oil pollution has been
demonstrated experimentally. In the open sea, the rapid dilution of naturally dispersed
oil and its soluble components, as well as the high natural mortality and patchy, irregular
distribution of plankton, make significant effects unlikely.
In coastal areas some marine mammals and reptiles, such as turtles, may be particularly
vulnerable to adverse effects from oil contamination because of their need to surface to
breathe and to leave the water to breed. Adult fish living in nearshore waters and
juveniles in shallow water nursery grounds may be at greater risk to exposure from
dispersed or dissolved oil.
The risk of surface oil slicks affecting the sea bed in offshore waters is minimal.
However, restrictions on the use of dispersants may be necessary near spawning grounds
or in some sheltered, nearshore waters where the dilution capacity is poor.
The impact of oil on shorelines may be particularly great where large areas of rocks, sand
and mud are uncovered at low tide. The amenity value of beaches and rocky shores may
require the use of rapid and effective clean-up techniques, which may not be compatible
with the survival of plants and animals.
Marsh vegetation shows greater sensitivity to fresh light crude or light refined products
while weathered oils cause relatively little damage. Oiling of the lower portion of plants
and their root systems can be lethal whereas even a severe coating on leaves may be of
little consequence especially if it occurs outside the growing season. In tropical regions,
mangrove forests are widely distributed and replace salt marshes on sheltered coasts and
in estuaries. Mangrove trees have complex breathing roots above the surface of the
organically rich and oxygen-depleted muds in which they live. Oil may block the
openings of the air breathing roots of mangroves or interfere with the trees' salt balance,
causing leaves to drop and the trees to die. The root systems can be damaged by fresh oil
entering nearby animal burrows and the effect may persist for some time inhibiting
recolonization by mangrove seedlings. Protection of wetlands, by responding to an oil
spill at sea, should be a high priority since physical removal of oil from a marsh or from
within a mangrove forest is extremely difficult.
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Living coral grows on the calcified remains of dead coral colonies which form overhangs,
crevices and other irregularities inhabited by a rich variety of fish and other animals. If
the living coral is destroyed, the reef itself may be subject to wave erosion. The effects
of oil on corals and their associated fauna are largely determined by the proportion of
toxic components, the duration of oil exposure as well as the degree of other stresses.
The waters over most reefs are shallow and turbulent, and few clean-up techniques can be
recommended.
Birds which congregate in large numbers on the sea or shorelines to breed, feed or molt
are particularly vulnerable to oil pollution. Although oil ingested by birds during
preening may be lethal, the most common cause of death is from drowning, starvation
and loss of body heat following damage to the plumage by oil.
An oil spill can directly damage the boats and gear used for catching or cultivating
marine species. Floating equipment and fixed traps extending above the sea surface are
more likely to become contaminated by floating oil whereas submerged nets, pots, lines
and bottom trawls are usually well protected, provided they are not lifted through an oily
sea surface. Experience from major spills has shown that the possibility of long-term
effects on wild fish stocks is remote because the normal over-production of eggs provides
a reservoir to compensate for any localized losses.
Cultivated stocks are more at risk from an oil spill since natural avoidance mechanisms
may be prevented in the case of captive species and the oiling of cultivation equipment
may provide a source for prolonged input of oil components and contamination of the
organisms. An oil spill can cause loss of market confidence since the public may be
unwilling to purchase marine products from the region irrespective of whether the
seafood is actually tainted. Bans on the fishing and harvesting of marine products may be
imposed following a spill, both to maintain market confidence and to protect fishing gear
and catches from contamination.
Because major oil spills are accidental events, their location, scope, magnitude, and
resulting environmental effects cannot be identified in advance. The effects will be
influenced by a variety of physical factors, including weather conditions, ocean currents,
water depth, and time of year, and other climatic conditions. Oil spill data compiled by
the International Tanker Owners Pollution Federation Limited (ITOPF) was reviewed to
broadly characterize the range of region-specific effects that a major release of petroleum
could have on the environment. Table 4-12 identifies 20 major oil spills that have
occurred since 1967 in different environmental settings with the locations depicted on
Figure 4-6. It should be noted that because these spills mostly involved large cargo
tankers transporting crude oil and refined petroleum products, the magnitude of the
releases are considerably greater than the amount of marine gas oil fuel that could be
released from the SODV which has the capacity to carry 3,290 tons of fuel.

4-111

Table 4-12. Selected Major Marine Oil Spills 1967-2002
Ship Name

Year

Atlantic Empress
ABT Summer
Castillo de
Bellver
Amoco Cadiz
Haven
Odyssey
Torrey Canyon
Sea Star
Irenes Serenade
Urquiola
Hawaiian Patriot
Independenta
Jakob Maersk
Braer
Khark 5

1989

Aegean Sea
Sea Empress
Katina P
Nova
Prestige
Exxon Valdez

1992
1996
1992
1985
2002
1989

Location (see Figure 4-6)

Spill (tons)

1979 Off Tobago, West Indies
1991 700 nautical miles off Angola

287,000
260,000

1983 Off Saldanha Bay, South Africa

252,000

1978
1991
1988
1967
1972
1980
1976
1977
1979
1975
1993

223,000
144,000
132,000
119,000
115,000
100,000
100,000
95,000
95,000
88,000
85,000

Off Brittany, France
Genoa, Italy
700 nautical miles off Nova Scotia, Canada
Scilly Isles, UK
Gulf of Oman
Navarino Bay, Greece
La Coruna, Spain
300 nautical miles off Honolulu
Bosphorus, Turkey
Oporto, Portugal
Shetland Islands, UK
120 nautical miles off Atlantic coast of
Morocco
La Coruna, Spain
Milford Haven, UK
Off Maputo, Mozambique
Off Kharg Island, Gulf of Iran
Off the Spanish coast
Prince William Sound, Alaska, USA

80,000
74,000
72,000
72,000
70,000
63,000
37,000

Using the data compiled by ITOPF, the following six case studies represent a range of
potential region-specific environmental impacts and response actions that have occurred
associated with major oil spill events from ships. It should also be noted that an
underwater uncontrolled release of petroleum hydrocarbons from a geologic source may
have similar effects.
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Figure 4-6. Location of Selected Oil Spills
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Metula (Chile, 1974)
Metula grounded in the eastern Strait of Magellan, Chile, on 9 August 1974. About
47,000 tons of light Arabian crude oil and 3,000 to 4,000 tons of heavy fuel oil are
estimated to have been lost. Large volumes of water-in-oil emulsion were produced in
the rough sea conditions and much of this landed on shores of northern Tierra del Fuego.
Most of the shores affected were of mixed sand and gravel, but two small estuaries
including salt marshes were also oiled. About 4,000 birds are known to have been killed,
including cormorants and penguins.
No cleanup was done because of the remoteness of the area and consequently this
remains a distinctive spill site mainly because hard asphalt pavements formed on many
shorelines. The long-term fate and effects of heavy oiling have been extensively
investigated. One very sheltered marsh received thick deposits of water-in-oil emulsion
and, 20 years after the spill, these deposits were still visible on the marsh surface, with
the emulsions quite fresh in appearance beneath a weathered surface skin. Little plant
recolonization has occurred in the areas with thicker deposits of 4 or more cm, though it
is proceeding in more lightly oiled areas. On sand and gravel shores, an asphalt
pavement remained in a relatively sheltered area in 1998, but oil deposits had mainly
broken up and disappeared from more exposed shores. These remain among the longestterm contaminants recorded for an oil spill, even though they have not resulted in
significant impacts on fisheries or the biology of coastal waters.
Argo Merchant (USA, 1976)
The Argo Merchant ran aground on Nantucket Shoals, off Massachusetts, USA, on 15
December 1976, and over the next month spilled her entire cargo (28,000 tons) of
Venezuelan No 6 fuel oil and cutter stock. Storms broke up the tanker after grounding,
and attempts to pump the oil into another vessel failed. In situ burning was attempted on
two occasions, but the slick failed to remain ignited.
Winds during the spill period were offshore from Massachusetts, and as a result no oil
from Argo Merchant ever reached the shoreline and no coastal impact was reported.
Hydrocarbon contamination of the bottom sediments was restricted to an area
immediately around the wreck, and apparently was short-lived. The bulk of the spill
formed large 'pancakes' and sheens on the surface; these were carried offshore over the
continental shelf and into the prevailing North Atlantic circulation pattern. The cutter
stock, which was mixed with the fuel oil to improve handling, entered the water column.
Despite its relatively high potential toxicity, there was little evidence of impact on the
marine fauna or phytoplankton. The accident occurred at the time when the fewest
potential effects on pelagic organisms would be expected; a period of low productivity in
the water column, with few fish eggs and larvae present. Oiled birds were seen near the

4-114

wreck, and though total mortalities are difficult to evaluate, it was concluded that the spill
probably had little effect on the coastal and marine bird populations off the New England
coast. The outcome of the Argo Merchant oil spill appears to have been fortunate in
several respects: (a) the winds were almost continuously offshore, preventing the oil from
coming on the beaches; (b) the density of the oil was low enough so that it did not sink
and contaminate the bottom; and (c) the spill occurred in the winter when the biological
activity, productivity, and fishing activities are relatively low.
Tanio (France, 1980)
On 7 March 1980 Tanio, carrying 26,000 tons of No. 6 fuel oil, broke in two during
violent weather conditions off the coast of Brittany, France. As a result approximately
13,500 tons of cargo oil was spilled. The stern section, with about 7,500 tons of cargo oil
aboard, remained afloat and was towed to Le Havre; the bow section, carrying 5,000 tons
of cargo oil, sank to a depth of 90 m. Strong northwest winds at the time of the incident
moved the oil towards the Breton coast (which had already received major oil impacts
from the Torrey Canyon spill in 1967 and the Amoco Cadiz in 1978). Due to the high
viscosity of the oil and severe weather conditions, neither chemical dispersal nor
containment and recovery techniques at sea were possible. The spilled oil began to be
washed ashore on 9 March, and eventually contaminated about 200 km of coastline to
varying degrees. Many of the worst affected areas could not be boomed effectively
because of the nature of the coastline, the extremely large tidal range (9m) and the
severity of the weather at the time of the accident.
As tourism is of major importance in Brittany, the main emphasis of the cleanup
operation was to return amenity areas to a usable condition as quickly as possible. In
severely contaminated areas, bulk oil was removed by the use of tractor-drawn vacuum
trucks, but this technique could not be used on cold, cloudy days when the oil became too
viscous. Owing to concern that a forthcoming high tide would extend the shoreline
contamination, it was decided that a more rapid removal of the bulk oil was required.
Heavy earth-moving equipment (bulldozers and front-end loaders) was therefore used
despite the well-known detrimental effects of driving heavy equipment over severely
oiled beaches. While much oil (and a considerable amount of beach material) was
removed within a short time, the underlying sediments at a number of sites were heavily
contaminated and required extensive restoration work at a later stage. Where access was
difficult or where the deposits of oil were thin or well spread out, men with shovels were
employed to pick up the oil and to put it into sacks or tractor-drawn trailers. Oil collected
during the cleanup operation was taken to a tanker deballasting station for treatment. The
removal of bulk oil was followed by the cleaning of the rocks in the tourist areas, using
hot water washing machines and high pressure cold water jets. Released oil was
collected using granular mineral sorbents and dispersants were used in cases of severely
contaminated rocks. By the time the cleanup operation was completed at the beginning
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of July most of the beaches and accessible rocks had been restored to something
approaching their pre-spill state.
The Tanio spill presented considerable cleanup problems to which there was no easy
solution, but the low toxicity of the oil meant that the environmental effects were limited.
Approximately 1,700 dead birds, primarily guillemots and other auks, were recovered
during the incident, and there were some localized effects such as contaminated oyster
beds and disrupted seaweed harvests caused by the smothering of intertidal life and by
the extensive cleanup operations at the worst affected areas.
Castillo De Bellver (South Africa, 1983)
Castillo De Bellver, carrying 252,000 tons of light crude oil (Murban and Upper Zakum),
caught fire about 70 miles north west of Cape Town, South Africa on 6 August 1983.
The blazing ship drifted offshore and broke in two. The stern section possibly with as
much as 100,000 tons of oil remaining in its tanks capsized and sank in deep water, 24
miles off the coast. The bow section was towed away from the coast and was eventually
sunk with the use of controlled explosive charges. Approximately 50-60,000 tons are
estimated to have spilled into the sea or burned. Although the oil initially drifted towards
the coast, a wind shift subsequently took it offshore, where it entered the north-west
flowing Benguela Current.
Although a considerable amount of oil entered the sea as a result of the Castillo De
Bellver incident, there was little requirement for cleanup (there was some dispersant
spraying) and environmental effects were minimal. The only visible damage was the
oiling of some 1,500 gannets, most of which were collected from an island near the coast
where they were gathering for the onset of the breeding season. A number of seals were
observed surfacing in the vicinity of the dispersant spraying activities but were not
thought to have suffered any adverse effects.
Also of initial concern was the 'black rain' of airborne oil droplets that fell during the first
24 hours of the incident on wheat growing and sheep grazing lands due east of the
accident, although no long-term damage was recorded from these residues. The impact
on both the rich fishing grounds and the fish stocks of the area was also considered to be
negligible.
Exxon Valdez (United States, 1989)
Exxon Valdez grounded on Bligh Reef in Prince William Sound, Alaska, on 24 March
1989. About 37,000 tons of Alaska North Slope crude escaped into the Sound and spread
widely. There was some limited dispersant spraying and an experimental in situ burn
trial during the early stages of the spill, but at-sea response concentrated on containment
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and recovery. Despite the utilization of a massive number of vessels, booms and
skimmers, less than 10 percent of the original spill volume was recovered from the sea
surface. The oil subsequently affected a variety of shores, mainly rock and cobble, to
varying degrees over an estimated 1,800 km in Prince William Sound and along Alaska's
south coast as far west as Kodiak Island.
This spill attracted an enormous amount of media attention because it was the largest spill
to date in U.S. waters (although well down the scale in world terms). Moreover, it
happened in a splendidly scenic wilderness area with important fisheries and attractive
wildlife such as sea otters and bald eagles. Consequently the response was the most
expensive in oil spill history, with over 10,000 workers being employed at the height of
the cleanup operations, many of them in shoreline cleanup, often in remote areas. The
clean-up cost for the first year alone was over US$2 billion.
Shoreline cleanup techniques included high pressure, hot water washing, which was
carried out on a scale never attempted previously or subsequently. This caused
substantial impact in intertidal communities and may have delayed their recovery in some
areas, although recovery on over 70 percent of oiled shorelines was progressing well one
year after the spill. There were also some relatively large scale bioremediation trials that
gave mixed results. About 1,000 sea otters are known to have died, and over 35,000 dead
birds were retrieved. There were particular efforts to protect fisheries, for example with
booming of salmon hatcheries. Oil residues remain trapped in intertidal sediments at a
few locations and scientists dispute the evidence of long-term damage to wildlife and fish
populations.
Tasman Spirit (Pakistan, 2003)
The Maltese tanker Tasman Spirit (87,584 DWT) grounded at the entrance to Karachi
Port, Pakistan in the early hours of Sunday 27 July 2003. The vessel was carrying 67,800
tons of Iranian Light crude oil destined for the national refinery in Karachi. There were
also 440 tons of heavy fuel oil in aft bunker tanks. The condition of the grounded tanker
deteriorated as she was subjected to continuous stress from the heavy swell of the
prevailing south-west monsoon and the vessel subsequently broke in two. In total, it is
estimated that some 30,000 tons of oil was spilled from the Tasman Spirit, and the
incident ranks as the largest crude oil spill since the Sea Empress incident in February
1996 (72,000 tons).
In the course of inspections onboard the Tasman Spirit, it became apparent that most of
the cargo tanks had been ruptured, while the bunker tanks remained intact. The owners
appointed salvors and also hired a succession of small tankers and barges for the purpose
of shuttling and storing oil lightered from the casualty. During the next few weeks
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roughly half of the crude oil cargo and most of the bunker fuel was successfully
transferred from the casualty.
On 11 August the tanker began to show signs of breaking up and eventually broke in two
overnight on 13/14 August, spilling several thousand tons of crude oil. Much of the
spilled oil quickly stranded on Clifton Beach, the main tourist beach in Karachi, but
significant quantities remained afloat both inside and outside Karachi port. Dispersants
were applied offshore from a Hercules C-130 aircraft equipped with an aerial dispersant
spraying system (ADDS Pack) in response to two distinct pollution events involving the
progressive break-up of the tanker. Approval for large scale dispersant use was given by
the Karachi Port Trust (KPT) and the Pakistan Environment Protection Agency. Oil
entering the port of Karachi was confined by deploying booms at suitable collection sites,
and in total some 140 tons of oil were recovered by skimmers. KPT also deployed vessels
to apply dispersant on oil drifting through the port entrance.
The severe pollution of Clifton Beach created very strong oil vapors causing considerable
discomfort to local residents and clean-up personnel. Local hospitals reported many
cases of headaches, nausea and dizziness and seventeen schools in the vicinity were
closed for about a week. The beach was cleaned by a combination of manual and
mechanical means, but work was hampered by a lack of suitable disposal sites for
collected oily waste. Agreement was eventually reached for disposal at one of the
municipal waste sites serving Karachi City. Clifton Beach was reopened to the public in
the middle of October.
Given the low persistence of Iranian Light crude oil and the high mixing energy in the
many damaged cargo tanks generated by the incessant heavy swell, it is likely that most
of the spilled oil dispersed naturally. Field surveys conducted showed little or no impact
on mangroves, salt pans and other sensitive resources in the vicinity. The geographical
extent of shoreline oiling was limited to a ten-mile radius around the grounded tanker.
While there have been few reports of repercussions of the oil on fisheries, a three-month
fishing ban was imposed by the Marine Fisheries Department along the coastline directly
affected by oil, extending five nautical miles offshore.
4.11.5 Impact Analysis
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
The primary output resulting from a catastrophic event related to the SODV itself or
drilling into a geological source would be the uncontrolled release of petroleum
hydrocarbons to the marine environment. Based on IODP-USIO riserless drilling
experience, the probability of a major spill or catastrophic release of petroleum from the
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SODV or a geological source is very low. This is readily demonstrated by 21 years of
ODP/IODP experience involving riserless drilling of more than 1,900 boreholes without a
major spill of fuel from the vessel or accidental release of hydrocarbons from a geologic
source. Building further upon this experience, it is anticipated that this record of
preventing catastrophic releases will continue with future SODV expeditions.
Severe weather represents a significant condition that could threaten vessel operations
and contribute to a catastrophic release or petroleum. For example, if the ship were to be
blown off a drill site during a severe storm without ample time to retrieve the drill string,
the drill string could be lost and the ship may be severely damaged if it grounded in
shallow water or onshore. Through best management practices including the operational
planning process for each expedition and continuously monitoring ever-changing weather
conditions, the SODV will be able to avoid environmental conditions which could
contribute to the catastrophic release of petroleum from the vessel.
The risk of an accidental release of petroleum hydrocarbons from a geologic source exists
if riserless drilling intercepts a pressurized formation below the seafloor. In Alternative
A, proposed drill sites would undergo rigorous evaluation by the safety panel (IODPUSIO Science Services, TAMU Safety Panel) composed of experienced geologists,
engineers, and drilling professionals. This review would ensure that sites exhibiting
potentially unsafe conditions would be identified and avoided, thereby preventing
boreholes being advanced in areas characterized by geologic sources of petroleum and
minimizing the risk of a petroleum release from these sources.
During drilling, if conditions suggesting the possible release of petroleum hydrocarbons
or other gasses (e.g., hydrogen sulfide) are detected during SODV operations, drilling
will immediately cease and a series of pre-defined control measures will be implemented
to stabilize and seal the borehole thereby avoiding an uncontrolled release to the marine
environment. It is possible, though unlikely, that riserless drilling may penetrate a thin,
relatively undetectable petroleum layer, resulting in its release from the borehole to the
marine environment. In this instance, the amount of material released would be minimal.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, the probability of a major spill or catastrophic release of petroleum from
the SODV or a geological source would be very low, similar to Alternative A. In
Alternative B, the IODP SAS comprehensive review and advisory process combined with
the stringent program of continuous real-time monitoring of hydrocarbon potential while
drilling would further reduce the risk of an uncontrolled release of hydrocarbons from a
geologic source to an extremely low level.
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Input from the IODP SAS review process may also include recommendations for sitespecific mitigating measures such as additional detection tools (e.g., logging while
drilling, measurement while drilling) and the availability of resources to respond to signs
of geologic hazards. For example, the IODP SAS may recommend the availability of
heavy drilling mud at certain drills sites which could quickly be deployed to abandon a
borehole or seal specific stratigraphic intervals, thereby ensuring a maximum level of
protection from potential petroleum releases.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative),
riserless drilling activities by the SODV would not occur and there would be no risk of
catastrophic releases from the vessel or drilling operations.
4.12

Temporal Effects

4.12.1 Short-term Effects
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
The majority of the effects resulting from outputs associated with the operation of the
SODV and riserless drilling and coring activities will be short term events. These effects
are expected to be caused by:
•
•
•
•
•
•
•

Wastewater discharges (vessel operations)
Solid and liquid discharges (drilling)
Physical disturbances (drilling, research activities)
Acoustic sources (vessel operations, drilling, and research activities)
Equipment or material releases (drilling, research activities)
Air emissions (vessel operations, onboard laboratories)
Waste and hazardous materials management (vessel operations, onboard laboratories)

Wastewater discharged from the vessel, including treated sanitary wastewater, greywater,
and other aqueous wastes (bilgewater, treated deck drainage) will rapidly mix and
assimilate into the receiving waters. The resulting effects will be localized and transitory.
Fine grain-size particles ejected from a borehole during drilling (cuttings) and the
occasional use of drilling mud to condition a borehole may temporarily create turbidity in
the water column near the seafloor which will quickly dissipate allowing the local water
quality to return to background conditions shortly after drilling operations cease.
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It is not expected that the seafloor will be disturbed on the long-term basis beyond the
immediate vicinity of a borehole where natural sediment materials (e.g., drill cuttings)
will be deposited. Depending on site-specific conditions, the borehole itself will either
naturally fill-in with surrounding sediment, be sealed with drilling mud consisting of
naturally-occurring minerals, be completed with the installation of a permanent research
device (e.g., observatory), or remain as an open hole in the seafloor (long-term effect).
Air emissions including fuel combustion exhaust byproducts and volatile emissions such
as fuel vapors or chemicals will be released to the ambient air as a result of the proposed
action. In addition, fugitive gases such as methane or hydrogen sulfide may be released
when certain types of sediment cores are opened in the laboratory. Notwithstanding
health and safety measures that will be implemented to protect the ship’s crew and
researchers, these emissions will rapidly disperse once vented to the ambient air and yield
minor short-term air quality effects.
Acoustic outputs originating from vessel operations and riserless drilling activities will
increase the ambient noise level present in the marine environment. Certain noises
generated during the proposed action may potentially affect nearby biological receptors.
These outputs may elicit avoidance responses in some organisms during the relatively
short periods of time when the vessel is drilling at a particular site. Acoustic outputs
related to single-channel seismic surveys or VSP measurements will only occur
occasionally and for relatively short periods of time. The potential disturbance effects to
individual or groups of animals, if any, will be temporary and animals displaced from a
particular area are expected to return after drilling ceases and the vessel departs.
Benthic organisms in the immediate vicinity of a drill site may be impacted by the
smothering effects of drill cuttings displaced from the borehole. However, benthic
organisms which are either capable of moving away from a borehole location before
being smothered by drill cuttings or organisms which are beyond the area where cuttings
accumulate, will only be disturbed for a relatively short period of time. The effects on
benthic organisms will be site-specific depending on factors such as the population
density and mobility of the organisms but seafloor conditions existing after drilling is
complete are not expected to inhibit recolonization. Effects, if any, to marine mammals,
sea turtles, fish, or plankton species, are expected to be short term and cease once the
vessel leaves a particular drill site area.
Vessel and drilling operations have the potential to affect marine transport routes,
fisheries, and aquaculture. However, if an impact is realized, it would only last for the
short period of time that the vessel is present at a particular location. The management of
hazardous materials and wastes onboard the SODV may have a short-term effect on
vessel operations but is not expected to impact the surrounding marine environment.
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Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, riserless drilling activities would be planned and performed based on
comprehensive review input provided by the IODP SAS. The intensity and extent of
short-term impacts caused by typical expedition activities (vessel operations, drilling, and
research) are generally not expected to change as compared to Alternative A, including:
•
•
•
•
•

Localized effects to water quality surrounding the vessel and near the seafloor
surrounding boreholes;
Localized disturbances to the seafloor surrounding boreholes and associated
deposition of drill cuttings and drilling mud particles;
Localized smothering of benthic communities in the immediately vicinity of
boreholes;
Temporary displacement or disturbances to biological receptors derived from
acoustical outputs;
Localized interruption of fishery or marine transportation activities.

In Alternative B, the comprehensive review and planning process will ensure that the
number and location of boreholes advanced will be kept to the minimum needed to
support scientific objectives. As a result, the extent of disturbances to the seafloor and
related effects resulting from the discharge of drill cuttings and drilling mud at some drill
sites may be reduced as compared to Alternative A.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative), the
short-term effects identified above will not occur.
4.12.2 Long-term Effects
Alternative A – Conduct Riserless Ocean Drilling Solely Based on Scientific Research
Needs
Although a majority of the impacts associated with riserless drilling activities at a
particular drill site will cease once the SODV leaves the area, several outputs will exhibit
more lasting effects including:
•
•
•

Localized physical disturbances to the seafloor (drilling);
Equipment or material releases to the seafloor (drilling, research activities);
Accidental releases (vessel operations, drilling).
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Inherent to the proposed riserless drilling activities, a very small portion of the seafloor
will be disturbed at each borehole site as drilling and coring proceeds to support the
research objectives. At some drill sites, casing, observatory-related equipment, reentry
devices, and certain types of materials used during drilling may be deployed into a
borehole or onto the seafloor and may remain in-place indefinitely. Although these items
may be permanently left on or below the seafloor, the resulting impacts will be very
localized and minimal.
As indicated above, the displacement and deposition of drill cuttings on the seafloor may
affect benthic organisms if present in the immediate vicinity of the borehole. In most
habitats, displaced benthic organisms would be expected to recover in a relatively short
time period once drilling activities cease. However, recovery in sensitive ecosystems
such as hydrothermal vents or coral reefs may be inhibited or impossible. In Alternative
A, if sensitive resources were not identified during the expedition planning process and
effective mitigating measures applied during drilling activities, the resulting
environmental effects may be more pronounced and long term.
The catastrophic and uncontrolled release of petroleum hydrocarbons from either vessel
related or geologic sources has the potential to effect widespread areas of the
environment on a long-term basis. Throughout the site selection process including the
application of site-specific mitigating measures to avoid these areas and prevent unsafe
conditions, catastrophic release events have been avoided in over two decades of riserless
drilling activities by the USIO. These expedition planning and mitigating measures will
continue to be refined and applied to further reduce the risk of future catastrophic
releases.
Alternative B - Conduct Riserless Ocean Drilling Based on Specific Scientific Research
Needs and IODP Support
In Alternative B, long-term impacts resulting from the riserless drilling activities would
generally be expected to be similar in intensity and extent to those realized in Alternative
A. These impacts would be derived from localized physical disturbances to the seafloor
and release of equipment or material to the seafloor.
However, in Alternative B, measures would be taken through the IODP SAS review and
advisory process to identify biologically sensitive ecosystems and recommend sitespecific mitigating measures that would be designed and implemented to effectively
prevent or minimize long-term adverse impacts. Thus, the long-term impacts to these
resources would be minimal and would be reduced as compared to Alternative A.
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The risk of accidental releases and associated range of long-term impacts that may occur
is also expected to be very low (comparable to Alternative A), although during the
comprehensive expedition planning and review process in Alternative B, mitigating
measures will continue to be refined and applied to further reduce the risk of future
catastrophic releases.
Alternative C – No Action
If IODP-USIO riserless drilling activities are not conducted (No Action Alternative), the
long-term effects identified above will not occur.
4.13

Unavoidable, Irreversible, and Indirect Effects

Unavoidable effects are those which are inherent to the proposed action and cannot be
eliminated if the action proceeds as designed. Irreversible effects are impacts which are
permanent and may not be reduced or eliminated by naturally-occurring processes in the
foreseeable future. Indirect effects are caused by the proposed action and are later in time
or farther removed in distance, but are still reasonably foreseeable. Indirect effects may
include effects which are realized at different locations or times but induced by the
proposed action. Implementation of Alternatives A or B will result in unavoidable,
irreversible, and indirect effects as summarized in Table 4-13.

Table 4-13. Summary of Unavoidable, Irreversible, and Indirect Effects
Affected
Environment

Process/
Activity

Environmental Output

Releases/Discharges (treated
wastewater, greywater, treated
bilgewater, deck drainage, ballast
water)
Releases/Discharges (seawater
Riserless
drilling fluid, tracers, sediment,
Drilling
drilling mud, cement)
Scientific Releases/Discharges (laboratory
Research wastewater)
SODV
Physical Disturbances (operation of
Operations vessel’s thrusters)
Discharges (seawater drilling fluid,
Riserless
tracers, sediment, drilling mud,
Drilling
cement)
Releases/Discharges (heavy drilling
mud for closure of select boreholes,
Borehole
cement for casings and plugging
Completion
select boreholes, casing, reentry
devices and instruments)
SODV
Operations

Water Quality

Seafloor
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Effects
Avoidable Reversible Indirect
No

Yes

No

No

Yes

No

Yes 1

Yes

No

No

Yes

No

No

No

No

Yes 1

No

No

Table 4-13. Summary of Unavoidable, Irreversible, and Indirect Effects
Affected
Environment

Air Quality

Process/
Activity
Riserless
Drilling
SODV
Operations
Scientific
Research

Environmental Output
Physical Disturbances (drilling,
coring, sediment displacement)

No

No

No 2

Air Emissions (exhaust, vapors)

No

Yes

No

Yes1

Yes

No

No

Yes

No

No

Yes

No

Yes1

Yes

No

No

Yes 3

No

No

Yes 3

No

Yes 1

Yes 3

No 2

No

Yes 3

No

No

Yes 3

No

No

Yes 3

No

Yes 1

Yes 3

No

No

Yes

No

No

Yes

No

Yes

No

No

Yes

No

No

No

No

No

Air Emissions (laboratory)

Underwater Noise (operation of
vessel engines, generators, thrusters,
mechanical systems, and instruments)
Riserless Underwater Noise (operation of
Drilling
drilling/coring equipment)
Underwater Noise (operation of
Scientific
instruments utilizing sonic
Research
transmitters, small seismic sources)
Releases/Discharges (treated
SODV
wastewater, greywater, treated
Operations bilgewater, deck drainage, ballast
water)
Releases/Discharges (seawater
Riserless
drilling fluid, tracers, sediment,
Drilling
drilling mud)
Borehole Releases/Discharges (placement of
Completion reentry devices and instruments)
Physical Disturbances (operation of
Riserless
drilling, coring equipment, sediment
Drilling
displacement)
Underwater Noise (operation of
SODV
vessel engines, generators, thrusters,
Operations
mechanical systems, and instruments)
Riserless Underwater Noise (operation of
Drilling
drilling/coring equipment)
Scientific Underwater Noise (instrument
Research operation, small seismic sources)
SODV
Physical Disturbances (presence of
Operations the vessel)
Riserless Physical Disturbances (presence of
Drilling
the vessel)
Discharges (seawater drilling fluid,
Riserless
tracers, sediment, drilling mud,
Drilling
cement)
Physical Disturbances
Riserless
(drilling/coring, sediment
Drilling
displacement)
SODV
Hazardous Materials Management
Operations
SODV
Operations

Acoustical
Environment

Biological
Resources

Marine
Transportation

Cultural
Resources
Vessel Crew &
Resources

Effects
Avoidable Reversible Indirect
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Table 4-13. Summary of Unavoidable, Irreversible, and Indirect Effects
Affected
Environment
Marine
Ecosystem
(water quality,
air quality,
seafloor,
biological
resources)

Process/
Activity

Environmental Output

Effects
Avoidable Reversible Indirect

SODV
Operations

Solid and Hazardous Waste
Management

No

No

No

Accidental
Events

Spills (major fuel spill from the
vessel or blowout caused by drilling
into geological source)

No

No

Yes

Notes:
1

Environmental output can be substantially reduced or eliminated but may result in the failure of the
expedition to meet scientific objectives
2
Research results may prompt follow-on investigation at a particular drill site
3
Effects on sensitive biological resources may be long term or irreversible in Alternative A

In general, a majority of the unavoidable impacts identified in this impact statement
represent localized effects which are minimal in the context of the marine environment
and short term in duration. Examples include physical disturbances caused by the
presence of the vessel, liquid discharges, and air emissions. Some of the effects resulting
from research-related processes may be considered avoidable as indicated on Table 4-13;
however, eliminating or altering these activities would likely jeopardize the ability of an
expedition to meet its research objectives. Other effects such as those involving the
closure or plugging of boreholes, while avoidable, are performed as a mitigating measure
to prevent release of geologic materials or fluids to the surrounding environment.
Potential impacts associated with the operation of the SODV and riserless drilling
activities in biologically sensitive areas are also considered avoidable, but only if
Alternative B were implemented since expedition planning efforts will help to identify
these types of environmental settings and prompt the development and implementation of
site-specific mitigating measures.
Many of the effects summarized in Table 4-13 are temporary and reversible. These
impacts affect air and water quality, behavioral disturbances to biological organisms,
noise and vibration outputs, and disturbances to marine transportation routes. The
environmental media or receptors that may be affected by these reversible impacts are
expected to return to normal conditions shortly after the vessel leaves a particular drill
site or completes a transit route. In Alternative A however, impacts to sensitive
biological resources or ecosystems may be more significant or prolonged than in
Alternative B.

4-126

A majority of the effects associated with riserless drilling and borehole completion
activities are, by their nature, irreversible disturbances of the seafloor environment and
are primarily associated with the deposition of drill cuttings or deployment of equipment
on the seafloor. Devices such as reentry cones and observatories are intended to be
permanent borehole completion structures and will be used to support long-term research
projects.
Few indirect effects are expected to result from riserless drilling expeditions. The
operation of the SODV may indirectly affect logistical resources at port facilities needed
to support the vessel and crew. These impacts may be related to activities such as cargo
handling, vessel maintenance, research staff and crew support, and core sample handling
and transportation. The overall environmental impact associated by these support
activities is minimal.
The accidental or catastrophic release of a substantial quantity of liquid or gaseous
petroleum hydrocarbons to the environment from either a vessel- or geologic-related
source is highly unlikely but would result in various unavoidable, irreversible, and
indirect effects. The effects would be related to the fate and transport of petroleum into
the marine environment and impacts to human and biological receptors. Indirect effects
would be realized due to subsequent cleanup or recovery efforts.
4.14

Cumulative Effects

A cumulative impact is an impact on the environment which results from the incremental
impact of an action when added to other past, present, and reasonably foreseeable future
actions regardless of the source of such other actions. Cumulative impacts can result from
individually minor but collectively significant actions taking place over a period of time.
Cumulative effects may include the combination (aggregate) of impacts associated with
(1) all individual outputs resulting from an action having the potential to impact an
environmental media or receptor, or (2) the effect of a particular process or activity that
may combine with the effects of other processes or activities occurring in the same
location.
Cumulative impacts that may be realized as a result of SODV operations and riserless
drilling activities in either Alternative A or B are described below.
Air Quality
The localized and short-term environmental effects resulting from SODV air emissions
are not expected to combine with and magnify air quality impacts from other vessels or
sources. Similarly, air emissions from the SODV are not expected to increase the
severity of other environmental impacts from SODV operations. Therefore, the SODV
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operations will not directly or cumulatively contribute to the degradation of local air
quality.
Ocean Environment
Treated and untreated liquid wastes originating from SODV operations in Alternative A
or B and discharged to the sea are not expected to adversely affect water quality due to
the absence of toxic constituents in the liquid waste, rapid mixing once discharged, and
the assimilative capacity of the sea. The effect of each liquid discharge will be localized
in extent, short term in duration, and additive effects from multiple liquid discharges will
not significantly degrade water quality. Similarly, liquid discharges from the SODV are
not expected to magnify or increase the severity of other impacts from SODV operations.
The effects of riserless drilling on water quality near the seafloor are generally expected
to temporarily increase turbidity in an area within approximately a hundred meters of the
borehole. The release of drill cuttings and drilling mud, when used, from a borehole will
generally not occur in an area where the local water quality may have already been
degraded by other sources, therefore no cumulative effect is expected. At drill sites
where multiple offset boreholes are advanced in proximity to each other, turbidity may
increase with each successive borehole; however, the overall cumulative effect will be
short term and reversible since the suspended particles will tend settle to the seafloor
without degrading local water quality significantly.
When the SODV is transiting or dynamically positioned at a drill site, the vessel’s
engines, propulsion systems, transducer-based equipment, and certain research devices
will emit acoustic energy to the marine environment. Even though the SODV has
multiple devices that emit acoustic energy underwater, not all sources will emit sound
energy simultaneously and transducer-based devices will transmit their energy in narrow
beams focused toward the seafloor, thereby minimizing cumulative effects. Generally
the source with the highest peak sound level will be the dominant source with little or no
cumulative contribution from lesser energetic sources.
Cumulative impacts to marine organisms from SODV acoustic sources may occur from
repeated or prolonged exposure to sound sources. It is anticipated that many of the
marine organisms that are sensitive to the SODV’s acoustic outputs will display
avoidance reactions before being exposed to peak sound levels or long-term exposure to
continuous sounds. Based on the short-term and intermittent nature of many of the
SODV’s operations and the mobility of potential receptors, it is highly unlikely that these
outputs would disturb marine biota to a degree that would result in chronic disruption of
normal behavioral patterns or long-term displacement from preferred feeding or breeding
areas. In addition, the relatively short-term nature of the SODV’s operations at deep sea
drill sites are not expected to significantly combine with acoustical outputs from other
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vessels and quantitatively increase the background acoustic noise level in the world’s
oceans.
Seafloor Environment
Analogous to the hundreds of boreholes created for scientific research interests by the
IODP’s predecessor programs (ODP, DSDP), the proposed drilling and earth sampling
activities will, by design, take place over relatively brief periods of time and at select
seafloor locations unique for their earth sciences research interests and in water often
more than 1,000 m deep. Under these conditions, most of the SODV’s riserless drilling
activities will take place at sites where the seafloor has not been previously disturbed and
therefore minimal risk exists of cumulative impacts to the seafloor or water quality. At
sites where multiple offset boreholes will be advanced in proximity to each other, the
localized cumulative effect is not expected to adversely impact the seafloor environment
or marine biota. Occasionally, an existing borehole may be re-entered to continue coring
activities or to support the installation of a completion structure in the borehole. In these
cases, the continued activity at the borehole site may result in an additional disturbance to
the surrounding environment but the cumulative effect is expected to be minimal.
Benthic organisms are likely to be affected by the deposition of drill cuttings and drilling
mud deposited on the seafloor in proximity to a borehole during riserless drilling.
Although these benthic organisms may be displaced, partially covered with sediment, or
even smothered, the effects will be localized to organisms in the immediate vicinity of
the borehole and are not expected to create a cumulative impact on a benthic community
or other marine organisms.
There may be a higher probability of a cumulative impact to marine biota if the SODV
operates in a biologically sensitive environment. For example, short-term impacts to
water quality coupled with deposition of sediment and drilling mud particles on the
seafloor may have a greater adverse impact on benthic communities, or other marine
biota, than either of the impacts independently. In Alternative A, the resulting
cumulative effects could be significant in a sensitive ecosystem. In Alternative B, sitespecific will have been identified and mitigating measures designed and incorporated into
planned drilling activities to effectively control or prevent disturbances or discharges that
may contribute to these types of cumulative effects. In Alternative B, if a riserless
drilling expedition were planned in an area where biologically sensitive organisms may
be adversely impacted or harmed, a supplemental site-specific environmental review
would be performed to evaluate the risks of proceeding with the proposed action and
develop recommendations to mitigate unacceptable risks or select alternate sites.
In summary, because the effects to the seafloor environment resulting from riserless
drilling activities are relatively unique on spatial and temporal scales of references, no
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incremental increase to other past, present, and reasonably foreseeable future actions
would be expected. Therefore, no significant cumulative effects to the seafloor
environment or biological receptors are expected from IODP-USIO riserless drilling
activities.
Marine Vessel Transportation and Accidents
The proposed IODP-USIO riserless drilling activities will, by design, take place over
relatively brief periods of time and at select marine locations unique for their earth
sciences research interests. As the IODP-USIO will utilize just one ship, cumulative
impacts to maritime shipping activities are not foreseen in either Alternative A or B. It is
highly unlikely that any given commercial or military vessel would be affected by the
presence of the SODV multiple times. Regardless, even if there were multiple
encounters, each individual encounter is expected to be without conflict. Therefore, no
significant cumulative impacts to marine transportation are expected from SODV
activities.
Incidents involving the catastrophic release of petroleum hydrocarbons (or other
hazardous substances) either from a vessel-related source or a geological source while
drilling may also impact maritime shipping operations on a cumulative basis. Based on
over 36 years of U.S. scientific riserless drilling, including 21 years experience by the
USIO, no major accidental spills have occurred; therefore, there is compelling evidence
to suggest that effective procedures have and will continue to be implemented to prevent
major accidental spills or releases from the SODV.
The environmental outputs associated with the accidental or catastrophic release of
petroleum hydrocarbons from vessel- or geological related sources may be significant
and result in major cumulative effects. However, through the use of effective planning,
use of best management practices, and mitigating measures, USIO riserless drilling
expeditions have avoided these types of events in the past and therefore the probability of
major spills or blowouts in the future is extremely low.
4.15

Impact Summary

The potential environmental outputs and associated impacts resulting from the proposed
operation of the SODV, riserless drilling, and related scientific research activities have
been identified and evaluated in this PEIS consistent with National Environmental Policy
Act (NEPA) procedures. Table 4-14 identifies the criteria used to evaluate the
significance of the potential environmental impacts summarized in Table 4-15.
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Table 4-14. Criteria for Assessment of Potential Impacts on the Environment
Impact

DURATION

EXTENT

INTENSITY

Low
Short term
Several days to
several weeks per
drill site; short
compared to
natural processes
Local extent
Action results in
an isolated area;
impact and
confined to the
site where the
action occurred
Minimal Affect
Natural functions
and processes of
the environment
are not affected

Unlikely
Impact should not
occur under
IMPACT
normal operations
PROBABILITY
and conditions

SEVERITY
RATING

0 = No adverse
impact; does not
exceed threshold
criteria or can be
eliminated or
reduced below
threshold criteria

Criteria of Assessment
Medium
High
Moderate
Several months to
several years

Long term
Decades

Very High
Permanent
Environment will
suffer permanent
impact

Partial extent
Action is isolated
but possibly may
migrate and affect
surrounding area

Major extent
Initially the
action is isolated
but likely to
migrate and
affect
surrounding
environment
Affected
High
Natural functions Natural
or processes of the functions or
environment are
processes of the
affected, but on a environment are
moderate or short- affected and
term basis
changed

Entire extent
Large-scale
impact along the
entire transit or
study area;
migration will
cause further
impact
Extensive
Natural functions
or processes of
the environment
are fully
disrupted and
adversely
impacted
Possible
Likely
Certain
Impact possible
Impact likely or Impact inherent
to the proposed
but only under
probable to
action and
certain conditions occur during
vessel operations unavoidable
or drilling
activities
3 = Long term,
4 = Substantial
1 = Short term,
local effect
effects that may
local effect that
be realized on a
ceases
major (regional)
immediately after
and long-term
the vessel leaves a
basis
particular drill site
2 = Short term,
local effect that
continues for a
limited period of
time after the
vessel leaves a
particular drill site

Note: Affected environment may include water quality, sea bottom and sediment quality, air quality,
acoustical environment, biological resources (including sensitive areas and fisheries), marine
transportation, and cultural resources
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Table 4-15. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity
Operate the
SODV
(vessel in transit
and at a drill site
using thrusters for
dynamic
positioning; note:
impacts associated
with drilling and
coring activities
are summarized
below)

Output

Affected
Environment

Duration
Short term

Discharges
Water Quality
(treated wastewater,
Seafloor
greywater, treated
Biological Resources
bilgewater, deck
drainage, ballast water,
Typical Short term
treated lab discharges)
Long term
Sensitive Areas
Short term
Fisheries Short term

Physical Disturbances
Underwater Noise
(operation of vessel
engines, generators,
thrusters, mechanical
systems, instruments,
transponder beacons)

Intensity
Minimal

No environmental impacts
Local

Minimal

Local

Minimal

Local

Minimal

0
Unlikely (A,B)

2

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A,B)

3
2
2
1
1
0

Short term

Marine Traffic

Short term

Local

Minimal

Unlikely (A,B)

1

Acoustical
Environment

Short term

Local

Minimal

Unlikely (A,B)

2

Biological Resources
Typical Short term

Local

Minimal

Unlikely (A,B)

1

Long term
Short term

Local

Minimal

Fisheries Short term

Local

Minimal

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)

2
1
2
1

Short term
Short term

Local
Local

Minimal
Minimal

Unlikely (A,B)
Unlikely (A,B)

1
1

Continuous

(Not Applicable)

Minimal

Unlikely (A,B)

0

Air Quality
Air Quality
Vessel Crew &
Resources
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Local
Minimal
No environmental impacts (A,B)

Severity
Rating
1

Water Quality
Seafloor

Sensitive Areas

Air Emissions
• exhaust, vapors
• laboratory
Hazardous Materials
(storage & use)

Extent
Local

Probability
of an Impact
(Alternative)
Unlikely (A,B)

Table 4-15. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Output

Affected
Environment

Solid & Hazardous
Vessel Crew &
Waste (handling,
Resources
storage, incineration)
Discharges
Conduct
Riserless Drilling (seawater drilling
fluid, sediment
and Coring
Water Quality
displaced from the
(in addition to
impacts associated borehole, drilling mud,
with the operation cement, tracers)
of the SODV)
Seafloor

Duration

Extent

Intensity

Probability
of an Impact
(Alternative)

Continuous

(Not Applicable)

Minimal

Unlikely (A,B)

0

Certain (A,B)

2

Certain (A,B)

2

Possible (A,B)

2

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A)
Highly
Unlikely (B)

3
3
2
2
3

Local; seawater drilling
fluid injected into the
borehole at ≤ 1,900 L/min;
Minimal
Short term
suspended fine grain
+
particles may extend 100
m from the borehole
Local; fine grain particles
Short term deposited within 100 m of Minimal
the borehole
Biological Resources
Local; benthos & fish
Minimal
Typical Moderate
eggs/larva may be
displaced
Local; habit may be
Moderate
Sensitive Areas Long term
disturbed
Local; fish may be
Minimal
Fisheries Short term
displaced
Cultural Resources Long term Local; sediment deposition Minimal

Physical Disturbances

Water Quality

No environmental impacts (A,B)
Local; drill cuttings mound
Seafloor
Long term
Minimal
within ~5 m of borehole
Biological Resources
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Severity
Rating

3
0

Certain (A,B)

3

Table 4-15. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Output

Affected
Environment

Duration

Typical Moderate
Sensitive Areas Moderate
Fisheries Moderate
Marine Traffic

Short term

Extent
Local; benthos may be
displaced or smothered
Local; benthos may be
displaced or smothered

Intensity

Probability
of an Impact
(Alternative)

Severity
Rating

Minimal

Possible (A,B)

3

Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A,B)
Unlikely (A)
Highly
Unlikely (B)

3
3
3
3
1
3

Moderate

Local

Minimal

Local

Minimal

Cultural Resources Long term Local; damage or alteration Minimal
Underwater Noise
(operation of vessel
engines, generators,
thrusters, mechanical
systems, instruments,
transponder beacons,
drilling/coring)

3

Acoustical
Short term
Environment
Biological Resources
Typical Short term

Local

Minimal

Unlikely (A,B)

2

Local

Minimal

Sensitive Areas Short term

Local

Minimal

Fisheries Short term

Local

Minimal

Unlikely (A,B)
Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)

No environmental impacts (A,B)
No environmental impacts (A,B)

1
2
1
2
1
0
0

No environmental impacts (A,B)
No environmental impacts (A,B)
No environmental impacts (A,B)

0
0
0

Discharges
Conduct
(none)
Research
Activities
(geophysical
logging, downhole
measurements)

Water Quality
Seafloor
Biological Resources
Typical
Sensitive Areas
Fisheries
Underwater Noise
Acoustical
Short term
(small seismic sources) Environment
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Local

Minimal

Unlikely (A,B)

2

Table 4-15. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Complete
Boreholes and
Install
Equipment

Accidental
Events

Output

Releases/Discharges
(heavy drilling mud for
borehole closure,
cement for casings and
borehole seal,
deployment of reentry
devices, observatories
and instruments)
Discharges
(petroleum
hydrocarbons from
major fuel spill from
the vessel; liquids
and/or gases from
blowout caused by
drilling into geological
source)

Affected
Environment

Duration

Extent

Intensity

Biological Resources
Typical Short term

Local

Minimal

Sensitive Areas Short term

Local

Minimal

Fisheries Short term

Local

Minimal

Water Quality
Short term
Seafloor
Long term
Biological Resources
Typical
Sensitive Areas

Local
Local

Minimal
Minimal

Fisheries

Severity
Rating

Possible (A,B)
Possible (A)
Unlikely (B)
Possible (A)
Unlikely (B)
Unlikely (A,B)
Likely (A,B)

1
2
1
2
1
2
3

No environmental impacts (A,B)
No environmental impacts (A,B)

0
0

No environmental impacts (A,B)

0

Air Quality

Short term

Local (petroleum vapors,
geologic gasses)

Severe

Water Quality

Long term

Major

Severe

Seafloor

Long term

Major

Severe

Acoustical
Environment
Biological Resources

Probability
of an Impact
(Alternative)

Highly Unlikely
(A,B)
Highly Unlikely
(A,B)
Highly Unlikely
(A,B)

No environmental impacts (A,B)

Typical Long term

Major

Severe

Sensitive Areas Long term

Major

Severe
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2
4
4
0

Highly Unlikely
(A,B)
Highly Unlikely
(A,B)

4
4

Table 4-15. Summary of Potential Impacts from IODP-USIO Riserless Ocean Drilling
Environmental Impacts
Process/Activity

Output

Affected
Environment

Duration

Extent

Intensity

Fisheries Long term

Major

Severe

Major

Severe

Marine Traffic

Long term

Probability
of an Impact
(Alternative)
Highly Unlikely
(A,B)
Highly Unlikely
(A,B)

Severity
Rating
4
4

Notes: Severity Ratings: 0 = no impact; 1 = minimal local effect that ceases immediately after the vessel leaves a particular drill site; 2 = minimal local effect
that continues for a limited period of time after the vessel has left a particular drill site; 3 = minimal local long-term effect; 4 = substantial effects that may be
realized on a major (regional) and long-term basis.
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In conclusion, the scope of this environmental impact statement focused on the
programmatic implementation of riserless ocean drilling activities by the IODP-USIO to
support scientific research. The findings indicate that a majority of the outputs associated
with the performance of riserless drilling expeditions in either Alternative A or B would
have minor and transitory effects on the environment.
Most impacts associated with the proposed action would be highly localized and would
disappear once the vessel completes drilling activities at a particular site and leaves the
area. Many of the outputs associated with the operation of the modernized JOIDES
Resolution, exclusive of drilling outputs, such as wastewater discharges, air emissions,
noise from propulsion equipment and transducer-based equipment are common to most
merchant marine vessels. Some outputs associated with riserless drilling activities
(seafloor disturbance, deposition of sediment drill cuttings, deployment of equipment or
materials) may remain evident on the seafloor after borehole drilling is complete on a
long-term basis; however the effects on the benthic environment would be minor. Using
30 years of riserless drilling experience, the IODP-USIO will continue to refine and
implement various best management practices to mitigate adverse impacts to marine
organisms and the physical environment.
The potential scientific benefits of the proposed operation of the SODV including
riserless drilling and related research activities are known to be substantial. The
knowledge that will be gained from the scientific research will far outweigh the relatively
localized and minor impacts to the marine environment.
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5.0

OTHER NEPA-RELATED ISSUES

5.1

Environmental Effects of the Proposed Action that Cannot be Mitigated

A detailed analysis of the environmental impacts associated with the proposed action
including the operation of the SODV, performance of riserless drilling activities,
collection of core samples, and the implementation of associated research activities was
presented in Section 4 of this document. The impact analysis concludes that a majority of
the environmental effects associated with SODV riserless ocean drilling operations would
be minor and transitory. All other potential impacts would be reduced to less than
significant levels through the judicious selection of drill sites and the application of
proven mitigating measures. Therefore, on a programmatic level, implementation of
proposed action, Alternative B, is not expected to cause significant adverse impacts to the
marine environment.
The seafloor will definitely be disturbed by the proposed riserless ocean drilling activities
resulting from the discharge of borehole drill cuttings and the occasional release of
drilling mud and the deployment of research-related devices (e.g., observatories).
Although these seafloor disturbances will be unavoidable, in the context of the marine
environment, the extent of the disturbances at each drill site will be highly localized,
minor, and will not significantly affect the seafloor topography.
The SODV will unavoidably produce various acoustical outputs to the underwater marine
environment resulting from the vessel’s engines, thrusters, transducer-based equipment,
and various research activities. Although the nature and intensity of each acoustical
output may change depending upon the operation being performed, collectively the
SODV’s acoustical outputs will add to the background noise level typically present in the
marine environment. However, all marine vessels have acoustical outputs some of which
are more intense than the noise produced by SODV operations and yet do not adversely
affect the marine environment. Based on the short-term (hours and days) nature of the
SODV’s acoustic outputs at each drill site and realizing that many potential biological
receptors are likely to exhibit avoidance reactions to harmful sound levels, the effects of
the SODV’s acoustic outputs are expected to be reversible and not significantly expose
biological receptors to intense sound levels causing long-term adverse effects.
At each drill site biological receptors, if present in the vicinity of the borehole during
drilling will be affected by suspended solids (turbidity) in the water column or the
deposition of drill cuttings and drilling mud on the seafloor. In particular, benthic
organisms may experience interference with feeding and respiratory activities or may be
smothered by the deposition of the drill cutting on the seafloor. These effects are
expected to be localized in proximity to the borehole and only affect individual
organisms rather than entire populations.
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Biological impacts resulting from SODV operations and riserless drilling activities are
more pronounced in areas where extremely sensitive biological communities may be
present. For example, riserless drilling activities that alter the seafloor substrate, increase
turbidity, and deposit sediment cuttings or drilling mud on the seafloor near
chemosynthetic communities, coral reefs, or seamounts may impact unique species which
may be unable to successfully recover from these outputs. However, measures would be
taken during the planning process for each expedition to identify sensitive areas near
proposed drill sites and recommend measures including the use of alternate sites to
minimize or eliminate potentially adverse and irreversible impacts. Supplemental
environmental reviews may be performed if site-specific conditions warrant further
evaluation of potential impacts that could be caused by proposed drilling activities.
Overall, it is not anticipated that the proposed riserless drilling operations and related
research activities will significantly injure or permanently change biological communities
in proximity to the drill sites.
Although the risk of a catastrophic release of petroleum hydrocarbons from the drillship
or from a geological source while drilling is extremely low, the threat of such an event
cannot be eliminated. If a catastrophic release of petroleum hydrocarbons were to occur,
water quality, sediment, coastal areas, and biological receptors could be affected on a
regional and long-term basis. The planning, procedural, and operational factors which
have resulted in the IODP-USIO successfully conducting scientific drilling activities for
over 30 years without a major event involving the release of petroleum hydrocarbons will
continue during future IODP-USIO drilling expeditions; therefore no significant impacts
from catastrophic events are expected.
5.2

Irreversible/Irretrievable Commitment of Resources

Scientific ocean drilling is an essential component of modern geoscience research and
education. Its broad use as a scientific tool ranges from investigating the causes of
change in the Earth's climate to the rifting and drifting of continents. Drilling is the
primary method of sampling sediment and crustal rock from the large percentage of the
Earth's surface covered by oceans, and is the only technique for sampling anything more
than a few tens of meters below the ocean floor.
The DSDP, which began in 1968 under NSF sponsorship, served as a test of the plate
tectonic hypothesis and a basic reconnaissance of deep-sea sediments and crustal rocks.
In 1974, the DSDP became an international program, with several European nations,
Japan and the USSR entering into an agreement with NSF for providing scientific and
financial participation.
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The DSDP was followed in 1983 by the ODP which formally ended in 2003 and
which focused on examination of earth, ocean and climate processes. Since its inception,
approximately 700 U.S. scientists from 150 universities, government agencies, and
industrial research laboratories have participated in ODP cruises. Samples and data have
been distributed to an additional 700 to 800 U.S. scientists. International participation in
planning, research and funding of operations has grown from an initial five countries in
DSDP to over 20 nations in ODP.
For both DSDP and ODP, NSF provided the primary facility by contracting and
converting an industry drillship for scientific drilling, the Glomar Challenger for the
former, and the JOIDES Resolution for the latter. Both vessels served as facilities to
carry out investigations proposed by the scientific community over the course of each
program. The proposals, submitted to the ODP international advisory structure, were
evaluated and ranked by panels of science experts, and those with the greatest scientific
merit were scheduled for drilling operations. The ODP was structured such that formal
agreements between NSF and international partners terminated at the end of 2003.
The IODP builds upon the achievements of the predecessor programs and expands on
their scientific scope based on the "Earth, Oceans and Life: Scientific Investigations of
the Earth System Using Multiple Drilling Platforms and new Technologies; Integrated
Ocean Drilling Program Initial Science Plan, 2003 – 2013 (http://www.iodp.org/isp/).
The plan identifies the need for two dynamically positioned drillships, the use of
"mission specific" drilling platforms, new sampling and downhole measurement
technologies, and long-term observatories for borehole experiments and time series
studies of active processes.
NSF and the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of
Japan have agreed to co-lead IODP which began in FY2004. MEXT has finished
construction of a heavy drillship with riser capability to address deep drilling objectives
in the new program. Their vessel, the Chikyu, was launched in January 2002, and will be
available for IODP operations in late 2007. European plans are to provide additional
"mission specific” drilling capability for shallow water and Arctic objectives and up to
one third of program operating costs. NSF will provide a riserless drilling vessel as the
U.S. contribution to IODP. The new SODV is expected to be available in 2008.
The drillships, facilities, and operations will be used to address scientific research
programs identified in the ISP. The scientific plan for the IODP is the result of an
extensive, international collaborative effort, and will encompass three principal scientific
themes: (1) the Deep Biosphere and the Subseafloor Ocean, (2) Environmental Change,
Processes, and Effects, and (3) Solid Earth Cycles and Geodynamics. Program initiatives
and proposals supporting each of these themes will serve as a focus for scientific
investigation. Recommendations for specific drilling activity and required science
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services will be provided by SAS. The SAS is an international committee structure
representing the scientific communities in member countries and organizations of the
IODP. These recommendations will result in an annual science plan. Progress in the
IODP ISP will require access to global samples of sediments, rocks, fluids and biota
buried at great depths below the seafloor. The effort will also include in situ geophysical
measurements or emplacement of instrumentation for long term monitoring in deep
seafloor boreholes. As with ODP, all member countries in IODP will support scientific
drilling operations, and each member country will be required to independently provide
support for the research effort of its scientists participating in the program. In ODP,
elements of this support were provided through the Cooperative Agreement with
Consortium for Ocean Leadership, Inc for the U.S. Science Support Program. The U.S.
Science Support Program will continue to provide support for U.S. scientists to
participate in IODP.
Within this framework, U.S. participation in the IODP includes the following long-term
commitment of personnel, equipment, and financial resources.
5.2.1

Consortium for Ocean Leadership

The NSF has awarded a contract to the Consortium for Ocean Leadership, Inc. (formerly
the Joint Oceanographic Institutions, Inc.) in alliance with Texas A&M University and
the Lamont-Doherty Earth Observatory of Columbia University to operate a scientific
drillship as part of the IODP. The contract has an estimated cost of $626 million over 10
years. The contract names the alliance as the system integration contractor, responsible
for program management; planning for scientific services and drillship operations;
drilling, coring, and logging of seafloor sediments and crustal rock; collecting, analyzing,
storing, curating, and disseminating data, samples and results; and science education and
outreach.
5.2.2

Integrated Ocean Drilling Program Management International

The NSF has awarded a contract to Integrated Ocean Drilling Program Management
International, Inc. (IODP-MI) for central management and planning for the IODP.
IODP-MI will also coordinate and support program data archiving, sample archiving,
publishing activities, education and outreach. The contract has an estimated cost of $429
million over 10 years. The Japanese Ministry of Education, Culture, Sports, Science, and
Technology will consult with NSF in contract management.
This contract represents the final major step in the implementation of the IODP, the
largest international earth science program in history. It is the culmination of many years
of planning efforts by international scientists to have strong, centralized management and
control over science operations in this new drilling program. The IODP will use a variety
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of drilling platforms to help solve major problems, including the history of global climate
change, the origin of damaging earthquakes, and the origin of life and extent of
subsurface microbial activity.
IODP-MI is a non-profit, U.S. corporation, recently formed by 15 U.S. and seven
Japanese leading institutions in the geosciences. It is expected that an additional eight
institutions from Europe will join this corporation shortly. IODP-MI will plan and
coordinate the efforts of the IODP science operators and drilling platforms. The core
drilling platforms consist of an all-purpose, U.S. light drillship and the 57,500-ton heavy
drillship Chikyu, recently constructed by Japan and oriented towards deep crustal drilling
in harsh environments. These drillships will be augmented by "mission-specific"
platforms, used for drilling in shallow or Arctic waters and sponsored by a consortium of
European countries.
IODP is an international program of basic research that succeeds the Deep Sea Drilling
Project (1968-1983) and the Ocean Drilling Program (1983-2003). IODP differs from
these programs in having multiple drilling platforms and equal partners in program
contributions (the United States and Japan). IODP also differs from other large
international science programs in that contributions are not "in-kind" but are instead
managed centrally under contract.
5.2.3

U.S. Science Support Program Associated with the Integrated Ocean Drilling
Program

It is the intent of NSF's Division of Ocean Sciences (NSF-OCE), within available
resources, to provide robust and effective participation of the U.S scientific community in
all phases of the IODP. The mission of the U.S. Science Support Program (USSSP) is to
support involvement of the US scientific community in the IODP. The U.S. Science
Support Program is managed by Consortium for Ocean Leadership, Inc for the NSF-OCE
under a Cooperative Agreement with $15M projected total funding. Support for the
Cooperative Agreement will be for 6.5 years, the duration of the IODP. The U.S. Science
Support Program is structured into six broadly defined objectives:
•

Support travel and salary for U.S.-based scientists to participate in IODP drilling
expeditions and post-expedition activities;

•

Support planning activities such as thematic workshops and results symposia to
develop concepts for future ocean drilling expeditions, and support US
participation in the international SAS of IODP;
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•

Encourage advanced activities that further the development of ocean drilling
proposals and expeditions. Examples of such "pre-drilling" activities are
participation in site surveys or analysis of ancillary data sets;

•

Development or refinement of unique or innovative instrumentation for core or
borehole analysis and downhole experiments;

•

Develop educational and community engagement programs that expose the U.S.
populace, especially students and educators, to the science arising from ocean
drilling research;

•

Establishment of an effective national advisory committee to interact with the
U.S. and international scientific communities and the NSF, and to disseminate
results and encourage wide and multidisciplinary participation of research
scientists in IODP.

The support provided through USSSP-IODP is intended to complement the direct support
to the scientific community that NSF will provide through its grants program in response
to unsolicited proposals. The nature and development of the USSSP-IODP is based, in
large part, on the recommendations provided in the report: "Conference on U.S.
Participation in IODP (CUSP)" (http://www.joi-odp.org/USSSP/Default.html) prepared
by the ODP - U.S. Advisory Committee (USAC). The U.S. scientific community has
long played a strong leading role in scientific ocean drilling, in terms of planning
activities, drilling operations, and producing important scientific results. Responsibility
for that success has been in large part due to the effectiveness of the existing U.S. Science
Support Program in ODP. USSSP-IODP is intended to further that tradition in IODP.
The anticipated funding amount for the cooperative agreement is $65,000,000 for the
period FY 2007 through FY 2013, pending availability of funds.
5.3

Scientific Benefits of the Proposed Action

5.3.1

The Deep Biosphere & the Subseafloor Ocean

Extensive Microbial Populations Beneath the Deep Seafloor
Sampling deep within the marine sedimentary section and in basaltic crust has revealed
what appears to be a diverse and often very active microbial ecosystem. Recent sampling
efforts have demonstrated that uncontaminated samples of these microbes can be
recovered for laboratory study.
Frozen Methane Reservoir Beneath the Seafloor
Extensive reservoirs of gas hydrates beneath the seafloor have been sampled by ocean
drilling, providing valuable information regarding their possible impacts on the global
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carbon budget, submarine slope stability and their resource potential. Currently, only
IODP technology is capable of retrieving and maintaining gas hydrates samples from the
subseafloor marine environment at in situ pressures.

Fluid Pressure and Discharge along Main Thrust Fault Zones
Drilling through the décollement and related thrust faults at convergent plate boundaries
has confirmed three-dimensional seismic observations that fluids actively flow along the
slip zone. These fluids have distinctive geochemical signatures and are likely involved in
the mechanics of thrust faulting (Figure 5-1).
Figure 5-1. Barbados Ridge Three-dimensional Seismic Reflection Data

A perspective view of the Barbados Ridge three-dimensional seismic reflection data volume
acquired in 1992. Crossline and inline profiles are shown on the east and south faces of the
volume. The décollement surface at the base of the accretionary wedge is also shown, with colors
representing porosity estimated from the seismic reflection data and calibrated with ODP Legs
156 and 171A logging-while-drilling logs. Vertical black lines are boreholes and red lines are
corresponding density logs. High porosities, and presumably high fluid pressures, extend from
the deformation front along a semi-continuous, NE trending zone interpreted to be a major fluid
conduit. Figure reprinted from Bangs, N. L., T. H. Shipley, J. C. Moore, and G. F. Moore, Jour.
of Geophys. Res., 104, 20,399-20,414, 1999, Plate 4, p. 20,412.)

Hydrothermal Fluid Flux in the Upper Oceanic Crust
Drilling of marine sedimentary and crustal sections is beginning to determine the sources,
pathways, compositions and fluxes of fluids associated with mineralization within active
submarine hydrothermal systems, and the influence of fluid circulation on ocean
chemistry, crustal alteration and the crustal biosphere.
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5.3.2

Environmental Change, Processes and Effects

Development of the Field of Paleoceanography
The near-global network of continuous stratigraphic sections obtained by ocean drilling is
the foundation of the field of paleoceanography. Paleoceanographers study changes in
the life, chemistry and surface, intermediate and deep circulation of the oceans through
time. Paleoceanography provides the reference frame for nearly all other investigations
of global environmental change.
Orbital Variability during the Cenozoic
By linking the record of climatic variation preserved in deep-sea sediments to calculated
variations in Earth’s orbital parameters, scientists have demonstrated the role of orbital
variability in driving climate change.
Development of High-Resolution Chronology
Complete recovery of fossiliferous marine sedimentary sections has greatly facilitated
linking Earth’s geomagnetic polarity reversal history to evolutionary biotic changes and
to the isotopic composition of the global ocean. Also of great significance is the orbitally
tuned determination of time within marine sections, which has resulted in a greatly
refined calibration of the Geomagnetic Polarity Time Scale back to 30 Ma. This newly
calibrated, globally applicable time scale is crucial for determining rates of processes
operating in every aspect of the terrestrial and marine geosciences.
Ocean Circulation Changes on Decadal to Millennial Time Scales
The record preserved in marine sediments and recovered by ocean drilling has clearly
demonstrated that deep- and surfaceocean circulation is variable on decadal to millennial
time scales, confirming results from ice cores. This body of marine-based data has
provided the evidence linking ocean-atmosphere-cryosphere interactions in and around
the high-latitude North Atlantic to instabilities in thermohaline circulation, which
propagates abrupt climate change to the farthest reaches of the globe.
Ocean Biogeochemical Cycles
The concept of Earth System Science has evolved with detailed analyses of the relatively
complete deep-sea sedimentary sections recovered by ocean drilling. These studies have
revealed major changes in biogeochemical cycling through time, especially in the
complex carbon cycle, resulting from evolutionary changes in the biota, tectonic changes,
changes in climate, variations in seafloor hydrothermal activity, and major alterations in
ocean circulation.
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Global Oceanic Anoxic Events
Deep-sea sediments exhibit specific times when the surface water productivity of large
areas of the ocean was unusually high. At these times, the global ocean developed zones
of depleted oxygen content, and vast amounts of organic carbon were incorporated and
preserved in marine sediments as black shales. Scientific ocean drilling has provided
insights into oceanic anoxic events, which are a key to understanding short- and longterm perturbations in global climate and carbon cycling, as well as the timing of
significant petroleum source-rock deposition (Figure 5-2).
Figure 5-2. Mid-Cretaceous Record of Major Black Shales and Oceanic Anoxic
Events
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The mid-Cretaceous record of major black shales and Oceanic Anoxic Events (OAEs) in
the context of the carbon isotopic record, changing global sea level and seawater
chemistry, and emplacement history of Large Igneous Provinces (LIPs). Data are from
both land-based sections and DSDP/ODP deep-sea cores. Organic matter production
and preservation during the mid-Cretaceous appears to be closely related to submarine
volcanism and hydrothermal activity, which may have stimulated productivity through
the input of nutrients, particularly trace elements such as iron. Increased hydrothermal
output during LIP emplacement may thus be linked to the three major OAEs. As a result
of ocean drilling, the chrono-stratigraphic and biostratigraphic control on deep-sea
sections has greatly improved, enabling better temporal resolution of geological
processes. Figure compiled by Mark Leckie, University of Massachusetts, Amherst.

Vast Sand Deposits in Deep Water
Drilling has confirmed that the construction of deep-water fan systems, such as that off
the Amazon River, are controlled largely by changes in sea level. The hydrocarbon
industry is intensively exploring deep-water sand “plays” contained in these fan systems
for their proven economic potential.
Timing of Ice-Sheet Development in Antarctica and the Arctic
Drilling has revealed that Earth's entry into its current Ice Age extended over 50 m.y. and
involved a complex history of uni-polar, then bi-polar, ice-sheet buildup. Ice streams
reached the Antarctic seas as early as 40 Ma, but major ice-sheet formation on Antarctica
apparently did not occur until some 25 m.y. later. Northern hemisphere ice sheets did not
begin to develop until sometime after 15 Ma, and major northern hemisphere continental
glaciations did not start until after 4 Ma. This extended period of climate change appears
to have occurred in relatively rapid steps, each associated with major tectonic changes
that affected both atmospheric and oceanic circulation.
Sea-Level Change and Global Ice Volume
Marine sediments recovered from shallow water areas have shown that important global
sea-level changes have occurred synchronously through at least the past 25 m.y., and that
these changes can be matched to oxygen isotope records of climate produced from the
deep sea. The new understanding of global eustacy has become a primary interpretative
tool in unraveling the history of continental margin growth and in the search for
hydrocarbons in margin settings.
Uplift of the Himalayas and the Tibetan Plateau
Drilling in both the Indian and Pacific Oceans has helped to establish the timing of the
Tibetan Plateau uplift, and to determine change in coastal upwelling, carbon
sequestration, and regional and global climate associated with this tectonic event.
Drilling results have shown that the onset and development of both the Indian and Asian
monsoons are the result of climate change associated with this uplift.
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Impact Events and Biological Evolution
Drilling has established the global effects of a major bolide collision with Earth at
approximately 65 Ma, including the extinction of as much as 90 percent of all planktonic
organisms, and the subsequent repopulation of plankton in the global oceans from a few
surviving species (Figure 5-3).
Figure 5-3. Species Diversity Across the Cretaceous-Tertiary Boundary

Species diversity across the Cretaceous-Tertiary boundary for three large groups of planktic
foraminifera. Diversity increases rapidly during the ~5-10 m.y. before the boundary then
plummets at the extinction. There is a modest rebound of diversity in the first 5 m.y. of the
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Paleocene. Species diversity reaches late Cretaceous values about 10-15 m.y. after the impact
and mass extinction. Figure courtesy of Richard Norris, Woods Hole Oceanographic Institution.

Desiccation of the Mediterranean Ocean Basin
Drilling demonstrated that the deep Mediterranean basins were sites of salt deposition as
recently as ~5 Ma when flow into the basin was restricted and the level of the waters
within the basin fell hundreds of meters through evaporation.
Environmental Controls on Growth and Demise of Carbonate Platforms
Drilling has illuminated the development and abrupt demise of large carbonate platforms
along with their response to changing climate, sea level, oceanic circulation and gradual
movement of the lithospheric plates.
5.3.3

Solid Earth Cycles & Geodynamics

Validation of Plate Tectonic Theory
Dating of igneous basement rocks and overlying sediments recovered by scientific ocean
drilling has demonstrated that the age of the oceanic crust increases systematically away
from ridge crests, validating a fundamental prediction of plate tectonic theory.
Non-volcanic Passive Margin Evolution and Alpine Geology
Drilling results and seismic data from the Iberian passive rifted margin have facilitated
the development of new rifting and extensional deformation models of the continental
crust where there is little attendant volcanism. These models imply nearly amagmatic
thinning of the crust, with attendant widespread exposure of mantle rocks, a very
different process than occurs on magma-rich margins. Rifted margin structure and
stratigraphy strikingly similar to those found on the western Iberian margin have been
identified in the Alps.
Large Igneous Provinces: Origin of Oceanic Plateaus
Drilling of two oceanic plateaus, which reach diameters of 2000 km and crustal
thicknesses of 35 km, has established that their uppermost crust consists of basaltic lava
flows with individual thicknesses of up to a few tens of meters. Major portions of these
two plateaus were emplaced in geologically short time spans of a few million years or
less, and may be the product of rising mantle plume “heads.” Accretion of such plateaus
to continental margins constitutes a form of continental growth by a mechanism not
predicted by standard plate tectonic theory.
Large Igneous Provinces Associated with Continental Breakup: Volcanic Margins
Drilling has established that seaward-dipping reflections identified on multichannel
seismic reflection data from many passive continental margins consist of vast subaerial
outpourings of lavas rapidly emplaced during the time of final continental separation and
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the initial formation of ocean basins. In some instances, enhanced melt production can be
related to mantle plume heads thousands of kilometers wide, but other instances appear
unrelated to known plumes (Figure 5-4).

Figure 5-4. High Resolution Seismic Image of the SE Greenland Margin

High-resolution seismic image of the inner part of the seaward-dipping reflections (blue) on the
SE Greenland Margin. Subaerially emplaced basalts were recovered in five holes drilled during
ODP Legs 152 and 163. The entire volcanic sequence was penetrated by Hole 917, bottoming in
pre-breakup age sediments (orange). The average P-wave velocity of the basalt pile is 4 km/s,
giving a 2.5 times vertical exaggeration of the profile. Figure courtesy of Sverre Planke, Volcanic
Basin Petroleum Research, and is based on Planke, S., and E. Alvestad, 1999, Seismic
volcanostratigraphy of the extrusive breakup complexes in the northeast Atlantic: Implications
from ODP/DSDP drilling, ODP Sci. Res., 163, 3-16.

The Oceanic Crust
To date, knowledge of the oceanic crust and shallow mantle has been largely restricted to
geophysical observations, seafloor dredge samples and ophiolite studies. Limited ODP
drilling into the oceanic mantle and principal crustal layers partly confirms models
derived from these earlier studies, but also reveals major discrepancies that will change
the estimates of the flux of heat and mass between mantle, crust and oceans over the last
250 million years. ODP drilling results have also challenged the assumption, critical to
estimating the composition and volume of the oceanic crust, that seismic structure and
igneous stratigraphy can be directly correlated.
Massive Sulfide Deposits
Drilling into two actively forming volcanic- and sediment-hosted metal sulfide deposit
sites has established that seafloor sulfide deposits are direct analogs with on-land massive
sulfide deposits, in terms of ore-forming process, and with respect to size and grade of
mineralizations. New insights gained by ocean drilling may aid in land-based mineral
exploration (Figure 5-5).
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Figure 5-5. ODP Cores from the Northeast Pacific Ocean

ODP cores recovered in a sedimented ridge crest in the Northeast Pacific Ocean are examples of
feeder zone and deep copper zone mineralization below the Bent Hill massive sulfide deposit.
Left: Predominantly vertical crack-seal veins filled with pyrrhotite and Cu-Fe sulfide in altered
turbiditic mudstone (856H 24R-1 50-70 cm, 134 mbsf). This style of mineralization is
characteristic of the upper feeder zone underlying the center of the hydrothermal upflow zone.
Center: Less intense feeder zone mineralization underlying the south flank of the Bent Hill
massive sulfide deposit. Mineralization consists of simple vertical and horizontal veins filled with
pyrrhotite, sphalerite and Cu-Fe sulfide in graded fine sand to silt turbidites. Mineralization also
occurs as subhorizontal replacement and disseminations along bedding planes (1035F 12R-2 4355 cm, 112 mbsf). Right: Deep copper zone mineralization in cross-laminated turbiditic
sandstone. Replacement of rock by Cu-Fe sulfide mimics original cross lamination; the matrix is
extensively recrystallized to silver-gray colored chlorite and quartz (856H 31R-1, 99-107 cm, 202
mbsf). (Photo courtesy of Robert Zierenberg, University of California, Davis.)

Convergent Margin Tectonics and Subduction Recycling
Strikingly different styles of convergent margin tectonics have been imaged by seismic
data and constrained by scientific drilling, ranging from dominantly accretion to the
overriding plate, to subduction of most trench sediment, to erosion at the base of the
overriding plate. Drilling of down-going slabs and comparison with arc magmatism have
provided the beginning of a quantitative understanding of subduction recycling.
Hot Spot Tracks on the Oceanic Crust
Dating of sediment and basaltic rock recovered by drilling has documented a systematic
age progression along several seafloor volcanic chains or ridges, verifying the hypothesis
that these features were formed by relatively stable hot spots beneath the moving
lithosphere. These drilling samples also provide the main observational evidence that hot
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spots are generated by deep mantle plumes. In addition, this work has helped establish
the absolute movement of lithospheric plates with respect to the lower mantle.
Paleomagnetic data from drilled seamounts demonstrate the motion of Atlantic versus
Pacific hot spots with respect to each other.

Hydrated Mantle in Many Tectonic Environments
Unexpected mantle-derived serpentinites at shallow crustal levels have been documented
by drilling in a variety of tectonic settings from rifted continental margins to fore-arcs to
spreading ridges. These results indicate that upper mantle alteration is much more
pervasive than previously believed (Figure 5-6).
Figure 5-6. Side-Scan Sonar Image of Several Southern Mariana Seamounts

This side-scan sonar image, draped on bathymetry, shows several southern Mariana seamounts
that are approximately 20 km in diameter and 2 km high. Most seamounts are basaltic
volcanoes, however, ODP drilling along western Pacific forearcs has shown that edifices similar
to ones shown in this image are mud volcanoes composed of fine-grained serpentine muds,
fragments of serpentinized mantle derived from the overriding plate, and metamorphosed basalts
from the subducted slab — materials derived from depths of up to 29 km. Pore fluids in cores
from the active conduits have slab-derived geochemical signatures and support communities of
organisms. The seamount in the foreground is currently active, and will be drilled by ODP in
2001; MAF-4B is one proposed drill site. Figure courtesy of Patricia Fryer and Nathan Becker,
University of Hawaii.
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6.0

BEST MANAGEMENT PRACTICES, MITIGATING MEASURES, AND
MONITORING

6.1

Responsibilities

The IODP-USIO will be responsible for the successful implementation of all the best
management practices and mitigation measures described in this document and assuring
compliance with these measures by all applicable IODP-USIO participants (e.g.,
contractors, field personnel, researchers). Figure 6-1 presents an organizational chart
illustrating IODP-USIO participating organizations and depicts how the IODP SAS
review process in Alternative B would interface with the USIO. In Alternative A, the
USIO management structure would remain the same, however the roles of the IODP SAS
and IODP-MI would be absent.

Figure 6-1. IODP-USIO Management Structure for Riserless Drilling Operations
Alternative B only

International
Science
Funding

National Science Foundation
Ocean Drilling Programs

JOI Board of
Governors

IODP - USIO
Prime Contractor
COL

IODP – USIO Science Services,
Texas A&M University (TAMU),
ODL/Transocean, Inc.
(vessel operator)
[COL Subontract through Texas
A&M Research Foundation
(TAMRF)]

6.2

Science
Advisory
Structure (SAS)

IODP - MI

IODP – USIO Science Services,
Lamont – Doherty Earth Laboratory
(LDEO)
[COL Subcontract through
Columbia University]

General Best Management Practices

Best Management Practices (BMPs) represent routine actions that may be performed
during riserless drilling expeditions to effectively reduce or avoid impacts to the
environment. The BMPs include measures that involve every phase of IODP-USIO
operations. Many of the BMPs summarized below have already been incorporated into
the operating procedures that will be used by the IODP-USIO including Consortium for
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Ocean Leadership, Inc, the science services subcontractors (TAMU, LDEO), and the
vessel operator (ODL/Transocean). This BMPs have been designed to complement the
IODP’s core environmental principles to 1) protect marine life and environment, 2)
dispose waste materials consistent with applicable standards, 3) store and transport
samples in such a way as to prevent contamination of the environment, and 4) keeping
the public informed such as through the dissemination of this impact statement.
The BMPs are applicable to proposed SODV operations, drilling and coring activities,
scientific research-related activities, and prevention of accidental releases and are
summarized below.
6.2.1

SODV Operations

Mechanical Systems
•

Operate vessel to achieve optimal performance (e.g., engine, incinerators, wastewater
systems) consistent with regulatory standards and the operator’s Environmental
Management System; inspect and maintain onboard systems to ensure they operate
within these standards.

•

Operate SODV engines to meet or exceed MARPOL Annex VI requirements for NOx
and SOx emissions using low (<4.5 percent) sulfur content fuel.

•

Minimize the number of in-service engines to reduce air emissions; operate engines at
peak efficiency consistent with the SODV’s Power Management Plan and energy
conservation measures.

•

Operate the minimum number of thrusters needed and at the minimum speed to hold a
specific position given variable wind, current, and sea state conditions to minimize
underwater acoustic outputs and turbulent mixing of the water column.

•

Minimize the release of ozone-depleting substances such as refrigerants through
proper equipment maintenance and refrigerant recovery systems.

Liquid Discharges
•

Treat sanitary wastewater prior to discharge using effective, reliable, and wellmaintained sanitation system (e.g., suspended aeration, bacterial disinfection)
consistent with MARPOL and local requirements.

•

Macerate victual wastes prior to discharge to facilitate dispersal and assimilation.
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•

When oily residues may be present on deck areas, seal scuppers to prevent the
discharge of contaminated water and convey drainage to a settling tank for
subsequent processing and discharge.

•

Treat bilge water and potentially contaminated deck drainage in an oil/water separator
to remove oily resides consistent with MARPOL requirements (<15 mg/L).

•

Take-on or discharge ballast water consistent with MARPOL requirements, local
regulations, and in accordance with the SODV Ballast Water Management Plan.

Waste Management
•

Prohibit discharge of plastic wastes consistent with MARPOL requirements;
incinerate or retain plastics as well as noncombustible wastes for subsequent disposal
onshore.

•

Neutralize inorganic liquid wastes from SODV laboratories prior to discharge;
containerize and retain organic liquid wastes for subsequent disposal onshore.

•

Operate SODV incinerators consistent with MARPOL Annex VI requirements,
limited to the combustion of non-hazardous solid waste, diesel fuel and/or waste oil;
avoid the use of open combustion devices for the incineration of wastes (i.e., burn
basket).

Acoustic Outputs
•

Limit the use of transducer-based instruments based on specific operational,
navigational, or research requirements.

•

Minimize the deployment of multiple transponder beacons, if possible, by utilizing a
single transponder when multiple offset boreholes are to be drilled in a particular
area.

•

Operate transponder locator beacons for dynamic positioning at the minimum power
output needed to suit site-specific conditions; deactivate and recover transponder
beacons when no longer needed to support drilling activities.

6.2.2
•

Drilling and Coring Operations

Reduce discharges of drilling mud particles to the seafloor by using seawater as the
primary drilling fluid and only using drilling mud when needed to condition a
borehole.

6-3

•

Minimize drilling fluid pressure to prevent borehole erosion and release of excess
solids and associated turbidity in the surrounding water column.

•

Avoid the use of oil-based or synthetic materials as drilling mud or to seal or close
boreholes; if heavy drilling muds or sealants are required, use naturally-occurring
minerals (e.g., sepiolite, attapulgite, cement).

6.2.3

Research-related Activities

•

Reduce emissions originating from laboratory operations by properly handling and
storing volatile chemicals consistent with the Laboratory Safety and Hazard
Communication Compliance Manual.

•

During single-channel seismic studies or VSP experiments, conduct airgun operations
consistent with NMFS guidelines to protect marine mammals from injury or
harassment, as specified in the Airgun Policy and Marine Mammal Strategy
(JOIDES, 2003) by:
◊

◊
◊

•

Establishing an exclusion zone defined by the 160 dB received sound level from
the source where airgun operations would cease if a marine mammal or turtle
enters
Implementing pre-defined operational procedures (airgun ramp-up, shutdown,
course and speed alteration) to protect marine mammals or turtles
Performing visual monitoring to detect the presence of marine mammals or turtles
prior to and during operations

Inspect and maintain the oil-filled hydrophone streamer prior to and after each
seismic survey to prevent accidental release of oil.

6.2.4

Accidental Events

•

During the site selection and review process, identify site-specific environmental
conditions that may require control or avoidance during riserless drilling to prevent
the risk of encountering and releasing petroleum hydrocarbons from pressurized
formations.

•

Avoid spills by adhering to established SODV operating and inspection procedures;
should accidental release occur, respond to any spills using procedures described in
the Shipboard Oil Pollution Emergency Plan (SOPEP) and Spill Plan.

6-4

•

Identify hydrogen sulfide (H2S) hazard conditions and initiate special coring using
procedures described in the Hydrogen Sulfide Drilling Contingency Plan (JOI, 2003).

•

Obtain information (e.g., weather radar, GPS, satellite data) to help avoid major
storms or other situations that may threaten the ship. Respond to severe incidents
using procedures described in the Crisis Management Plan for Ocean Drilling
Program (JOI, 2003).

Site-Specific Mitigating Measures

6.3

Mitigating measures represent actions that may be taken primarily on a site-specific basis
to reduce or avoid potentially adverse impacts to the environment. The mitigating
measures focus on achieving certain performance goals often without mandating specific
procedures thereby providing flexibility so that the measures may be tailored to suit the
environmental and operational conditions that may be encountered.
The mitigating measures will involve every phase of IODP-USIO operations, particularly
during the comprehensive planning process for each expedition that would be
implemented in coordination with the IODP SAS review process (Alternative B). For
example, planning efforts will include a review of each proposed expedition’s activities
to ensure that science-related objectives can be achieved while minimizing or eliminating
adverse environmental impacts. These efforts will involve collecting additional data
characterizing the geological, biological, and cultural resources within each proposed
drilling area to enable the IODP review panels to adequately assess site conditions and
provide recommendations to reduce impacts. In general, these reviews are intended to
identify safe drilling locations, environmentally safe drilling methods, site-specific
sensitive environments or special conditions warranting site-specific mitigating measures
to minimize potential impacts to these resources or supplemental environmental review.
6.3.1

Proposal Review and Expedition Planning

•

Identify the biological resources at proposed drill sites, including pertinent
information such as presence of sensitive species, threatened or endangered species
habitats, known breeding/feeding ground or migration routes, or seasonal distribution
patterns.

•

Identify known (mapped) or suspected cultural resources at proposed drill sites,
including availability of alternate drill sites.

•

During pre-cruise planning efforts, avoid planning expedition activities at drill sites:
◊

On steep slopes that may impose significant risks to drilling and coring equipment
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◊
◊
◊

◊
◊

In areas where biologically sensitive species may be present;
In areas characterized as critical marine mammal habitats, breeding, or feeding
grounds, native hunting areas, or migration pathways;
In regions warranting special mitigating measures to protect marine mammals
from acoustical outputs, such as areas characterized by the presence of rare or
sensitive species (e.g., North Atlantic right whale, Northeast Atlantic bowhead
whale), or specific regions where certain species are suspected to concentrate,
such as submarine canyons on continental slopes believed to be preferred by
beaked whales;
In areas containing significant cultural resources;
At sites within IMO Traffic Separation Schemes or Precautionary Areas.

•

Minimize seafloor terrain alteration by selecting the optimum number of boreholes to
be drilled and site conditions needed to meet specific scientific objectives.

•

Based on site characterization data or to address observed site conditions, modify
proposed activities as needed or develop site-specific mitigating measures to:
◊

◊

◊

Reduce the intensity or duration of discharges from drilling and coring operations
to reduce or avoid adverse impacts to known biological resources such as
sensitive benthic communities;
Reduce the intensity of acoustic outputs, change the timing of an expedition, or
select alternate sites to reduce or avoid impacts to marine mammals in critical
habitats, breeding or feeding grounds, native hunting areas, or migration
pathways;
Relocate drilling activities to a pre-approved alternate drill sites to avoid adverse
impacts to densely populated benthic communities or marine mammal habitats or
populations.

•

Incorporate modified activities and customized mitigating measures into the
Operating Plan and Scientific Prospectus for each expedition.

•

Perform supplemental environmental reviews to evaluate site-specific risk and
incorporate additional mitigating measures to reduce risks or avoid adverse impacts if
any of the following conditions are anticipated at proposed drill sites:
◊
◊
◊
◊
◊

Densely populated benthic communities;
Sensitive benthic communities or ecosystems;
Endangered or threatened species that may be potentially impacted;
Marine organisms potentially sensitive to acoustic sources;
Fisheries or aquaculture resources that may be potentially impacted.
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6.3.2

Drilling and Coring Operations

•

Minimize the deposition of used material or debris on the seafloor.

•

If a primary drill site is unsuitable and an alternate location must be used to achieve
research objectives, only move to pre-approved locations.

•

If sensitive benthic communities (e.g., chemosynthetic communities, coral reefs) or
cultural resources are anticipated at a drill site, inspect or survey the seafloor prior to
drilling to identify conditions that may require modifying drilling operations or
developing additional mitigating measures to reduce risks or avoid adverse impacts.

6.3.3

Research-related Activities

•

During seismic surveys or VSP experiments, shut down airguns if rare, endangered,
or sensitive species are sighted.

•

Increase marine mammal observer vigilance in areas such as continental slopes or
submarine canyons where animals sensitive to acoustic sources (beaked whales) may
be present.

•

In active fishery areas, use trawl-resistant devices for borehole completion structures
(e.g., reentry cones, CORKS) placed on the seafloor.

6.3.4
•

Based on IODP SAS recommendations, develop site-specific procedures and
contingencies to avoid geological hazards and prevent or minimize environmental
releases; incorporate these procedures into the Operating Plan and Scientific
Prospectus for each expedition. Examples of possible recommendations include:
◊
◊
◊
◊

•

Accidental Events

Selecting alternate drill sites;
Performing a specific drilling order;
Limiting drilling depths;
Performing additional monitoring to address site-specific conditions.

Consistent with IODP SAS advice and input, utilize LWD and MWD tools to detect
the potential presence of overpressure formations; if monitoring data indicates that an
overpressurized formation may be penetrated while drilling, cease drilling operations
and plug the borehole with heavy mud or equivalent materials specifically available
for that purpose.
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•

6.4

Consistent with IODP SAS advice and input, continuously monitor petroleum
hydrocarbon content (e.g., C1-C40 hydrocarbons) in recovered cores to detect
potential penetration of an oil or gas accumulation and to distinguish potentially
hazardous accumulations of hydrocarbons from the background of the normal
increase in hydrocarbon content with depth.

Mitigation Monitoring

This section describes activities that will be conducted to monitor the application and
effectiveness of mitigating measures performed during the planning of each riserless
drilling expedition as well as during SODV operations at sea. Mitigation monitoring will
involve various IODP-USIO participants including Consortium for Ocean Leadership,
Inc, science services subcontractors (TAMU, LDEO), vessel operator (ODL/Transocean),
IODP (MI, SAS, review panels, committees), and expedition proponents (researchers).
As part of the IODP SAS in Alternative B, the EPSP would perform a comprehensive
review of a proposed riserless drilling expedition during the expedition planning process
to assess the adequacy of site characterization data and evaluate potential environmental
impacts (see Section 3.3). The EPSP may provide recommendations including sitespecific mitigating and monitoring measures that would be incorporated into the
expedition’s Scientific Prospectus and Operating Plan. Expedition plans will identify
needs to obtain required approvals, permits, or special notifications that may involve
additional site-specific mitigating measures and monitoring requirements. In some
instances, a supplemental site-specific environmental review may be required which
could include provisions for additional mitigating measures and monitoring.
For SODV operations, the ship’s Captain (vessel master) would have overall
responsibility to ensure that vessel operations comply with MARPOL requirements and
applicable local regulations. Vessel operations resulting in outputs to the environment
(e.g., air emissions, discharges) would incorporate BMPs (Section 6.2), applicable
monitoring parameters, and associated recordkeeping. As described in the vessel
operator’s Environmental Management System, environmental performance indicators
(monitoring parameters) would be used to track performance and establish baseline
conditions. These criteria would include both leading indicators (preventive measures)
and lagging indicators (used to monitor results and impacts).
During drilling operations the Operations Superintendent (OS), the senior IODP-USIO
representative onboard the drilling vessel, would be responsible for shipboard functions
involving drilling, coring, and reentry operations. The OS will ensure that all drilling is
performed consistent with the Operating Plan and optimal drilling conditions are
maintained and documented in daily logs. Particular emphasis would be placed on
monitoring potential environmental hazards during drilling and coring.
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Monitoring observations with an underwater television camera may be performed at
select sites to inspect drillstring equipment or the condition of reentry devices and
observatories. For example, visual observations obtained during previous ODP and
IODP riserless drilling efforts provided information on the deposition of drill cuttings
surrounding each borehole and the dispersal of turbidity in the water column.
It is anticipated that some boreholes advanced during previous riserless drilling
expeditions may be revisited during future SODV expeditions providing opportunities to
monitor and document temporal changes that occur at former drillsites. As shown in
Appendix A, over 300 DSDP, ODP, and IODP legacy boreholes may be accessed for
future research. In these instances, observations of seafloor conditions collected may
allow researchers to monitor and evaluate site-specific changes. These observations may
be published such as a recent publication documenting the lack of significant
environmental effects following drilling in a coral reef environment (ESO, 2005).
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Baldauf, Jack
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Program Director, Ocean Drilling
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Allan, James

Higgins, Sean
Johnson,
Douglas A.
Morell, Margo
Harrison, Jolie

Associate Director, Ocean Drilling
Programs
Associate Director (Health, Safety
and Environment)
Assistant Director, Ocean Drilling
Programs
Office of Protected Resources,
National Marine Fisheries Services

Agency
National Science
Foundation
Texas A&M University
Consortium for Ocean
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Consortium for Ocean
Leadership
Texas A&M University
Consortium for Ocean
Leadership
National Oceanic and
Atmospheric Administration

PEIS Preparers (Metcalf & Eddy | AECOM)

Name
Doyle-Breen,
Jennifer
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Biological Resources,
Fisheries, Marine
Transportation, Cultural
Resources
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Degree(s)
MS Plant Biology;
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Maier, John
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Resources, IODP-USIO
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Biological Resources,
Fisheries, Marine
Transportation, Cultural
Resources
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MS Enviro.
Engineering;
BE Civil Engineering
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BS Biology
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2

6
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BS Enviro. Engineering
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BS Ocean Engineering
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Senior Technical Advisor
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Regional Planning;
BA, Geography
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VanGelder,
Kurt
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MS Oceanography;
BS Entomology

24
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Engineering;
BS Civil Engineering
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Name
Reilly,
Christopher
Scott, Kevin

Weeks,
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Role
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9.0

IODP FREQUENTLY USED ACROYNMS AND GLOSSARY

Table 9-1 provides an explanation of acronyms which are frequently commonly used in
the IODP or this PEIS. A comprehensive technical glossary of IODP terms may be
accessed through the following website link:
http://iodp.tamu.edu/publications/resources/IODP_dictionary.pdf

Table 9-1. Commonly Used Acronyms and Terms
Acronym
ADCP
AESTO
AGI
AGU
AOGS
APC
APCT
API
APP
AUV
BCR
BGS
BHA
BMP
BoG
BOD5
BP
BSR
cc
CCD
CDEX
CDP
CEQ
CMCR
CMO
CNRS
COL
CORK
dB
DIS
DP

Meaning
Acoustic Doppler Current Profiler
Advanced Earth Science and Technology Organization (Japan)
American Geophysical Institute
American Geophysical Union
Asia-Oceana Geosciences Society
Advanced Piston Core
APC Temperature Tool
American Petroleum Institute
Annual Program Plan
Autonomous Underwater Vehicle
Bremen Core Repository
British Geological Survey
Bottom Hole Assembly
Best Management Practice
Board of Governors
Biological Oxygen Demand (5-day)
Before Present
Bottom Simulator Reflector
Cubic Centimeter
Carbonate Compensation Depth
Center for Deep Earth Exploration
Complex Drilling Projects
Council on Environmental Quality (U.S.)
Center for Advanced Marine Core Research (Kochi University)
Central Management Office
Centre National de la Research Scientific (France)
Consortium for Ocean Leadership, Inc. (formerly the Joint
Oceanographic Institutions, Inc.)
Circulation Obviation Retrofit Kit
Decibel
ICDP Drilling Information System
Dynamic Positioning
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Table 9-1. Commonly Used Acronyms and Terms
Acronym
DPG
DSDP
DSS
DVTP
E&O
ECORD
EDP
EGU
EMA
EMS
EOR
EPC
EPSP
ESA
ESO
ESSAC
ESSEP
ETF
FMS
GCR
GI
GIS
HCFC
HG DPG
HSE
HVAC
Hz
ICDP
IFREE
IHA
IIS-PPG
ILP
IMO
IO(s)
IODP
IODP-MI
ION
iSAS
ISC

Meaning
Detailed Planning Group
Deep Sea Drilling Project
Drilling Sensor Sub
Davis-Villinger Temperature Probe
Education and Outreach
European Consortium for Ocean Drilling Research
Engineering Development Panel
European Geosciences Union
ECORD Management Agency
Environmental Management System
Expedition Objective Research
European Petrophysical Consortium
Environmental Protection and Safety Panel
Endangered Species Act (U.S.)
ECORD Science Operator
ECORD Science Support and Advisory Committee
Environmental Science Steering and Evaluation Panel
Engineering Task Force
Formation Micro Scanner
Gulf Coast Repository
Generator-Injector (airgun)
Geographic Information System
Hydrochlorofluorohydrocarbon
Hotspot Geodynamics Detail Planning Group
Health, Safety and Environment
Heating/Ventilation/Air Conditioning
Hertz
International Continental Scientific Drilling Program
Institute for Frontier Research on Earth Evolution
Incidental Harassment Authorization
Industry-IODP Science Program Planning Group
Industry Liaison Panel
International Maritime Organization
Implementing Organization(s)
Integrated Ocean Drilling Program
Integrated Ocean Drilling Program Management International, Inc.
International Ocean Network
Interim Science Advisory Structure
Information Service Center
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Table 9-1. Commonly Used Acronyms and Terms
Acronym
ISP
ISSEP
JAMSTEC
JANUS
J-CORES
J-DESC
JOI
JOI Alliance
JOIDES
JPIO
JR
KCC
KIGAM
kt
L
LDEO
LGM
LTBMS
LWC
LWD
m
Ma
MARPOL
MAT
mbsf
MCS
MEXT
mg/L
mg/kg
mHz
MMPA
MOST
MPA
MSP
MW
MWP

Meaning
Initial Science Plan
Interior Science Steering and Evaluation Panel
Japan Agency for Marine-Earth Science and Technology
USIO Database System
Japanese Database System
Japan Drilling Earth Science Consortium
Joint Oceanographic Institutions, Inc. (predecessor to the Consortium
for Ocean Leadership)
Former USIO consisting of JOI, LDEO, and TAMU
Joint Oceanographic Institutions for Deep Earth Sampling
Japan Implementing Organization
JOIDES Resolution
Kochi Core Center Repository
Korea Institute of Geoscience and Mineral Resources
knots
liter
Lamont-Doherty Earth Observatory
Last Glacial Maximum
Long-Term Borehole Monitoring System
Logging While Coring
Logging While Drilling
Meters
Meg-annum (one million years)
International Convention for the Prevention of Pollution from Ships
(1973), as modified by the Protocol of 1978 (MARPOL 73/78)
Mid-Atlantic Transect
meters below sea floor
Multi Channel Seismic
Ministry of Education, Culture, Sports, Science, and Technology
(Japan)
Milligrams Per Liter
Milligrams Per Kilogram
Megahertz
Marine Mammal Protection Act
Ministry of Science and Technology (People's Rep. of China)
Marine Protected Area
Mission Specific Platform
Megawatt
Measurement While Drilling
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Table 9-1. Commonly Used Acronyms and Terms
Acronym
NanTroSEIZE
NEPA
NERC
nm
NMFS
NMSP
NOAA
NOx
NSF
OCC
OCE
ODL
ODP
OOI
OPCOM
ORI
ORION
OTF
PCS
PEIS
PI
PMO
PMT
ppm
PSDIM
PSG
PTS
QAQC
RCB
RIS
rms
ROD
ROV
SAS
SASEC
SciMP
SECA
SEDIS
SEL

Meaning
Nankai Trough Seismogenic Zone Experiment
National Environmental Policy Act
National Environmental Research Council
nautical miles
National Marine Fisheries Service (U.S.)
National Marine Sanctuary Program (U.S.)
National Oceanic and Atmospheric Administration (U.S.)
Nitrogen Oxides
National Science Foundation (U.S.)
Oceanic Core Complex
Division of Ocean Sciences, NSF
Oversees Drilling Limited (with Transocean, operator of the SODV)
Ocean Drilling Program
Ocean Observing Initiative
Operations Committee (now Operations Task Force)
Ocean Research Institute
Ocean Research Interactive Observatory Networks
Operations Task Force
Pressure Core Sampler
Programmatic Environmental Impact Statement
Primary Investigator (Proponent)
Program Member Offices
Project Management Team
Parts Per Million (mg/L, mg/kg)
Publications, Sample and Data Integration manager
Project Scoping Group
Permanent Threshold Shift
Quality Assurance Quality Control
Rotary Core Barrel
Rig Instrumentation System
Root Mean Square
Record of Decision
Remotely Operated Vehicle
Science Advisory Structure
SAS Executive Committee, Science Advisory Executive Committee
Scientific Measurements Panel (in ODP)
SOx Emission Control Area
Scientific Earth Drilling Information System
Sound Exposure Level
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Table 9-1. Commonly Used Acronyms and Terms
Acronym
SIO
SIT
SMCS
SODV
SOPEP
SOx
SPC
SPPOC
SRMs
SSDB
SSEP
SSP
STP
TAMU
TAP
TD
tonne
TSS
TTS
UBI
USAC
USEPA
USGS
USIO
USAC
USSSP
VSP
WDC
WOB
WST
XCB
μPa

Meaning
Scripps Institution of Oceanography
Systems Integrated Training
Sample Materials Curation Management System
Scientific Ocean Drilling Vessel
Shipboard Oil Pollution Emergency Plan
Sulfur Oxides
Science Planning Committee
Science Planning and Policy Oversight Committee (< April 2006)
Standard Reference Materials
Site Survey Data Bank
Science Steering and Evaluation Panel
Site Survey Panel
Scientific Technology Panel
Texas A&M University
Technology Advice Panel (in ODP)
Total Depth
1,000 Kilograms
Total Suspended Solids
Temporary Threshold Shift
Ultra Borehole Imager
U.S. Advisory Committee for Scientific Ocean Drilling
U.S. Environmental Protection Agency
U.S. Geological Survey
United States Implementing Organization
United States Advisory Committee for Scientific Ocean Drilling
U.S. Science Support Program
Vertical Seismic Profile
World Data Center
Weight on bit
Well Seismic Tool
Extended Core Barrel
Micropascal
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APPENDIX A
USIO RISERLESS OCEAN DRILLING BACKGROUND INFORMATION
This appendix provides detailed data on prior USIO riserless drilling activities which are
indicative of future operations by the JOIDES Resolution (SODV).
◊

Table A-1. “ODP (1985 – 2003) and IODP (2004 - 2006) Drill Sites” identifies the sites
where riserless drilling operations have taken place since 1985 and includes information
pertaining to the duration of each expedition and number of holes drilled and cores
recovered.

◊

Table A-2. “DSDP, ODP, and IODP Analyses” identifies the number and type of analyses
performed during previous U.S. riserless drilling programs.

◊

Table A-3. “Status of Existing DSDP/ODP/IODP Legacy Holes” identifies existing
boreholes that may be revisited during future SODV expeditions.
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Table A-1. ODP (1985 – 2003) and IODP (2004 - 2006) Drill Sites
Number
ODP/IODP
Leg or
Expedition
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
124E
125
126
127
128
129

Drilling Site Area
Gulf of Mexico
Bahamas
Western Atlantic
Galicia Bank
Norwegian Sea
Labrador Sea/Baffin
Mid-Atlantic Ridge
Tyrrhenian Sea
Northwest Africa
Mid-Atlantic Ridge
Lesser Antilles
Panama Basin
Peru Margin
Weddell Sea
South Atlantic
Mascarene Plateau
Bangal Fan
Oman Margin
SW Indian Ridge
Prydz Bay
S Kerguelen
Broken Ridge
Exmouth Plateau
Argo Abyssal Plain
SE Asia Basins
Luzon Strait
Bon/Mar
Bon Mar II
Japan Sea I
Japan Sea II
Old Pacific Crust

Duration
(days)
12
36
19
47
43
46
41
43
36
48
48
48
45
44
39
30
39
36
46
37
28
34
43
47
47
24
49
53
49
43
46

Length (meters)

Drilling
Sites Holes Cores Penetration
1
11
1
5
3
3
2
7
12
4
6
3
10
9
7
12
3
12
4
11
5
7
6
2
5
6
9
7
4
3
3

3
19
0
14
8
11
12
11
27
5
10
5
27
22
12
22
10
25
20
22
12
17
15
5
13
15
15
19
10
9
5

37
319
0
157
291
316
17
353
461
25
259
79
514
386
392
426
248
628
117
427
255
310
445
189
336
41
323
500
317
226
199
A-1

237
641
0
1,492
514
723
0
343
214
45
1,269
143
2,043
639
87
229
1,493
1,278
0
796
1,407
1,001
28
1,298
2,116
1,444
623
1,791
1,884
1,654
696

Coring
Penetration
278
2,928
0
1,505
2,423
2,966
109
3,289
4,244
186
2,415
641
4,720
3,405
3,585
3,954
2,290
5,848
777
3,650
2,149
2,731
5,205
1,793
3,112
280
2,918
4,702
2,914
2,066
1,708

Max
Water
%
Core
Depth
Recovery
Recovered
(m)
264
1,439

95.3
49.1

616
1,707
1,885
14
1,844
3,843
22
1,899
428
2,664
1,944
2,300
3,079
992
4,368
447
2,102
1,082
1,825
2,446
1,080
2,123
147
1,023
2,122
1,658
1,574
467

40.9
70.5
63.5
12.5
56.1
90.5
12
78.7
66.8
56.4
57.1
64.2
77.9
43.3
74.7
57.6
57.6
50.3
66.8
47
60.2
68.2
52.6
35
45.1
56.9
76.2
27.3

889
3,581
5,505
5,321
2,780
3,871
3,530
3,597
4,746
4,490
5,070
3,474
5,093
4,667
4,647
4,440
4,747
4,045
5,219
4,093
2,041
2,937
2,710
5,732
4,916
5,817
4,912
3,265
3,311
2,818
5,980

Table A-1. ODP (1985 – 2003) and IODP (2004 - 2006) Drill Sites
Number
ODP/IODP
Leg or
Expedition
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

Drilling Site Area
Ontong Java Plateau
Nankai Trough
West/Central Pacific
N/E Australia
Vanuatu
Lau Basin
OSN-1
Hole 504B
E Equatorial Pacific
Sedimented Ridges
Hole 504B
Chile Triple Junction
East Pacific Rise
Atolls & Guyots - I
Atolls & Guyots - II
N Pacific Transect
Cascadia
Hess Deep
Hole 504B
Iberian Abyssal Plain
New Jersey Sea Level
Atl. Arctic Gateways I
E Greenland Margin
MARK
Ceara Rise
Amazon Fan
N Barbados Ridge
VICAP/MAP
TAG
Eq. Atlantic Transform
Mediterranean I

Duration
(days)
51
56
45
51
53
51
16
22
38
57
40
38
37
44
46
41
52
44
39
51
39
38
46
48
43
48
55
45
43
44
40

Length (meters)

Drilling
Sites Holes Cores Penetration
5
1
3
16
7
8
2
1
11
4
1
5
1
6
11
7
7
2
2
5
5
7
6
5
5
17
3
7
1
4
11

16
7
11
36
16
18
6
1
42
23
1
13
3
12
21
25
20
13
2
10
11
18
13
15
19
36
8
12
17
13
48

639
165
52
885
541
409
20
8
599
331
57
284
5
441
358
540
272
57
45
288
515
475
346
100
653
558
54
438
88
366
544
A-2

988
2,667
80
2,925
809
581
846
1,561
68
1,069
1,622
810
9
140
285
2,710
2,230
27
1,727
1,211
1,443
458
772
86
763
116
2,764
867
104
919
294

Coring
Penetration
5,889
1,463
237
7,965
4,831
4,432
129
60
5,543
2,656
379
2,516
16
3,995
3,201
5,021
2,263
518
377
2,686
4,602
4,216
2,906
728
6,161
5,117
469
4,091
531
3,320
4,801

Max
Water
%
Core
Depth
Recovery
Recovered
(m)
4,822
732
165
5,508
2,045
1,254
64
14
5,536
933
53
1,019
10
1,065
1,088
4,321
1,197
121
84
1,532
4,032
3,005
1,255
255
5,808
4,053
267
3,090
55
2,018
3,363

81.9
50
69.5
69.1
42.3
28.3
49.1
1
99.9
35.1
1.7
40.5
61.3
26.7
27.3
86.1
52.9
23.3
1.3
57
87.6
71.3
43.2
35
94.3
79.2
57
75.5
10.4
60.8
70.1

3,862
4,687
4,696
1,650
3,101
4,821
4,441
3,474
3,861
2,457
3,474
2,760
2,583
4,838
1,537
5,726
2,675
3,832
3,474
5,389
2,709
3,330
2,097
3,343
4,369
4,148
5,013
5,449
3,657
4,645
3,931

Table A-1. ODP (1985 – 2003) and IODP (2004 - 2006) Drill Sites
Number
ODP/IODP
Leg or
Expedition
ODP
ODP
ODP

161
162
163

ODP

164

ODP

165

ODP
ODP

166
167

ODP

168

ODP
ODP

169S
169

ODP

170

ODP

171A

ODP

171B

ODP

172

ODP

173

ODP

174A

ODP
ODP
ODP

174B
175
176

Drilling Site Area
Mediterranean II
Atl. Arctic Gateways II
Gas Hydrates
Gas Hydrate Sampling
Blake Ridge & Carolina
Rise
Cretaceous/Tertiary
Boundary Event
The Bahamas Transect
California Margin
Hydrothermal Circulation
in the Oceanic Crust:
Eastern Flank of the Juan
de Fuca Ridge
Saanich Inlet
Sedimented Ridges II
Costa Rica Accretionary
Wedge
Northern Barbados
Accretionary Prism
Blake Nose
Paleoceanographic
Transect
Northwest Atlantic
Sediment Drifts
Return to Iberia
New Jersey Mid-Atlantic
Sea-Level Transect
CORK Hole 395A
Benguela Current
Hole 735B

Duration
(days)

Length (meters)

Drilling
Sites Holes Cores Penetration

Coring
Penetration

Max
Water
%
Core
Depth
Recovery
Recovered
(m)

44
44
17

6
9
3

16
30
4

505
828
46

743
929
166

4,591
7,708
314

3,875
6,731
205

84.4
87.3
65.1

3,470
2,879
542

41

7

17

344

1,115

2,785

1,982

71.2

2,799

45

5

13

453

1,773

4,178

3,359

80.4

3,260

41
44

7
13

17
52

572
840

2,198
2

5,255
7,710

2,939
7,502

55.9
97.3

658
4,215

51

10

19

230

1,409

2,052

1,552

75.6

2,659

2
45

2
7

9
25

72
363

0
814

678
3,567

686
1,205

101.2
33.8

229
3,302

43

5

17

223

3,405

2,052

1,464

71.3

4,354

11

5

5

0

2,973

0

0

0

5,056

30

5

16

427

561

3,794

3,227

85.1

2,682

37

11

42

623

10

5,689

5,765

101.3

5,568

44

6

6

126

2,994

1,188

453

38.1

5,322

12

202

1,498

1,742

1,034

59.3

639

2
40
1

8
894
126

0
73
505

70
8,211
994

66
8,003
866

95.4
97.5
86.3

4,445
2,996
721

27
5
36
38

2
13
1
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Table A-1. ODP (1985 – 2003) and IODP (2004 - 2006) Drill Sites
Number
ODP/IODP
Leg or
Expedition
ODP

177

ODP

178

ODP

179

ODP
ODP
ODP
ODP
ODP
ODP

180
181
182
183
184
185

ODP

186

ODP

187

ODP

188

ODP

189

ODP

190

ODP

191

Drilling Site Area
SouthernOcean
Paleoceanography
Antarctic Peninsula
Hammer Drilling and
NERO
Woodlark Basin
SW Pacific Gateways
Great Australian Bight
Kerguelen
South China Sea
Izu-Mariana Margin
Western Pacific
Geophysical Observatories
Mantle Reservoirs and
Migration Associated with
Australian-Antarctic
Rifting
Prydz Bay-Cooperation
Sea, Antarctica: Glacial
History and
Paleoceanography
The Tasmanian Gateway:
Cenozoic climatic and
Oceanographic
Development
Deformation and Fluid
Flow Processes in the
Nankai Grough
Accretionary Prism
Northwest Pacific Seismic
Observatory and Hammer
Drill Tests

Duration
(days)

Length (meters)

Drilling
Sites Holes Cores Penetration

Coring
Penetration

Max
Water
%
Core
Depth
Recovery
Recovered
(m)

33

7

31

549

371

4,989

4,046

81.1

4,624

34

9

23

334

375

2,924

1,807

61.8

3,842

21

4

12

44

528

143

118

82.8

1,659

48
37
37
33
34
42

11
7
9
8
6
2

23
21
27
8
17
6

432
459
623
353
622
110

1,021
511
1,312
91
363
1,398

3,912
4,196
5,754
3,154
5,761
1,060

1,966
3,625
3,580
1,528
5,462
403

50.3
86.4
62.2
48.5
94.8
38

3,246
4,492
3,876
2,394
3,297
5,867

48

2

8

256

4,865

2,427

1,741

71.8

2,681

35

13

23

112

3,790

617

137

22.3

5,736

31

3

7

201

968

1,852

971

52.4

3,538

45

5

16

551

1,141

5,117

4,538

88.7

3,568

48

6

8

413

851

3,896

2,625

67.4

4,844

31

4

18

56

1,394

509

363

71.4

5,566
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Table A-1. ODP (1985 – 2003) and IODP (2004 - 2006) Drill Sites
Number
ODP/IODP
Leg or
Expedition
ODP

192

ODP
ODP

193
194

ODP

195

ODP
ODP
ODP
ODP
ODP
ODP

196
197
198
199
200
201

ODP

202

ODP
ODP
ODP
ODP
ODP
ODP
ODP
ODP

203
204
205
206
207
208
209
210

IODP
IODP
IODP
IODP
IODP

301
303
304
305
306

IODP

307

IODP

308

Drilling Site Area
Basement Drilling fo the
Ontong Java Plateau
Manus Basin
Marion Plateau
Mariana / West Pacific
ION
Nankai II
Hotspots
Shatsky Rise
Paleogene Pacific
H2O Observatory
Peru Biosphere
Southeast
Paleoceanography
Equatorial Pacific Ion
Gas Hydrates
Costa Rica
Fast Spreading Crust
Demerara Rise
Walvis Ridge
MAR Peridotite
Newfoundland Margin
Subtotal (ODP)
Juan de Fuca
North Atlantic Climate 1
Oceanic Core Complex 1
Oceanic Core Complex 2
North Atlantic Climate 2
Porcupine Carbonate
Mounds
Gulf of Mexico
Hydrogeology

Duration
(days)

Length (meters)

Drilling
Sites Holes Cores Penetration

Coring
Penetration

Max
Water
%
Core
Depth
Recovery
Recovered
(m)

42

5

6

203

2,383

1,764

898

50.9

3,899

42
43

4
8

13
16

107
597

564
1,043

736
4,965

79
2,055

10.8
41.4

1,703
420

48

3

15

196

923

1,667

1,306

78.4

5,710

47
37
37
35
28
33

2
4
8
8
2
7

4
5
16
21
7
33

3
188
443
283
39
377

2,096
1,930
515
417
67
211

20
1,481
3,947
2,465
289
3,185

5
753
2,914
2,197
100
2,845

26.6
50.8
73.8
89.1
34.7
89.3

4,791
2,594
3,883
5,396
4,970
5,087

38

11

38

762

384

7,080

7,081

100

4,079

15
50
43
46
35
32
40
50
4,549
52
33
41
40
28

1
9
3
1
5
6
8
2
669
2
7
3
1
5

2
45
4
4
13
17
19
2
1,797
5
26
12
1
11

19
467
19
117
486
414
218
111
35,772
61
511
107
219
243

314
3,476
998
496
1,987
1,357
0
807
117,187
841
82
49
0
181

93
3,675
405
850
4,167
3,702
1,187
1,013
321,482
455
4,699
536
1,014
2,269

28
3,068
281
515
3,122
3,591
357
824
222,007
254
4,656
308
800
2,343

30.2
83.5
69.4
60.6
74.9
97.01
30.1
81.4

3,871
1,228
4,387
3,645
3,203
4,770
3,951
4,560

55.9
99.08
57.5
78.8
103.2

2,669
3,885
2,583
1,656
3,534

12

3

11

181

150

1,529

1,385

90.6

959

25

6

13

166

2,573

1,386

1,300

93.8

1,480

A-5

Table A-1. ODP (1985 – 2003) and IODP (2004 - 2006) Drill Sites
Number
ODP/IODP
Leg or
Expedition
IODP

309

IODP

311

IODP

312

Drilling Site Area
Superfast Spreading Rate
Crust 2
Cascadia Margin Gas
Hydrates
Superfast Spreading Rate
Crust 3
Subtotal (IODP)
TOTAL (ODP + IODP)

Duration
(days)

Length (meters)

Drilling
Sites Holes Cores Penetration

39

1

1

96

27

5

23

223

39

1

1

62

336
4,886

34
703

104
1,901

1,869
37,641

A-6

0

Coring
Penetration

Max
Water
%
Core
Depth
Recovery
Recovered
(m)

503

183

36.28

3,645

1,616

1,218

75.4

2,201

0

252

47

18.5

3,645

3,876
121,063

14,261
335,743

12,494
234,501

Table A-2. DSDP, ODP, and IODP Analyses

ANALYSIS
Site/Hole Summary (meters recovered)
Hole/Core Summary (cores)
Core/Section Summary (sections)
Corelog (samples)
GRA Bulk Density (sections)
Magnetic Susceptibility (sections)
Natural Gamma Radiation (sections)
P-Wave Vel (Whole Core) (sections)
P-Wave Vel (Split Core) (samples)
Moisture Density (samples)
Thermcon (samples)
Shear Strength (samples)
Color Reflectance (sections)
Point Susceptibility - MS2F (sections)
Downhole Temp. - Adara (samples)
Splicer (tie points)
Tensor (cores)
Cryomagnetic (sections)
Paleo Investigation (samples)
Range Table (taxa)
Age Profile (datum list)
Depth-Age Model
X-Ray Diffraction (samples)
XRD Images (samples)
X-Ray Fluorescence (samples)
ICP (samples)
Chemistry: Rock Evaluation (samples)
Chemistry: Carbonates (samples)
Chemistry: Gas Elements (samples)
Chemistry: Interstitial Water (samples)
Smear Slides (samples)
Sedimentary Thin Sections (samples)
Hard Rock Thin Sections (samples)
Visual Core Description (sections)
Hard Rock Visual Core Description (sections)
Core Photo Images
Section Photo Images
Closeup Information

A-7

IODP
12,853
2,103
10,980
142,044
8,557
8,907
7,097
3,895
4,208
4,429
1,433
1,912
7,569
2,011
0
474
725
8,721
287
1,903
0
0
1,036
0
0
467
0
1,456
1,446
919
698
0
1,272
8,082
0
1,831
9,798
3,130

Total Number
ODP
222,430
36,365
192,668
2,277,857
135,648
135,819
72,924
58,430
64,574
92,716
37,019
26,451
63,214
2,853
1,219
4,372
2,534
106,858
74,493
642,290
4,573
7,257
14,169
12,176
3,949
1,375
7,814
66,494
20,593
12,825
11,925
118
2,123
122,124
4,472
34,037
21,653
4,747

DSDP
97,087
20,094
94,200
65,445
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3,190
0
0

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg
Hole
Observatories
69,70
83,92
504B
111,137
140,148

Location

Costa Rica Rift, S
flank
Hawaiian Arch
(SW of Oahu )
Juan deFuca,
Middle Valley

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

Casing
(m)

1° 14'N

83° 44'W

3460

2111

1836

90/276

19° 21'N

159° 6'W

4407

318

79

30/244

48° 27'N

128° 43'W

2415

433

175

25/271

136

843B

139

858G

146

889C

Vancouver margin

48° 50'N

126° 52'W

1315

384

0

52/260

146

892B

Oregon margin

44° 41'N

125° 7'W

674

178

0

22/94

148

896A

Costa Rica Rift - S
flank

1° 13'N

83° 43'W

3448

469

297

86/191

156

948D

Barbados prism

15° 31'N

58° 44'W

4938

538

0

43/476/535

156

949C

Barbados prism

15° 32'N

58° 43'W

5005

464

0

46/398/465

168

1024C

Juan deFuca, E
flank

47° 55'N

128° 45'W

2612

176

24

39/166

168

1025C

Juan deFuca, E
flank

47° 53'N

128° 39'W

2606

147

46

40/102

168

1027C

Juan deFuca, E
flank

47° 45'N

127° 44'W

2656

632

57

39/578

A-8

Remarks
Deepest DSDP/ODP
hole; junk below 2000
mbsf; wireline CORK
2001
OSN Pilot Experiment,
1998; now open
CORK 1991; new
CORK 1996
CORK and 5-1/2" liner
from 270 - 327 mbsf,
1992.
CORK and 5-1/2" liner
from 93.4 - 145.6 mbsf,
1992; logger removed
1995; hydrate
experiment 1998
Wireline CORK 2001
CORK 1994; logger
and string removed
1995
CORK and bridge plug,
1994
CORK 1996; sensor
recovered 1999; new
logger 2000
CORK 1996; logger
replaced 2000
CORK 1996; sensors
recovered 1999; new
logger 1999

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

Casing
(m)

139
146
169

857D

Juan deFuca,
Middle Valley

48° 27'N

128° 43'W

2421

936

465*

48/573

45
78
109
174B

395A

MAR, W flank

22° 45'N

46° 5'W

4490

664

572

62/112

179

1107A

90 degree E Ridge

17° 1'S

88° 11'E

1659

494

123

49/413

186

1150D

Japan Trench

39° 11'N

143° 20'E

2681

1140

0

55/534/1035

186

1151B

Japan Trench

38° 45'N

143° 20'E

2182

1113

0

76/1068

191

1179E

NW Pacific

41° 5'N

159° 58'E

5566

399

28

64/393

195

1200C

Mariana forearc

13° 47'N

146° 0'E

2932

140

0

24/107/203

195

1201E

Philippine Sea

19° 18'N

135° 6'E

5710

580

68

39/527

196

1173B

Nankai Trough

32° 15'N

135° 1'E

4791

757

26

121/728

A-9

Remarks
Bent CORK removed;
hole reamed and
cleaned to 929 mbsf;
new CORK installed.
Installation of ODP
CORK, instrumented
with long-term data
logger. 10 thermistors
on cable downhole;
pressure gauges above
and below seal.
ION NERO site;
seismometer planned
2004/2005
W Pacific ION
seismometer/strain
observatory 1999; 2nd
deepest ODP casing.
W Pacific ION
seismometer/strain
observatory 1999;
deepest ODP casing.
NW Pacific ION
seismic observatory
2000
CORK 2001
W Pacific ION seismic
observatory 2001
Legs 190, 196; ACORK
2001; 5th deepest ODP
casing; broken-off pipe
above bridge plug

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

Casing
(m)

196

808I

Nankai Trough

32° 21'N

134° 57'E

4675

1058

200

1224D

27° 53'N

141° 59'W

4967

65

37

26/58

203

1243A

E Pacific
Eastern Equatorial
Pacific

Remarks
Legs 131, 196; ACORK
2001; top 37 m on
seafloor but fully
functioning; 3rd deepest
ODP casing
H2O ION site

5° 18'N

110° 5'W

3871

212

103

48/212

E Pacific ION

205
301T

1253A

Costa Rica Trench

9° 39'N

86° 11'W

4376

600

87

44/413

205

1254B

Costa Rica Trench

9° 40'N

86° 11'W

4176

278

0

20/199

205
301T

1255A

Costa Rica Trench

9° 39'N

86° 11'W

4312

157

0

20/118

168
1026B
301
Reentry Holes

Juan de Fuca, East
Flank

47° 46'N

127° 46'W

2658

295

48

40/249

157/927

15

146

Caribbean Sea

15°07’N

69°23’W

3957

762

24

50/-

34

319A

EPR, E flank

13°01’N

101°31’W

4296

157

59

66/-

34

320B

Peru Basin

9°00’S

83°32’W

4497

183

53

65/-

37

333A

MAR, W flank

36°50’N

33°40’W

1680

529

312

70/-

45

395A

MAR, W flank

46

396B

MAR, E flank

22°45'N
22°59’N

46°5'W
43°31’W

4494
4465

664
406

572
254

62/112
120/163

A - 10

CORK II 2002;
downhole instrument
strings replaced
CORK II 4-1/2" casing
broke-off and junked
hole. Retrieved CORK
wellhead.
CORK II 2002;
downhole instrument
strings replaced
Replaced 1026B CORK
w/CORK II
Lacks second casing
string
Bad hole conditions in
basement
Bad hole conditions in
basement
DIANAUT, 1989; junk
BHA at 488 mbsf
First time setting a
reentry cone and casing
to basement on deep-sea
floor. Hole packed with
mud

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

Casing
(m)

47

398D

Galicia Bank

40°58’N

10°43’W

3900

1740

0

80/-

50

415A

Off Morocco

31°02’N

11°40’W

2817

1079

0

68/311

50

416A

Off Morocco

32°50’N

10°48’W

4203

1605

0

40/-

51

417D

S. Bermuda Rise

25°07’N

68°03’W

5489

709

366

25/-

52
55
58

418A
433C
442B

S. Bermuda Rise
Suiko Seamount
Shikoku Basin

25°02’N
44°47’N
28°59’N

68°03’W
170°01’E
136°03’E

5519
1874
4654

868
551
456

544
388
165

71/0
40/57/-

61

462A

Nauru Basin

7°15’N

165°02’E

5186

1208

645*

75/-

69

504A

CRR, S flank

1°14’N

83°44’W

3468

278

14

90/-

76

534A

East of Blake
Escapement

28°21’N

75°23’W

4976

1666

32

86/533

91

595B

SW Pacific

23°49’S

165°32’W

5630

124

56

34/74

92

597C

EPR, W flank

18°48’S

129°46’W

4157

143

91

40/-

103

638C

Galicia Margin

42° 9'N

12°12'W

4673

547

0

40/-

104

642E

Norwegian Sea

67°13’N

1289

1229

917*

51/372

105

645E

Baffin Bay &
Labrador Sea

2°56’E
64 °39'W

70° 7'N

2008

1147

0

21/-

106

648B

Mid-Atlantic
Ridge

22°55'N

44°57'W

3333

33

50

9/27

Exmouth Plateau

Argo
Abyssal
Plain

15°59’S
117°34’E

5714

1195

271

91/933

Remarks
Hole plugged by
sediments
Bad hole conditions,
filled with cavings/mud
Bad hole conditions
Cone plugged with
mud; lost BHA in
deepest 100m
Cone plugged with mud
Bad hole conditions
Needs second casing
string; good hole
conditions
Lacks second casing; 2
bit cones at bottom
Wireline reentry:
LFASE

78

123

765D

A - 11

Ngendei expt, 1983;
stinger in hole
Good hole in fastspread crust
Lacks second casing
string
Top of cone at seafloor
Lacks second casing
string; sediment bridges
in open hole
Hard Rock Guide Base.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

Casing
(m)

128

794D

Japan Sea

40°11’N

138°14’E

2818

734

192

58/560

129

801C

Old Pacific Crust

18°39’N

156°22’E

5685

594

135

51/481

130

807C

Ontong Java
Plateau

3°36’N

156°22’E

2817

1528

148

58/350

131

808D

Nankai Trough

32°21'N

134°57'E

4673

780

0

21/521

131

808E

Nankai Trough

32°21’N

134°56’E

4685

1200

0

31/524

132

809F

Sumisi Rift

31°3'N

139°53'E

1802

79

79

none

139

856H

Juan de Fuca,
Middle Valley

48°26'N

128°41'W

2424

94

142

864A

Engineering Tests:
East Pacific Rise

9°31'N

104°15'W

2571

15

15

none

Remarks
Broadband seismometer
expt, 1989, still in hole
Jurassic crust; deepened
in Leg 185
Two bit cones in hole
741 m 11-3/4 " casing
lost on deployment
ONDO expt, 1991, still
in hole; bad hole
conditions
Mini HRGB; slim hole
cored with DCS
Small reentry funnel
installed with a 12-m
joint of 11-3/4-in. of
drill-in casing.
Hard Rock Guide Base
Drilling assembly
failure; Hard Rock
Guide Base picked up
and moved to new
location - 864C.
Hard Rock Guide Base

142

864B

Engineering Tests:
East Pacific Rise

9°31'N

104°15'W

2572

3

7

none

142

864C

Engineering Tests:
East Pacific Rise

9°31'N

104°15'E

2572

7

7

none

147

894G

Hess Deep Rift
Valley

2°18'N

101°32'W

3023

154

154

5.88/35.56

Hard Rock Guide Base
and 10-3/4-in casing
string successfully
retrieved at end of hole.

149 A,B,C

899B

Iberian Abyssal
Plain

40°46’N

12°16’W

5302

563

192

50/217

Bit released at 539 mbsf

158

957E

TAG

26°8'N

44°50'W

3646

126

126

28/

A - 12

13-3/8 " casing; lost
BHA below 14 mbsf

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

Casing
(m)

158

957L

TAG

26°8'N

44°50'W

3645

67

67

20/

165
118
176

999B

Colombia Basin
Southwest Indian
Ridge

12°45’N

78°44’W

2839

1066

0

62/524

32°43’S

57°16’E

732

1508

1508

none

735B

58/527/205
186

1150C

Japan Trench

39°1'N

143°20'E

2681

1050

0

192

1185B

Ontong Java

0°21'S

161°40'E

3899

526

125

28/-

0.4/57/190
193

1188F

Manus Basin

3°44'S

151°40'E

1642

387

0

206

1256D

Fast Spreading
Crust

6°44'N

91°56'W

3635

752

502

42 5'N
42 9'N
42 9'N

12 52'W
12 15'W
12 15'W

5311
4770
4771

286
238
251

66
10
0

Hard Rock (Open Holes)
103
637A
Galicia margin
103
639E
Galicia margin
103
639F
Galicia margin
104

642E

Norwegian margin

67 13'N

2 56'E

1278

1229

898

104
105

643A
647A

67 43'N
53 20'N

1 2'E
45 16'W

2769
3868

565
736

7
41

106

648A

22 55'N

44 57'W

3299

4

4

106

649C

23 22'N

44 57'W

3518

4

4

106

649G

23 22'N

44 57'W

3518

9

9

107
107

650A
651A

Norwegian margin
Baffin Bay
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Tyrrhenian Sea
Tyrrhenian Sea

39 21'N
40 9'N

13 54'E
12 45'E

3516
3578

634
551

32
164

A - 13

95/269/?

Remarks
16 " casing; collapsed
formation in open hole
16 " casing
HRGB; junk below 600
mbsf
Unusable site - 205 m
10-3/4 " casing lost at
bottom of hole
Lacks second casing
string; only 16 " casing
set in full-sized cone
Freefall deployed cone
with HRRS cone;
ADCB cored with 7-1/4
" diameter
20 " / 16 " casing

5311
4770
4771
1278

Hardrock material in
washcore (2W).
Basement Depth listed
is top of core 3R.

Recovery for this hole
0.16 meters.
Recovery for this hole
0.15 meters.
Recovery for this hole
0.25 meters.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg
107
107
107

Hole
655A
655B
656A

Location
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea

109

648B

Mid-Atlantic
Ridge axis

109

669A

109

670A

113

690C

114

698A

104
105

643A
647A

106

648A

106

648B

106

649C

106

649G

107
107
107
107
107

650A
651A
655A
655B
656A

Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Weddell Sea - SW
flank of Maud Rise
Subantarctic South
Atlantic
Norwegian margin
Baffin Bay
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea

Latitude
40 10'N
40 11'N
40 11'N

Longitude
12 28'E
12 28'E
12 11'E

Water
(m)
3290
3290
3597

T.D.
(m)
90
196
236

B.P.
(m)
10
115
48

Casing
(m)

Remarks

22 55'N

44 57'W

3330

50

50

This hole first drilled
Leg 106. Leg 109
deepened hole from
33.3 mbsf to 50.5 mbsf

23 31'N

45 3'W

1979

4

4

Recovery only 0.18m.

23 10'N

45 2'W

3625

92

80

65 10'S

1 12'E

2914

321

2

51 28'S

33 6'W

2138

237

27

67 43'N
53 20'N

1 2'E
45 16'W

2769
3868

565
736

7
41

22 55'N

44 57'W

3299

4

4

22 55'N

44 57'W

3333

33

50

23 22'N

44 57'W

3518

4

4

23 22'N

44 57'W

3518

9

9

39 21'N
40 9'N
40 10'N
40 11'N
40 11'N

13 54'E
12 45'E
12 28'E
12 28'E
12 11'E

3516
3578
3290
3290
3597

634
551
90
196
236

32
164
10
115
48

A - 14

1.5 m penetration into
basement
Total recovery of
basalts 15.3 m

Recovery for this hole
0.16 meters.
This hole re-visited on
leg 109. Basement
penetration Leg 106
was 33.3 mbsf.
Recovery for this hole
0.15 meters.
Recovery for this hole
0.25 meters.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

109

648B

Mid-Atlantic
Ridge axis

22 55'N

44 57'W

3330

50

50

109

669A

23 31'N

45 3'W

1979

4

4

109

670A

23 10'N

45 2'W

3625

92

80

113

690C

65 10'S

1 12'E

2914

321

2

114

698A

51 28'S

33 6'W

2138

237

27

104
105

643A
647A

67 43'N
53 20'N

1 2'E
45 16'W

2769
3868

565
736

7
41

106

648A

22 55'N

44 57'W

3299

4

4

106

648B

22 55'N

44 57'W

3333

33

50

106

649C

23 22'N

44 57'W

3518

4

4

106

649G

23 22'N

44 57'W

3518

9

9

107
107
107
107
107

650A
651A
655A
655B
656A

39 21'N
40 9'N
40 10'N
40 11'N
40 11'N

13 54'E
12 45'E
12 28'E
12 28'E
12 11'E

3516
3578
3290
3290
3597

634
551
90
196
236

32
164
10
115
48

Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Weddell Sea - SW
flank of Maud Rise
Subantarctic South
Atlantic
Norwegian margin
Baffin Bay
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Mid-Atlantic
Ridge axis
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea
Tyrrhenian Sea

109

648B

Mid-Atlantic
Ridge axis

109

669A

Mid-Atlantic
Ridge axis

Casing
(m)

Remarks
This hole first drilled
Leg 106. Leg 109
deepened hole from
33.3 mbsf to 50.5 mbsf
Recovery only 0.18m.

1.5 m penetration into
basement
Total recovery of
basalts 15.3 m

Recovery for this hole
0.16 meters.
This hole re-visited on
leg 109. Basement
penetration Leg 106
was 33.3 mbsf.
Recovery for this hole
0.15 meters.
Recovery for this hole
0.25 meters.

22 55'N

44 57'W

3330

50

50

This hole first drilled
Leg 106. Leg 109
deepened hole from
33.3 mbsf to 50.5 mbsf

23 31'N

45 3'W

1979

4

4

Recovery only 0.18m.

A - 15

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Location
Mid-Atlantic
Ridge axis
Weddell Sea - SW
flank of Maud Rise
Subantarctic South
Atlantic

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

23 10'N

45 2'W

3625

92

80

65 10'S

1 12'E

2914

321

2

51 28'S

33 6'W

2138

237

27

706A

Mascarene Plateau

13 7'S

61 22'E

2517

48

0

115
115
115
115
115

706B
706C
707C
713A
715A

13 7'S
13 7'S
7 33'S
4 12'S
5 5'N

61 22'E
61 22'E
59 1'E
73 24'E
73 50'E

2518
2518
1552
2920
2273

44
122
443
192
288

0
54
68
90
76

118

732B

32 33'S

57 3'E

4878

8

8

118

732C

32 33'S

57 3'E

4885

24

14

118

732D

Mascarene Plateau
Mascarene Plateau
Mascarene Plateau
Mascarene Plateau
Mascarene Plateau
Atlantis II Fracture
Zone
Atlantis II Fracture
Zone
Atlantis II Fracture
Zone

32 33'S

57 3'E

4810

6

6

118

732E

Atlantis II Fracture
Zone

32 33'S

57 3'E

4808

7

7

118

732F

Atlantis II Fracture
Zone

32 33'S

57 3'E

4807

16

16

118

733B

Atlantis II Fracture
Zone

33 5'S

56 59'E

4487

4

4

118

733C

Atlantis II Fracture
Zone

33 5'S

56 59'E

4487

6

6

118

733D

Atlantis II Fracture
Zone

33 5'S

56 59'E

5208

24

24

Leg

Hole

109

670A

113

690C

114

698A

115

A - 16

Casing
(m)

Remarks

1.5 m penetration into
basement
Total recovery of
basalts 15.3 m
Small piece of basalt in
bottom of last APC
core.

Recovered 0.34 m of
basalt
Recovered 0.7 m of
basalt
Recovered 0.31 m of
basalt
Recovered 0.18 m of
basalt and diabase
rubble.
Recovered 0.3 m of
basalt and diabase
rubble.
Recovered 0.09 m of
metagabbro and
amphibolite rubble.
Recovered 0.2 m of
metabasalt and
amphibolite rubble.
Recovered 0.47 m of
gneiss and rubble.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

32 7'S

57 8'E

3660

8

8

Recovered 0.05 m.

32 7'S

57 8'E

3670

48

48

Recovered 1.10 m.

32 6'S

57 6'E

3709

20

20

Recovered 0.79 m.

32 7'S

57 8'E

3425

14

14

Recovered 0.10 m.

32 7'S

57 8'E

3417

31

31

Recovered 5.95 m.

32 43'S

57 16'E

727

7

7

Recovered 0.1 m of
gabbro rubble.

62 43'S

82 47'E

2252

534

48

Central Kerguelen
Plateau

54 49'S

76 48'E

1695

350

54

Cores 11 - 16 recovered
20.36 m of basaltic
basement

748C

Central Kerguelen
Plateau

58 26'S

78 60'E

1290

935

42

Basalt at core 79R-1.

120

749C

Central Kerguelen
Plateau

58 43'S

76 24'E

1070

250

48

120

750B

Central Kerguelen
Plateau

57 36'S

81 14'E

2030

710

34

121

756C

Broken Ridge and
Ninety-East Ridge

27 21'S

87 36'E

1516

159

9

121

756D

Broken Ridge and
Ninety-East Ridge

27 21'S

87 36'E

1513

221

82

121

757B

Broken Ridge and
Ninety-East Ridge

17 1'S

88 11'E

1652

375

Leg

Hole

118

734A

118

734B

118

734D

118

734F

118

734G

118

735A

119

738C

120

747C

120

Location
Atlantis II Fracture
Zone
Atlantis II Fracture
Zone
Atlantis II Fracture
Zone
Atlantis II Fracture
Zone
Atlantis II Fracture
Zone
Atlantis II Fracture
Zone
Kerguelen Plateau

A - 17

Casing
(m)

Remarks

Cores 12 - 16 recovered
22.97 m of basaltic
basement
Cores 14 - 17 recovered
23.1 m of basaltic
basement
5.74 m of basalt and
basaltic tephra + 0.15 m
of basalt pieces from
cores 9X - 12N
26.92 m of basalts
recovered from cores
4R-12R
1.97 m of basalts
recovered from cores
40X - 42N

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

121

757C

Broken Ridge and
Ninety-East Ridge

17 1'S

88 11'E

1644

421

48

121

758A

Broken Ridge and
Ninety-East Ridge

5 23'N

90 22'E

2924

677

159

123

765C

Argo Abyssal Plain

15 59'S

117 35'E

5718

964

28

123

766A

19 56'S

110 27'E

3998

527

67

124

767C

Argo Abyssal Plain
Celebes and Sulu
Seas

4 48'N

123 30'E

4905

792

5

124

768C

8 0'N

121 13'E

4384

1268

222

124

770B

5 9'N

123 40'E

4505

474

54

124

771A

8 41'N

120 41'E

2859

304

0

126

790C

30 55'N

139 50'E

2224

387

116

126
126

791B
792E

30 55'N
32 24'N

139 52'E
140 23'E

2268
1788

1145
886

315
86

126

793B

31 6'N

140 53'E

2965

1682

278

127

794B

Japan Sea

40 11'N

138 14'E

2811

549

6

127

794C

Japan Sea

40 11'N

138 14'E

2809

654

94

127
127
129
129

795B
797C
800A
801B

Japan Sea
Japan Sea
Old Pacific Crust
Old Pacific Crust

43 59'N
38 37'N
21 55'N
18 39'N

138 58'E
134 32'E
152 19'E
156 22'E

3299
2865
5686
5674

762
900
544
511

124
347
46
50

Celebes and Sulu
Seas
Celebes and Sulu
Seas
Celebes and Sulu
Seas
Bonin Arc Trench System

A - 18

Casing
(m)

Remarks
24.95 m of basalts
recovered from cores
8R - 12R
Basaltic rock first
encountered at 498.9
mbsf
9.03 m of basalt
recovered from 62R-CC
to 65R

This hole also contains
large deposits of Tuff
and Lapillistone.

Basalt layer also located
at 586.5-594.7 mbsf.
Returned to site on Leg
128. Basement cored to
733.5 mbsf.
Returned to site on Leg
128. Basement cored to
733.5 mbsf.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg
129

Hole
802A

130

803D

131

808C

139

855A

139

855B

139

855C

139

855D

Location
Old Pacific Crust
Ontong Java
Plateau
Nankai Trough
Middle Valley
Juan de Fuca
Ridge
Middle Valley
Juan de Fuca
Ridge
Middle Valley
Juan de Fuca
Ridge
Middle Valley
Juan de Fuca
Ridge

139

856A

Middle Valley
Juan de Fuca
Ridge

139

856B

Middle Valley
Juan de Fuca
Ridge

139

856G

139

858F

143

865A

Middle Valley
Juan de Fuca
Ridge
Middle Valley
Juan de Fuca
Ridge
Resolution Guyot

143

866A

Resolution Guyot

Latitude
12 6'N

Longitude
153 13'E

Water
(m)
5969

T.D.
(m)
560

B.P.
(m)
51

Casing
(m)

2 26'N

160 32'E

3412

656

30

32 21'N

134 57'E

4675

1327

37

48 27'N

128 38'W

2445

76

11

Total recovery of
basalts 0.66 m

48 27'N

128 38'W

2446

63

10

Handfull of rocks
recovered in 8R core
catcher.

48 27'N

128 38'W

2444

111

10

I piece of basalt
recovered.

48 27'N

128 38'W

2444

119

10

Total recovery of
basalts 0.74 m

Remarks

Cored 1.2 m into basalt
and recovered high
quality core. Not
determined if basement
reached.
Attempted to drill
basement core.
Recovered 0.4 m of
basalt fragments.

48 26'N

128 41'W

2395

116

48 26'N

128 41'W

2420

122

48 26'N

128 41'W

2423

65

Massive sulfide hard
rock below 17.6 m

48 27'N

128 43'W

2415

297

Total recovery of
basalts 2.7 m

18 26'N

179 33'W

1518

871

21 20'N

174 19'E

1362

1744

A - 19

1

34
123.6 m penetration
into volcanic lavas

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

145

883E

145

883F

145

884B

145

884E

145

885A

145

886B

145

887D

Location
North Pacific
Trancsect
North Pacific
Trancsect
North Pacific
Trancsect
North Pacific
Trancsect
North Pacific
Trancsect
North Pacific
Trancsect
North Pacific
Trancsect

147

894B

Hess Deep Rift
Valley

147

894C

Hess Deep Rift
Valley

147

894D

147

894E

147

894F

147

895A

147

895B

147

895C

147

895D

Hess Deep Rift
Valley
Hess Deep Rift
Valley
Hess Deep Rift
Valley
Hess Deep Rift
Valley
Hess Deep Rift
Valley
Hess Deep Rift
Valley
Hess Deep Rift
Valley

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

51 12'N

167 46'E

2386

856

28

51 12'N

167 46'E

2386

849

27

51 27'N

168 20'E

3825

854

0

51 27'N

168 20'E

3825

930

87

44 41'N

168 16'E

5708

59

7

44 41'N

168 14'W

5714

69

0

54 22'N

148 27'W

3634

373

84

2 18'N

101 32'W

3020

7

2 18'N

101 32'W

3033

31

2 18'N

101 32'W

3013

20

2 18'N

101 32'W

3014

29

2 18'N

101 32'W

3025

26

2 17'N

101 27'W

3821

17

2 17'N

101 27'W

3821

10

2 17'N

101 27'W

3820

38

2 17'N

101 27'W

3821

94

A - 20

Casing
(m)

Remarks

Recovered 0.14 m of
metamorphosed
gabbros.
Recovered 0.17 m of
metamorphosed gabbros
jammed in broken end
of drill collar.
Recovered ~0.2 m of
basalt rubble.
Recovered 0.66 m of
basalt and gabbro.
Recovered 1.8 m of
gabbro and basalt.
Recovered 1.27 m of
harzburgite
Recovered 1.33 m of
harzburgite
Recovered 6.4 m of
harzburgite
Recovered 22.5 m of
harzburgite

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Latitude

Longitude

Water
(m)

T.D.
(m)

2 17'N

101 27'W

3752

88

2 17'N

101 27'W

3692

26

40 50'N

12 28'W

5315

745

96

40 50'N

12 29'W

5316

837

143

Iberia Abyssal
Plain

40 41'N

11 36'W

5037

805

56

907A

North AtlanticArctic Gateway

69 15'N

12 42'E

1801

224

8

167

1010C

California Margin

29 58'N

118 6'W

3466

214

4

167

1011B

31 17'N

117 38'W

2022

282

9

168

1023A

47 55'N

128 48'W

2593

194

2

168

1024B

California Margin
East Flank Juan de
Fuca Ridge
East Flank Juan de
Fuca Ridge

47 54'N

128 45'W

2614

170

2

168

1026B

47 46'N

127 46'W

2658

295

48

168

1026C

47 46'N

127 45'W

2658

248

19

168

1028A

47 51'N

128 30'W

2659

132

1

168

1029A

47 50'N

128 23'W

2653

223

3

168

1031A

47 53'N

128 34'W

2588

43

2

168

1032A

47 47'N

128 7'W

2645

338

48

Leg

Hole

147

895E

147

895F

149

897C

149

897D

149

900A

151

Location
Hess Deep Rift
Valley
Hess Deep Rift
Valley
Iberia Abyssal
Plain
Iberia Abyssal
Plain

East Flank Juan de
Fuca Ridge
East Flank Juan de
Fuca Ridge
East Flank Juan de
Fuca Ridge
East Flank Juan de
Fuca Ridge
East Flank Juan de
Fuca Ridge
East Flank Juan de
Fuca Ridge

A - 21

B.P.
(m)

Casing
(m)

Remarks
Recovered 34.14 m of
harzburgite
Recovered 2.39 m of
harzburgite.
32.47 m of hard rock
recovered
77.69 m of hard rock
recovered
27.71 m of
metamorphosed and
brecciated mafic rocks.

Only one core taken in
this hole.

40/249

6 Basalt pieces
recovered
16 Basalt pieces
recovered
Coring from 256.0 295.2. 1.95 m of Basalt
recovered.
0.68 m of Basalt
recovered.
~1.2 m of Basalt
recovered.
~1.5 m of Basalt
recovered.
0.38 m of Basalt
recovered.
14.58 m of Basalt
recovered.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

169

856H

Sedimented Ridges

48 26'N

128 41'W

2423

500

34

169

1035C

Sedimented Ridges

48 26'N

128 41'W

2448

44

44

169

1035D

Sedimented Ridges

48 26'N

128 41'W

2448

178

75

169

1035F

Sedimented Ridges

48 26'N

128 41'W

2447

225

81

169

1035G

Sedimented Ridges

48 26'N

128 41'W

2445

208

29

169

1035H

Sedimented Ridges

48 26'N

128 41'W

2443

248

63

169

1037B

Sedimented Ridges

40 57'N

127 31'W

3300

546

38

A - 22

Casing
(m)

Remarks
Sulphides were
recovered to 94.47
mbsf. Sediment
recovered 94.47 465.77 mbsf.
The material recovered
was Hydrothermal
Sulphides rather than
Igneous Rocks.
The material recovered
was Hydrothermal
Sulphides rather than
Igneous Rocks. There is
sediments below the
Sulphides.
The material recovered
was Hydrothermal
Sulphides rather than
Igneous Rocks. There is
sediments below the
Sulphides.
The material recovered
was Hydrothermal
Sulphides rather than
Igneous Rocks. There is
sediments below the
Sulphides.
The material recovered
was Hydrothermal
Sulphides rather than
Igneous Rocks. There is
sediments below the
Sulphides.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

169

1038A

Sedimented Ridges

41 0'N

127 30'W

3222

114

85

169

1038I

40 60'N

127 30'W

3215

404

3

170

1039C

9 38'N

86 12'W

4351

449

27

170

1040C

9 40'N

86 11'W

4178

665

12

173
173
173
173

1067A
1068A
1069A
1070A

40 41'N
40 41'N
40 44'N
40 48'N

11 36'W
11 37'W
11 47'W
12 43'W

5021
5044
5075
5322

856
956
959
719

92
104
86
60

179

1105A

Sedimented Ridges
Costa Rica
Accretionary
Wedge
Costa Rica
Accretionary
Wedge
Iberia
Iberia
Iberia
Iberia
Hammer Drill and
NERO

32 43'S

57 17'E

714

158

158

180

1108B

9 45'S

151 38'E

3177

485

48

180

1109D

9 30'S

151 34'E

2211

802

47

180

1110B

9 44'S

151 35'E

3246

22

10

Metamorphic Rocks.

Western Woodlark
Basin
Western Woodlark
Basin
Western Woodlark
Basin

Casing
(m)

Remarks
The material recovered
was Hydrothermal
Sulphides rather than
Igneous Rocks. There is
sediments below the
Sulphides.

Top 15 meters of hole
drilled interval
Hardrock in the interval
of 14.5 - 62.85 mbsf.
Sediment below 62.85
to hole termination.

180

1111A

Western Woodlark
Basin

9 43'S

151 35'E

3201

174

20

Metamorphic Rocks.
There was also
metamorphic rocks in
the intervals 19.7-29.4
mbsf and 87.0-116.1
mbsf.

180

1112A

Western Woodlark
Basin

9 45'S

151 37'E

3047

122

87

Metamorphic rocks.

A - 23

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg

Hole

Location

Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

180

1112B

Western Woodlark
Basin

9 45'S

151 37'E

3047

165

155

180

1113A

9 45'S

151 37'E

2916

25

20

Metamorphic Rocks.

180

1114A

9 48'S

151 35'E

406

353

86

Metamorphic Rocks.

180

1117A

9 47'S

151 33'E

1163

111

111

Metamorphic Rocks.

180

1117B

9 47'S

151 33'E

1163

10

10

Metamorphic Rocks.

180

1117C

9 47'S

151 33'E

1163

10

10

Metamorphic Rocks.

180

1118A

9 35'S

151 34'E

2304

927

57

Metamorphic Rocks.

183

1136A

59 39'S

84 50'E

1931

161

33

183

1137A

56 50'S

68 6'E

1004

371

152

183

1138A

53 33'S

75 58'E

1141

843

144

183

1139A

50 11'S

63 56'E

1415

694

232

183

1140A

46 17'S

68 29'E

2394

322

87

183

1141A

32 14'S

97 8'E

1197

186

72

183

1142A

Western Woodlark
Basin
Western Woodlark
Basin
Western Woodlark
Basin
Western Woodlark
Basin
Western Woodlark
Basin
Western Woodlark
Basin
Kerguelen Plateau
- Broken Ridge
Kerguelen Plateau
- Broken Ridge
Kerguelen Plateau
- Broken Ridge
Kerguelen Plateau
- Broken Ridge
Kerguelen Plateau
- Broken Ridge
Kerguelen Plateau
- Broken Ridge
Kerguelen Plateau
- Broken Ridge

32 14'S

97 8'E

1201

A - 24

142

142

Casing
(m)

Remarks
Metamorphic Rocks.
Top undetermined.
Located in washed
interval.

Top of Basement
located in Wash core.
Top therefore
indeterminate.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

801C

18 39'N

156 22'E

5674

936

442

185

1149B

31 21'N

143 21'E

5818

445

28

187

1152A

41 54'S

127 0'E

5055

11

11

187

1152B

41 54'S

127 0'E

5055

46

24

Leg

Hole

185

Location

Southwest Indian
Ocean

187

1153A

41 16'S

129 49'E

5581

275

187
187

1154A
1155A

41 29'S
41 57'S

131 19'E
127 60'E

5736
4975

268
204

187

1155B

41 57'S

127 60'E

4975

194

187

1156A

42 44'S

127 53'E

4867

130

187

1156B

42 44'S

127 53'E

4867

215

187
187

1157A
1157B

43 16'S
43 16'S

128 53'E
128 53'E

5069
5069

216
171

187

1158A

43 57'S

128 50'E

5167

A - 25

213

Casing
(m)

Remarks
Hole started on Leg 129
and drilled to 493.7m
and cored 493.7 594.3m. Penetration
Leg 185 was 341.4
meters.

Basement first
contacted in Wash core
between 243-267.6
mbsf. Bottom of hole at
274.9 mbsf.
34
26
Basement first
contacted in Wash core
between 0-147.9 mbsf.
Bottom of hole at 193.9
mbsf.
11
Basement first
contacted in Wash core
between 0-181.66 mbsf.
Bottom of hole at 215.2
mbsf.
16
40
Basement first
contacted in Wash core
between 0-198.9 mbsf.
Bottom of hole at
213.39 mbsf.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg
187

Hole
1158B

Location

Latitude
43 57'S

Longitude
128 50'E

Water
(m)
5167

T.D.
(m)
141

187

1158C

43 57'S

128 50'E

5167

117

187

1159A

45 57'S

129 60'E

4504

173

187

1160A

44 1'S

134 60'E

4625

171

187

1160B

44 0'S

134 60'E

4625

205

187

1161A

44 17'S

129 3'E

5020

145

187

1161B

44 17'S

129 3'E

5020

167

187

1162A

44 38'S

129 11'E

5464

365

187

1162B

44 38'S

129 11'E

5464

A - 26

407

B.P.
(m)
15

Casing
(m)

Remarks
Basement first
contacted in Wash core
between 0-108 mbsf.
Bottom of hole at 117.4
mbsf.
Basement first
contacted in Wash core
between 0-145.6 mbsf.
Bottom of hole at 173.3
mbsf.

5
Basement first
contacted in Wash core
between 0-160.1 mbsf.
Bottom of hole at 205.2
mbsf.
Basement first
contacted in Wash core
between 0-116 mbsf.
Bottom of hole at 145.3
mbsf.
Basement first
contacted in Wash core
between 0-158.5 mbsf.
Bottom of hole at 167
mbsf.
31
Basement first
contacted in Wash core
between 0-348.4 mbsf.
Bottom of hole at 407.3
mbsf.

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Latitude

Longitude

Water
(m)

T.D.
(m)

1163A

44 25'S

126 54'E

4354

208

1164A

43 45'S

127 45'E

4798

147

Leg

Hole

187

187

187

1164B

191

1179D

192

1183A

192

1185A

192

1185B

192

1186A

192

1187A

193

1188A

193

1189A

193

1189B

193

1190A

193

1190B

193

1190C

Location

Northwest Pacific
Ontong Java
Plateau
Ontong Java
Plateau
Ontong Java
Plateau
Ontong Java
Plateau
Ontong Java
Plateau
Eastern Manus
Basin
Eastern Manus
Basin
Eastern Manus
Basin
Eastern Manus
Basin
Eastern Manus
Basin
Eastern Manus
Basin

B.P.
(m)

Remarks
Basement first
contacted in Wash core
between 0-161 mbsf.
Bottom of hole at
208.19 mbsf.

8
Basement first
contacted in Wash core
between 0-150.4 mbsf.
Bottom of hole at
216.19 mbsf.

43 45'S

127 45'E

4798

216

41 5'N

159 58'E

5566

475

107

1 11'S

157 1'E

1805

1211

81

0 21'S

161 40'E

3899

329

19

0 21'S

161 40'E

3899

526

216

0 41'S

159 51'E

2729

1034

31

0 57'N

161 27'E

3804

508

141

3 44'S

151 40'E

1640

212

202

3 43'S

151 40'E

1690

126

126

3 43'S

151 41'E

1682

206

206

3 43'S

151 41'E

1703

9

9

3 43'S

151 41'E

1701

10

10

3 43'S

151 41'E

1696

17

17

A - 27

Casing
(m)

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Latitude

Longitude

Water
(m)

T.D.
(m)

B.P.
(m)

3 44'S

151 40'E

1694

20

20

1194B
1197B
1198B
1200A
1200B

Location
Eastern Manus
Basin
Marion Plateau
Marion Plateau
Marion Plateau
Kuroshio Current
Kuroshio Current

20 15'S
21 5'S
20 58'S
13 47'N
13 47'N

151 59'E
153 4'E
152 44'E
146 0'E
146 0'E

374
348
319
2910
2911

427
675
523
147
98

6
19
9
147
98

195

1200D

Kuroshio Current

13 47'N

146 0'E

2931

44

44

195

1200E

Kuroshio Current

13 47'N

146 0'E

2911

56

52

195

1200F

Kuroshio Current

13 47'N

146 0'E

2911

16

16

195
197
197
197
197
197
198

1201D
1203A
1204A
1204B
1205A
1206A
1213B

19 18'N
50 57'N
51 12'N
51 12'N
41 20'N
34 56'N
31 35'N

135 6'E
167 44'E
167 46'E
167 46'E
170 23'E
172 9'E
157 18'E

5709
2594
2371
2370
1310
1546
3883

600
915
880
954
326
335
494

100
915
65
140
292
278
47

200

1224A

27 53'N

141 59'W

4966

32

20

200

1224E

27 53'N

141 59'W

4967

37

10

200

1224F

27 53'N

141 59'W

4967

174

147

206

1256B

6 44'N

91 56'W

3635

252

1

206

1256C

6 44'N

91 56'W

3635

340

95

209
209
209
209

1268A
1269A
1269B
1269C

Kuroshio Current
Hawaiian Hotspot
Hawaiian Hotspot
Hawaiian Hotspot
Hawaiian Hotspot
Hawaiian Hotspot
Shatsky Rise
Hawaii 2
Observatory
Hawaii 2
Observatory
Hawaii 2
Observatory
Guatemala Basin
on Cocos Plate
Guatemala Basin
on Cocos Plate
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge

14 51'N
14 56'N
14 56'N
14 56'N

45 5'W
45 4'W
45 4'W
45 4'W

3007
2809
2800
2668

148
15
11
18

148
15
11
18

Leg

Hole

193

1191A

194
194
194
195
195

A - 28

Casing
(m)

Remarks

Silty clay Serpentine
with Ultra Mafic Clasts
Silty clay Serpentine
with Ultra Mafic Clasts
Silty clay Serpentine
with Ultra Mafic Clasts

Table A-3. Status of Existing DSDP/ODP/IODP Legacy Holes
Leg
209
209
209
209
209
209
209
209
209
209
209
209
209
209
209

Latitude
14 43'N
14 43'N
14 43'N
14 43'N
15 2'N
15 2'N
15 6'N
15 30'N
15 30'N
15 30'N
15 39'N
15 44'N
15 44'N
15 44'N
15 44'N

Longitude
44 53'W
44 53'W
44 53'W
44 53'W
44 57'W
44 57'W
44 58'W
46 41'W
46 41'W
46 41'W
46 41'W
46 54'W
46 54'W
46 54'W
46 54'W

Water
(m)
1951
1910
1822
1817
3612
3585
2560
3417
3419
3408
3940
1562
1562
1553
1554

T.D.
(m)
27
46
19
57
45
104
131
14
26
28
156
5
109
21
209

B.P.
(m)
27
46
19
57
45
104
131
14
26
28
156
5
109
8
209

Hole
1270A
1270B
1270C
1270D
1271A
1271B
1272A
1273A
1273B
1273C
1274A
1275A
1275B
1275C
1275D

Location
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge
Mid Atlantic Ridge

210

1276A

Newfoundland end
of NewfoundlandIberia Transect

45 24'N

44 47'W

4549

1737

26

210

1277A

Newfoundland end
of NewfoundlandIberia Transect

45 12'N

44 23'W

4628

180

180

Casing
(m)

Remarks

Hardrock was also
recovered in this hole in
the interval 1601.9 1633.3 mbsf.
Top of basement
uncertain. First
Hardrock recovered in
WASH core.

Notes:
T.D.= total depth. B.P.= basement penetration. * = “basement” defined as top of sill/sediment sequence. Casing depths are depths below seafloor of shoes
of 16” casing and subsequent casing strings.
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APPENDIX B
INTEGRATED OCEAN DRILLING PROGRAM (IODP)
◊

Description of the IODP

◊

Tables B-1 through B-9 identifies IODP research themes and the technical drilling and
sampling approaches needed to investigate these systems. The research themes include
Observatory, Rifting Process, Convergent Margin, Large Igneous Province, Oceanic Crust,
Hydrothermal System and Massive Sulfide Deposit, Deep Ocean Sediment, Passive Margin
Stratigraphy), and Carbonate Reef, Atoll, or Bank.
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INTEGRATED OCEAN DRILLING PROGRAM (IODP)
IODP is a multiplatform, international operation sponsored by Japan’s Ministry of Education,
Culture, Sports, Science and Technology (MEXT) and the U.S. National Science Foundation
(NSF) as Lead Agencies, by the European Consortium for Ocean Research Drilling (ECORD),
the People’s Republic of China, and the Interim Asian Consortium; IODP is managed by IODPManagement International; and IODP’s drilling platforms are operated by three Implementing
Organizations, including the Consortium for Ocean Leadership (COL) formerly known as the
JOI Alliance, the ECORD Science Operator, and JAMSTEC’s Center for Deep Earth
Exploration.
The following will explain how IODP is funded and managed (Figure 1) illustrating the general
overall functioning of this organization.
Figure 1. IODP Organization

Riserless Drillship
Operator
(COL)

Green arrows indicate funding flow. Grey arrows denote guidance and advice.
1. Funding
IODP’s initial 10-year life span is supported five funding entities, including the U.S. National
Science Foundation and Japan’s Ministry of Education, Culture, Sports, Science, and
Technology (the Lead Agencies), the European Consortium for Ocean Research Drilling, the
People’s Republic of China and The Interim Asian Consortium. Platform Operation Costs are
supplied directly to the Implementing Organizations by the national agencies that support them.
Commingled funds from these sources are used for the Science Operation Costs of all IODP
program activities.
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1.1.

Lead Agencies

In April 2003, officials from Japan’s Ministry of Education, Culture, Sports, Science and
Technology (MEXT) and the U.S. National Science Foundation (NSF) signed a Memorandum of
Understanding in which they agreed to form and operate the Integrated Ocean Drilling Program.
IODP is primarily supported by these Lead Agencies. Each Agency has equal membership
rights and responsibilities, contribute core capabilities to the IODP, determine total program
costs, and contribute equally to the total program costs. The Lead Agencies provide budget
guidance to the Central Management Office (IODP Management International) and review and
approve the annual IODP Program Plan prior to implementation.
1.2.

Members

Membership in the IODP is available to government and/or national agencies that have interest
and capability in geoscience research. To become a member, a Memorandum of Understanding
(MOU) must be signed by the National Science Foundation of the United Stats of America, the
Ministry of Education, Culture, Sports, Science and Technology of Japan and the appropriate
new member agency. The MOU stipulates, among other things, the contribution of the member
to the program, the number of scientists that sail on the platforms and number of scientists in
SAS Committees and Panels.
IODP members are expected to make appropriate annual payments to the National Science
Foundation. The annual payments are then commingled and turned over to the Central
Management Office for distribution in support of science-operating costs. Annual payment must
be at least equal to one full “participation unit”. The amount of a participation unit is adjusted
annually to meet the demands of specific program objectives (the US Fiscal Year 2007 amount
equals $5.6 million). To attain membership of IODP, a minimum annual contribution amount
equal to one participation unit is required. A member’s expected level of participation in the
IODP is proportional to the number of participation units represented by that member’s
contribution to the IODP.
One participation unit entitles an IODP member to the right to (1) have two of its scientists
participate in each drilling cruise; (2) be represented on all planning and advisory panels; (3)
have access to all data, samples, scientific and technical results, all engineering plans, data or
other information produced under contracts supported as program costs; (4) have access to all
data from geophysical and other site surveys performed in support of the program which are used
for drilling planning; (5) submit proposals to the Science Advisory Structure for drilling or
engineering developments in support of IODP science; and (6) be represented on the IODP
Council.
The European Consortium for Ocean Research Drilling (ECORD) Managing Agency is currently
a member of IODP (in addition to the Lead Agencies). The consortium was initially established
with 12 European countries to maximize the impact of European scientists in IODP. The
consortium has since grown representing the collaborative ocean-drilling efforts of 14 European
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nations, the United Kingdom, and Canada. The European Consortium provides the IODP
scientific community with access to mission-specific platforms, in the form of funding and
implementation, in addition to the participation unit(s) contributed for science-operating costs.
1.2.1.

Associate Members

Associate IODP members are those that contribute an amount less than one participation unit and
equivalent to at least 1/6 participation unit. Associate IODP members may elect to have
scientific participation and representation on Science Advisory Structure service committees,
panels, or working groups in proportion to their contributions. However, associate members to
do not have representation on the Science Advisory Structure Executive Authority or the Science
Planning Committee. Participation in drilling operations is prorated based on the fraction of
participation unit contributed by an associate member (one full participation unit corresponds to
inclusion of two scientists in all drilling operations).
Currently, IODP Associate Members include: The People’s Republic of China Ministry of
Science and Technology (MOST) and The Interim Asian Consortium, represented by the Korea
Institute of Geoscience and Mineral Resources (KIGAM).
For more information on IODP funding agencies, please visit: www.iodp.org/funding-agencies/ .
1.3.

IODP Council

An IODP Council, representing all of the partners, provides a forum for exchange of views
among member nations and consortia and serves as a consultative body reviewing financial,
managerial, and other matters involving the overall support of IODP. The chairperson of the
IODP Council rotates among the Lead Agencies.
1.4.

Fund Allocation

Total program costs consist of both Platform Operation Costs and Science Operation Costs. The
two Lead Agencies (NSF, MEXT) and one full IODP Member (ECORD) are each responsible
for funding their nation’s/consortia’s implementing organization’s drilling platform through
Platform Operation Costs, while IODP Science Operations Costs, co-mingled from all the
international partners membership fees, are used for the conduct of IODP science.
1.4.1.

Platform-Operation costs

The U.S. National Science Foundation provides Platform Operation Costs directly to the United
States Implementing Organization (USIO), which operates the riserless drillship (SODV). The
Ministry of Education, Culture, Sports, Science and Technology provides Platform Operation
Costs for the riser drillship CHIKYU, operated by the JAMSTEC’s Center for Deep Earth
Exploration. The European Consortium for Ocean Research Drilling Managing Agency provides
Platform Operation Costs for the European Implementing Organization’s mission specific
platforms.
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Platform Operation Costs for the SODV, CHIKYU, and mission-specific platforms support the
basic operation of the vessel as a drillship, and include, for example: (1) costs of the drilling and
ship’s crew, (2) catering services, (3) fuel, vessel supplies and other related consumables, (4)
berthage and port call costs, (5) disposal of wastes, (6) crew travel, (7) inspections and insurance,
(8) drilling equipment, supplies, and related consumables, (9) engineering or geophysical
surveys, and data acquisition and laboratory analyses required for the safety of platform and
drilling operations, and (10) administration and management costs of the platform operators.
1.4.2.

Science-operation costs

The Ocean Drilling Program office at the U.S. National Science Foundation is also responsible
for administering co-mingled funds directed towards the science-operating costs of all IODP
operations. These co-mingled funds come from the international partners (Lead Agencies,
Contributing Members, and Associate Members) as part of their membership fees used for the
conduct of IODP science. The contractual distribution of the co-mingled funds is governed by
Annual Program Plans that are approved by the Lead Agencies.
Science Operations Costs include: (1) Technical Services, (2) Computer Capability, (3) Data
storage and distribution, (4) Description, archiving, and distribution of data and samples, (5)
Deployment of a standard suite of logging tools, (6) Development of new drilling tools and
techniques required by IODP research, (7) Program publications (8) Costs of consumables
(exclusive of those identified under platform operations costs), (9) Costs required for
administration and management, including the Central Management Office and (10) Outreach
2. IODP Operation
An IODP Council, representing all of the partners, provides a forum for exchange of views
among member nations and consortia, and reviews accomplishments, status, and plans, including
financial, managerial and all other matters regarding the overall support of IODP. The
chairperson of the IODP Council rotates among the Lead Agencies.
Day to day IODP operations, however, are provided by three main entities:
The Central Management Office (CMO): IODP-Management International, Inc. (IODP-MI) has
received a 10-year contract from the Lead Agencies to run the Central Management Office.
The Implementing Organizations (IOs): COL (USIO) is responsible for riserless ship operations,
JAMSTEC’s Center for Deep Earth Exploration (CDEX) is responsible for the riser-equipped
vessel, CHIKYU, and the European Consortium of Ocean Research Drilling Science Operator
(ESO) is responsible for mission-specific platforms (MSPs).
The Science Advisory Structure (SAS) - The IODP Science Advisory Structure consists of
scientists, engineers, and technologists nominated by IODP program member offices.
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2.1.

Central Management Office (IODP-MI)

IODP is managed by a nonprofit corporation, IODP-Management International, through a 10year
contract with the National Science Foundation. IODP-MI is responsible for program-wide
science planning, oversight of engineering development, publication, education and outreach,
site survey data management, and core sample repositories. With advisory assistance from an
internationally staffed Science Advisory Structure, IODP-MI translates the scientific priorities of
the global ocean-drilling community into annual program plans. An executive committee of the
Science Advisory Structure approves each annual program plan before it is funded by the Lead
Agencies.
For more information on IODP-MI, please visit: http://www.iodp.org/iodp-mi/
2.1.1.

IODP-MI Offices

IODP-MI has established two offices: the Washington DC office serves as headquarters and
corporate office; the Sapporo office, in Japan, is headed by the IODP-MI Vice President for
Science Planning.
Senior IODP-MI personnel include the President, the Vice President for Science Operations, the
Vice President for Science Planning, the Senior Advisor to the President, the Director of
Communications, the Finance and Administrative Officer, and the Contracts Officer.
The President, Manik Talwani, is responsible for all IODP-MI employees and directly oversees
the two Vice Presidents (VPs), the Senior Advisor, and the Director of Communications.
The VP for Science Operations, Tom Janecek, is responsible for oversight of IODP field
operations as well as of core repositories and of engineering development.
The VP for Science Planning, Hans Christian Larsen is responsible for science planning and
managing the production of IODP’s key products: data, scientific publications, and education
material. The VP will directly oversee the Science Advisory Structure. Japan’s Advanced Earth
Science and Technology Organization (AESTO) provides support for the Sapporo office through
a subcontract to IODP-MI.
The Senior Advisor to the President, Yoichiro Otsuka is IODP's liaison with National Science
Foundation, Japan’s Ministry of Education, Culture, Sports, Science, and Technology, and The
European Consortium for Ocean Research Drilling Management Agency and a contact for
external organizations that wish to initiate projects with IODP.
The Director of Communications, Nancy Light, is responsible for IODP Outreach and Public
Information.
Stephanie Murphy is the Finance and Administrative Officer.
John Emmitte is the Contracts Officer.
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2.1.2.

Annual Program Plan

It is the responsibility of IODP-MI to develop an Annual Program Plan for IODP in close
coordination with the scientific community represented by the Science Advisory Structure and
with the Implementing Organizations.
IODP-MI receives drilling proposals from community scientists and the Science Advisory
Structure provides advice and recommendations to IODP-MI on the scientific priority of each
proposal. IODP-MI then requests annual operational plans and budgets from the IOs that would
be required to implement the highest priority science, and works with IOs and the Science
Advisory Structure to produce an integrated IODP Annual Program Plan (APP).
IODP-MI submits the program’s Annual Program Plan to the Science Advisory Structure
Executive Committee and to the IODP-MI Board of Governors for review prior to its
consideration the Lead Agencies. The National Science Foundation has responsibility for
contractual approval of the Annual Program Plan, in consultation with Japan’s Ministry of
Education, Culture, Sports, Science and Technology.
IODP Annual Programs Plans can be located at: http://www.iodp.org/app/
2.1.3.

IODP-MI Board of Governors (BoG)

A Board of Governors was created to oversee the governance and general management of the
affairs, funds, and property of IODP-MI and all its powers. The Board of Governors has the
authority to make rules and regulations for IODP-MI’s management, create additional offices or
special committees, select, employ or remove its agents or employees as necessary, and fill
vacancies and change the membership of committees. Additionally, the Board of Governors has
the responsibility for the approval and implementation of the annual IODP plan and budget. The
Board must approve all grants and contracts; the Board of Governors must receive notification
that liability matters are covered beyond the limited liability of IODP-MI in all contractual
procedures.
The IODP-MI Board of Governors is made up of appointed persons from IODP member
countries and consortia based on financial contribution. Five members from countries or
consortia with Lead Agency status are appointed and members of IODP from countries or
consortia in IODP without Lead Agency status appoint Governors based on financial
contributions (POCs and SOCs) to the IODP according to the following scale, $5M (US) to
$9.99M (US) = 1 seat, $10M (US) to $14.99M (US) = 2 seats, $15M (US) to $29.99M (US) = 3
seats, $30M (US) to $44.99M (US) = 4 seats, $45M (US) to $60M (US) = 5 seats. Additionally,
The President of IODP-MI serves as a non-voting Governor to the Board.
Information on the IODP-MI Board of Governors, the officers, contact information and meeting
minutes is located at: http://www.iodp.org/bog/

B-6

2.1.4.

IODP-MI Membership

Currently IODP-MI has 35 members, 15 from the United States, 8 from Japan, and 12 from
Europe. Membership in IODP-MI is open to nonprofit educational and/or research organizations
formed and operated in an IODP Member entity (i.e., country or consortia) that satisfy criteria, as
defined by the IODP-MI By-laws and subsequently approved by the IODP-MI Members, as
evidencing “a significant dedication to ocean geoscience research.” All members must pay an
initial membership fee of US$5000 as well as annual dues not to exceed $5000.
Educational and/or research organizations, government agencies, non-governmental
organizations, and for-profit companies ineligible for membership, but having an interest in
ocean geoscience research, may become Associate Members. An Associate Member does not
have the right to vote upon matters coming before the Membership and cannot serve on the
Board of Governors, but can participate in open meetings of the Membership and may serve on
other corporate committees, as appropriate. All Associate Members have to pay an initial
membership fee of US$2500 plus an annual fee half that of Members.
Other non-profit and educational and/or research institutions with a major commitment to and
involvement in ocean geoscience research may be elected as members by the unanimous consent
of the voting members. Associate members shall be elected by a majority of the voting members.
An up-to-date list of IODP-MI membership, representative, and representative contact
information can be found at: http://www.iodp.org/members-and-representatives/.
2.1.5.

IODP-MI Task Forces and Project Management Groups

IODP-MI is responsible for overseeing the implementation of a large number of tasks, including
operational planning, engineering development, database management, education and outreach,
publications, and repository oversight. IODP-MI utilizes task forces to assist in implementation
where necessary. The purpose of task forces is to focus the advice obtained from Science
Advisory Structure and provide concrete advice on policy, so that IODP-MI can proceed with
implementation. All task forces usually will include Science Advisory Structure members,
representatives from the Implementing Organizations, and other experts. The members of the
task forces are chosen by IODPMI. Task forces will not be asked to write Request for Proposals.
The policy formulations by the task forces, however, will often guide IODP-MI personnel in
writing Request for Proposals.
IODP-MI Task Forces are briefly described below. Detailed information, including rosters,
meeting minutes, schedules, and agendas are located at: http://www.iodp.org/iodp-mitaskforces/2/
Management Forum
The Management Forum tackles issues that concern IODP as a whole. It reviews and offers
advice to the IODP-MI President on policies, procedures, and current and future activities. The
Management Forum, while representing the views of the various separate entities that comprise
IODP, is able to express a joint perspective on the program.
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The Management Forum includes key personnel from IODP-MI, the Heads of the Implementing
Organizations, and the Chairs of the Advisory Committees of the National Program Offices, the
Science Planning Committee Chair, and the Science Advisory Structure Executive Committee
Chair.
Detailed information regarding Management Forum is located at:
http://www.iodp.org/iodp-mi-task-forces/2/
Operations Task Force (OTF)
The IODP-MI Operations Task Force's primary function is to formulate the most logistically,
fiscally effective operational plans to meet the objectives set forth in IODP's 10-year science
plan, as prioritized by the Science Planning Committee. The scheduling strategy involves: (1)
examining science plans for each proposal; (2) determining operational and environmental
constraints; (3) developing a matrix that combines the Science Planning Committee science plan
with operational and environmental constraints and risk, operational days at sea, and transits; and
(4) adding fiscal reality to viable options forwarded to the Science Planning Committee.
Operations Task Force members include the IODP-MI Vice President of Science Operations,
IODP-MI Vice President of Science Planning, 1-3 representatives from each Implementing
Organization, the Chair of the Science Planning Committee plus 2 additional Science Planning
Committee members.
Detailed information regarding the Operations Task Force is located at:
http://www.iodp.org/iodp-mi-task-forces/2/
Operations Review Task Force (ORTF)
IODP-MI Operations Review Task Force conducts operational reviews of IODP Expeditions.
The Task Force review is based upon confidential reports submitted by the Implementing
Organization and expedition co-chief scientists. These operational reviews focus on "lessons
learned" and "how do we do things better in the future?" Areas of discussion include preexpedition planning, expedition drilling operations, communications between scientists and
operators, roles and responsibilities of scientists and operators, general procedures and policies
(e.g., curation, communications), laboratory operations, etc. Each of these operational reviews
results in recommendations that are compiled into a short summary report that is posted on the
IODP website.
Operations Review Task Force Members include the IODP-MI Vice President of Science
Operations (Chair), IODP-MI President, 3-5 representatives from the Implementing Organization
under review, 1 representative from each Implementing Organization not under review, the cochief scientists for the expedition under review, 3 scientists with knowledge about IODP and the
expedition under review, and 3 industry representatives.
Detailed information regarding the Operations Review Task Force is located at:
http://www.iodp.org/iodp-mi-task-forces/2/
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Engineering Task Force (ETF)
The Engineering Task Force assists IODP-MI in its effort to bring appropriate technology to the
program that is required to meet the science objectives detailed in the IODP Initial Science Plan.
In particular, the Engineering Task Force helps IODP-MI establish a long-term engineering
vision for the program, evaluate and use advice provided by the IODP Science Advisory
Structure to prioritize and implement engineering initiatives, assist IODP-MI identify potential
vendors and additional engineering experts as required, and help IODP-MI review on-going
engineering development projects. Major agenda topics and areas of interest include:
•
•
•
•
•
•
•
•

Determining high-level IODP engineering goals
Review of Science Advisory Structure advice and prioritization
Implementation of engineering initiatives
Evaluate engineering development proposals
Progress reviews of funded developments
Review IODP technology road map
Assist IODP-MI determine how best to procure services
Thematic meetings such as observatory technology, heave compensation, deep drilling and/or
coring techniques

The Engineering Task Force is chaired by the IODP-MI Engineering and Operations Manager
and includes industry, academic, and government experts on instrument design, drilling
techniques, and emerging technologies, as well as one liaison from each Implementing
Organization.
Detailed information regarding Engineering Task Force is located at:
http://www.iodp.org/iodp-mi-task-forces/2/
Curatorial Task Force (CTF)
The Curatorial Task Force (formerly known as the Curatorial Advisory Board) has several main
roles including: (1) Acting as an appeals board vested with the authority to make final decisions
regarding sample distribution, if and when conflicts or differences of opinion arise among any
combination of the sample requester, an IODP Curator at the repository of interest, or the Sample
Allocation Committee Reviewing (2) approving requests to sample the permanent archive and
(3) approving requests for loans of core material.
The Curatorial Task Force is chaired by the IODP-MI Vice President of Science Planning.
Members also include the IODP-MI Vice President of Science Operations and three members of
the scientific community. The latter serve overlapping four-year terms and are nominated by the
Scientific Technology Panel.
Detailed information regarding the Curatorial Task Force is located at:
http://www.iodp.org/iodp-mi-task-forces/2/
Data Management Task Force (DMTF)
The primary task of the Data Management Task Force is to oversee the development a userfriendly data portal to access and display data generated by the program. The Task Force is also
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charged with issuing Request for Proposals related to the data portal, associated search engines
or visualization tools, and existing or emerging technologies relevant to the program.
The Data Management Task Force is chaired by the IODP-MI Data Manager and is populated by
the IODP-MI Publications Manager, Implementing Organization liaisons, and community
specialists within the field of digital library technology, Geographic Information Systems (GIS)
and geo-referenced data, Web services, data visualization and cyber-infra structure. The Data
Management Task Force is composed of external experts in the following fields:
•
•
•
•
•
•

Central Web Portal for distributed databases
Metadata standard for geographic scientific data (ISO 19115)
Data integration, mining and access in a distributed environment
GIS, data visualization, mapping and web services
Scientific data exchange format and standard
IODP data users

Detailed information regarding Data Management Task Force is located at:
http://www.iodp.org/iodp-mi-task-forces/2/
Quality Assurance/Quality Control Task Force (QA/QC)
The Quality Assurance/Quality Control (QA/QC) Taskforce establishes the
framework for QA/QC procedures for measurements made on all IODP platforms and
shore-based facilities and monitors the success of the implemented QA/QC framework.
The Task Force also defines the QA/QC guidelines followed by the Implementing Organizations
for at least the IODP minimum and standard measurements across the full range of disciplines
(e.g., geochemistry, petrophysics, microbiology, core description, logging, etc.) including, but
not limited to:
•
•

•
•
•

Establishing general policies for capturing all relevant QA/QC data and metadata;
Establishing general policies for ensuring quality of data across all IODP platforms and
expeditions and including shore-based laboratories (e.g., that all data generated by IODP
platforms/labs are traceable);
Establishing a general policy that, where practical/appropriate, reference materials be used
and their data captures;
Establishing general policies for data transfer and integrity protocols to ensure quality control
of the IODP databases; and
Recommending that the Implementing Organizations develop and implement protocols for
calibration, determining uncertainty, and traceability in all IODP measurements, and that the
Implementing Organizations report these protocols to the taskforce for review.

Core membership of the QA/QC Task Force includes personnel from IODP-MI and the
Implementing Organizations in addition to 1-2 representatives from the Scientific Technology
Panel. The nature of the QA/QC Task Force requires that external experts be consulted as
needed.
Detailed information regarding the QA/QC Task Force is located at:
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http://www.iodp.org/iodp-mi-task-forces/2
Education and Outreach Task Force
This Task Force has its roots in planning workshops that took place in February and May of
2004 with a group of advisors convened by the IODP-MI President to construct a fundamental
framework of duties and responsibilities to be carried out in an integrated IODP Education and
Outreach program. The Task Force has since evolved into a group with two-fold responsibilities:
(1) devising and implementing creative education and outreach strategies meant to raise IODP
visibility while heightening understanding of scientific ocean drilling; and (2) providing effective
counsel to the IODP community in relation to program policies and practices that impact
outreach efforts.
The Education and Outreach Task Force is chaired by the IODP-MI Director of
Communications. Members include outreach specialists from each of the Implementing
Organizations, and scientists representative of each national program office.
Detailed information regarding Education and Outreach Task Force is located at:
http://www.iodp.org/iodp-mi-task-forces/2
Project Scoping Groups / Project Management Teams
Project Scoping Groups (PSGs) are used to assess the state of readiness of drilling plans, tool and
engineering development, engineering site surveys, etc. The Operations Task Force determines
the level of scoping needed for any proposal residing with the Task Force for scheduling and
designates a formal Project Scoping Group, if required. Each scoping group will have either the
IODP-MI Vice President of Science Operations or the IODP-MI Engineering & Operations
Manager as head. This group also will include one or two designated “Chief Project Scientists”
and several project proponents to provide the scientific leadership necessary to plan aspects of
the project. This Project Scoping Group also has formal liaisons from the Implementing
Organizations and Science Advisory Structure and utilizes outside expertise (e.g., engineers) as
needed. The Project Scoping Group regularly reports to the Operations Task Force on the state of
readiness of the Complex Drilling Project.
If, after initial scoping, the project is placed on the IODP operational schedule by the Operations
Task Force, the Project Scoping Group will then become a formal Project Management Team
(PMT), which plans and coordinates the project through its multi-year operations. Each Project
Management Team will have a “core membership” of either the Vice President of Science
Operations or the Engineering and Operations Manager as the chair, one or two designated
“Chief Project Scientists”, proposal proponents, Implementing Organization representatives
(engineers, staff scientists), Science Advisory Structure representatives, Education and Outreach
representation and outside engineers (as required). The Project Management Team reports to the
Operations Task Force on planning and implementation issues addressed by the team.
Workshops
Workshops focused on Initial Science Plan initiatives are part of a long-range planning effort
instigated by the Board of Governors. The workshops are intended to engage both the IODP and
non-IODP community in addressing long term planning issues and programmatic needs of the
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Initial Science Plan that are not being adequately addressed at present as well as expanding upon
the set-forth IODP mission.
For more information on past workshops, upcoming workshops, applying to attend workshop or
submitting a white paper for a particular workshop, please visit
http://www.iodp.org/workshops/
2.2.

Implementing Organizations (IOs)

IODP has three Implementing Organizations (IOs), which manage all ships and platform
operation for the program.
2.2.1.

Japanese Agency for Marine-Earth Science and Technology (JAMSTEC)

The Japan Agency for Marine-Earth Science and Technology (JAMSTEC) Center for Deep
Earth Exploration (CDEX) manages platform operations for the riser vessel CHIKYU. CDEX’s
mission is to contribute to the accomplishment of IODP scientific goals through safe, effective,
and efficient operation of the Deep Sea Drilling Vessel CHIKYU (Figures 2 and 3).
Deep Sea Drilling Vessel CHIKYU is the first riser-equipped scientific drilling vessel built for
science at the planning stage. It is capable of drilling up to 7,000m below sea floor. The ship will
initially be able to conduct riser drilling in water depths up to 2500 m. Plans to increase this
capability to 4000 m are underway. The riser system includes an outer casing that surrounds the
drill pipe to provide return circulation of drilling fluid to maintain pressure balance within the
borehole.
Figure 2. DV CHIKYU

Left - D/V CHIKYU sailing in Tokyo Bay. Right - The 360 degrees thrusters keep the D/V
CHIKYU in position.
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Figure 3. Riser Drilling Technology

For detailed information on the DV CHIKYU, please visit:
http://www.jamstec.go.jp/CHIKYU/eng/
2.2.2.

European Consortium for Ocean Drilling Research (ECORD) Science Operator
(ESO)

Mission Platforms are required to investigate high-priority regions such as the Arctic Ocean, and
to drill in shallow water (< 20 m) environments that contain detailed records of climate and sealevel change – these other platforms are labeled mission-specific platforms (MSPs) and are
implemented by the European Consortium for Ocean Research Drilling (ECORD) Science
Operator, a consortium consisting of the British Geological Survey, the University of Bremen,
and the European Petrophysical Consortium.
The British Geological Survey (BGS) acts as the consortium co-coordinator responsible for
overall ESO management. BGS provides the Science Manager, who acts as the main contact
with the ECORD Management Agency (EMA) and the ECORD Council, the Operations
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Manager, Data Manager and Education and Outreach Manager for the consortium, as well as the
Staff Scientist and Administrative Support for each MSP.
The University of Bremen provides the ESO Laboratory and the Curation Manager; the latter
being responsible for analytical facilities during offshore MSP operations and the onshore
science party. The Bremen Core Repository (BCR) is the ESO facility for core curation and
management. The University is also involved in data management tasks provided by WDCMARE/PANGAEA (IODP-MSP data portal), and provides the Public Relations Manager for
ESO. GFZ Potsdam additionally supports ESO by contributing the Drilling Information System
(DIS) for offshore data acquisition.
The European Petrophysical Consortium carries out all logging and petrophysical activities for
ESO. This consortium comprises the University of Leicester (coordinator), U.K, the Université
de Montpellier, France and RWTH Aachen, Germany. Figure 4 provides two examples of
mission-specific platforms.
Figure 4. Examples of Mission Specific Platforms

(Left) Vidar Viking on Expedition 302: ACEX Arctic Coring Expedition; (Right) DP Hunter on
Expedition 310: Tahiti Sea Level.
For more information on ESO or Mission-Specific Operations, please visit:
http://www.eso.ecord.org/index.html
2.2.3.

U.S. Implementing Organization (USIO/COL)

The COL, the U.S. Implementing Organization (USIO), manages the SODV with and its
partners, the Lamont-Doherty Earth Observatory of Columbia University and Texas A&M
University.
The United States Implementing Organization Science Services, Texas A&M University, is
responsible for providing a full array of science services, ranging from vessel and drilling
operations to ship- and shore-based science laboratories, core repositories, and publication.
United States Implementing Organization Science Services, Lamont Doherty Earth Observatory,
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is responsible for logging-related shipboard and shore-based science services and for leading an
international logging consortium to participate in scientific ocean drilling operations.
Figure 5 provides an illustration of the riserless drilling vessel, JOIDES Resolution, which is
currently undergoing major modernization and designated the Scientific Ocean Drilling Vessel
(SODV). Figure 5 also provides a schematic of riserless drilling. The riserless drilling
technology, shown in Figure 5 uses seawater as the primary drilling fluid, which is pumped
down through the drillpipe. The seawater cleans and cools the drill bit and lifts cuttings out of the
hole, piling them in a cone around the hole.
Figure 5. JOIDES Resolution and Riserless Drilling Technology

IODP-USIO completed IODP Expeditions 301, 303309, and 311-312 with the riserless drillship
JOIDES Resolution, the same vessel used during the two decades of ODP. Subsequent to these
initial IODP operations, the JOIDES Resolution underwent an extensive refit to significantly
upgrade its drilling, laboratory, habitability and safety capabilities.
For additional information on the SODV (formerly JOIDES Resolution), please visit:
www.joiscience.org/sodv, or go to www.iodp-usio.org for any information regarding the USIO.
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2.3.

Science Advisory Structure

IODP science planning is provided by the Science Advisory Structure (SAS), which involves
many scientists and engineers on several standing committees and panels. All IODP science is
motivated by community input in the form of unsolicited proposals that are nurtured and
prioritized by the IODP Science Advisory Structure (Figure 6). Nine committees and panels
currently make up the Science Advisory Structure, with each one serving a very specific purpose
in the management and implementation of incoming drilling proposals and overall IODP
operations.
Figure 6: IODP Science Advisory Structure Organization

Information on the committees and panels including panel members, contact information,
meeting agendas and meeting minutes, is located at:
http://www.iodp.org/committees-and-panels/.
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2.3.1.

Scientific Advisory Structure Executive Committee

The Science Advisory Structure Executive Committee (SASEC), committee of IODP-MI Board
of Governors, is considered the Executive Authority of the Science Advisory Structure and is
composed of representatives from scientific/academic institutions in IODP member countries.
The Science Advisory Structure Executive Committee provides scientific oversight and long
term planning.
The prime responsibilities of Science Advisory Structure Executive Committee are to:
•
•

•
•

Formulate scientific and policy recommendations for the Council and reports to the Council,
Work with the Central Management Organization of IODP to develop an annual program
plan for scientific ocean drilling based on the recommendations of the Science Advisory
Structure,
Evaluate and assess IODP accomplishments with regard to established ISP goals and
objectives, working with the Science Advisory Structure,
Promote support for IODP where appropriate (including expansion of membership), and
ensures liaison with other scientific programs.

Detailed information on SASEC is located at www.iodp.org/sasec/2.
2.3.2.

Science Planning Committee

The Science Planning Committee (SPC) focuses on the detailed expedition planning activities
that are necessary to achieve the aims and objectives of IODP as expressed in the Initial Science
Plan. In this capacity, the Science Planning Committee prioritizes, or ranks, scientific and
technological objectives to optimize the scientific returns from multi-platform drilling, sampling,
and related experiments. These rankings are based in part on input and advice from the other
Science Advisory Structure panels.
Detailed information regarding SPC is located at: www.iodp.org/spc/.
2.3.3.

Science Steering and Evaluation Panel (SSEP)

The Science Steering and Evaluation Panel (SSEP) reports to the Science Planning Committee.
The panel interacts with proposal proponents to nurture submitted drilling proposals to maturity,
and send mature proposals for external review before forwarding them to the Science Planning
Committee. Within the context of the IODP Initial Science Plan, important thematic (and
initiative) areas of investigation addressed by proposals that are considered by these panels
include: (1) the deep biosphere and subseafloor ocean (deep biosphere; gas hydrates); (2)
environmental changes, processes and effects (extreme climates; rapid climate change); (3) solid
earth cycles and geodynamics (continental breakup and sedimentary basin formation; (4) large
igneous provinces (LIPs); (5) 21st century Mohole; (6) seismogenic zone; and (7) additional
themes (and initiatives) that may arise from future scientific planning and assessment.
Detailed information regarding SSEP is located at: www.iodp.org/ssep/.
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2.3.4.

Engineering Development Panel

The Engineering Development Panel (EDP) reports to the Science Planning Committee and also
may communicate directly with IODP-Management International (IODP-MI). The panel
provides advice on matters related to the technological needs and engineering developments
necessary to meet the scientific objectives of active IODP proposals and the IODP Initial Science
Plan.
Detailed information regarding the EDP is located at: www.iodp.org/edp/.
2.3.5.

Environmental Protection and Safety Panel

The Environmental Protection and Safety Panel (EPSP) reports to the Science Planning
Committee. The panel provides independent advice to the Science Planning Committee, IODP
Management International (IODP-MI), and the Implementing Organizations with regard to
safety and environmental issues associated with general and specific geologic circumstances of
proposed drill sites. The Environmental Protection and Safety Panel also provides advice on
appropriate drilling technologies for avoidance of drilling hazards and protecting the
environment.
Detailed information regarding EPSP is located at: www.iodp.org/epsp/.
2.3.6.

Site Survey Panel

The Site Survey Panel (SSP) reports to the Science Planning Committee. The panel advises
drilling proponents, the Science Steering and Evaluation Panel, and the Science Planning
Committee on the degree of completeness of the drill site characterization data package, and on
whether the scientific objectives of each drill site can be effectively achieved on the basis of the
proposal and data package.
Detailed information regarding SSP is located at: www.iodp.org/ssp/.
2.3.7.

Scientific Technology Panel

The Scientific Technology Panel (STP) reports to the Science Planning Committee, and may
communicate directly with IODP Management International (IODP-MI). The panel contributes
information and advice with regard to handling of IODP data and information, methods and
techniques of IODP measurements (including factors that impact measurements, such as sample
handling, curation, etc.), laboratory design, portable laboratory needs, downhole measurements
and experiments, and observatories.
Detailed information regarding STP is located at www.iodp.org/stp/.
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2.3.8.

Industry-IODP Science Program Planning Group

The Industry-IODP Science Program Planning Group (IIS PPG) reports to the Science Planning
Committee. The Industry-IODP Science Program Planning Group identifies subjects of
cooperative scientific research between the IODP and selected industries, and promotes
development of IODP drilling proposals to address these objectives within the context of the
IODP Initial Science Plan. Industrial sectors of interest may include oil and gas and related
services, mining, biotechnology, and research and development organizations in these fields.
Detailed information regarding the IIS-PPG is located at: www.iodp.org/iis-ppg/.
2.4.

Program Member Offices

Each IODP partner has a representative Program Member Office (PMO) that supports the
involvement of member country/consortia scientists in IODP. PMOs nominate member
country/consortia scientists for expeditions and for service on IODP science panels and
committees. Information on IODP Program Member Offices is located at:
www.iodp.org/program-member-offices/.
2.4.1.

European Science Support Advisory Committee

For more information about ESSAC, please visit: www.essac.ecord.org/.
2.4.2.

Japan Drilling Earth Science Consortium (J-DESC)

For more information on J-DESC, please visit: www.aesto.or.jp/j-desc/english/index_e.html.
2.4.3.

Korea Integrated Ocean Drilling Program (K-IODP)

For more information on K-IODP, please visit: www.kodp.re.kr/.
2.4.4.

Ministry of Science and Technology of the People’s Republic of China

For more information on MOST pleas visit: www.most.gov.cn/eng/.
2.4.5.

U.S. Science Support Program (USSSP)

Additional information about the USSSP is available at: www.usssp-iodp.org/.
3. SCIENCE PLANNING
Science planning in IODP is an ongoing process, occurring at all levels of the Science Advisory
Structure and IODP management. In the short term, the Science Advisory Structure and IODPMI
formulate science plans via the IODP Annual Program Plan. In the longer term, the Science Advisory
Structure and IODP-M produce planning documents based on deliberations of detailed planning groups
and program planning groups, the outcomes of community-wide conferences and workshops, program
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evaluations, and other science planning activities. From time to time, IODP will summarize long-term
goals and objectives in a published IODP Science Plan, such as the current IODP Science Plan, entitled
“Earth, Oceans, and Life.”
3.1.

SAS Activities

The Science Advisory Structure evaluates the readiness of scientific drilling proposals in achieving the
goals discussed in the Initial Science Plan. The Science Planning Committee, with the aid of the
Operations Task Force, selects submitted proposals to be incorporated into annual, multi-platform
drilling plans that address the long-term goals of IODP. These plans are formalized by IODP-MI, which
then presents them to the Science Advisory Structure Executive Committee and ultimately to the IODP
Council for review and approval. Costs and logistical considerations, as well as the list of highly ranked
drilling proposals provided by the Science Advisory Structure, figure into the development of the
Annual Program Plan.
In tandem with science planning, the Science Advisory Structure also evaluates the needs and plans for
technological advancement and engineering innovations that are required to meet the long-term
scientific objectives of the Initial Science Plan. All such planning, along with the budgetary impact of
executing these plans, must be conducted well in advance; lead time is necessary for engineering and
logging developments, and for the establishment and operation of long-term observatories. In these
tasks, the Science Advisory Structure works with IODP-MI and the Implementing Organizations to
merge scientific priorities with program capabilities.
3.2.

Proposal Development

The proposal process provides tremendous opportunities for individuals and groups, including other
science programs in liaison with IODP, to explore the frontiers of Earth Science and related disciplines
through ocean drilling. The success of IODP rests with the quality of the science proposed and carried
out by the community-at-large. Through proposals, individual scientists and groups of scientists have
the opportunity to respond to IODP’s scientific priorities, as expressed in the Initial Science Plan, and to
recommend appropriate targets for drilling. Scheduling a drilling activity is a major investment of time
and funds. Hence, proposals need to be well developed before the Science Planning Committee can
consider them. The nurturing, development, and evaluation of proposals are the prime responsibility of
the Science Steering and Evaluation Panel. Full development of a drilling proposal can take several
years.
Another important aspect of developing a drilling proposal is the collection of the requisite survey
information (geophysical, geological, and hydrographic) for both regional and site-specific
characterization. The completion of necessary surveys, and the submission of supporting survey data to
IODP, is in part the responsibility of the proponents (for regional data), and in part the responsibility of
IODP (for site-specific information related to safety). All of this coordination requires long-term
planning and careful attention to timing and reviewer and panel recommendations and requests.
In developing and revising a scientific ocean-drilling proposal, proponents may, with the permission of
the Science Planning Committee Chair, seek technical and safety-related advice from the Science and
Technology Panel and the Environmental, Pollution and Safety Panel. They may also wish to seek help
from the Industry Liaison Panel for identifying suitable coproponents in industry or for identifying
industry data collected within the proposed study area.
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3.3.

Drilling Proposals

Figure 7 illustrates how a proposals moves through the Science Advisory Structure planning process to
reach the stage of actual scheduling.
Figure. 7: Proposal Submission, Evaluation, and Scheduling Process

The initiation of the proposal process begins with one of two primary steps:
Submission of a “Preliminary Proposal” that will be evaluated and nurtured (if appropriate) through
panels within the Science Advisory Structure; and
B - 21

Subsequent submission of a “Full Proposal” that is developed while taking into account the advice from
the appropriate Panels.
Guidelines for each of these proposal types are outlined. Details regarding the proposal submission
process, both guidelines and best practices, are available at http://www.iodp.org/drilling-proposals/.
3.3.1.

Schedule for Submission of IODP Proposals

Proposals for scientific ocean drilling may be submitted to the Science Coordinators in the IODP-MI
Sapporo Office at any time. However, in order to be considered in the annual cycle of Science Advisory
Structure panel meetings, there are two deadlines each year for submission of IODP proposals: 1 April
(for the Spring Science Steering and Evaluation Panel meeting) and 1 October (for the Fall Steering and
Evaluation Panel meeting). Mission proposals have an annual deadline of 1 April. All proposals must be
submitted in electronic form through the IODP web site (www.iodp.org) and must follow the length and
format limitations described in the proposal guidelines. The IODP-MI will deactivate a proposal or
ancillary project letter following the absence of any formal activity for a three-year period or as
otherwise recommended by the Science Advisory Structure.
A short outline about the three main types of drilling proposals (i.e., Preliminary, Full, and Mission) and
the SAS review process is presented below. Detailed information can be found at:
www.iodp.org/drilling-proposals/.
3.3.2.

Preliminary Proposals

New ideas for scientific ocean drilling are generally submitted initially as Preliminary Proposals. This
allows the Science Advisory Structure to evaluate the proposed scientific and technical goals and
provide guidance to proponents as to how a competitive full proposal may be prepared. Proponents may
be individual scientists or groups of scientists, including national or international scientific groups or
programs that are independent of IODP. In each case, the individuals who are submitting the Full
Proposal must be named, and a single contact proponent must be clearly identified.
In exceptional cases (such as a narrow window of opportunity to test an exciting, fundamental scientific
idea), a new project can bypass the Preliminary Proposal stage and be submitted initially as a Full
Proposal. Proponents are encouraged to begin with a Preliminary Proposal so as to evaluate the level of
interest from the Science Advisory Structure and target their program accordingly before expending the
considerably greater effort necessary to craft a Full Proposal. In addition to the greater overall length
and level of detail of Full Proposals compared to Preliminary Proposals, there are considerable data
requirements for Full Proposals. Bypassing the Preliminary Proposal stage may not help to move their
proposal forward within IODP quickly, and could even result in a net loss of time if the initial
submission is not well received by the reviewers and Science Advisory Structure and a new preliminary
proposal is required.
Shortly after each proposal deadline, all new and revised preliminary proposals go to the Science
Steering and Evaluation Panel for review. The Science Steering and Evaluation Panel assesses each
preliminary proposal in terms of its relevance to the IODP Initial Science Plan, the suitability of the
study area and study sites for addressing the proposed scientific objectives, and whether the
achievement of those objectives would likely result in any fundamental scientific advances. The Science
Steering and Evaluation Panel also determines whether a given preliminary proposal provides a
satisfactory basis for developing a complex drilling project.
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Written reviews from the Science Steering and Evaluation Panel will be returned to the contact
proponent with recommendations on how to proceed with proposal development.
3.3.3.

Full Proposals

Proponents who have previously submitted a preliminary proposal may submit a full proposal if advised
to do so by the Science Steering and Evaluation Panel. In some cases, an individual scientist or group of
scientists with a new idea for scientific ocean drilling may submit a full proposal without first
submitting a preliminary proposal, provided that it meets all of the relevant requirements.
A well-prepared full proposal should:
•
•
•
•
•
•
•

State the scientific objectives and explain how those objectives relate to, or advance beyond, the
IODP Initial Science Plan,
Justify the need for drilling to accomplish the scientific objectives,
Present a well-defined strategy for addressing the scientific objectives through drilling, logging, or
other down-hole measurements,
Provide detailed estimates of the time required for drilling, logging, or other downhole
measurements,
Describe the available site-survey data and any plans for acquiring additional data, and discuss how
the drilling targets relate to those data,
Describe any special logistical requirements, non-standard measurements technology, or potential
natural hazards,
Discuss the expected scientific outcome of drilling and any subsequent work required to complete
the overall project.

Full Proposals are reviewed by the Science Steering and Evaluation Panel with respect to the
fundamental scientific advances that the proposed drilling might make; its relevance to the Initial
Science Plan; and the appropriateness of both geographic location and proposed operations for
addressing the proposed scientific objectives of the proposal. The Science Steering and Evaluation Panel
will determine whether the Full Proposal meets criteria necessary for solicitation of external reviews.
These criteria are:
1. The proposal addresses one or more scientific problems that are identified as a high priority in the
IODP Initial Science Plan (or moves IODP beyond the Initial Science Plan into new, exciting fields of
study);
2. There is clear indication that IODP assets and facilities provide the best means to achieve the
scientific objectives to be addressed;
3. There is a well-defined operational strategy, the success of which can be assessed on the basis of the
data presented in the proposal.
If these criteria are met, the Science Steering and Evaluation Panel will recommend to the IODP-MI
Science Coordinators that external comments be acquired. If it is determined that the three criteria are
not met adequately, the Panel will advise the proponents (through the Science Coordinators) as to
revisions necessary for further consideration.
Proponents will receive the external reviews of their proposal from the Science Coordinators and may
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then submit a brief response letter before the next proposal deadline. The steering panels will also
receive the external reviews, together with the response letter, and will then write a final panel review
assessing the priority of the proposal with respect to the IODP Initial Science Plan. Full proposals that
have undergone external review will automatically go forward to the Science Planning Committee for
ranking and potential implementation.
3.3.4.

Mission Proposals

A new concept in IODP is that of the “Mission Proposal”. A mission is an intellectually integrated and
coordinated drilling strategy originating from the scientific community that addresses a significant
aspect of the IODP Science Plan theme over an extended period and which merits urgent promotion in
order to achieve overall IODP program goals.
A mission proposal outlines and explains the scientific factors that unite a number of individual projects
to address an important global scientific theme. It provides an overall identity for the expedition or
expeditions that fall within its scope. Although more detailed, full proposals are required for each
component of the mission, those proposals will be reviewed in terms of their contributions to the overall
mission. Missions and mission proposals are described in greater detail in the document “IODP
Missions: Designation and Implementation” (available at www.iodp.org/missions/).
Mission proposals will be reviewed both within the Science Advisory Structure and by an external
review panel. The major criteria in considering mission designation will include: (i) the plan should
lead to considerable scientific success and is or should be a high priority for IODP; and (ii)
accomplishment of the science goals will require a considerable technological effort and/or complex,
multiple drilling strategies, hence requiring planning on a longer term than is typical of “normal”
drilling expeditions.
Shortly after each 1 April deadline, all new mission proposals go to the Science Steering and Evaluation
Panel for review. The Science Steering and Evaluation Panel forwards its evaluation to the Science
Planning Committee. The Science Steering and Evaluation Panel will also provide comments on the
compositions of the mission teams. In parallel with the Science Steering and Evaluation Panel review,
an external review panel appointed by the Science Advisory Structure Executive Committee will
conduct an independent review of the mission proposals as a group, and will forward its evaluations to
the Science Planning Committee. The Science Planning Committee will consider the recommendations
and the proposals, possibly selecting one or more to be designated as missions. For those selected, the
Science Planning Committee will also provide a recommendation on the composition of the Stage 1 core
mission team. Other possible outcomes of the Science Planning Committee evaluation are: (i) outright
rejection; (ii) recommendation for revision and/or resubmission; or (iii) recommendation that a proposed
mission be “unbundled,” with some components being submitted as regular drilling proposals. The
Science Planning Committee will also provide comment on the needed expertise for the Stage 1 core
mission team.
All mission-component full proposals must fulfill the normal requirements for full proposals and follow
the normal review process. The Science Steering and Evaluation Panel will forward mature component
proposals to the Science Planning Committee, which will include them in its overall ranking of all
proposals forwarded by the Science Steering and Evaluation Panel. As with any proposal, missioncomponent proposals will need to rank high enough to fall in the group to be sent forward to the
Operations Task Force for scheduling.
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3.3.5.

Evaluation and Ranking by Science Planning Committee

For each Science Steering and Evaluation Panel externally reviewed proposal, a package is assembled
and forwarded to the Science Planning Committee members that contains:
•
•
•
•

The Science Steering and Evaluation Panel review of the proposal;
The external comments received from anonymous evaluators;
The proponents’ response to the external comments;
An assessment by the Science Steering and Evaluation Panel as to the priority of the drilling
program in the context of the overall achievement of the IODP Initial Science Plan (or how the
proposal addresses an exceptional scientific opportunity).

At its annual spring meeting, the Science Planning Committee takes all this information into
consideration and conducts a global ranking of the proposals in terms of their scientific priority. The
Science Planning Committee acts under strict conflict-of-interest guidelines, and the ranking procedure
is also clearly enunciated. A subset of ranked proposals is selected and forwarded to the Operations
Task Force for possible scheduling as drilling legs. Those that do not get selected are advised as to
whether (i) the Science Planning Committee wishes to keep the proposal active for consideration at a
later time (e.g., perhaps when more data are available, pending results from an already scheduled
drilling expedition or scheduled geophysical survey), (ii) the Science Planning Committee wishes to see
a revision, in which case the proposal is reconsidered by the Science Steering and Evaluation Panels and
sent out again for external comment, or (iii) the Science Planning Committee will not consider it further.
3.3.6.

Scheduling by the Operations Task Force

The Operations Task Force meets following the Science Planning Committee, with the main goal
devising a multi-platform science schedule for the next operating time window (typically the next
unscheduled year of operations, but the planning window may vary in length depending on the nature of
programs to be scheduled). Issues that are considered in planning a final schedule include the Science
Planning Committee ranking, site-survey readiness, potential safety and pollution considerations,
technological requirements and readiness (including, but not limited to: core recovery, enhancements to
the standard set of logging tools, use of re-entry cones, and casing), availability of the appropriate
platform(s), operational considerations (weather, ice cover, currents, and transit times between potential
drilling sites), research clearance issues, heave restrictions in shallow water, and budgetary
considerations. Operations Task Force then forwards its proposed schedule to the Science
Planning Committee for final approval.
Proponents of proposals scheduled by the Operations Task Force are notified in writing. Proponents of
proposals sent forward by the Science Planning Committee to the Operations Task Force, but not
scheduled for drilling in the particular fiscal year of interest, receive an explanation of the decision and
recommendations for future action. Such proposals generally are not revised and are not sent out for a
second external evaluation.
The scheduling of a proposal is not the end of the planning process. Shortly after the schedule is
finalized, the Environmental, Pollution and Safety Panel will review the proposal. This requires the
compilation of a data package to be submitted to Environmental, Pollution and Safety Panel for a safety
review. Depending on the nature of proposed operations, more than one Environmental, Pollution and
Safety Panel review may be required.
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4. TECHNOLOGY PLANNING
IODP is committed to dramatically improving the technological capabilities of the scientific ocean
drilling program. Through the use of state-of-the-art drilling vessels, through the vision and aptitude of
top scientists and engineers worldwide and through the encouragement of the IODP community, IODP
has the ability to continue improving upon the tools necessary to further our understanding of earth and
its complex systems.
4.1.

Current Drilling Technology

IODP’s goal is to be able to drill and continuously core at almost any location in the world’s oceans. To
achieve this goal, the international community has consistently emphasized the use of multiple drilling
platforms, including a riser (well-control) vessel, a non-riser vessel, and mission-specific vessels. In
response to this requirement, Japan, through its Marine Science and Technology Center (JAMSTEC),
has built a riser vessel so that IODP can meet its deep objectives, and also drill targets in potentially
overpressured subseafloor environments such as seismogenic zones. The US National Science
Foundation has supplied funds to significantly upgrade the JOIDES Resolution to enable IODP to drill
in a wide range of water depths and lithologies where a riser is not needed. Mission-specific drilling
platforms will be mobilized in environments not suitable for either of IODP’s two primary vessels, such
as the polar regions or shallow waters.
An interactive map of the IODP drilling vessels is located at www.iodp.org/key-technologies. The map
contains links to the drilling technologies being used on each of the three ships.
4.2.

Technology Road Map

The IODP Engineering Development Panel created a technology roadmap at its June 2006 meeting in
Germany. This first version of the roadmap, which is used by IODP-MI and SAS to prioritize funding of
IODP engineering proposals, consists of over 80 possible engineering developments broken down into
three sub-groups:
(1) Sampling, Logging and Coring - Near-term engineering focus on improving systems fundamental to
IODP (e.g., refinements to core barrels, downhole/formation measurements, etc.)
(2) Drilling Vessel/Infrastructure - Near-term engineering focus on understanding factors that control
core quantity and quality (e.g., rig instrumentation, heave compensation, drilling dynamics, etc).
(3) Borehole Infrastructure - Near-term engineering focus on standardizing equipment and procedures
The Technology Roadmap will be continually updated and revised as appropriate by EDP. The
technology roadmap can be found at: www.iodp.org/eng-dev.
4.3.

Engineering Development Proposal Process

IODP-MI has created a process to receive, review, and fund proposals for engineering development that
will greatly enhance the ability of IODP to achieve the scientific objectives defined in the IODP Initial
Science Plan. This process was developed in consultation with the IODP Science Advisory Structure
and Implementing Organizations and endorsed by the IODP Lead Agencies. IODP-MI will review and
consider all engineering development proposals submitted; however, proposals addressing the technical
problems/issues related to the IODP Technology Roadmap will have a greater probability of achieving
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funding success then those proposals not aligned with the roadmap.
4.3.1.

Funding for Engineering Development Proposals

IODP Science Operation Costs will fund the successful engineering development proposals submitted to
IODP-MI. Projects funded by Science Operation Costs funds will follow the submission, review and
implementation procedures described herein and must be part of a Lead Agency approved Annual
Program Plan. Engineering development projects not funded by IODP Science Operation Costs funds
are not subject to the IODP-MI review process. However, these “third-party” developments or
deployments are subject to the IODP Third Party Tool guidelines (www.iodp.org/program-policies/).
4.3.2.

Engineering Proposal Types

Two main types of engineering proposals will be utilized by IODP-MI:
Unsolicited Proposals
Unsolicited proposals will likely comprise the majority of proposals entering the system. Proponents of
unsolicited proposals will most likely have a higher rate of success if they address at least one of the
needs identified in the IODP Technology Roadmap. However, these proposals may also identify a
development need not envisioned in the IODP Technology Roadmap.
Following the receipt of a proposal, IODP-MI will nurture the proposal by working with the proponent/s
to strengthen the submitted material and in some cases suggesting a significant change in scope of work.
For example, a feasibility study could be recommended by IODP-MI to explore the viability of a
proposed technology.
Solicited Proposals
Some proposals may be solicited directly by IODP-MI through a Request for Proposal (RFP) process if
the pool of unsolicited proposals does not meet the needs of the Program. A solicitation request for a
specific technology will be presented by IODPMI to the Science Advisory Structure Panels for their
consideration. If the solicitation plan is endorsed, IODP-MI will execute an RFP process ending with the
completion of a source selection plan.
4.3.3.

Submission and Review Process

Details of the systematic process of proposal submission, nurturing, review and prioritization by IODPMI and the Science Advisory can be found at www.iodp.org/eng/.
4.4.

Third Party Tools

A third party tool, which is defined as a tool or instrument developed with funds or resources outside the
realm of the IODP, must adhere to the development and deployment guidelines established by the IODP
Science Advisory Structure prior to deployment on any IODP expedition. The IODP Science Advisory
Structure, in conjunction with IODP-MI and the Implementing Organizations, has created a policy to
provide consistent oversight of third party development activity and to provide guidance to all
proponents with technology or developments new to the IODP. This document expands upon the Third
Party Tool policy by providing additional contextual and timing elements to assist proponents,
Implementing Organizations, and the Science Advisory Structure in executing this policy.
The policy, implementation guide and a list of third-party tools used in the past, used currently, and
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under development are located at: www.iodp.org/eng-third-parties/.
5. EXPEDITION INFORMATION
5.1.

Expedition Planning

Once a proposal has been approved by the Science Advisory Structure and scheduled by the Operations
Task Force, expedition planning quickly begins.
5.1.1.

Staffing

Approximately 18 months prior to the scheduled expedition, a first call for staffing is announced on the
IODP website and also in:
•
•
•

IODP E-news (www.iodp.org/community-newsletters/), a bi-monthly newsletter
Eos (www.agu.org/pubs/eos.html), the weekly American Geophysical Union newsletter that
publishes material of interest to Earth and space scientists.
Newsletters published and distributed by the Program Member Offices (www.iodp.org/communitynewsletters/).

The announcements provide specific instructions for community scientists on how to apply to their
respective Program Member Offices. After Program Member Offices receive and process expeditionstaffing applications, they then provide their nominations to the Implementing Organizations. Although
each member country/consortia is entitled to their full representation according to the IODP
Memorandum of Understanding, there is be no “banking’ of unused berths. Berth space can be “traded”
between member countries/consortia subject to approval by IODP-MI.
The IOs then work with the PMO, Co-chief scientists to select applicants to fill the various positions on
each expedition. Once expedition rosters are agreed upon, the IO sends official invitations directly to
each scientist.
Staffing may a two-step process. Initial invitations are sent to key science participants. Key individuals
are those considered to provide critical expertise to delivery of the expedition science. Remaining
invitations are sent after responses are received from the initial invitations. Sending invitations in two
different groupings provides the opportunity to tune the science party based on the results of the initial
invitations. This allows for greater flexibility and for maximizing the expedition science.
Special staffing needs may also be identified during pre-cruise meetings and a subsequent call for
applicants with specific skill sets might follow.
The IODP policy and procedures on staffing can be downloaded from: www.iodp.org/program-policies/.
Interested applicants should apply through their country’s PMO, which has the appropriate application
forms and instructions. For more information visit: www.iodp.org/apply-to-sail/.

5.1.2.

Project Management Team Meetings

Multi-year, multi-stage expeditions may require a Project Scoping Group and a Project Management
Team to plan and coordinate the project through several years of operations. The Project Scoping Group
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is assembled as soon as the Science Advisory Structure approves the project. If the Operations Task
Force schedules the project, the Project Scoping Group becomes a Project Management Team.
Meetings are held as frequently as needed to plan and coordinate multiple expeditions of the project.
After general project scoping is completed, the Project Management Team focuses on the details of
expedition planning such as site-by-site operational scoping, drilling strategies, coring and downhole
measurement plans, and contingency plans. In addition, they predict possible challenges and hazards,
specify critical data sets, determine data requirements, identify site clearance strategies, develop funding
scenarios, finalize staffing plans, nominate individuals for specialty science and technology positions,
develop plans for long-term observatories, coordinate third-party tool development, and draft a scientific
prospectus, etc.
Information about the Project Scoping Groups and Project Management Teams as well as past agendas
and reports is located at: www.iodp.org/project-scoping-groups/.
5.1.3.

Pre-Cruise Meetings

Pre-Cruise Meetings are held between appropriate implementing organization staff and the co-chief
scientists as needed to finalize the operational plans and schedule and to assure cruise logistics are
identified and managed. One of the main goals of the pre-cruise meeting is to finalize the Scientific
Prospectus, which requires finalizing the schedule, the scientific objectives, drilling strategy, drill site
descriptions, logging and downhole measurement plan, sampling strategy, operations schedule,
identification of any expedition-specific sampling needs, and any other component of expedition
operations that necessitate a formal plan or description. The published Scientific Prospectus and any
other important pre-cruise information for each expedition can be found at:
www.iodp.org/expeditions/2/.
5.2.
5.2.1.

Expedition Activity
Expedition operations

The offshore phase of the expedition follows the operational plan presented in the scientific prospectus
as closely as possible with regular daily, weekly and site reports submitted by the operator.
Expedition Daily Reports are submitted to appropriate IO and lead agency personnel, and to IODP-MI.
The daily reports provide a daily log of location, activity, timeline, transit information, weather,
operating parameters, upcoming operational plans and any other pertinent information specific to an
expedition.
Expedition Weekly (or Site) Reports provide more details of actual scientific findings. The reports
include a summary of operations, preliminary science results, technical support activity and HSE
activity.
5.2.2.

Scientist Job Descriptions

Participants are invited to serve in particular jobs that need to be completed to ensure scientific success
of the cruise. The optimal mix of expertise is determined by the expedition objectives and by the Cochief Scientists, the Staff Scientist, and the Supervisor of Science Support.
Below are many of the scientific specialties that are required for each expedition:
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Core Description
Core describers may have expertise in a wide variety of fields including sedimentology,
petrography, petrology, or structural geology. Core description can involve the following tasks:
•

•
•
•

•
•
•

Macroscopic visual description of split cores are entered in a core description database that
generates standard reports (sediments), or are collected in more detailed core section graphic
templates (igneous rocks);
Microscopic observations from smear slides and/or thin sections, entered in spreadsheet databases
and, in some cases, added to the macroscopic description forms;
Description and measurement of deformational structures;
Acquisition of data with split-core tracks, including digital images, diffuse color reflectance, and
magnetic susceptibility. In some cases, this may also be done by individuals in the physical
properties position;
Preliminary interpretation of depositional, diagenetic, or deformational processes;
Selection of samples, in consultation with other scientists, for shipboard carbonate, XRD, or
chemical (ICP) analysis.
Analysis of XRD and/or ICP data, if the appropriate expertise exists, this may also be done by one
of the inorganic geochemists.

Stratigraphic Correlation
The stratigraphic correlator position is essential on cruises where complete stratigraphic sections are a
primary expedition objective. Complete stratigraphic sections are achieved by coring multiple holes at a
site. Completion of a meters composite depth (mcd) depth scale in near-real time guides coring
operations and ensures complete recovery of the sediment section. A spliced section typically is created
and used for sampling. For maximum efficiency, two correlators are needed to cover 24 hours and to
guarantee feedback within hours or minutes. Correlation is achieved using workstations and a
customized software. The job typically includes operation of the multi-sensor track (MST) because the
primary data sets used are magnetic susceptibility, natural gamma radiation, and gamma-ray attenuation
density from whole-core logging. Other data may be needed to improve correlation such as color
reflectance logs, macroscopic descriptions from split cores, or even biostratigraphic information.
Biostratigraphy
Micropaleontologists provide age data and a biostratigraphic age model for each site. This wok mainly
is done using core-catcher samples as soon as possible after a core is recovered. Additional samples may
be examined to provide as complete a biostratigraphic characterization of the cored section, or of critical
intervals, if possible within the time available. Full assemblage analysis is not required on the ship;
rather, identification of useful microfossil datums for constructing age-depth plots and
sedimentation/accumulation rate curves is the primary emphasis. Paleoenvironmental or bathymetric
data, principally from benthic foraminifers, may also be important on certain cruises.
Magnetostratigraphy
Paleomagnetists conduct paleomagnetic measurements and reduction of data to intensities and direction
of magnetization. Paleomagnetists also provide absolute orientation data for orientation of
deformational structures measured in the core, if appropriate. Some additional rock magnetic properties
can be acquired on the ship, which is particularly useful if the magnetic properties are (partly)
ephemeral (postrecovery dissolution, reduction, or oxidation of magnetic minerals).
Physical Properties
Scientists assigned to this job usually determine the following properties:
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•
•
•
•
•

Moisture content and grain density on core samples
P-wave velocity on split cores and/or core samples
Thermal conductivity on full cores or split cores, if appropriate
Acquisition, analysis, and presentation of downhole temperature measurements;
Vane shear strength on split cores if warranted by the cruise objectives.

In addition, they oversee and document the overall physical properties measurement program in
consultation with other scientists, including the full-core and split-core logging systems. They also
ensure that calibrations and control measurements are carried out according to protocol to ensure data
quality control.
Geochemistry
The primary responsibility of organic geochemists is to monitor cores for hydrocarbon content. They
advise the Operations Manager and scientific party when hydrocarbon levels in cores may constitute a
potential safety or pollution hazard. They also provide data concerning organic matter characterization,
elemental composition of organic matter, and carbonate carbon content.
Inorganic geochemists conduct chemical analyses on interstitial water, and/or solid sediment, or rock
samples.
Downhole Logging
This position includes the following:
•
•
•
•

Work closely with the IO logging scientist in designing, implementing, and interpreting the logging
program;
Interact with core physical properties specialists;
Assist the Schlumberger field engineer with data acquisition if required;
Participate in integration of core-log-seismic data.

This position sometimes may include the geophysical responsibilities described below. Details about
borehole logging can be found at www.iodp.ldeo.columbia.edu/TOOLS_LABS/.
Geophysics
This position is responsible for the following geophysical tasks:
•
•
•
•
•

Acquisition, analysis, and presentation of downhole temperature measurements and seismic data
Acquisition and presentation (site surveys);
Construction of synthetic seismic profiles;
Vertical or offset seismic profiling
May participate in acquisition, analysis, and presentation of downhole temperature measurements
(see "Physical Properties" above).

Microbiology
Major responsibilities of the shipboard microbiologist include the following:
•

•
•

Conduct onsite contamination tests by adding highly sensitive tracers (perfluorocarbons and/or
fluorescent microspheres) to the drilling fluid or core barrel to evaluate extent of contamination of
cores by the drilling process;
Conduct sampling for shipboard and shorebased microbiological analyses;
Analyze thin sections of sediments or rocks for preliminary interpretations on contamination and
bacterial activity;
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Start cultures and incubation of samples using different media;
May participate in the chemical analysis of interstitial waters.

•
•

5.3.

Post Expedition Activity

5.3.1.

Post Expedition Sampling

When feasible, scientists are permitted to collect samples during an expedition. However, in many cases
(e.g. MSP operations, high-recovery expeditions, minimal transit time to port) members of the scientific
party may need to complete sample requests during a post-expedition sampling party at the appropriate
core repository.
Expedition Moratorium
A moratorium period of one year is granted to members of the expedition science party to conduct
drilling project-related research before core samples and data are made available to the general scientific
community. During this period, only members of the science party are permitted to receive core samples
and/or associated data. The Sample Allocation Committee, comprised of the Expedition Co-Chiefs,
Staff Scientist, and Curator, are responsible for approving all moratorium sample requests. The
moratorium period may be appropriately adjusted to account for specific issues affecting the scientific
objectives of the expedition.
The science party is defined as those scientists selected by IODP to produce initial, openly shared data
associated with a particular drilling project within the moratorium period. After the moratorium period
ends, samples are given or loaned to persons whose requests have been approved by the IODP Curator
in the following three categories:
•
•
•

Scientists who wish to conduct research on IODP materials and publish the results but who are not
necessarily associated with a specific drilling project,
Curators of museums and collections, and
Educators.

After the moratorium period expires, project data are also publicly available.
Post Moratorium Sampling
Samples and data are available to research scientists, educators, museums, and outreach institutions
amongst others. IODP has a specific sample, data, and obligations policy to:
•
•
•
•
•

Ensure availability of samples and data to Science Party members so they can fulfill the objectives
of the drilling project and their responsibilities to IODP;
Encourage scientific analyses over a wide range of research disciplines by providing samples to the
scientific community;
Preserve core material as an archive for future description and observations, nondestructive
analyses, and sampling;
Disseminate “Expedition Research Results” papers published in the Proceedings of the Integrated
Ocean Drilling Program from drilling project-related research; and
Support education and outreach related to the drilling program by providing core materials to
educators, museums, and outreach institutions.

Sample- and Data-Recipient Responsibilities
Receipt of samples and data comes with a specific obligation to conduct research and publish their
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results. Papers must be published in a peer-reviewed scientific journal or book published in English. In
the event that research is discontinued, samples may have to be returned as per instructions from IODP
Management International, Inc. Manuscripts for publication must be submitted within 20 months postmoratorium.
Those scientists not meeting the above obligations may be restricted from obtaining future samples
and/or data and may not be allowed to participate in future drilling projects. Obligations incurred during
the Ocean Drilling Program (ODP) will be carried forward into IODP.
The Sample, data and obligations policy as well as online sample request forms, online core images,
core data, log data and contact information can be found at: www.iodp.org/access-data/ .
5.4.

Core Repositories

IODP oversees repositories around the world. Samples are distributed according to ODP and IODP
policies.
IODP maintains three international core repositories: The Gulf Coast Repository (GCR) at Texas A&M
University in College Station, TX, USA; The Bremen Core Repository (BCR) at the University of
Bremen in Bremen, Germany and; the Kochi Core Center (KCC) in Kochi, Japan. Each repository
archives cores based on their geographic location.
For more information on the repositories, please visit: www.iodp.org/repositories/2/.
5.5.
5.5.1.

Data
Core and Sample data

IODP is developing a web-based information service to facilitate access to all data and information
related to scientific ocean drilling, regardless of origin or location of data. This service will be designed
to integrate distributed scientific drilling data via metadata. The three main data contributors to
information service will be the IODP implementing organizations (IOs) from the United States (USIO),
Japan (CDEX) and European Consortium (ESO). More information can be found about this service at:
http://sedis.iodp.org/.
Until this new information service is available, each of the implementing organizations will maintain its
own database to archive the data and to make it easily available to the public. Each database includes
paleontological, lithostratigraphic, chemical, physical, sedimentological, and geophysical data for ocean
sediments and hard rocks.
USIO – SODV (formerly JOIDES Resolution)
The shipboard collected core data for each USIO expedition is stored at Texas A&M University
(TAMU), www.iodp.tamu.edu/database/index.html.
All USIO logging data is processed and stored at Lamont-Doherty Earth Observatory (LDEO),
http://iodp.ldeo.columbia.edu/DATA/IODP/.
ESO – Mission Specific Platforms
The ESO MSP data is located at: http://iodp.wdc-mare.org/.
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CDEX – CHIKYU
All CHIKYU data is currently located at:
http://www.jamstec.go.jp/CHIKYU/eng/Expedition/data_sample.html.
5.5.2.

Site Survey Data Bank (SSDB)

The Site Survey Data Bank (SSDB) provides an online resource for IODP proposal proponents,
reviewers, and panel members worldwide. On average, IODP maintains more than 100 active proposals,
involving nearly 1,000 proponents from more than 40 countries. During the process through which
IODP proposals evolve into fully mature scheduled expeditions, different sources of data are submitted
to augment an original proposal. These data are maintained by the SSDB in a secure and user-friendly
environment.
Conceived by IODP-MI in collaboration with Scripps Institute of Oceanography (SIO) at the University
of California, San Diego, and the San Diego Supercomputer Center, the SSDB enables users to monitor
their proposal status graphically by proposal number, data type, or date. A geographic Java SSDB
viewer allows users to view all proposal data objects displayed over a base map of global topography,
crustal age, or other custom maps. Data may be viewed or downloaded under password control.
To find out more about the SSDB, and/or to download or contribute data, please visit:
http://ssdb.iodp.org/.
5.6.

Expedition Publications

IODP publishes numerous documents, mostly in electronic form. Below is a brief summery of these
documents and their locations. Please visit http://www.iodp.org/scientific-publications/ for more details
and access to IODP publications.
5.6.1.

Proposals

The final version of the expedition proposal is published and made available by IODP. The Science
Advisory Structure-approved proposal contains the final information and data describing scientific
goals, detailed information on geological setting, drilling justification, drilling and logging/downhole
measurement strategies, and site survey data. The site survey data provides general site information such
as location, jurisdiction, and water depth, and operation information such as general lithologies, coring
plan, logging plan, estimated operational time required, hazards, and expected weather, specific details
on available site survey data and data still to be collected, detailed logging plan, and a pollution and
safety hazard summary. These data are provided for both planned and contingent sites.
5.6.2.

Scientific Prospectuses

The Scientific Prospectus is compiled by the Expedition Co-chief Scientists and finalized during the
Pre-Cruise meeting. The document includes all the details describing exactly how the expedition’s
scientific goals will be met including: a final schedule, the scientific objectives, drilling strategy, drill
site descriptions, logging and downhole measurement plan, sampling strategy, operations schedule,
identification of any expedition-specific sampling needs, and any other component of expedition
operations that necessitate a formal plan or description.
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5.6.3.

Ship Reports

Daily operational reports are sent from IODP vessels. Relevant portions of these reports can be
accessed via the IODP website (http://www.iodp.org).
5.6.4.

Preliminary Report

A Preliminary Report is released approximately 2 months following the conclusion of offshore
operations. The Preliminary Report reiterates the background and scientific objectives of an expedition
and also presents the hypotheses tested, summaries of operations and findings at each site, preliminary
scientific conclusions and observations, and a preliminary scientific assessment.
5.6.5.

Proceedings

The Proceedings present the scientific and engineering results of IODP drilling projects, each an
important component of an international program designed to better understand Earth, its environmental
changes and processes, the deep biosphere, and climate change. Expedition Proceedings are published
by IODP-MI for IODP under the sponsorship of the U.S. National Science Foundation, Japan's Ministry
of Culture, Education, Sports, Science and Technology, and other IODP members. Proceedings are
published in two stages: (1) Expedition Initial Reports, and (2) Expedition Scientific Results. The Initial
Reports volume contains a detailed summary of the scientific and engineering results from each leg,
whereas the Scientific Results volume, published approximately 2 years following the Initial Results
volume, contains a series of peer-reviewed papers that describe the results of shore-based studies related
to the leg.
Results presented in the Proceedings include information such as:
•
•
•
•
•
•

Expedition summaries: Scientific and operational objectives, operational strategy, site results,
conclusions, references, etc.
Site Summaries: Site objectives, operations, lithostratigraphy, biostratigraphy, paleomagnetism,
composite section, geochemistry, physical properties, references, etc.
Core Descriptions
Expedition Research Results: data reports and synthesis reports
Drilling Location Maps
Supplemental Material

5.6.6.

Publications during Expedition Moratorium

A central goal of IODP publications is to disseminate the results to the scientific community via
scholarly journals. To assist a scientific party wishing, during the moratorium period, to publish the key
scientific findings from an expedition in a journal that requires a temporary embargo on publication of
IODP reports, news releases, and/or publications, IODP has developed a series of procedures and
protocols. Please see Section 2.1 of the IODP Sample, Data, and Obligations policy for details
(http://www.iodp.org/program-policies/).
5.6.7.

Logging Summary

Description of logging operations and detailed analysis of log data is presented for each logged hole. An
example can be found at: http://iodp.ldeo.columbia.edu/LOG_SUM/311/index.html.
B - 35

Access to all IODP, ODP, and (many) DSDP publications can be found at:
http://www.iodp.org/scientific-publications/.
6. Expedition Legacy
Archive and preservation of ocean drilling legacy data is a high priority at IODP. Having complete,
well-described, logically organized data sets, from drilling and coring logs to post-expedition
publications, for each expedition is vital to the worldwide impact of the program. Efforts are still
underway to complete the archives from ODP and efforts are continually underway in IODP to ensure
that data capture, archive and organization are a part of every-day operation. Figure 8 exhibits just that.
The IODP-MI data management team incorporated all borehole data from DSDP, ODP, and IODP into a
single database displayed through Google Earth. Every borehole drilled during any of these three
programs can be easily located and related information such as: location, water depth, core recovered
and specific core data, can be quickly and effortlessly obtained.
Figure 8. Map Showing Drills Site Locations for DPSP (green), ODP (yellow) and IODP (red)
Boreholes
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Program legacy data, currently for DSDP and ODP can be found at: www.iodp.org/legacy-data/
http://www.iodp.org/legacy-data/.
7. Outreach
7.1.
7.1.1.

Publications
Website

Online at www.iodp.org, the IODP web portal interlinks numerous IODP program partners and related
research programs. Its search engine networks several dozen programs and institutions with content
related to scientific ocean drilling.
7.1.2.

Scientific Drilling

Scientific Drilling is the IODP program journal. The journal provides reports on deep Earth sampling
and monitoring from ocean drilling and continental drilling scientific research projects.
Scientific Drilling is a semiannual journal published jointly by Integrated Ocean Drilling Program
Management International (IODP-MI) with the International Continental Scientific Drilling Program
(ICDP). It is designed to enhance communication between IODP and ICDP, and other scientific drilling
communities. IODP and ICDP welcome contributions on any aspect of scientific drilling, including
borehole instruments, observatories, and monitoring experiments.
To view past issues or subscribe to the mailing list, please visit: http://www.iodp.org/scientificdrilling/4/.
7.1.3.

E-News

E-News is a bi-monthly newsletter sent out electronically to keep interested persons informed on IODP
expeditions, ships, platforms, and other breaking news. To view past E-News issues or subscribe to the
mailing list, please visit: http://www.iodp.org/community-newsletters/.
7.1.4.

News / Media

IODP is committed to keeping the latest happenings in scientific drilling research in the news. The
website has a doorway designed specifically for the media with news releases, publications, fact sheets,
and other useful tools and information including a direct link for submitting media requests.
To view recent and past news articles, please visit: http://www.iodp.org/news-releases/2/.
For media requests such as an interview with IODP representative, high-resolution images, or an onsite
visit to a drilling vessel, please fill out a request form at:
http://www.iodp.org/Portal2?iodp_sub_template=Portal2sub.

7.2.

Public Interface
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7.2.1.

IODP Distinguished Lecture Series

The Integrated Ocean Drilling Program (IODP) has launched a new lecture series: IODP DRILLS, the
Distinguished Researcher & International Leadership Lecture Series.
IODP DRILLS is a topical scientific lecture series that features prominent, internationally known
scientists describing scientific results derived from samples retrieved from beneath the ocean floor.
DRILLS will actively engage future generations of scientists in ocean drilling, while highlighting
scientific ocean drilling’s major accomplishments to the scientific community and beyond.
Academic and educational institutions with lively scientific communities are urged to invite a DRILLS
scientist to visit and give a lecture. DRILLS lecturers are fully supported by the Integrated Ocean
Drilling Program. It’s easy to host a lecturer: visit IODP at www.iodp.org/DRILLS and submit your
request using the short form online.
7.2.2.

IODP Topical Symposia

IODP-MI, with the assistance of the Science Advisory Structure Executive Committee, supports topical
symposia designed to address broader topics of scientific ocean drilling and serve as an outreach outlet
to the scientific community.
IODP’s first topical symposium, “North Atlantic and Arctic Climate Variability”, will be held Aug. 15–
16, 2007, at the University of Bremen, in coordination with other events highlighting the International
Polar Year. For more information on the climate symposium, go to http://www.iodp.org/topicalsymposium/2/.
7.2.3.

Town Hall Meetings

Cosponsored by the European Consortium of Ocean Research Drilling and IODP-MI since IODP began
operating in 2004, Town Hall Meetings are convened around broad themes, feature presentations on
emerging topics from scientists working in the program, and are usually held at American Geophysical
Union and the European Geophysical Union.
7.2.4.

Conference Outreach

IODP aims to meet scientists, engineers, teachers, and academics at large international, regional, and
national professional conferences worldwide. Through special technical sessions and exhibitions, IODP
seeks to recruit young, interested, and diverse scientists to participate in scientific ocean drilling.
7.2.5.

Educational Initiatives

IODP reaches out to teachers and students with unique programs designed to interest young people and
adults in scientific investigations of Earth and the ocean floor. Recent successful programs include
“School of Rock,” rolled out by the USIO for science teachers (www.joilearning.org/schoolofrock); “Sand
for Students” introduced to high school students in Japan (add link); and teacher workshops presented
by ECORD to academics attending EGU (http://www.sand4students.net/).
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Table B-1. Observatory
Model Site Description
Scientific Objectives
Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling, Testing, and
Logging Needs
Core sampling

Global
Emplace seismographs, CORKS, A-CORKS, and strain
gauges To study Earth’s structure, hydrology, and deformation
2,000-6,500
100 for seismographs
2,000-4,000 for others
Common
Variable: high in crust and fault zones; low elsewhere
Up to lithostatic in fault zones
Probably not
Low recovery acceptable for seismograph observatories
High recovery necessary for fluid and strain observatories
Some disturbance acceptable for seismograph observatories
Minimum disturbance required for fluid and strain
observatories

Some coring necessary for seismograph observatories; Continuous coring
desired for fluid and strain observatories

Core sample diameter
–
In situ sampling and testing – (for seismograph observatories)
Geothermal tools, pore pressure, pore waters
Down-hole logging
Long-term straddle packer, pump tests
Essential logs: natural gamma, density, sonic (Vp and Vs), caliper, porosity,
temperature, FMS/FMI, BHTV, resistivity (DLL), check shots (WST)
Useful logs: LWD, resistivity images (ARI), geochemical (GLT), fluid
sampling/pump tests/pore pressure (MDT), permeability (MDT and
NMR), VSP (3-comp./offset)
Endurance
Maximum days at sea
14 (for seismograph observatories)
without resupply
Up to 60 for other observatories
Environmental Conditions
Wind
Highly variable for seismograph observatories
Moderate for fluid and strain observatories
Sea state
Highly variable for seismograph observatories
Moderate for fluid and strain observatories
Temperature
Highly variable for seismograph observatories
Moderate for fluid and strain observatories
Ice conditions
Not for most sites
Proper casing
Other Program
Reentry cone
Requirements
Multi-level A-CORK
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Table B-2. Rifting Processes
Model Site Description
Scientific Objective
Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling, Testing, and
Logging Needs
Core sampling
Core sample diameter
In-situ sampling and testing
Down-hole logging

Endurance
Maximum days at sea
without resupply
Environmental Conditions
Wind
Sea state
Temperature
Ice-conditions
Other Program
Requirements

Areas of continental extension (e.g., Gulf of Aden, Woodlark Basin)
Determine fabric and deformation history, including the
role of low-angle normal faults
200-2,000
2,000
Generally minor, can be high
Generally high (70-80%), can be low (5%)
Generally minor, can be high
Possible hydrocarbons
As high as possible (typically 70-80% for sediments;50-60% for igneous
rocks)
Minimum disturbance required

XCB and RCB for sediments; RCB for igneous rocks
Standard ODP
Geothermal gradient; in-situ pore water sampling; pore
pressure
Essential logs: natural gamma, density, sonic (Vp and Vs), caliper,
porosity, temperature, FMS/FMI, BHTV, resistivity (DLL), check shots
(WST), fluid sampling (MDT), LWD (resistivity images and
density/porosity)
Useful logs: resistivity images (ARI), geochemical (GLT), VSP (3comp./offset)
Up to 60

Gentle to moderate for wind, sea state, and temperature;
requires picking the right season
–
CORKS, A-CORKS, packer experiments
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Table B-3. Convergent Margin
Model Site Description
Scientific Objectives

Water Depth Range (m)
Maximum penetration
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Maximum Core
Disturbance Tolerated
Sampling/Testing/Logging
Core sampling

Core sample diameter
In situ sampling and testing

Down-hole logging

Endurance
Maximum days at sea
Environmental Conditions
Wind
Sea state
Temperature
Ice conditions
Other Program
Requirements

Convergent margins (e.g., Nankai, Central America, Izu
Bonin-Mariana, Aleutians, Scotia, Taiwan)
Determine relationship between physical and chemical
properties of rocks in zones of active seismicity
Quantify kinematics and document role of normal
faulting in exhumation
Quantify/monitor fluxes of sediment, fluids, and basalt
Determine early arc history and investigate
hydrothermal and ore-forming processes
500–7,000
2,000–4,500 (m below seafloor)
High probability of fractures, swelling clays
Variable: moderate (10-20%) to high (60-70%)
Variable: hydrostatic to lithostatic
Gas hydrates, biogenic and thermogenic methane, and
heavier hydrocarbons
As high as possible; if low, then stable holes with logs
Minimal to preserve structural fabrics and to minimize contaminating core
interiors
APC, XCB, and RCB with large sample volumes for physical properties
and geochemical and structural studies; possible interbeds of mud and
thick unconsolidated sands requiring use of short stroke (~2 m) APC
and/or vibracore techniques; directional drilling desirable; oriented cores
necessary for structural studies; coring system effective to maintain insitu P, T
ODP core diameter acceptable; larger diameter better to
allow running some downhole logging tools
Temperature, pore pressure, gas and fluid compositions,
permeability, microbial
Sample coils recoverable from outside seal
Essential logs: natural gamma, density, sonic (Vp and Vs), caliper,
porosity, temperature, FMS/FMI, resistivity
(DLL), check shots (WST), fluid sampling (MDT), LWD (resistivity
images and density/porosity), geochemical (GLT)
Useful logs: resistivity images (ARI), BHTV, magnetic
susceptibility/reversals (GHMT), VSP (3-comp./offset)
Fit-to-mission
Variable; up to typhoon
Flat to large swells; currents to 2-3 knots in some areas
Variable
CORKS, A-CORKS (multi-packers), strain, Packers
Casing program as needed
Shipboard laboratory facilities for handling microbial and
chemical samples at in-situ P,T; improved shipboard
chemistry analyses (e.g., ICP-OES)
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Table B-4. Large Igneous Province
Model Site Description

Scientific Objectives
Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling, Testing, and
Logging Needs
Core sampling

Core sample diameter
In situ sampling and testing
Down-hole logging

Endurance
Maximum days at sea
without resupply
Environmental Conditions
Wind
Sea state
Temperature
Ice-conditions
Other Requirements

Oceanic plateaus and volcanic margins with pelagic,
neritic, terrigenous, and terrestrial sediment overlying
igneous basement
Investigate magmatic and tectonic development of
oceanic plateaus and volcanic passive margins
50–6,000
5,000
Low to high
Low to high
Unknown
Possible in sediments
100% for temporal and geochemical development of
volcanics, dikes, and plutonics
100% of sediment section
Minor stretching/squeezing in sediment cores; no
biscuiting
Minimal induced fracturing of rocks

Triple offset APC, XCB in soft semi-consolidated
sediments; RCB in lithified material and igneous rock;
complete recovery of soft sediment intercalated with
lavas
>60 mm ODP standard APC; >60 mm ODP standard XCB
Geothermal gradient
Essential logs: Natural gamma, density, sonic (Vp and Vs), caliper,
porosity, temperature, FMS/FMI, BHTV, resistivity (DLL), check shots
(WST)
Useful logs: LWD (resistivity images and density/porosity), resistivity
images (ARI), geochemical (GLT), magnetic susceptibility, VSP (3comp./offset)
60

Moderate
Maximum ~5 m swell (15-20 m for polar LIPs)
~30˚C (below freezing for polar LIPs)
Not for most sites; 10/10 (100%) ice cover for polar LIPs
–
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Table B-5. Oceanic Crust
Model Site Description
Scientific Objectives

Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling/Testing/Logging
Core sampling

Core sample diameter
In situ sampling and testing
Down-hole logging

Endurance
Maximum days at sea
without resupply
Environmental Conditions
Wind
Sea state
Temperature
Ice-conditions
Other Requirements

Sections within oceanic crust that might include: bare-rock drilling;
drilling through sediment into older crust; drilling in tectonic windows
Delineate crustal architecture
Define seismic boundaries and faults
Mode of formation and alteration
Examine hydrologic properties, fluid and rock chemistry
Evaluate subsurface biosphere
500–6500
7,000
Extreme in upper 100–300 m volcanics; lower with depth
except in short intervals at fault zones where extreme
30-80% in sediments; 1-40% in basalts; decreasing with
depth
Up to 1-2 MPa over or under hydrostatic at ridges; lower
off-axis
Possible at ridges; unlikely off-axis
70–90%
Minimal disturbance to sediments (if present); minimal
induced fracturing preferred
APC, XCB, and RCB; other to make hole & collect core
Diamond drilling with narrow kerf for high recovery of
fractured and brecciated material
Core orientation
Horizontal (directional) drilling with huge benefits
2-3" or greater
Formation hydrologic properties; fluid and biological
sampling; borehole stress; long-term observatories
Essential logs: natural gamma, density, sonic (Vp and Vs), caliper,
porosity, temperature, FMS/FMI, BHTV, resistivity (DLL), VSP (3comp./offset), fluid sampling and permeability (MDT and NMR),
geochemical (GLT)
Useful logs: LWD (resistivity images and density/porosity), resistivity
images (ARI), magnetic susceptibility
Up to 60
No unusual conditions expected:
Up to Force 8, but most likely moderate
Moderate
Moderate
Only for Arctic drilling (lower priority); mostly latitudes <40˚
–
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Table B-6. Hydrothermal System and Massive Sulfide Deposit
Model Site Description
Scientific Objectives

Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling/Testing/Logging
Core sampling

Core sample diameter
In situ sampling and testing
Down-hole logging

Endurance
Maximum days at sea
without resupply
Environmental Conditions
Wind
Sea state
Temperature
Ice-conditions
Other Requirements

Sulfide deposits and hydrothermal upflow zones at bare-rock and
sedimented ridges, in back arcs and in fracture zones
Delineate sulfide and stockwork architecture down to
reaction zone
Investigate fluid and rock chemistry, hydrogeologic
properties, significance of subsurface biosphere
Examine faults
500–4,000
2,000
Moderate to extreme
30-80% in sediments; 10-40% in sulfides; 1-40% in
basalts
Up to 1-2 MPa over or under hydrostatic pressure
possible
Likely, particularly hydrogen sulfide
70–90%
Minimal disturbance to sediments (if present) and sulfides; minimal
induced fracturing of consolidated sulfides and basalts
APC, XCB, RCB, or other to make hole and collect core
Diamond drilling with narrow kerf for high recovery of
fractured and brecciated material
Core orientation
Horizontal (directional) drilling provide huge benefits
2-3" or more
Formation hydrologic properties; fluid and biological
sampling; borehole stress; long-term observatories
Essential logs: natural gamma, density, sonic (Vp and Vs), caliper,
porosity, temperature, FMS/FMI, BHTV, resistivity (DLL), check shots
(WST), fluid sampling and permeability (MDT and NMR), geochemical
(GLT), LWD (resistivity images and density/porosity), magnetic
susceptibility
Useful logs: resistivity images (ARI), VSP (3-comp./offset)
60

Up to Force 8, but most likely moderate
Moderate
Moderate
–
–
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Table B-7. Deep Ocean Sediment
Model Site Description
Scientific Objectives

Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling/Testing/Logging
Core sampling

Core sample diameter

In situ sampling and testing
Down-hole logging

Endurance
Environmental Conditions
Wind
Sea state
Temperature
Ice-conditions
Other Requirements

Low to high latitude sedimentary sections
Understand mechanisms of climate variability through analysis of oceanic
sediment sections with temporal resolutions ranging from seasonal to
tectonic
Document depth, geographic extent, trophic strategies, and ecological
structure of the recently discovered ‘Deep Bacterial Biosphere’ and
understand its distribution relative to temperature, pH, pressure, redox
potential, host lithological substrate, and aqueous media
Examine fundamental processes associated with formation, stability, and
dissociation of gas hydrates and potential impact of rapid hydrate
dissociation on global carbon cycle
Document and understand effects of impact events on global climate and
mass extinctions
200–6,000
2,000 (to 150˚C isotherm for deep biosphere work)
Minor in most sections; extreme in meteor impact sites
Highly variable according to lithology
Hydrostatic; overpressure in organic rich sequences
Variable according to location; definitely for gas hydrates
Generally as high as possible (90–100%)
As low as 20% per lithology for impact deposit sites
Minor vertical stretching/squeezing generally acceptable(but undesirable)
in soft sediments; extensive biscuiting/fracturing not acceptable;
microbiological/ chemical contamination not acceptable in core interiors
Continuous, multiple offset coring in all cases:
APC, XCB, RCB for pelagic sections depending on induration; vibra or
hammer coring for sandy intervals
Diamond coring or other for alternating hard/soft sections
PCS for recovery of sediments containing volatiles
Desirable: minimize magnetic overprint due to drilling/coring; APC/XCB
to RCB coring without tripping drill string
Many requests for larger than current ODP APC/XCB
standard for sample volume/availability and minimal
contamination of core interior
Pore waters, microbiology, geothermal gradient, volatiles
and hydrates
Essential logs: magnetic susceptibility/ reversals (GHMT), natural
gamma, sonic (Vp and Vs), density, caliper, resistivity, porosity,
FMS/FMI, VSP (3-comp./offset), fluid sampling and permeability (MDT
and NMR)
Useful logs: geochemical (GLT), LWD (resistivity images and
density/porosity)
60 (maximum days at sea without resupply)
To 70 knots
To Beaufort 8
Below freezing to 30˚C
Up to 8/10 to 10/10 ice, 2.5 m thick, drifting 0.1-0.5 knots
Icebreaker, CORKS, VSP's, 3-D seismic surveys
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Table B-8. Passive Margin Stratigraphy
Model Site Description
Scientific Objectives

Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling/Testing/Logging
Core sampling

Core sample diameter
In-situ sampling and testing
Down-hole logging

Endurance
Maximum days at sea
without resupply
Environmental Conditions
Wind
Sea state
Temperature
Ice-conditions
Other Program
Requirements

Low to mid-latitude siliciclastic nearshore and passive
margin sediments–stratigraphic drilling
Understand controls on geometry and composition of
shallow water stratigraphic record in relation to
changes in sea level, climate, and tectonics
Evaluate amplitude and mechanisms of global and
regional sea level change
Understand impact of fluid flow on geochemical and
isotopic composition of the global ocean
1–1,000
1,200
Minimal
60–75% in shallower parts of section, less at depth
Hydrostatic to pressures requiring BOP
Yes
80–100%
Vertical stretching/squeezing acceptable in soft sediments; extensive
biscuiting/fracturing not acceptable
Slim-line might enhance core recovery, but would limit
range of logging tools available as well as sample
volume
Continuous, multiple-hole sites required using short stroke (~2 m) APC
and RCB techniques to recover inter-bedded soft mud and
unconsolidated sand lithologies
2–3" or more
Fluid and biological sampling
Essential logs: natural gamma, density, caliper, sonic (Vp and Vs),
resistivity, porosity, FMS/FMI, magnetic susceptibility/reversals
(GHMT), check shots (WST), fluid sampling and permeability (MDT
and NMR)
Useful logs: geochemical (GLT), LWD, VSP (3comp./offset)
14–60

To 40 knots
To Beaufort 5
0 to 30˚C
–
Casing
Anchored platform, jackup rig, or semi-submersible
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Table B-9. Carbonate Reef, Atoll, or Bank
Model Site Description
Scientific Objectives

Water Depth Range (m)
Maximum penetration
(m below seafloor)
Possible Conditions
Degree of fractures
Porosity
Pore pressure
Existence of volatiles
Percent Recovery
Required
Maximum Core
Disturbance Tolerated
Sampling/Testing/Logging
Core sampling

Core sample diameter

In situ sampling and testing
Down-hole logging

Endurance
Maximum days at sea
without resupply
Environmental Conditions
Wind
Sea state
Temperature
Ice-conditions
Other Program
Requirements

Barrier reefs, atolls, carbonate banks and platforms
Determine rates, amplitudes and mechanisms of global sea level change
Document inter-annual and seasonal variability of sea surface temperature
Understand impact of fluid flow on geochemical and isotopic composition
of the global ocean
Evaluate reef carbonate production and its impact on global carbon
budget.
5–1,000
450
Low to high
Variable: 10–90%
Near hydrostatic pressure
–
75–100%
Vertical stretching/squeezing acceptable in soft sediments; extensive
biscuiting/fracturing not acceptable
High recovery RCB cores required to recover intact pieces of reef
framework sufficiently large for fine-scale
time series sampling
Slim-line might enhance core recovery, but would limit
range of logging tools available as well as sample
volume
Fluid and biological sampling
Essential logs: sonic (Vp and Vs), GHMT, natural gamma, density,
caliper, resistivity, porosity, FMS/FMI, check shots (WST)
Useful logs: geochemical (GLT), fluid sampling (MDT), temperature
20–60
Generally up to 30 m s-1; seasonal cyclone potential
Beaufort 0 to 5 except seasonal cyclone activity
15–30˚C
–
Anchored or jack-up barge, seabed drilling platform

B - 47

THIS PAGE INTENTIONALLY LEFT BLANK

APPENDIX C
CHARACTERISTICS OF THE MODERNIZED JOIDES RESOLUTION (SODV)
◊

Specifications

◊

Conversion & Capabilities

◊

Typical Annual Hazardous Material Usage
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JOIDES RESOLUTION Specifications
Specifications

Official Vessel Number
Port of Registry
ABS Classification
Ice Class
Place of Construction
Year Built (modernized)
Vessel Call Sign
Size
Draft

Power

Engines/Generators

Propulsion

Thrusters
Main Screws

Transducer-based
Instruments

Sub-Bottom Profiler

Liquid Capacities

Wastewater

Fathometer/Single Beam
Echo Sounder
Acoustic Doppler Current
Profiler
Diesel Fuel
Drill Water
Ballast
Potable Water

Mud Pit Volume
Drilling Mud Bulk Capacity
Sanitary Wastewater

Greywater
Deck Drainage

C-1

6151
Monrovia, Liberia
A1 E Drilling Unit AMS ACCU
1B
Halifax, Nova Scotia, Canada
1978 (2007)
D5BC
Length 470.5 ft by breadth 70.0 ft
(143.3 m by 21.3 m)
Summer Loadline 24 ft 5 1/8 in (7.45 m)
Thrusters Down 34 ft 7 ¼ in (10.55 m)
7 (16 cyl) Diesel; 5 at 2100 kw (2,875 hp),
2 at 1500 kw (2,100 hp)
9000 hp (10 retractable, 2 fixed; 750 hp each)
9,000 hp (2 shafts) each powered by (6) 750 hp
motors
System: Bathy 2010 CHIRP
Operating Frequency: 3.5 kHz
System: ELAC LAZ4400
Operating Frequency: 350 kHz
Litton Sperry model SRD-500 Duel Axis
Operating Frequency: 307 kHz
3,630 tons (3,290 metric tonnes)
1,810 tons (1,640 metric tonnes)
917 tons (745 metric tonnes)
Storage Capacity: 320 tons (290 metric tonnes)
Watermaker 1: Alfa Laval; brinewater
blowdown 2,112,000 l/day; continuous operation
Watermaker 2: Aquachem; brinewater
blowdown 57,600 l/day; ~72 hrs/week operation
Watermaker 3: Aquachem; brinewater
blowdown 99,360 l/day; ~72 hrs/week operation
3,424 bbl (6 pits + slug)
13,628 ft3 (8 pods)
Treatment System: Hamworthy ST10 Super
Trident Biological Plant (or equivalent)
Conveyance: Vacuum
Disinfection: Chlorination
Treatment Capacity: 15,810 l/day
Holding Tank Capacity: 187,950 L
Holding Tank Capacity: 159,502 L
Oil/Water Separator; 120 m3/day

JOIDES RESOLUTION Specifications
Oil/Water Separator; 120 m3/day
Incinerator System: 2 - Therm Tech M-6
Solid Waste
(or equivalent)
Daily Capacity: 2 m3
Deck Load
9534 tons
Miscellaneous
Moonpool Diameter
22 ft (7 m)
Reentry Camera and Sonar
<6,000 m
Operating Depths
Max. Drilling/Coring Depth 8,375 m (at 6° roll and 100,000 lb overpull)
Max. Casing Depth
8,600 m (at 7° roll and 100,000 lb overpull)
Max. Reentry System Depth 7,960 m (at 7° roll and 55,000 lb dynamic load)
Notes: bbl = barrel; bpm = barrels/minute; csg = casing; cyl = cylinders; DP = drill pipe; ea = each; gpm
= gallons/minute; jt = joints; max. = maximum; std = stands
Bilge Water
Combustible Waste

C-2

JOIDES RESOLUTION Conversion & Capabilities
1. All-New Science Facilities

C-3

•
•
•
•

27% increase in overall square footage of the science facility spaces
34% increase in laboratory spaces (includes offices and conference space)
Redesigned laboratory layout for better core handling and workflow
Easier core and freight movement
o
Cores palleted and handling mechanized
o
New larger elevator for off-loading core and more efficient port call work
C-4

New staging area for removing cores from vessel
New core receiving platform which can be refrigerated for hydrates
Streamlined accessibility between laboratories and accommodations areas
Increased bench space and chemical hoods
Direct and safe access to the Microbiology Isotope Lab (container)
Enclosed, sound controlled core splitting and sampling room
Larger science conference facility capable of supporting the entire science party
Improved core flow and integration of science activities on the Core Deck
Refrigerated core storage for 8000+ meters
o
o

•
•
•
•
•
•
•

2. New Science Capabilities
•
•
•

•
•

•

Laboratory Management System - A new data management infrastructure for improvement
to data acquisition management, storage, and quality control
New ergonomic core description stations and software
New and enhanced science instruments:
o
Two multi-sensor tracks (Magnetic Susceptibility, Gamma Ray Attenuation and
Velocity), to improve data acquisition rates and quality
o
Dedicated Natural Gamma track with higher sensitivity and faster acquisition rates
o
High-resolution digital imaging and spectral measurement tracks
o
Upgrade spectroscopy track
o
New Ion Chromatograph, Discrete Analyzer, Rock Eval, systems for the Chemistry
lab. Returning equipment refurbished
o
Returning equipment for the Physical Properties, Magnetics, and Microscope labs
upgraded and/or refurbished
o
New core splitting saw and thin section equipment
o
New 3.5Khz bathymetric and navigation systems
o
New VSP sound sources logging
Refurbished sub-sea camera system
Improved core handling capability
o
Cores palleted
o
New larger elevator for offloading core
o
New staging area for removing cores from vessel
o
Elimination of man handling core boxes - pallet truck
o
New core receiving platform which can be refrigerated for hydrates
Potential future enhancements to the USIO logging capabilities through infrastructure for
use of larger diameter pipe

3. Information Technology Network and Infrastructure
•
•
•
•
•

New and expanded data servers and storage systems with enhanced large file management
Wireless network access throughout labs and quarters
New digital media management system (text, images, large binary data files)
New workstations and video distribution system
Upgraded vessel data management system
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4. Logging
•
•
•
•
•

•

New wireline heave compensation system near the rigfloor
Permanent wireline rig-up reducing operational time and adding flexibility of use
Relocation of the Schlumberger wireline and logging while drilling data acquisition units
into the corelab
Relocation of the logging office and downhole measurements lab into the corelab
Modification of the dual elevator system for more efficient handling 6-5/8" drill pipe used
for drilling and deployment of large diameter tools (newer larger diameter logging tools
replace many of the existing slim line tools as well as provide some new exciting
capabilities)
Pipe racker modifications to carry up to 5644 m of 6-5/8" pipe in the riserless vessel for
drilling and logging

5. Refined and Expanded Accommodations
•
•
•
•
•
•
•
•

Streamlined accessibility between laboratories and accommodations areas
New staterooms providing an additional 10 science berths with shared toilets and showers
(60 science, 130 total). There are 16 additional berths total.
All staterooms will be double occupancy (no more 4 person occupancy)
New galley located above the waterline with natural lighting
New air-conditioned gym
New movie facilities with new entertainment systems
New lounge outside movie room for social gathering and casual internet access
Improved noise reduction throughout all accommodations

6. Updated Safety & Environmental Systems
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

New hospital facility with disabled access bathroom and digital X-ray machine
New Heating Ventilation Air conditioning (HVAC) forward and aft
All forward spaces and IODP heavy tool store now air conditioned and heated
Elevated bridge integrated with Dynamic Positioning (DP)
New 70-man lifeboats and davits
New water maker (vapor compression)to handle the additional manning and freshwater
sanitary system
New potable water tank
Renewed Class Certificates - 5 years to next dry dock
New gas detection system
Better hazardous materials storage - permanent fire protection
Infrared camera system for better security
New galley hood with fixed firefighting system
New marine sanitation device and vacuum toilet system
New safety equipment, smoke hoods, SCBAs, survival suits, and lifejackets
New FRC (Fast Rescue Craft) / Beacon Recovery Boat
Improved exterior vessel lighting in work areas
New man rider hoists in the moon pools for safer moon pool operations
Improved waste management system - new incinerators with redundancy
o
2 incinerators - set up to burn trash and waste oil
o
New compactors to reduce volume of trash for easy storage and disposal
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o

Zero discharge modification - grey water and black water can now be routed to Drill
Water Tank #1

7. Service Life Extension
•
•
•
•
•
•

Drill string
5000 psi mud system
Spare iron roughneck
All DC traction motors for drilling equipment refurbished
New Epoch instrumentation system with the future possibility for integrated information
into user accessible database for correlations to vessel science
Refurbished drilling equipment
o
Piperackers
o
Drawworks
o
Top drives (2)
o
Swivels (2)
o
Crown block/traveling block
o
Dual elevator system
o
Drill line anchor
o
New EZ Torque
o
Iron roughneck
o
Mud pumps
o
Coring winch
o
Rotary table
o
Derrick
o
Passive Heave Compensator
o
Cement pump
o
LP mud system

8. Ship Infrastructure
•

•
•
•
•
•
•
•
•
•

Ship stability will be enhanced with an engineering design that minimizes VCG, reduces
downflooding points, utilizes new lighter construction techniques for superstructure and
removal of Active Heave Compensator from the derrick, among other improvements
New superstructure/labs/quarters
Upgraded Vessel Data Management System
Removal of derrick A-frame to lower overall height to ease transit through the Panama
Canal
New Panama Canal-rated anchor windlass
Complete overhaul of 12 thrusters
All propulsion motors overhauled
Synchronous condenser overhauled
New seismic deployment boom
New expandable Closed Circuit TV system to cover:
o
Drill floor
o
Derrick operations
o
Schlumberger logging operations
o
Moonpool operations
o
Vessel Security
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•

Improved Harsh Environment Capability with HVAC changes to address warmer/ cold
environments; Fuel Oil Heaters added to allow uninterrupted work in Arctic / Antarctic
environments; Install fuel oil coalesers (filters) for additional purification while in cold
waters; Install new propulsion coolers to lower propulsion temperatures in warm waters
(currently we have to slow down if water gets too hot); and Upgraded crane slip rings for
additional heaters for cranes

9. Communications
•

•
•
•
•
•
•
•

Ship to shore communication - An enhanced VSAT infrastructure for improved ship to shore
communication such as video streaming, data file transfer, and shipboard system
management from shore
GMDSS System with A4 rating
New general alarm system
New paging system
Capability to accommodate 100% up time on VSAT
New sound powered phone system
New discrete surveillance and alarm system
New talkback system
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Typical Annual Hazardous Material Usage
Material
Lubricating Oils
Mobilgard 450NC
Caprinas XR-40
Tellus 32 (No. # 7)
Omala 220 (No. # 1)
Omala 320 (No. # 2)
Turbo T-78 (No. # 6)
Turbo T-68 (No. # 5)
Rotella 30 (No. # 3)
Rotella T40 (No. # 4)
Anderol 500
Donax (ATF) (No. # 8)
Capella 68
Castrol Icematic
Laval Pur. Oil
Turbo T-46 ( Shell )
Vari 608 (Almasol)
Grease
Alvania EP2
Cyprina RA.
Texaco Threadtex.
Supergrease.(Topdrive)
Desalination Chemicals
AC-2/Inh. Sulf. Acid
AC-1000
AC-1000A
Ameroyal
Chlorine.
Bromine Cartridges
Saf Acid
Cleaners and Other Chemicals
Nalcool 2000
Amerstat 10
CRC Electroclean
Dessicant
ACC-9
SC-200
Drewsperse SWD
Dispersant (OSD)
Anti-Freeze
APEXIOR
Renewz Cleaner.
NYlube.
GAMAZYME DPC
BIOTAL
Refrigerants
R-22
Suva MP-66.

Quantity

Material
404A / Suva HP 62
Laboratory Chemicals
Acetone
Acid, Methane Sulfonic
Acid, Glacial, Acetic, 99.7%
Acid, Hydrochloric
Acid, Hydrofluoric
Acid, Nitric
Acid, O-Phosphoric, 85%
Acid, Sulfuric
Amaranth
Ammonium Acetate
Ammonium Chloride
Ammonium Hydroxide
Ammonium Iron(III) Sulfate,
hexahydrate
Ammonium Molybdate CR
Ascorbic Acid, L
Barium Chloride, anhydrous
Barium hydroxide crystal
Buffer solution, pH 10
Buffer solution, pH 4.
Buffer solution, pH 7
Butanol, 1
Calcium Chloride, dihydrate
Coulometer, Anode Solution
Coulometer, Cathode Solution
Cupric Chloride
Cupric Sulfate, anhydrous
EDTA (Ethylenediamine tetracetic
acid)
EGTA (Ethylene bis Oxyethylene
Dinitrilo tetracetic Acid)
Ethyl Acetate
Ethyl Alcohol
Formaldehyde, 37%
Glyoxal-Bis (2-Hydroxyanila)
Hexane, n-, Optima Grade
Hydrogen Peroxide, 30%
Kerosene, Odorless
Lithium Chloride
Magnesium Chloride
Magnesium Sulfate
Methanol
Methylene Chloride
p-Methylaminophenol Sulphate
(Metol)
Potassium Bromide

15,763 L
20,707 L
6,007 L
3,344 L
892 L
489 L
282 L
111 L
1,126 L
869 L
510 L
370 L
87 L
23 L
8L
11 L
129 L
11 L
4L
4L
431 kg
400 L
23 L
340 L
400 L
20 each
272 kg
604 L
113 L
83 L
600 L
378 L
3,400 L
132 L
873 L
926 L
19 L
19 L
30 L
36 kg
87 L
680 kg
794 kg
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Quantity
10.9
61 L
0.4 L
0.3 L
38 L
1L
10 L
0.2 L
0.2 L
4g
42 g
34 g
474 g
17 g
51 g
8g
34 g
465 g
0.4 L
1L
1L
1L
169 g
1L
3L
85 g
77 g
17 g
0.2 L
0.2 L
8L
0.1 L
4g
0.3 L
30 L
1L
169 g
254 g
85 g
6L
1L
17 g
17 g

Material
Potassium Chloride
Potassium Hydroxide, pellets
Potassium Iodide
Potassium Nitrate
Propanol, (2-, Isopropyl Alcohol)
Silver Nitrate
Silver Sulphate
Sodium Bicarbonate
Sodium Borate, tetra-, (Borax)
Sodium Carbonate, Anhydrous
Sodium Chloride
Sodium Citrate Dihydrate
Sodium Hydroxide, pellets
Sodium Metaphosphate
Sodium Nitrite
Sodium Nitroprusside
Sodium Pyrophosphate
Sodium Silicofluoride
Sodium Sulfate
Sodium Sulfite
Sodium Thiosulfate (pentahydrate)
Stain, Phenol Red
Strontium Chloride, Hexahydrate
Tiron Indicator, Dihydroxy-1,3Benzene disulfonic acid
Tracer (PFT)
[Perfluoromethylcyclohexane]
Trichloroethane, 1,1,1
Xylenes
Zinc Chloride
Borax

Quantity
338 g
338 g
102 g
17 g
22 L
4g
2g
12 L
1,354 g
423 g
254 g
338 g
288 g
338 g
85 g
34 g
169 g
4g
34 g
17 g
17 g
0.002 L
17 g
4g
3,892 g
0.3 L
0.1 L
68 g
761 g
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APPENDIX D
DRILLING, CORING, & RELATED RESEARCH DEVICES
This appendix provides detailed information on tools and resources that may be used in future
IODP riserless drilling expeditions.
◊

Drilling and Coring Tools:
•
•
•
•
•

◊

Downhole Logging Tools:
•
•
•
•
•

•

◊

Drillship Tools (Drill String, BHA, VIT, RIS)
Coring Tools (APC, RCB, XCB, ADCB, MDCB, PCS, Core Bits)
Reentry Tools (DIC, FFF, HRB, HRRS, RECC, Underreamers)
Downhole Tools (APCT, APCM, DVTP, IWS, DSS)
Wireline Tools (LFV, MBR)

Downhole Logging Tool Selection
Triple Combo Tools (APS, DIT, HLDS, HNGS, TAP)
FMS/Sonic Tools (DSI, FMS, SGT)
Third Party Tools (CB-DSA-XM, CB-RMM, CB-TT, MGT, UHT-MSM)
Specialty Tools (ARI, ASI, DLL, LWC-RAB8, LWD-adnVISION, LWD-arcVISION,
LWD-EcoScope, LWD-sonciVISION, LWD-proVISION, LWD-geoVISION, MWDTeleScope, QAIT, QSST, UBI, VSI, WST, WST-3 Axis)
Stuck/lost Tool Procedures

Borehole Research Tools
•
•
•

Observatories (CORK, ACORK)
Borehole Instrument Hanger (BIH)
Borehole Packers
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Scientific Application
The “drill string” is composed of
“knobbies,” drill pipe, a bottomhole assembly (see the BHA tool
sheet), and a bit (see the Core Bit
tool sheet). It is used to deploy
and retrieve (i.e., “run” and “pull”)
all of ODP’s coring/drilling BHAs,
reentry structures, completion
hardware, and associated equipment. A drill string undergoes
higher tensile, bending, and
torque stresses than standard pipe;
thus, the tool joints have shoulders
that provide stiffness to prevent
bending and breaking. The drill
string can be run to a maximum
coring/drilling depth of ~8375 m
in moderate weather (at 6° roll
with 100,000 lb overpull and a
typical BHA). All drill string elements have a 4.125 in. (10.47 cm)
minimum internal diameter (ID)
throughout to allow other tools to
pass through; therefore, the drill
string is compatible with the ODP
coring systems, water samplers,
temperature/pressure probes, and
logging tools. This compatibility
reduces pipe trips and maximizes
the time spent drilling a hole or
recovering core to achieve the science objectives.

Tool Operation
The drill string is supported by the
top drive (in the derrick), which

Shoulder

Box
connection

Threads
Thread relief
Bore
ID

Tong area
Taper

Tool joint
OD

Pin
connection

Tube

Taper

Tong area

Shoulder
Threads

5½ in. FH tool
joint connections
Figure 1. Schematic of the box and
pin ends of a joint of pipe. The tube
section is cut away to shorten the
drawing. ID = internal diameter, OD
= outside diameter, FH = full note.

rotates the drill string at the surface to drive the bit and allow the
drill string to advance downhole.
The drill string is tapered to maximize strength and hanging length
by using lighter 5 in. outside
diameter (OD) drill pipe (Fig. 1)
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on bottom to reduce the weight
and stronger 5½ in. OD drill pipe
on top where bending stresses are
higher. The drill string is run using
a “dual elevator” system, which
uses two heavy lift “elevators” to
support the pipe tool joint rather
than tooth-type dies in “slips.”
The individual drill pipe “joints”
are manufactured in nominal 31.6
ft (9.65 m) lengths; however, the
pipe is handled on the ship in
three-joint “stands” (or “triples”)
for speed in running, pulling, and
storing the pipe (Fig. 2). Short
lengths of drill pipe called “pup
joints” are available in 5, 10, and
15 ft lengths to adjust (i.e., “spaceout”) the drill string length, where
required, for spudding a hole,
landing heavy equipment, or running underreamers inside casing.
Two drill strings are maintained
on the ship: (a) a ~6900 m working string in the horizontal pipe
racker and (b) a ~5000 m backup
string in storage in the ship’s riser
hold. The drill strings in use on the
JOIDES Resolution are inspected and
refurbished (i.e., thread repairs and
recoating) every 1½ to 2 years. In
addition, two backup strings are
available onshore: (a) a ~6900 m
working string and (b) one 3000
m emergency Condition 2 (i.e., the
remaining tube thickness is 70% to
80% of the original specification)
backup string maintained onshore
in storage.

Knobbies are heavy-wall pipe with
tool joint-sized “knobs” to reduce
the bending stresses as the pipe
moves through the curved guide
horn and exits the bottom of the
ship when tripping pipe. Knobbies
are run between the top drive and
5½ in. drill pipe (i.e., at the top of
the drill pipe). As the hole is deepened, the knobbies are removed
by the rig crew and replaced with
5½ in. pipe as required by depth
and weather. In exceptionally
rough weather, aluminum “wear
knots” can be added to the upper
portion of the 5½ in. drill pipe
to reduce bending stresses in the
guide horn.

Design Features

Racker
crane

Racker
handling
arms

1) Large Internal Diameter/
Compatibility
All the elements in the drill string
have a 4.125 in. (10.47 cm) opening throughout.
Benefit: The drill string is compatible with all the ODP coring
systems, water samplers,
temperature/pressure probes,
and logging tools. In addition,
pumping pressure losses in long
drill strings are reduced, thereby,
improving hydraulics for hole
cleaning.
2) High Strength Pipe
The drill string is made of high
tensile strength S-140 steel, which
is more brittle than typical drill
pipe but stronger, with a tensile
strength of 140,000 psi. There
are many types of drill pipe, but
typical drill pipe has a strength of
~95,000 psi. The strength benefits
of the S-140 pipe outweigh the
increased brittleness, but the brit-

Drill pipe stand

Skate slide

Figure 2. Photo shows a stand of drill pipe and the skate slide the stand sits
in before it is made up to the drill string. The photo is looking toward the
back of the ship and shows a portion of the racker crane (left), which moves
pipe to and from the horizontal racker and riser hold storage.

tleness requires special handling. It
is essential to avoid notch damage
(stress concentration points) (see
Design Feature 4). ODP acquired
S-135 pipe early in the program,
and that is used in the backup
drill string (135,000 psi tensile
strength).
Benefit: The stronger pipe can support heavier hanging loads for
longer drill strings, run heavier
casing strings and reentry installations and equipment, and
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provide more “overpull” force to
free struck pipe.
3) Triple Lengths
The drill pipe “joints” are made in
31.6 ft (9.6 m) lengths and are run
and stored horizontally on the ship
in three-joint sections known as
“triples” or “stands” (Fig. 3).
Benefit: Increases the speed in running, pulling, and handling the
pipe and reduces wear to the
pipe tool-joint threads. Typical
running speeds are ~700 m/

Benefit: The shouldered tool joints
prevent bending and breaking.
The threaded connections are in
heavy tension and are made up
with high torque to prevent the
pipe from unscrewing during
use.
7) Pipe Inspection
Current protocol calls for the pipe
to be inspected every 1½ to 2
years using nondestructive electromagnetic induction (EMI) or ultrasound inspection techniques.

Figure 3. Drill pipe stands are stored in the horizontal pipe racker, which is
located behind the derrick and rig floor.

hr and typical pulling speeds
are ~550 m/hr, depending on
weather and string length and
weight.
4) Dual Elevator System
The drill string is run using a “dual
elevator” system, which uses two
“elevators” (or lift collars) to support the pipe tool joint rather
than toothed friction-type “slips”
that could notch and create stress
concentration (weak) points in the
tube of the high-strength drill pipe
(Fig. 4).
Benefit: Elevators provide a positive
and stronger support under the
tool joint than a slip, and reduce
notch damage to the pipe tube;
thus, the pipe can be used
longer.
5) Coating
The drill pipe is coated inside and
outside with an inorganic zinc anticorrosion compound.

Benefit: The internal coating
reduces the formation of rust,
which can act as a contaminant
during coring, and the coating
reduces saltwater “corrosion
pitting” (i.e., a reduction in
tube wall thickness), which can
degrade strength during horizontal storage. Rust can hamper
thread makeup and handling;
thus, an external coating is
applied to reduce rust.
6) Threaded Connections
The drill pipe has threaded connections, which are rotary shouldered “tool joints” designed for
rotation in the open ocean (i.e.,
without a constraining riser). The
5 in. drill pipe has 5½ in. full hole
(FH) tool joints (7 in. OD), and the
5½ in. drill pipe has 5½ in. internal
flush (IF) tool joints (7¾ in. OD).
The 5½ in. FH connections in the
drill string have been enlarged to a
4.125 in. (10.47 cm) ID.
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Benefit: The pipe inspection helps
to identify defects in pipe joints
to avoid catastrophic failures
that could lead to loss of the drill
string. Condition 1 pipe has at
least 80% remaining wall thickness and is reconditioned if possible. Condition 2 pipe has 80%
to 70% remaining wall thickness
and is stored for an emergency
backup string if it meets tool
joint length criteria (i.e., there is
enough length in the tool joint
to be gripped by power tong
jaws).

Drill String Specifications
For drill pipe tube and pipe
strength specifications, see Table
1. For drill pipe tool joint specifications see Table 2.
Drill Pipe Joint Length:
31.6 ft (9.6 m)
Minimum Internal Diameter:
4.125 in. (10.47 cm)
Minimum Tensile Strength:
140,000 psi

Table 1. Drill pipe tube and pipe strength specifications.

Drill Pipe
Tube OD
(in.)

Drill
Pipe
Tube ID
(in.)

Nominal
Weight
Tube
(lb/ft)

Adjusted
Overall Joint
Weight
(lb/ft)

API
Steel
Grade

100%
Tensile
Strength
(lb)

Cond. 1
Pipe 80%
Tensile
Strength
(lb)

5

4.276

19.50

22.1

S-140

738,443

590,754

5½

4.500

26.67

31.9

S-140

1,099,557

879,645

Note: Cond. = condition, API = American Petroleum Institute
Table 2. Drill pipe tool joint specifications.
Drill Pipe
Tube OD
(in.)

API Tool
Joint
Threads
(in.)

Tool
Joint
OD
(in.)

5

5½
Full Hole

7.00

5½

5½ Internal
Flush

7¾

Tool
Joint
ID
(in.)

Tool Joint
Makeup
Torque
(ft/lb)

Burst
Strength
(psi)

Collapse
Strength
(psi)

(*bored
to 4-1/8)

28,000

10,000

5,000

4-1/8

48,000

10,000

5,000

4-1/8 *

Note: OD = outside diameter, API = American Petroleum Institute, ID = internal diameter.

Typical Operating Range
Depth Range: 8375 m
Typical Drill String Configuration: BHA with crossover to
~3500 m of 5 in. drill pipe, 5 ×
5½ in. drill pipe crossovers, and
5½ in. drill pipe as required for
total length. Knobby joints are
added as required below the
top drive and replaced with drill
pipe as required.

Limitations
The depth limit of a tapered 5 in.
× 5½ in. S-140 drill string is ~ 8375
m in moderate weather (at 6° roll
with 100,000 lb overpull).
The minimum ID through the drill
string is 4.125 in. (10.47 cm). The
Advanced Piston Corer/Extended
Core Barrel (APC/XCB) BHA has a
3.75 in. ID restriction in the seat-
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Figure 4. Making a drill pipe connection on the rig floor. The elevator (red clamp at the bottom of the
picture) supports the box [or upper]
end of the drill pipe and holds the
weight of the entire drill string
during a connection.

ing nipple and the APC/XCB bit ID
is 3.80 in. Therefore, the APC/XCB
shoes and instruments that pass
through the drill string, seating
nipple, and bit must have an OD
less than 3.75 in.

BHA
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Scientific Application
The bottom-hole assembly (BHA)
is the component of the drill string
that includes the core bit, outer
core barrel, various subs, and the
drill collars. It hangs below the
drill pipe and provides weight to
the drill or core bit to induce the
teeth to penetrate the formation,
thereby drilling a hole or recovering core to meet the scientific
objectives of the cruise. The Ocean
Drilling Program (ODP) employs
different coring tools to obtain
continuous, relatively undisturbed
cores in all types of oceanic sediments and igneous basement.
ODP uses three primary coring systems, each with a different BHA:

Crossover sub to
5 in. drill pipe
5½ in. drill pipe
BHA transition
(8 joints)

30 ft (10 m)

Tapered drill collar

8¼ in. drill collars
(4¹₈ in. ID) for
weight on bit

4-13 Joints
120-390 ft (38-124 m)

APC/XCB
Core Barrel

RCB Core Barrel
Nonmagnetic drill
collar (orientation)
Modified
head sub

• The Advanced Piston Corer

(APC) and Extended Core Barrel
(XCB), which use the same BHA;
the Pressure Core Sampler (PCS)
and Motor-Driven Core Barrel
(MDCB) are also compatible
with this BHA (note: the MDCB
needs an additional sub when it
is run);

180 ft (60 m)

Modified
top sub

Landing
saver sub
Seal bore
outer core barrel

Lockable float valve

Control length
outer core barrel
Long
bit sub OR

Mechanical bit release +
modified head sub

RCB bit

• The Rotary Core Barrel (RCB),

Baker float valve
APC/XCB bit

and
• The Advanced Diamond Core

Barrel (ADCB).

I. APC/XCB/RCB BHA
Tool Operation
The BHA is run on the bottom
of the drill string (see the Drill
String tool sheet), below the drill
pipe. Weight is applied to the bit

Schematic of the APC/XCB and RCB BHAs.

by releasing drill string tension
or “slacking-off weight.” The top
drive rotates the drill string at the
ship’s drill floor to drive the bit and
advance the BHA. The BHA consists of a primary core bit, bit sub,
outer core barrel (OCB), short sub
assemblies, drill collars, transition
D-5

section (composed of six joints
of 5½ in. drill pipe and tapered
drill collar [TDC]), 5½ in. transition drill pipe, and a crossover sub
to 5 in. drill pipe. The OCB supports the inner core barrel during
coring. Short sub assemblies are
added to the OCB as required to

provide landing seats, latch windows, or seal surfaces for the inner
core barrel. Drill collars are heavyweight pipes run above the OCB
to apply additional weight to the
core or drill bit beneath. A nonmagnetic drill collar may be run
above the OCB if the core will be
oriented or hole directional readings are taken.

fied” drill collar connections have
been strengthened by lengthening
the pins 2 in. to stiffen the connection.
Benefit: A modified connection
reduces bending stresses and
connection failures caused by
bending and allows bare rock
(unsupported) spudding to
begin a hole.

Design Features
1) Compatibility
The individual elements of the BHA
can be reconfigured to be compatible with a wide range of ODP
coring, sampling, and logging tool
systems.
Benefit: The same basic BHA elements can be used with several
coring systems and drilling tools
for use in different formations.
2) Large Internal Diameter
The drill pipe and drill collars have
a 4.25 in. opening throughout (or
internal diameter [ID]).
Benefit: The drill pipe and BHA are
compatible with other coring
systems, coring shoes, water
samplers, temperature/pressure
probes, and logging tools; thus,
these tools can pass through the
drill pipe and drill collars, eliminating pipe trips to run sampling instruments. In addition, a
large ID reduces pumping pressure losses in long drill strings,
thereby, significantly improving
hydraulics.
3) Modified Connections
As the weight of the BHA is applied
to the bit, the force on the BHA
can change from tension to compression and the drill collars can
begin to stand up and start bending. The 6⁵₈ in. full-hole “modi-

4) Hole Deviation
The heavy and stiff BHA acts like a
pendulum weight as it hangs from
the relatively light and flexible drill
pipe.
Benefit: This keeps the hole relatively vertical without stabilizers.
5) Seal Bore Drill Collars (SBDCs)
The APC/XCB outer core barrels
are SBDC, with an 8¼ in. outer
diameter (OD) and a 3.820 in. ID
smooth honed seal bore section.
They are 31 ft, 10¹₈ in. long.
Benefit: The smaller ID allows the
APC inner core barrel piston
seals to seal during the piston
coring stroke.
6) Control Length Drill Collars
(CLDCs)
The standard 8¼ in. OD x 4¹₈ in.
ID outer core barrels are 30 ft fixed
length.
Benefit: The fixed length simplifies
length space-out requirements
for the inner core barrel assemblies.
7) Drill Collar Subs
The BHA can be reconfigured by
adding short sub assemblies to the
OCB as required (e.g., landing sub,
top sub, and head sub).
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Benefit: This provides landing seats,
latch windows, or seal surfaces
and length space-out for the
inner core barrel.
8) Nonmagnetic Drill Collar
(NMDC)
A drill collar made of nonmagnetic
chrome nickel steel may be run
above the OCB.
Benefit: This allows the core to be
oriented and hole directional
readings to be taken.
9) Tapered Drill Collar (TDC)
A 30 ft long tapered drill collar
changes OD from 7³₁₆ in. to 5¹¹₁₆
in. to provide a gradual change in
cross-sectional area.
Benefit: The gradual change in
cross-section reduces bending
stresses in the transition from
BHA to drill string.
10) Transition 5½ in. Drill Pipe
Two stands (six joints) of 5½ in.
drill pipe are run at the top of the
BHA to reduce bending stresses
between the BHA and drill pipe.
Benefit: This reduces premature
drill string failures.
Specifications
Maximum Drill Collar Length:
9.5 m
Internal Diameter:
10.79 cm (4.25 in.)
Connection:
6⁵₈ in. full-hole modified drill
collar connections have been
modified by lengthening the
pins 2 in. to stiffen the connection.
Typical Operating Range
Depth Range:
No depth limitations

Typical APC/XCB BHA:
APC/XCB bit, bit sub, seal bore
drill collar, landing sub, top sub,
head sub, NMDC, five CLDCs,
tapered drill collar, six joints of
5½ in. drill pipe, and a crossover
to 5 in. drill pipe.
Typical RCB BHA:
RCB bit, mechanical bit release
(MBR), head sub, CLDC, top
sub, head sub, seven to ten
CLDCs, tapered drill collar, six
joints of 5½ in. drill pipe, and a
crossover to 5 in. drill pipe.
Limitation
Bare rock (unsupported) spud-ins
to start a hole must restrict weight
on bit to the length of the drill
collars buried (i.e., supported in
the hole) to avoid bending and
breaking the BHA. This reduces the
available weight on bit and slows
the rate of penetration.

II. Advanced Diamond
Core Barrel (ADCB) BHA
Tool Operation
The ADCB coring system uses
a 7¼ in. OD (184 mm) “PQ3”
mining-style thin-kerf diamond
bit with a 6¾ in. BHA for coring
in firm to hard sediments or basement. The bit only requires eight
to ten drill collars (each 6¾ in.
[171 mm] diameter) for adequate
weight on bit. However, the 7¼ in.
hole does not have sufficient clearance for the 7 in. OD (178 mm)
tool joints on the 5 in. drill pipe to
pass through; therefore, additional
6¾ in. drill collars must be used to
allow the ADCB BHA to advance.
Design Features
1) Improved Hole Stability
The 7¼ in. (184 mm) thin-kerf diamond bit produces a smaller hole,
and the 6¾ in. (171 mm) smooth

2) Smoother Hole Wall
The gentle abrasive action of the
thin-kerf diamond bit minimizes
hole disturbance and produces a
hole with a smoother wall.

Head sub

Inner tube
landing ring
Long top sub

Inner tube
stabilizer
Drill collar sub

Benefit: Hole stability and wireline
logging quality are improved
by reducing the mechanical disturbance to fractured or loosely
cemented formations, which
minimizes the sloughing and
instability problems associated
with rugose holes.
Typical Operating Range
Depth Range:
Limited only by the number
of 6¾ in. drill collars available
(~300 m).
Drill Collars:
6¾ in. OD (171.45 mm) with
5½ in. full-hole modified connections.

Stabilizer sub

Inner tube
stabilizer
Fixed diamond bit
Schematic of the 6¾ in. 15-ft version
of the ADCB BHA.

BHA provides a “packed hole” with
a narrow ¼ in. (6.3 mm) annulus.
Benefit: Hole stability has historically been better in smaller
diameter holes, and smooth
BHAs in packed holes eliminate upsets that can hang up
in more rugose holes. Upsets
are enlarged sections of pipe
connections that provide metal
thickness to cut robust rotary
threads with shoulders.
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Typical ADCB BHA:
Bit, stabilizer sub, OCB, long top
sub with stabilizer and landing
ring and latch sleeve, head sub,
shock sub, eight to ten drill collars each 6¾ in. in diameter for
weight on bit (plus five to six
stands for penetration), crossover to 5 in. drill pipe.
Limitations
BHA must have a ±20 m deep
predrilled hole for support (i.e.,
BHA cannot be used for bare rock
spuds).
Penetration is limited by the
number of 6¾ in. drill collars available (~300 m).
The OCB is normally run as a 15 ft
(4.75 m) core barrel length.
The ADCB BHA is smaller and thinner walled than larger more robust
BHAs; therefore, it requires gentler
handling and makeup.
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Vibration Isolated Television
Description
The Vibration Isolated Television (VIT) frame is primarily used to provide visual
observation of the sea floor during reentry of an existing borehole. Sonar
capability, primarily used to locate objects such as reentry cones which are
initially out of camera range, is and integral part of the system. The sonar, in
conjunction with a compass attached to the VIT frame, provides primary range
and bearing from the VIT frame to the reentry cone. An acoustic beacon can be
attached to the VIT frame, which allows the ship's dynamic positioning system
computers to fix the position of the VIT frame relative to the ship.
The VIT frame is deployed by latching its guide sleeve around the drill string. The
drill string is used as a guide as the VIT is lowered to the sea floor by means of
an armored coaxial cable attached to a special winch located in the ships
moonpool area. Power is transmitted down the coaxial cable to operate the
underwater lights, camera and sonar. The TV and sonar signals are then
transmitted up the coaxial cable for display and recording on board the ship.
The VIT can also be used to precisely locate spudding sites. Once located, the
sites can be marked by dropping an identifying marker from the VIT frame itself,
via an acoustic release.
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Specifications
•
•
•
•

Depth Rating = 22,500 ft (10,000 psi)
Operating Temperatures = -20° to +60°C (-68° to +140°F)
Shock Rating = 100 Gs at 11 milliseconds, 3 axes
Umbilical Cable = double armored coaxial

Design Features
Underwater Lights
•
•
•

Lamps = 100 and 250 watt quartz halogen, w/reflectors 2000 hours
average rated life, 5000 lumens output
Beam pattern = 60-70° field of view in water, 20-40 foot range
Power = 120 volt AC

Remote Video Camera
•

Type = Videospection SIT (high sensitivity)
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•
•
•
•

Power = -15 VDC
Video Output = 1VPP negative sync composite video, 75 ohm
Weight = 28 lbs
Light Sensitivity = 0.001 candlepower, low level (star light)

Telemetry System
•
•
•
•
•
•
•

Type = TVTM-3015 (CSE) Colmek Systems Engineering
Control = zoom control signals are telemetered to the unit.
Cable Power = (1) Surface: voltage is stepped up to 480VAC, (2) Subsea:
voltage is stepped down to 120 V AC
Weight = Multiplexer, 212 lbs
Line voltage = 120 VAC +/- 10%, 60 Hz (at the surface)
Subsea Power = subsea TVTM 8.4 watts, 590 watts available to operate
camera and lights.
Video resolution = ~300 TV lines horizontal

Sonar Head
•
•
•
•
•
•
•
•
•

Type = Simrad Mesotech, model 971
Frequency = 675 kHz
Beam Width = 1.7° horizontal, 60° vertical
Mechanical Resolution = 0.225° (step angle)
Scanning = 360° continuous, or locked
Connector = DG O'Brien 9 pin
Cable = DG O'Brien oil filled assembly
Dimensions = 3.5 in (89 mm) diameter, ~60 in long
Weight = ~75 lbs (in air), ~50 lbs (in water)
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Scientific Application
Rig Instrumentation System
The Rig Instrumentation System (RIS) on the R/V
JOIDES Resolution (JR) is a state-of-the-art data
acquisition system that can analyze data. The ability of the RIS to present real-time data and drilling
parameters in digital and graphical formats provides a powerful tool for the Driller, Core Techs,
and ODL/ODP drilling supervisors and enhances
interpretation of trends to improve decision
making and core recovery. The data export feature allows scientists to merge and correlate drilling data with the physical properties of recovered
core. This comparison allows for enhanced assessment of poor core recovery intervals. The data
recording and post-processing features of the RIS
provide information to analyze bit and downhole
tool operation and bottom-hole assembly (BHA)
performance; however, the raw data require
manipulation and refinement.
Instrumented Load Pins
The RIS records and displays the hook load.
Hook load is measured by a hydraulic “load cell”
located in the crown that “weighs” the total load
hanging in the derrick, which includes the weight
of the drill wireline, heave compensator, traveling
block, and drill string weight supported by the
hook. The inertial effects of ship’s motion (heave,
roll, and pitch) and the stroke of the Active Heave
Compensator (AHC) impart a false load into this
measurement, which manifests itself as “noise”
or erratic needle swings on the driller’s weight
indicator. To provide a more stable hook load
measurement, two instrumented “load pins”
(0-500,000 lb each) were installed at the hook’s
upper support point on the AHC’s lower crossbeam, where it is virtually uncoupled from the
dynamic reaction forces of the ship’s heave and
AHC stroke.

Pivot Point

Crown Block
Load Cell Location

Water Table

Heave Compensator
Cylinders
Traveling Block

Load Pins (2)
(New Load Pin Location)
Lower Cross Beam

Dolly Track

Top Drive Dolly

Hook

Lifting Bails

Swivel

Top Drive

Schematic of the upper derrick showing location of the load
cell and load pins in relation to the crown block, heave compensator cylinders, and traveling block.
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Tool Operations
All RIS sensor data and analog/
digital signals are routed directly
to the Databox (data acquisition
electronics) located in the subsea
shop. The Databox converts the
signal and outputs it to the Master
Computer, which is located in the
computer server room. The Master
Computer has six communication ports available for additional
devices, of which two are used
for receiving data from the AHC
controller and the coring wireline
depth recorder. Two others are
used for two-way communication where the RIS both sends and
receives data. When measurement/
logging-while-drilling (M/LWD)
tools are run, the downhole data
from the tools are sent to the RIS
and certain sets of RIS data are sent
to the M/LWD data acquisition
system. When continuous tracer
injection is required for microbiology sampling, the RIS controls the
tracer pump, which automatically
adjusts the injection rate to maintain constant tracer concentration
with varying mud pump rates.
A fiber-optic cable runs between
the Master Computer and the
rig floor display located in the
Driller’s workstation. The infrared
touch screen on the rig floor display allows the Driller’s finger to
move the mouse cursor to operate
the RIS software, which runs in a
Microsoft Windows environment.
The Master Computer is linked to
the ODP ship’s network and broadcasts in real time to remote RIS
workstations in the ODP and ODL
operations offices and Core Tech
shop. The remote workstations are
available to these personnel for
data analyses and report creation.
Each user has independent control
over how the data are displayed.

Design Features
1) Data Analysis
Drilling data analysis
is initially based on a
review of drilling parameters and interpretation
of the RIS log graphical
display, where historical
curves are reviewed for
trends and to identify
abrupt events.

Fourable
Board

Benefit: A data set can be
studied in both time
and depth domains
to help understand
the contribution of
the individual drilling
parameter. Curves can
be overlaid and tracks
can be rearranged
to correlate sets of
parameters. A zoom-in
and zoom-out feature
aids in the analysis. A
Fore
more detailed analysis
can be performed by
exporting the data in
Aft
ASCII format, which
can be imported into
other graphics and
Schematic of the RIS cable routing. The cable
colors indicate gage and type of cable.
analysis programs
(e.g., EXCEL and LabView). The science party can
sors, collected from other devices
acquire exported and corrected
(e.g., MWD) via communication
ASCII files from the operations
links, or calculated to one or more
office for their data analysis.
variables by math functions in the
2) Data Variables
One hundred variables (V1-V100)
are available in the TruVu software
program. Primary data variables
already assigned and used by
ODP are listed in the Primary Data
Variables section. Variables are
assigned (e.g., standpipe pressure) and set up (e.g., units) in the
TruVu software. There are three
types of data: collected from senD - 12

software. Up to 45 variables can be
displayed on the data table screen.
Each variable can be set independently with its own filter, refresh
rate, and display resolution. Each
variable may be saved at its instantaneous, maximum, minimum, or
average value over the save period.
Benefit: Allows user to save data in
a form compatible with future
analysis.

3) Plotting

Measured top drive
torque and hook load

Hard copy plots of the data
can be used for analyzing drilling performance. There are
several available “canned” plot
formats, but the user can also
create custom formats. Up
to six traces can be overlaid
on each track; however, the
number of tracks is limited to
what can be viewed within the
available space. The output
scales of each variable are user
defined as well as the range
of depth or time. The graphs
may be printed to any printer
or plotter.

Graphical Data Display

Benefit: Allows user to print
hard copies (after reviewing
electronic file) for additional
analysis of trends.
4) Data Management
The ODP Marine Electronics
Technicians support the operating software and maintain
the hardware. The operating
software requires a person
with significant experience to
effectively take advantage of
its features.

Sensed WOB and TOB

Live Data Table Display

MWD Real-Time
Transmission
The two diagrams on the left illustrate the two live data displays: graphical (top)
or data table (bottom). The data table is the default screen. To move to the
graphical display, one clicks on the green “Graphs” button on the right hand side
of the screen. The diagram on the right illustrates Real-Time transmission when
using a measurement-while-drilling (MWD) tool. Top drive torque and hook load
are measured in the derrick during all drilling/coring. The MWD sensor measures
WOB and Torque on Bit (TOB) at the bit and transmits the data to the RIS via a
sensor sub.

Data for all ODP holes created
during the leg are archived on
three sets of CD-ROMs at the
end of each leg. One CD set
stays on the ship and two are
sent to ODP in College Station.
Scientists may access RIS data via
exported ASCII files, which are
requested through the ODP operations office. The RIS database will
eventually be moved into the Janus
database or moved to a linked
database; however, the distribution of raw RIS data presents a
data integrity problem. The quality
of the raw data must be verified
before distribution and manually

corrected for sensor calibration
changes.
Benefit: Allows wide distribution
of custom data sets for further
analysis.

Primary Data Variables
• Data collected from sensors:
traveling block position, top
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drive torque and revolutions per
minute (RPM), standpipe pressure, mud pump rate (strokes)
and pressure, cement pump rate
(strokes) and pressure, coring
wireline tension and depth,
hook load (crown and two load
pins on traveling block), pipe
length (joint counts), and pipe
makeup torque.

• Time- or depth-based graphs
can be viewed as:
Time-based display from 1 to
50 hr of log,
Depth-based display from 10
to 250 m of log.
• Up to 45 variables can be monitored at one time in the data
table display.
• The user can set the range and
scale for each variable.

Limitations

Channels

Screen capture of the RIS live data graphical view, showing the five channels. Each channel can display two traces each for 10 traces total. The eight
traces (two traces are not being utilized) displayed in this example are MWD
pore pressure, ROP, pressure drop across the bit (Pdif), porosity, strokes per
minute (SPM2) on two traces, equivalent circulating density (ECD) or mud
weight, and pump pressure.

• Data collected from other
devices via RS-422 communication links:
ship heave and velocity, ship roll
and pitch, AHC position/hook
load/pressure/ velocity/heave
deviation, Schlumberger measurement-while-drilling (MWD)
surface measurements and data,
and tracer pump status.

• Calculated values: depth, rate of
penetration (ROP), and weight
on bit (WOB).

Typical Operating Range
• Operating Range: Records all
operations 24/7.
• Sampling Rate: All 100 variables
are sampled every 0.5 s, and
both time- and depth-based
data are saved during a job.

• Data Save Rates: All 100 variables are set for 60 s for the
time-based database and for
every 1.0 m for the depth-based
data. Other rates are available
but not used.
• Selected Save Rates: A subset of
variables are saved at 1 s using a
“capture” device.
• Format: The data is saved in
ASCII.
• Live-Data Displays: All 100 variables can be displayed on a
strip-chart type log (graphical)
or data table display:
• The graphical display can monitor five channels with two traces
per channel at one time. A
scrolling feature allows viewing
of up to 20 channels maximum
in five-channel increments.
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Depth and ROP Measurement
On a riserless vessel, there is no
fixed reference to the seafloor
(such as a riser) to directly measure
drill pipe advancement (i.e., depth
and ROP). The RIS constantly collects block position, compensator
position, and heave data, however,
the current method of obtaining
an absolute depth measurement
on the JR relies on manually tracking the motion of the traveling
blocks, which are referenced from
the drill floor. The ability to output
a dependable calculated bit depth
is limited because the:
1. heave compensator stroke effectively disconnects the traveling blocks from the drill pipe
advancement,
2. heave measurement’s null position is continually being recalculated, and
3. compensator null position varies
depending upon the driller.
Raw Data Quality
The quality of the raw data must
be verified prior to distribution and
manually corrected for sensor calibration changes.

APC
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Scientific Application

Orientation alignable
retrieving cup

The Advanced Piston Corer (APC) is crucial for
high-resolution climate and paleoceanographic
studies. The APC is a hydraulically actuated piston
corer designed to recover relatively undisturbed
continuous 9.5 m long oriented core samples from
very soft to firm sediments that cannot be recovered well by rotary coring.

Shear pins

Inner seals
Outer seals
Quick release
Rod
Honed I.D. drill collar
Seafloor
Vents
Clear plastic
liner

Piston head
and seal
Shoe

3.80 in. bit inner
diameter

Rotary cored

Before stroke
to take core

Piston cored

9.5 m stroke
Core

(Above) Comparison of sediment core quality between rotary drilling and piston coring.
(Right) Schematic of the APC before and after stroking out the inner core barrel to take a
core. Pump pressure inside the drill string severs the shear pins and allows the inner core
barrel to stroke out 9.5 m in 2–3 s with ~27,000 lb of force.

After stroke
to take core

2/02
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Tool Operations

3) Core Orientation

The APC inner core barrel is run
to bottom on the coring wireline.
Pump pressure is then applied to
the drill pipe, which severs the
shear pins and strokes the inner
core barrel 9.5 m into the sediment. The inner core barrel containing the core is then retrieved
by wireline. A wireline packoff at
the top of the drill string permits
rotation of the drill string and continued circulation while the core
is retrieved. After core retrieval,
the bit and bottom-hole assembly
(BHA) are again advanced 9.5 m,
repeating the process.

The APC core can be oriented with respect to the
Earth’s magnetic field by
running a downhole orientation tool above the core
barrel.

Design Features
1) Compatibility
The APC inner core barrel is
deployed in the same BHA as the
Extended Core Barrel (XCB); therefore, both tools can be used interchangeably depending on formation lithification. The Motor Driven
Core Barrel and Pressure Core Sampler are also compatible with the
APC/XCB BHA.
Benefit: Tools are interchangeable
and no time is spent for bit trips.
2) Wireline Deployment
The APC inner core barrel is
deployed (and recovered) using
the coring wireline to avoid premature release of the shear pins,
which determine penetration force
of the barrel into the sediment.
Benefit: Allows rapid recovery of
core with minimal nonproductive time.

Benefit: Allows recovery of
oriented core for paleomagnetic studies.
4) In Situ Temperature
Measurement
Special APC shoes have a
pocket in which a thermistor unit can be run to
record the in situ formation temperature after
taking a core (see APCT
tool sheet).
Benefit: Provides in situ
heat flow measurements APC piston shoe extending through 11⁷⁄₁₆ in.
APC/XCB bit.
for science and hydrocarbon safety.

APC Specifications
Maximum Piston Stroke
(Core) Length
9.5 m (31.16 ft)
APC Shoe Inside Diameter
(Core Outer Diameter)
6.2 cm (2.44 in)
Piston Force
23,000 to 28,000 lbf at 2300 to
2800 psi pump pressure

Typical Operating Range
Formation
Very soft to firm sediments
Depth Range
Seafloor to +300 m below seafloor (mbsf)

D - 16

Recovery
~100% in soft sediments
Rate of Core Recovery
~38.0 to 9.5 m of core/hr
(depends on depth/wireline
time). Rate of penetration typically decreases with depth.
Quantity of Cores on Deck
1 to 4 cores/hr depending
on water depth and formation
cored.

Limitations
Does not penetrate or recover
granular formations (such as sand)
or hard ground. Core barrel may
stick in firm sediments and require
drill-over.

RCB
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Scientific Application
The Rotary Core Barrel (RCB) is a
rotary coring system designed to
recover core samples from firm to
hard sediments and igneous basement. The RCB is crucial for oceanic
crustal hard rock studies.

Pulling neck
Adjustable latch sleeve

Swivel

Latch finger
Spacer adapter

Quick release
Check valve

Tool Operation
The RCB inner core barrel free falls
(and is pumped) through the drill
string and latches into the RCB bottom-hole assembly (BHA). The main
RCB bit trims the 2.312 in. core. The
BHA, including the bit and outer core
barrel, is rotated with the drill string
while bearings allow the inner core
barrel to remain stationary. The inner
core barrel can hold a 9.5 m core
and is retrieved by wireline. A wireline packoff at the top of the drill
string permits rotation and circulation of the drill string to continue
while using the wireline to retrieve
the core.

Cuttings
Seafloor
Cuttings mound
Nonrotating
inner barrel

Core size
2.312 in. (6.20 cm)
diameter x 31.2 ft
(9.5 m) long

Support bearing

Design Features

Core liner

Landing
support

Float valve

1) Rugged Design
The RCB BHA, bit, and inner core
barrel assembly have a rugged design
for use in abrasive and fractured hard
sediments and igneous basement.
Benefit: Increases operating time of
the bit and improves penetration
of hard formations.

Bit seals

Core catchers

Core bit
(97/8 in. O.D. X
25/16 in. I.D.)
Schematic of the RCB coring system in coring mode with a bare seafloor
spud-in. A center bit can be run on the inner core barrel to drill ahead
without core recovery.

2/02
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2) Drilling with Center Bit
A center bit can be used to drill a
hole without attempting to recover
core. The center bit is used to drill
ahead in hard rock and is run on
a special inner barrel sub to lock it
into the outer barrel for rotation.
The center-bit assembly is configured to allow circulation through
the center bit.
Benefit: The center bit can be interchanged with a standard RCB
core barrel for “spot” coring.
3) Wireline Logging with Bit
Release
A Mechanical Bit Release (MBR)
can be operated by wireline to
drop a bit in the hole or on the
seafloor to provide a fully open
BHA for logging.
Benefit: Wireline logs can be run
after coring with the RCB system
without making a pipe trip to
install a logging bit.

RCB Specifications
Inner Core Barrel Length
9.5 m (31.16 ft)
RCB Bit Throat (Core Diameter)
5.87 cm (2.312 in.)

Typical Operating Range
Formation
Firm to very hard sediments and
igneous basement
Depth Range
Seafloor through igneous basement

The RCB roller cone bit utilizes hard tungston carbide inserts to trim the
core.

Quantity of Cores on Deck
0.3 to 2 cores/hr depending
on water depth and formation
hardness
Rate of Penetration
Depends on rock properties, but
averages 4.0 to 9.8 m/hr

Mean Recovery
20% to 55%
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Limitation
Does not recover soft sediments
or granular formations (such as
sand, fractured rock, or rubble)

XCB

OCEAN
DRILLING
PROGRAM
w w w. o c e a n d r i l l i n g . o r g

Scientific Application
The Extended Core Barrel (XCB)
coring system is used in sedimentological, climate, and paleoceanographic studies.

Latch
Cutting
discharge

Coil spring

7 in. stroke/retraction

The XCB is used to recover 9.5
m long core samples from soft to
moderately hard formations. The
XCB is typically deployed when
the formation becomes too stiff
to piston core (i.e., upon piston
coring “refusal”) or when it is
not hard enough to permit efficient recovery with the Rotary Core
Barrel (RCB). The XCB cutting shoe
extends ahead of the main bit
in soft sediments but retracts into
the main bit as the weight on
bit increases when firm lithologies
are encountered. The XCB uses the
same bottom-hole assembly (BHA)
as the Advanced Piston Corer
(APC). The XCB relies on rotation
of the drill string to advance the
hole, and an integral cutting shoe
trims the core sample at the same
time.

Landing
shoulder

Spring shaft

Quick Release
Circulating fluid
Venturi vent system

Nonrotating core liner
Liner bearings
Variable port-size
inlet sub
Flow to cutting shoe
Bit seal

Max. extension
(variable)
Roller cone bit
6 in. to 14 in.
Circulation jets
Core catchers

Cutting shoe

Design Features
The XCB uses an integral cutting
shoe to trim the core. The shoe is
positioned ahead of the main core
bit, which reduces core “washing”

Cutting
discharge

Outer barrel

XCB Operations

1) Cutting Shoe Trims Core

Coring Hard Sediment

Coring Soft Sediment

Cutting shoe extended,
soft sediment

Cutting shoe retracted,
hard sediment

Schematic of the XCB retractable cutting shoe in standard coring mode. The
XCB shoe extends 6 to 14 in. ahead of the bit in very soft formations and
retracts ~7 in. (inside the main bit) as weight on bit exceeds about 12,000
lb (collapses a coil spring).
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(i.e., core damage caused by water
jets from the main drill bit nozzles).

Cutting shoe

Benefit: Improves core recovery and
reduces core disturbance in soft
to moderately hard formations.
2) Retractable Cutting Shoe
A unique retraction device allows
the XCB, which is normally
extended ahead of the core bit, to
retract inside the BHA until the cutting shoe is flush with the core bit.
Benefit: Cutting shoe is retracted
to reduce failures when hard formations are encountered.
3) Nonrotating Core Liner
An inner core barrel swivel allows
the core to remain stationary relative to the formation as the bit
rotates, thereby reducing the transfer of rotary torque to weakly laminated formations.
Benefit: Reduces “biscuiting” (artificial layering), which is a type
of core disturbance caused by
transferring rotary torque to the
core.
4) Compatibility
Utilizes the same BHA as the APC
coring system.
Benefit: The APC and XCB core
assemblies can be run in the
same assembly, avoiding noncoring time for pipe trips.

Cutting Shoe Options
Soft Formations
Steel “sawtooth” serrated cutting profile hard-faced with
tungsten carbide grit.
Hard Formations
Polycrystalline diamond compact (PDC), diamond impregnated, surface-set diamond, and
thermally stable artificial diamond.

An 11⁷⁄₁₆ in. APC/XCB bit and soft formation XCB cutting shoe.

XCB Specifications
Core Diameter
2.312 in. (60 mm)
Maximum Core Length
9.5 m
Cutting Shoe Extension
7 in. beyond bit (maxium)

Typical Operating Range
Formation
Soft to medium firm sediments
Depth Range
Typically from APC refusal to
~400 to 700 m below seafloor
(mbsf) in sediments and can
core top of igneous basement
(destroys shoe).
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Rate of Penetration
Typically 30 to 12 m/hr.
Quantity of Core on Deck
1 to 2 cores/hr depending on
water depth and formation

Limitations
Does not recover ooze or very
soft sediments, granular formations (such as sand), fractured
rock or rubble, or hard igneous
formations.

ADCB
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Scientific Application

GS pulling cup

The Advanced Diamond Core Barrel (ADCB) coring
system may be used to attempt to recover continuous core samples from firm to well lithified sedimentary or igneous formations when Advanced Piston
Corer, Extended Core Barrel, and Rotary Core Barrel
(APC/XCB/RCB) coring techniques are ineffective.
The ADCB provides a crucial alternative technique
using diamond coring technology to attempt to
improve recovery of formations that are difficult to
core with conventional rotary coring tools.

Head sub
Latch sleeve
PQ landing ring
PQ latch assembly
Long top sub
with stablizer pads

Tool Operation

PQ swivel assembly

The ADCB uses a 6¾ in. bottom-hole assembly
(BHA) and requires some (~20 m) lateral support
(i.e., deployment in an existing hole) to commence
coring. The ADCB relies on rotation of the drill string
to advance the hole while the 7¼ in. drill bit trims
the core sample.

Drill collar sub
PQ inner tube

Design Features
1) Improved Core Quality
The ADCB uses a diamond mining-style bit to trim
the core and incorporates a pressure indicator to
monitor core jams.

Stablizer sub
with pads

Benefit: May improve core recovery in hard formations, interbedded firm and hard formations, and
poorly consolidated formations that are difficult to
recover with the RCB and XCB.

Diamond bit
PQ inner tube stablizer

2) Improved Hole Stability
The ADCB’s 7¼ in. mining-style thin-kerf diamond
bit produces a smaller and smoother borehole wall
than rotary drilling, and the 6¾ in. BHA provides a
“packed hole” with a narrow annulus.

PQ core lifter/catcher

Schematic of the ADCB showing the bit, outer core barrel,
and inner core barrel. The ADCB is an adaptation of a
mining style “PQ” coring assembly.
2/02
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Benefit: Hole stability is improved in
hard formations, which requires
less time for reaming and hole
cleaning and reduces stuck pipe
problems.
3) Low Fluid Invasion of Core
The ADCB diamond bit creates a
fine rock powder (i.e., not rock
chips or cuttings); therefore, hole
cleaning requires less fluid velocity,
circulating rates are lower, and the
core is not directly exposed to
high-pressure fluid from the bit
jets.
Benefit: Reduces fluid invasion (i.e.,
“core flushing”) and improves
core quality in porous and water
sensitive formations.
4) Improved Log Quality
The ADCB diamond bit produces a
smooth 7¼ in. hole rather than the
larger and more rugose borehole
walls typical of rotary coring.
Benefit: Electric log quality is
improved by better pad contact
and smaller hole diameter (7¼
vs. 9⁷⁄₈ in.).

ADCB Specifications
Core Size
The PQ3 mining-style bit produces cores with a 3.27 in. (83
mm) diameter when optional
split steel or lexan liners are
used. The PQ bit, which does
not use liners, has a core diameter of 3.345 in. (85 mm).
Core Length
Typically 15 ft (4.75 m) to
reduce core weight and problems with core jamming in the
core barrel. A 30 ft (9.5 m) version is also available.

Equipment
The inner core barrel has
a positive indicator latch
to confirm inner core
barrel latch-in.
Diamond stabilizers on
the outer core barrel
reduce core barrel vibration.
Bit types include diamond impregnated for
hard rock, polycrystalline
diamond compact (PDC)
for friable rock, and surface-set diamond bits for
sedimentary formations.

Typical Operating
Range
Formation
Designed for hard or
well-cemented sediments and igneous formations.
ADCB bit showing circulation test.
Recovery
May be higher (relative to XCB
and RCB) in formations that are
difficult to core, such as fractured hard rock or rubble and
interbedded hard and soft formations.

Limitations
Does not recover soft sediments
and granular formations (such as
sand, gravel, or coral debris).
Cannot be used for bare rock
spud.
The ADCB requires good
weight-on-bit control and use of
the active heave compensator.
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The inner core barrel and core
may be pulled before coring the
full 4.75 m length if the core
jams.
Depth range is limited by the
number of 6¾ in. drill collars
(presently ~350 m) available.
The 8¼ in. drill collars above the
6¾ in. drill collars will not fit
in the hole made by the ADCB.
Thus, the pipe must be tripped
to change to a rotary bit and
BHA to enlarge the hole, then
a second pipe trip is made to
return to ADCB coring. ADCB
cores are of larger diameter than
APC or rotary cores. This presents problems in shipboard core
processing and curation.

MDCB
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Scientific Application
The Motor Driven Core Barrel
(MDCB) is a wireline-retrievable
coring system compatible with the
Advanced Piston Corer/Extended
Core Barrel (APC/XCB) bottomhole assembly (BHA). It is designed
to improve core recovery in formations that are difficult to APC/XCB
core (e.g., hard fractured crystalline rock, interbedded hard/soft
formations, and friable conglomerate and reef materials). The MDCB
is typically used to recover intermittent short intervals (a few 4.5
m cores) because of the handling
time (~1 hr) to prepare the tool for
consecutive coring runs.

Torque Reaction Latch
Pulling Neck
3¾ in. Positive Displacement
Mud Motor
250-410 rpm

Bit Flow Inlet Nozzle

Thruster Outlet Nozzles

Bit Flow Tube

Thruster Piston

Thrust Dampening
Chamber

Thruster Barrel

Centralizer Pads
Mechanical Collet Latch

Core Barrel Bearing
Hex Kelly

Tool Operation
The MDCB can be run interchangeably with the APC/XCB
coring systems with the addition
of a latch sub to the BHA. The
MDCB consists of a motor section, thruster section, inner core
barrel section, and a narrow-kerf
core bit. The motor section is
powered by the hydraulic force of
fluid pumped down the drill string,
which causes the motor to rotate.
The thruster section uses hydraulic force to provide weight on bit
(WOB) and advance the inner core
barrel. The inner core barrel section has a 4.5 m core tube with a
thin-kerf core bit on bottom; the
core diameter is 2.25 in. (57 mm).

Double Tube, Mining Type HWD4
Core Barrel 4.5 m core length
11⁷⁄₁₆ in. x 3.80 in.
Roller Cone Bit
Core Catchers
3¾ in. diameter
Diamond Core Bit

Schematic of the MDCB tool.

Design Features
1) Diamond Core Mining
Technology
Compared to the APC/XCB coring
system, the MDCB operates at
higher revolutions per minute
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(rpm) with lower WOB and uses
narrow-kerf surface-set diamondimpregnated as well as geoset
and tungsten carbide core bits to
recover cores from friable, laminated hard/soft, and crystalline formations.

Benefit: The MDCB applies less
drilling stress to the formation,
which may improve core quality and recovery in friable, fractured, or crystalline formations.
2) Positive Displacement Mud
Motor
Downhole rotation and torque are
produced by a Baker-Hughes Inteq
Mach 1P positive displacement
mud motor with a 7:8 lobe rotor/
stator power section.
Benefit: The motor rotates the bit;
therefore, drill string vibration is
eliminated.
3) Thruster Unit
Hydraulic force is translated into
WOB, and interchangeable nozzles
optimize WOB at various flow
rates.
Benefit: The WOB can be controlled to provide a more uniform application of weight
to the diamond bit, thereby
improving diamond bit life and
recovery.
4) Core Barrel Assembly
A modified version of a standard
Christensen Mining Products
HWD4 inner core barrel provides
a nonrotating core tube to receive
the core sample into a clear plastic
liner.
Benefit: Reduces rotational torque
and stress in cores to improve
core quality and recovery.

5) Diamond Core Bits
A 3.75 in. (95 mm) outer
diameter (OD) core bit is
used to trim a 4.5 m long
× 2.25 in. (57 mm) diameter core. Optional bit
types include: narrow-kerf
diamond-impregnated or
surface-set diamond bits as
well as geoset and tungsten
carbide core bits.
Benefit: Different bit cutting
structures can be selected
for each MDCB run,
based on the anticipated
formation, to optimize
core quality and recovery.
6) Interchangeability
With the addition of a latch
sub, the MDCB can utilize
the same BHA as the APC
and XCB.
Benefit: Eliminates extra
pipe trips to change the
BHA.

Rig floor flow test of the MDCB.

Specifications
Tool size OD
Motor pressure
Pump rate
Power
Bit speed
WOB
Max. torque
Bit flow rate
Efficiency
Core diameter
Core length

3¾ in. (95 mm)
1160 psi
190 gpm
96 hp
410 rpm
2000–8000 lb
1250 ft-lb
15–35 gpm
83%
2.25 in. (57 mm)
4.5 m
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Limitations
Diamond coring does not work
well in soft or unconsolidated
granular formations.
The core length is 4.5 m, which
requires more wireline and handling time than typical 9.5 m APC/
XCB cores.

PCS
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Scientific Application
The Pressure Core Sampler (PCS)
is capable of retrieving core samples from the ocean floor while
maintaining in situ pressures up to
689.7 bar (10,000 psi). The primary application of the PCS is to
recover in situ hydrates. The PCS
is free-fall deployable and wireline
retrievable.

Ball collet

PCS latch
dog
Landing
shoulder

Actuation
ball

Tool Operations
The PCS is free-fall deployed down
the drill string for intermittent
“spot” coring while using the
Advanced Piston Corer/Extended
Core Barrel (APC/XCB) bottomhole assembly (BHA). The PCS
inner core barrel is latched in to
the XCB rotary window sub and is
rotated with the drill string while
weight is applied to the bit. After
cutting the core, a ball is released
by wireline action to divert flow to
a piston that pulls the core tube
into the pressured core barrel and
closes the ball valve. The core is
then retrieved by wireline.

Core tube
bearings

Nonrotating
core tube
Pressurized core sample
(1.65 in. diameter x
34 in. long; 10,000 PSI
working pressure)

Core
catchers

Ball valve

Circulation
jets

Coring ahead with
ball valve open

Pilot bit

Core retrieval mode with
sample chamber closed

Design Features
1) Compatibility
The PCS is completely compatible
with the existing BHA used for the
APC and XCB coring systems.

Schematic of the PCS in the “coring ahead” mode (with the ball valve open
to accept core) (left). After cutting the core (right), the wireline is picked
up to release the ball, which redirects fluid to lift the core tube for “core
retrieval” mode (with the core tube and core retracted inside the tool and
the ball valve closed). Arrows indicate fluid flow.

Benefit: The PCS can be deployed
during routine coring without a
pipe trip.

2/02
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2) Rotary Latch

A

The PCS latch dog locks into the
APC/XCB latch window in the BHA,
which transmits BHA rotation to
the PCS. A combination of low
weight on bit, slow rotation, and
low pump rate is required to core.
Benefit: Fragile samples and sticky
clays can be recovered with minimal hydraulic disturbance or
contamination.

B

C

3) Actuator
After the PCS core sample is
cut, the actuator hydraulically pulls
the inner core barrel and core
sample through a ball valve into
the sample chamber and closes
the ball valve, thereby sealing the
sample chamber at in situ pressure.
Benefit: The PCS core sample is
trapped at near in situ pressure
behind a ball valve that closes by
rotation to maintain its seal at
both positive and negative pressure differentials.
4) Detachable Sample Chamber
A removable pressure chamber
maintains the core sample at near
in situ pressure, provides for internal pressure monitoring, incorporates safety pressure release mechanisms, and offers two sampling
ports for collecting gas and fluids.
Benefit: Permits the pressured core
sample chamber to be moved to
a lab for further examination.

PCS Specifications
Core Sample Diameter
1.70 in. (43.2 mm)
Core Sample Length
39 in. (0.99 m)

There are three bits available for rotary coring with the PCS tool: RBI auger
bit (A), Christiansen standard bit (B), and RBI PDC bit (C).

Sample Chamber Working
Pressure
689.7 bar (10,000 psi) maximum
Sample Chamber Length Overall
67 in. (1.7 m)
Sample Chamber Outer
Diameter
3¾ in. (95.25 mm)
Sample Port Thread
¼ in. 18 UNF – 2b

Typical Operating Range
Formation
From mudline to indurated formations
Depth Range
Up to ~6500 m combined water
depth and formation penetration

D - 26

Limitations
Tool is limited to formations
composed of soft sediments to
firm clay
Sample chamber is short to
accommodate lab handling
Core diameter is limited by ball
valve size
No method of transferring pressurized cores to an autoclave
Small core diameter could
impact scientific sampling
Wireline core recovery time per
meter of core increases ≈ 10:1
compared to standard coring
system because the core recovered is one-tenth the length of a
standard core
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Scientific Application
A core bit (Figs. 1, 2) is a drilling
tool with a hole through the center
that removes sediment rock and
allows the core pedestal to pass
through the bit and into the core
barrel. The Ocean Drilling Program
(ODP) employs different coring
systems and bits to obtain continuous cores in all types of oceanic
sediments and igneous basement.
Once a coring system is selected
based on the expected lithology,
the engineer determines which
type of core bit to use. As coring
conditions change, the coring bit
can be changed in an attempt
to improve the recovery and rate
of penetration with that coring
system. The type of bit used
depends on the expected lithology
and past bit performance in the
area or in a similar lithology. Once
a bit is removed, it is “graded”
(i.e., it is examined to determine
wear on the cutting structure,
gauge, bearings, etc., based on
industry standards) to optimize
coring performance.

Coring System Bits
There are three coring systems.
Each uses different bottom-hole
assemblies (BHA) and types of core
bits:
I. Advanced Piston Corer (APC)
(see the APC tool sheet) and

Extended Core Barrel (XCB) (see
the XCB tool sheet) (both systems use the same BHA),

Cutting shoe

II. Rotary Core Barrel (RCB) (see
the RCB tool sheet), and
III.Advanced Diamond Core Barrel
(ADCB) (see the ADCB tool
sheet).
Bottom-Hole Assembly
Operation
The BHA for each coring system
is slightly different, but in general consists of a primary core bit,
outer core barrel (OCB), short
sub assembly, and drill collars.
The OCB supports the wireline
retrievable inner core barrel, which
receives and carries the core. Drill
collars are heavyweight pipes that
apply weight to the bit on the
bottom of the OCB. The BHA is
run on the drill pipe string, which
is rotated at the surface to drive
the bit (except the Motor-Driven
Core Barrel [MDCB]) and advance
the BHA (see the BHA tool sheet
for more information). The MDCB
and Pressure Core Sampler (PCS)
are compatible with the APC/XCB
BHA.

Core Bit Types
Core bits are classified according
to the cutting structure and type of
bearings. There are five basic types
of bits used by ODP based on
their function or structure: drag,
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A
Cutting shoe

B
Figure 1. A. APC/XCB four roller cone
bit with an APC cutting shoe. B. APC/
XCB four roller cone core bit with the
XCB cutting shoe.

inner core barrel (e.g., APC [Fig.
1A], XCB [Fig. 1B], MDCB, and
PCS tools). The shoes on the inner
core barrel protrude below the
primary roller cone bit and trim
the formation to core size. In contrast, the primary core bits in the
RCB (Figs. 2, 3) and ADCB systems
cut away most of the formation
to create the core (i.e., there is no
shoe). ODP most commonly uses a
four roller cone type bit.

Figure 2. RCB four roller cone bit.

scraper, abrasive, roller cone, and
hammer.
Drag-type bits have a flat chisellike surface to plane away soft
formations (i.e., clay and chalk).
Polycrystalline diamond compact
(PDC) bits use multiple tungsten
carbide studs with artificial diamond cutting surfaces in a clawlike scraping action to remove
soft formations (e.g., clay and
chalk) up to hard claystone and
limestone.

APC/XCB Specifications
Maximum inner core barrel length:
9.5 m
APC/XCB bit throat diameter:
9.652 cm (3.80 in.)

I. APC/XCB System
Core Bits

APC shoe throat diameter:
6.197 cm (2.440 in.)

Tool Operation
The APC/XCB coring system can
use three types of bits for coring
soft to firm sediments:

XCB shoe throat diameter:
5.872 cm (2.312 in.)

11⁷/₁₆ in. four roller cone bit with
tungsten carbide chisel teeth
(Fig. 1),
10¹/₈ in. PDC “anti-whirl” (Fig. 4)
bits, which are rarely used, or
10¹/₈ in. tungsten carbide blade
“drag” bits, which are also rarely
used.
Design Features and Benefits
1) Formation Compatibility

Diamond bits use either surface-set
or impregnated diamonds to
abrade (i.e., sanding-like process) hard formations like shale
or basalt.

APC/XCB bits are compatible with
sediments ranging from soft silts,
sands, and sticky clays to moderately firm limestones, claystones,
and dolomites.

Roller cone bits rotate cone-shaped
rollers encrusted with teeth to
remove soft to hard formations
through a combination of scraping and crushing processes.

Benefit: One bit can core a wide
range of sediments without a
trip to change bits.

Hammer bits use percussion to
crush the hard rock around the
core.

The APC/XCB bit throat has a
3.80-in. opening.

Smaller bits called “shoes” are
screwed onto the bottom of the

temperature probes; and logging tools, which can pass
through the bit throat without
requiring a trip to remove the
bit or drop it; therefore, coring
and logging operations can be
resumed without a trip.

2) Large Bit Throat

Benefits: The APC/XCB bit is compatible with the PCS and MDCB
coring shoes; water samplers;
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APC/XCB Typical Operating
Ranges
1) Formation
APC: sediments ranging from soft
to firm silts/carbonates/chalks/
clays.
XCB: firm to moderately firm limestones, claystones, dolomites, and
with limited penetration in chert or
basalt.
2) Depth Range
APC: limited by piston core barrel
penetration in stiff or laminated
firm/soft formations (i.e., to
“refusal”) and by wireline overpull
to retrieve the core barrel (~100–
300 mbsf).
XCB: limited by core shoe survival
in hard formations (typically used
from APC refusal depth to ~500
mbsf).
3) Mean Recovery
APC: ~100%.
XCB: ~55%–75% in sediments and
~15%–35% in basalt. Not recommended for penetration in basalt
other than to sample basement.

Hycalog Threads
Flow Port
to Nozzle
Stablizer Pads
TCI Wear Buttons
on Shirt Tail

Cone Arm

Nozzle

cannot be used in
igneous rocks. The
diameter of RCB
roller cone bits is 9⁷/₈
in., and the diameter
of PDC bits is 10¹/₈
in.

Core Guide
TCI Cutters
Armored Recessed
Grease Reservoir

Jet Nozzles
Throat
Roller Cones

Figure 3. Schematic of the four roller cone core bit
used by the RCB coring system.

4) Rate of Core Recovery
Depends on water depth (i.e.,
wireline time) and formation. Penetration rate usually slows with
depth.
APC: ~28.5–9.5 m/hr.
XCB: ~19.0–4.5 m/hr.
5) Rate of Penetration
Depends on rock properties. Penetration rate usually slows with
depth.
APC: averages ~70–30 m/hr.
XCB: averages ~30–12 m/hr.
Limitation
Recovery is poor in laminated firm/
soft (e.g., chert/clay) or granular
sediments (e.g., sand, fractured
rock, or rubble).

II. RCB Core Bits
Tool Operation
The RCB coring system typically
uses roller cone type bits (Fig. 2)
for firm sediments to very hard
igneous rocks. PDC RCB bits (Fig.
4) have been used occasionally in
firm sediments, as they core faster
and can last longer under the right
conditions; however, PDC bits

There are four classes
of 9⁷/₈ in. RCB four
roller cone bits (Fig.
5) with different
cutting structures
designed for different formation types:
C-3 bits have long
extension chisel
teeth and are used in
soft sediments,

C-4 bits have medium extension
chisel teeth and are used in firm
to hard sediments (e.g., dolomite and mudstone) and limited
upper basement,
C-7 bits have short extension conical teeth for coring/drilling hard
sediment and igneous basement, and

cal bit release to permit wireline
logging.
Benefit: WSTP and DVTP tools can
be run through RCB bits so no
time is lost for bit trips.
2) Rugged Design
The four cone-arm segments are
welded together in the throat area
and are armored (faced with hard
nickel-chrome) on the leading
edge and upper arm areas.
Benefit: Reduces the chance of catastrophic cone-arm failure while
drilling with heavy weight on bit
in hard and abrasive formations.
3) Ductile Teeth
The bit teeth are made with a
finer-grained tungsten carbide to
increase tooth ductility, and the
teeth are pressed into smaller holes
using greater force.
Benefits: Reduces tooth breakage
and loss due to rough drilling in

C-9 bits have short extension hemispherical teeth
for coring/drilling very
hard igneous basement.
Design Features and
Benefits

Flow
Ports

1) Tool Compatibility
RCB bits have a 2.312-in.
opening through the bit
throat that enables the
Water Sampler Temperature Probe (WSTP) and the
Davis-Villinger Temperature Probe (DVTP) to be
run through the bit in firm
formations without hard
layers. The RCB bit must be
dropped with the mechani-
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Nozzle

Diamonds

Flow
Channels

PDC Core Bit

PDC
Cutters
Surface Set Diamond
Core Bit

Figure 4. Side and bottom view schematics
of PDC and diamond bits. The PDC bit is used
in friable lithologies (e.g., limestone or claystone). The surface set diamond bit is used
with sediments.

fractured rock and reduces tooth
losses at high temperatures.
4) Recessed and Armored
Lubrication System
The cone bearing has a pressurecompensated grease reservoir that
is recessed and covered with a
steel plate.
Benefit: Increases bit-bearing life
for increased penetration per bit
by protecting the grease reservoir and bladder from abrasion
damage while reaming up (i.e.,
rotating while pulling pipe out
of the hole) to get out of a tight
hole that is swelling shut or collapsing.
5) Close Catch (CC)
The core catchers were moved
closer to the core trimming point
at the bottom of the hole in an
effort to catch the core sooner.
Benefit: Improved core recovery in
fractured formations by capturing the core in the inner core
barrel before it can be broken by
torsional friction or wedge and
jam in the bit throat.
6) Center Bit
Drilling ahead without attempting
to recover core can be accomplished with a normal RCB core
barrel (i.e., “washing”) or by using
a center bit to drill. The 2.25-in.
center bit is run on a special barrel
sub without a swivel (to lock it into
the outer barrel for rotation) and
without a check ball in the quick
release (to circulate through the
inner core barrel and center bit).
Benefit: Allows the hole to be alternately cored and drilled ahead
(i.e., spot cored) without tripping the pipe.

7) Bit Deplugger
A bit deplugger can be run
in an attempt to remove
coring debris that can become
jammed in the throat of the
bit. The 2.25-in. deplugger
nose extends through the bit
throat and bit cone core trimming area.

C-3 Long
Extension Tooth
(soft formations)

C-4 Medium
Extension Tooth
(medium firm formations)

Benefit: Reduces pipe trips to
clear jammed bit throats by
removing the jams downhole.

C-7 Medium
Extension Conical
(medium hard formations)

8) High-Temperature
Bearing Seals

Figure 5. Tungsten carbide insert cutting options for RCB four roller cone bits.
Dashed lines depict depth of insert into bit
matrix.

The 230°C nitrile elastomers in
the standard bit bearing seal can
be replaced with 300°C high-temperature elastomers to increase the
seal life of bit-cone bearings and
prevent premature bit-bearing failure in high-temperature holes. A
special high-temperature bit with
open bearings is available.
Benefit: Increases bit-bearing life for
increased penetration per bit in
hot holes.
RCB Specifications
Maximum inner core barrel length:
9.5 m
RCB bit throat (core diameter):
5.87 cm (2.312 in.)
RCB Typical Operating Ranges
1) Formation
RCB will drill all formation types,
but it does not recover soft formations, sand, and gravel. The
core quality is typically poor in
soft formations with the RCB bit,
which is why the APC system
was adopted.
2) Depth Range
Limited to ~230°C temperature.
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C-9 Very Hard
Spherical Shape
(hard formations)

3) Mean Recovery
Typically ~50%–75% in firm
sediments and ~15%–35% in
igneous or metamorphic rocks.
4) Rate of Recovery
Depends on water depth and
formation, but ~19.0–1.3 m/hr.
5) Rate of Penetration
Depends on rock properties, but
~20.0–6.0 m/hr in sediment and
~4–1.5 m/hr in volcanic basement.
Limitation
Does not recover soft or unconsolidated granular sediments
(e.g., sand, gravel fractured
rock, or rubble).
The RCB bit must be dropped
with the mechanical bit release
to permit wireline logging,
which means drilling/coring
cannot resume after logging
without a bit trip.

III. ADCB Core Bits
Refer to the ADCB system for more
information on ADCB bits.

Drill-In-Casing System
Scientific Application
The Drill-In-Casing (DIC) system drills in a short 10 in. casing string
simultaneously with the bit to support an unstable sediment zone, thus
preventing premature loss of the hole or loss of a drill string because of hole
collapse, allowing continued coring to meet the scientific objectives at the
hole. The DIC is always available as a tool of last resort to achieve
penetration in unstable sediments. The purpose of this tool is similar to the
Hard Rock Reentry System (HRRS), except the HRRS is designed to be
used in unstable hard rock formations.

Tool Operations
The DIC system allows the casing string and a casing ring bit to be drilled in
as a unit. The system utilizes a DIC drive head and bushing that enables the
drilling torque to be transmitted to both the casing string and bottom-hole
assembly (BHA). Once the DIC is drilled into place, the casing string is
released from the BHA. The DIC is run in one of two modes: with or without
a funnel. When used without a funnel, coring continues directly after the
casing is installed. This is not recommended because the drive head restricts
circulation in the annulus. When used with a funnel, the drive bushing can
be retrieved and a bit tripped back in the hole to continue coring.

Design Features
1) Isolate Unstable Zones
The DIC can support unconsolidated sediments or unstable zones below the
seafloor.
Benefit: Unstable upper zones and fault zones can be isolated by drill-in
casing allowing deeper coring and/or logging.
2) Reentry
An optional reentry funnel can be added in the moonpool before running the
tool.
Benefit: A DIC borehole can be reentered to continue drilling below an
unstable or flowing zone.
3) Casing Ring Bit
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A ring bit is welded to the bottom of the 10
the casing.

in. casing and left in place with

Benefit: Permits drill-in capability of the casing.

Considerations
Coring operations cannot occur while the DIC is being drilled into place
Typical DIC depth range is determined by the position of formation instability
and casing hole drag, but is generally limited to a depth of 40 to 120 mbsf.
The DIC is designed for drilling-in casing into unstable soft sediment to
achieve deeper scientific objectives in a single hole
Deployment of the DIC with the optional reentry funnel does not replace the
multiple casing string capability of a standard full-size reentry cone
installation on deep holes
The DIC is not robust enough to drill into consolidated formations, hard rock,
or basement
Additional casing strings cannot be deployed with the DIC
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Figure 1. Schematic of the Drill-In-Casing (DIC) system installed in shallow
and unstable sediments. The optional reentry funnel is free-fall deployed.
The 9 in. rotary core barrel BHA and bit can be released to core ahead
without making a trip. Soft formations typically seal the annulus, thereby
directing drilling fluid returns through the casing.
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Figure 2. Drill-In-Casing system running tool.
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Free-Fall Funnel
Scientific Application
The Free-Fall Funnel (FFF) is free-fall deployed to the seafloor before the bit
is pulled out of the existing hole. This system provides a quick and low-cost
method to reenter the hole to facilitate bit and bottom-hole assembly (BHA)
changes.

Tool Operations
The FFF is split into two halves to permit installation around the drill string at
the moonpool while the BHA is still in the hole. The FFF is equipped with a
seafloor support plate and a split 9 ft (2.7 m) stub of 13 in. casing. Glass
flotation balls can be attached to the FFF to aid in location and reentry using
the underwater TV camera and sonar system.

Design Features
1) Continued Drilling Option
The FFF provides a quickly deployed and low-cost means to reenter an open
borehole.
Benefit: Permits coring/drilling to continue in a hole where a standard
reentry cone was not planned, but a bit or BHA change is necessary.
2) Simplified Assembly and Deployment
The split design of the FFF allows for quick and easy assembly and
deployment.
Benefit: A FFF can be installed around a drill string in ~2 hr while the bit is
still in the hole.
3) Borehole Alignment and Support
A short ~9 ft long stub of casing keeps the FFF aligned with the hole and a
support plate provides a seafloor landing surface.
Benefit: The alignment of the FFF casing stub with the hole helps ensure that
the bit will follow the existing hole rather than inadvertently start a new hole
in soft sediments. The seafloor support plate helps keep the FFF above the
seafloor despite soft sediments or upper hole enlargement.
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Specifications
Diameter at the Top of the Cone
7.5 ft (2.28 m)
Height above the Seafloor Support
3.38 ft (1.02 m)
Cone Throat Diameter
12¼ in. (0.32 m)
Casing Stub Diameter
133/8 in. (0.33 m)
Casing Stub Length
9 ft (2.7 m)
Assembled Weight
~2,000 lb (0.9 metric tons)

Limitations
The FFF is not capable of supporting a casing string.
The FFF is not intended for use when reentry is considered likely during
subsequent legs.
If the top of the borehole is washed out or the sediments are not
consolidated enough for adequate support, the FFF can occasionally sink out
of sight.
The FFF provides no guarantee that a collapsed borehole can be located and
reentered.
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Figure 1. Schematic of a FFF deployed in sediment. After a hole is drilled in
sediment, a FFF can be installed to assist in reentry. Glass floatation balls
may be added to enhance hole relocation using sonar.
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Figure 2. FFF with a 9 ft casing stub installed over the drill string and ready
to drop in the moonpool.

D - 38

Hard Rock Base
Description
The Hard Rock Base (HRB) is designed to focus the direction of the drill bit into hard
irregular seafloor surfaces otherwise undrillable.

Specifications
•
•
•
•
•
•
•
•
•
•

Dry weight (unballasted) = 41,400 lbs
Submerged weight (unballasted) = 36,000 lbs
Approximate submerged weight (ballasted) = 125,000 lbs
Reentry cone diameter = 8 ft
Reentry cone uprighting moment factor of safety = 2.5
Factor of safety against leg bolt shear = 19
Maximum design tilt (into side) = 25°
Maximum design tilt (into corner) = 30°
Maximum recommended operational limit = 20°
Leg extension beneath base = 3 ft

Problems Associated with Landing an HRB
•

Seafloor slope
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•
•
•
•
•
•

Seafloor stability
Sediment thickness
Sufficient area suitable to land base
Weather/sea state/water depth conditions
BP471 not suitable or efficient as a survey vessel
Very rugged canyonous topography

Design/Deployment Capabilities
•
•
•
•

Can be set on hard bare rock outcrops with flat or irregular topography on slopes
less than or equal to 20°
Requires sediment cover to be less than 3 ft
Recoverable/Redeployable
Can be relocated on the seafloor

Considerations of Using an HRB
•
•
•
•
•
•

Permanent/long term reentry site
1, 2, or 3 casing strings required
Time required to under ream or hole open
Time to locate/position/run HRB
Adequate survey of seafloor deployment area
Space availability on BP471 for support hardware of HRB/casing (when considering
multiple HRB deployments)

Input Data for Landing an HRB
•
•
•
•
•

Mechanical tilt indicator (Bullseye)
maximum range = 23.5°
Electronic tilt beacon (Note 1) = 40°
Mesotech (Note 2) = Limited
Visual form V.I.T. (Note 2) = Limited

Notes
Electronic Tilt Beacons have experienced some freezing and/or erratic behavior due to
rugged reentry cone shielding or topography.
Need experience to interpret results/data.
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HRRS
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Scientific Application
Hard rock environments have challenged existing coring technology in
two ways: getting a hole started and keeping the hole open in brittle
highly fractured formations. The Hard Rock Reentry System (HRRS) was
developed to install casing with reentry capability on a sloping or rough
hard rock seafloor, where bare rock spud-in or standard reentry cone and
casing installations are not practical. The HRRS is crucial for starting holes
at hard rock sites with unstable upper hole conditions (e.g., mid-oceanridge basalts) because the HRRS simultaneously advances casing while
drilling the hole. The HRRS increases the probability of starting a hole
and deepening it to recover core for scientists to study the formation and
diagenesis of the ocean crust.

Drill pipe
Reentry cone guide

Seafloor

Casing running tool
Casing
Drill collars
Hammer
Borehole
Retractable bit

Tool Operation
A few joints of 13³⁄₈ in. casing are advanced with the bit when the
HRRS (or hammer-in-casing mode) is used. The HRRS consists of a fluid
hammer (FH), underreamer or ring/pilot bit, and a casing running tool
to install the 13³⁄₈ in. casing. The rig pumps provide hydraulic pressure
through the drill string to power a downhole FH, which drives a percussion bit. Seawater is circulated down the pipe, through the FH, and back
through the casing to the seafloor to clean the fine cuttings from the
hole. When the casing is set, the FH is released and withdrawn, leaving a
cased hole for coring. An HRRS reentry funnel, which is slightly different
from the usual free-fall funnel, is installed by free fall from the ship after
the casing is set. The FH can also be used with a flat-face bit to drill a
hole without installing casing.

HRRS drilling in
Reentry cone
Seafloor
Casing

Borehole

Completed HRRS installation
after free-fall deployment
of HRRS reentry cone

Design Features
1) Bare Rock Spud on Slopes
Both the HRRS (to install casing) and the fluid hammer with a flat-face
drill bit (to drill ahead) are capable of initiating a bare rock spud on a
slope with hard rock or rubble cover.
Benefit: Operations can be initiated on unstable or sloping surfaces that
previously thwarted efforts to start a hole using conventional drilling
and casing techniques.

Schematic of the HRRS in the
Hammer Drill-In-Casing mode. The
hammer drill is run inside the casing
and simultaneously drills a hole
and advances the casing. A reentry
cone is free-fall deployed, and the
hammer drill is withdrawn from the
casing leaving a reentry installation.

2/02
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2) HRRS Casing

Casing: 13³⁄₈ in. with Atlas Bradford
“STL” flush joint connections to
minimize hole friction.

The HRRS simultaneously drills a
hole and runs casing.
Benefit: Unstable upper formations
are isolated by casing as they
are drilled, which means less
time is spent on reaming and
hole cleaning, stuck pipe problems due to hole collapse are
reduced, and hole cleaning
is improved by preventing
enlargement of the seafloor
hole.

Additional Equipment
Drill Collars
9½ in. outer diameter required
for closing force.
Pulsation Sub
Supplemental tool to reduce
fluid pulsations from the fluid
hammer.
Jet Sub
Flushes the annulus above the
fluid hammer inside the casing.
The primary flow path to
remove the fine cuttings is
upward through the casing.

3) Nested Casing
The 13³⁄₈ in. HRRS hammer-incasing uses a standard 13³⁄₈ in.
Drill-Quip (DQ) casing hanger.

Running Tool
Engages the bearing assembly
below the hanger to prevent
casing from rotating.

Benefit: Allows later installation of
a conventional 10¾ in. casing
with a standard DQ hanger.
4) High Rate of Penetration
The fluid hammer with a flat-face
drill bit may have a higher rate of
penetration than a rotary bit when
drilling in hard rock.

SDS 260-mm fluid hammer and
under reamer bit.

Benefit: Useful for drilling noncased
holes in hard rock with minimal
or no sediment cover for logging
and instrumentation. The time
spent on the hole is reduced
when casing is not set.

Bit Types
HRRS Underreamer Bits: drill a 14¾
in. (375 mm) hole and close to
a 12¼ in. diameter to retract
through the 13³⁄₈ in. casing.
These bits are used with the
HRRS to set casing.

HRRS Specifications
Fluid Hammer
SDS Digger Tools model 260 FH,
10.23 in. (260 mm) diameter,
requires a closing force of 3300
lb and a flow rate of 595 gpm
to operate. If the closing force
is not 3300 lb or greater, the
fluid hammer stops drilling, but
circulation can be maintained.

HRRS Ring Bit: 15 in. (381 mm)
diameter ring bit is welded to
the 13³⁄₈ in. casing and run with
a 12¼ in. pilot bit. The ring bit
is left in the hole because it is
welded to the casing, but the
pilot bit is recovered. These bits
are used with the HRRS to set
casing.
Flat-Face Drill Bit: 12¼ in. (311
mm) diameter bit for drilling
with the fluid hammer (i.e., not
used to set HRRS casing).
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Reentry Funnel
Deployed by free fall after
hammering-in-casing to provide
reentry capability.

Typical Operating Range
Requires use of the Active Heave
Compensator to control weight
on bit to ~10,000 lb to keep the
fluid hammer in drilling mode.
Hammer operates at 25–30 Hz
with 595 gpm at 2200 psi.
Casing length is formation
dependent, but typically 30–60
m.

Limitation
HRRS is not suitable for use in
soft sediments (see Drill-InCasing System tool sheet).

RECC
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Scientific Application
The Reentry Cone and Casing
(RECC) system is a permanent seafloor installation (or legacy hole)
that is able to support up to
four nested casing strings that case
off unconsolidated sediments to
achieve deep target horizons. The
RECC allows a borehole to be reentered on multiple legs to deepen
the hole or install a borehole
observatory for enhanced longterm downhole measurements and
sampling. A borehole observatory
can be configured as a Circulation
Obviation Retrofit Kit (CORK), an
Advanced CORK (ACORK), or an
instrument hanger for a seismometer package or sensor string. The
deeper casing strings need to be
cemented to isolate the borehole
from open circulation between the
formation and ocean bottom water
or between formation intervals.

Tool Operation
The reentry cone assembly consists
of a reentry funnel mounted on
a support plate that rests on the
seafloor and a housing to support
the multiple casing strings. The
reentry cone is typically run with
a short (20–80 m long) casing
string (20 or 16 in. diameter). The
first string of casing is typically
deployed as an integral part of the
reentry cone, which is hydraulically
washed (or jetted) in pelagic mud

Reentry cone

Mud skirt

Seafloor

Transition pipe
Sediment
Quad landing ring
Housing
10¾ in. casing hanger
133/8 in. casing hanger
16 in. casing hanger
20 in. casing hanger
20 in. casing
16 in. casing
133/8

in. casing

10¾ in. casing

Schematic of the reentry cone, mud skirt, and housing with four Dril-Quip
casing hangers (20 in., 16 in., 13³⁄₈ in. and 10¾ in.) landed in the housing.

and supported without cementation. The soft upper formation
“heals” around the casing providing support and a weak annular
seal. The first string of casing can
also be drilled in with an underreamer and mud motor if the sur-

face sediments are consolidated.
Rotation of the casing string is
not practical because of the large
support plate. Subsequent casing
strings are run into a predrilled
hole, hung in the housing, and
cemented in place.
2/02
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is being installed to ensure that the
casing reaches TD.

Design Features
1) Continued Drilling Option
In compliance with ODP guidelines
and to determine the casing setting depth, an ‘A’ hole must be
cored to target depth, followed
by logging. The casing is then set
in the ‘B’ hole to isolate unconsolidated formations identified in
the ‘A’ hole. A reentry cone provides a means to mark the seafloor
entrance to a borehole and to stabilize the sediments. Coring and/or
drilling to total depth (TD) is possible with trips for new bits, reentries, and multiple casing strings.
Existing cased legacy holes can be
reentered and deepened or instruments can be added at a later date.
Benefit: Coring and/or drilling in a
single borehole can be continued to achieve the deep scientific objectives of the leg.
2) Reduction of Borehole
Instability
Reentry cones provide a means to
hang multiple casing strings to seal
off unstable formations. In areas
of borehole instability, downhole
motors and underreamers can be
run inside casing while the casing

Benefit: Coring and/or drilling
a borehole can be continued
through unstable formations.
3) Borehole Instrumentation
Reentry cones provide a stable
platform for borehole completions.
Benefit: Long-term ancillary scientific investigations can be conducted such as investigating formation permeability, temperature and pressure changes over
time, conducting fluid sampling,
and seismic event monitoring.

Casing Running Tools
20 in. CADA (Cam Actuated Drill
Ahead) Casing Running Tool
The CADA casing running tool
is deployed on the drill string to
emplace 20 in., 16 in., and 13³⁄₈ in.
casing in a borehole where a reentry cone has been installed. As an
option, once the casing has been
installed, the drill string can be
released from the CADA tool. This
feature allows casing to be set and
the borehole drilled ahead of the
casing in a single pipe trip.

Table 1. Casing size options.
OD
Open hole
casing (bit size)
(in.)
(in.)

OD casing
coupling
(in.)

Weight
(lb/ft)

ID
(nominal)
(in.)

Drift
(in.)

Cemented?

TD
range
(m)

20

24

21

94.0

19.124

18.936

No

40–80

16

20

17

75.0

15.124

14.936

Cemented
below 20
in. casing

40–80
or
200–500

13³⁄₈

17½

14³⁄₈

54.5

12.615

12.456

Yes

300–700

10¾

14¾

10¾

40.5

10.050

9.894

Yes

500–1500

Note: Recommended casing configurations to avoid running an underreamer to create the open
hole for the casing are 16:10¾ in. and 20:13³⁄₈ in.
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Benefit: Eliminates a round trip for
a bit change to open up the
hole for casing.
10¾ in. Casing Running Tool
The 10¾ in. casing running tool is
run on the drill string to install the
10¾ in. casing in a borehole after
a reentry cone has been installed.
Unlike the CADA tool, the 10¾ in.
casing running tool does not have
a “drill ahead” feature; therefore,
before the borehole can be continued, a round trip of the drill string
is required to remove the 10¾ in.
casing running tool.

Reentry Cone
Specifications (see Table 1)
Reentry Cone Diameter
13 ft (4.0 m)
Height above the Mudline
7 ft (2.1 m)
Baseplate Support Area
120 ft2 (11.1 m2)
Transition Pipe below Rentry
Cone
26 in. outside diameter (OD); 24
in. inside diameter (ID)

Limitations
To minimize operational time for
setting casing and reduce the risks
associated with an underreaming
operation, double casing string
configurations are recommended.
If triple or quadruple casing programs are required because of formation stability problems, underreaming should be done in the
softer formations in the upper hole
(<500 to 700 m).
The Ocean Drilling Program does
not normally carry underreamers
or bits larger than 17½ in. as
part of its inventory on board the
JOIDES Resolution.
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Scientific Application
The Ocean Drilling Program (ODP)
installs reentry cones and casing
in sediments and basement, typically by coring the hole and then
enlarging (i.e., underreaming) it
to run casing. Underreamers (Fig.
1) and bi-center reamers (Fig. 2)
are used during casing installations
to drill an enlarged hole (usually
below a casing shoe) to provide
clearance to run additional casing
strings and provide annular clearance for adequate cement thickness (Table 1). Both tools drill a
larger hole than the casing “passthrough diameter” (the maximum
diameter of tools that will pass
through the casing) by expanding hydraulically (underreamer)
or rotating eccentrically (bi-center
reamer) once they are through
the casing. Underreamers were
designed for use in softer sediments. Because of the hydraulically
expanding arms, underreamers are
not as robust as bi-center reamers.
Bi-center reamers are newer than
underreamers and are designed
to drill in firm sediments and
basement rocks. They have fixed
eccentric wobble shell cutters (Fig.
2) and, thus, cannot drill as large
a hole as an underreamer for any
given pass-through diameter.
The engineer determines which
tool to use depending on the
formation type and the casing

sizes. Both tools can be used (1)
to enlarge an existing hole, (2) as
a precautionary tool to reopen an
enlarged hole if it has closed, and
(3) to drill a new hole. More rarely,
these tools can be used to “drill-in
casing.” The term drill-in casing
refers to running a mud motor
(see Section III) inside the casing
to rotate one of these tools as a
precaution to ensure the hole is
open ahead of the casing (Fig. 3)
or (rarely) to drill and run casing
simultaneously (Fig. 4).

I. Underreamers
Tool Operation
The underreamer (Fig. 1) is run
using 6 to 12 drill collars in the
bottom-hole assembly (BHA)
below the drill pipe to add weight.
A pilot bit drills ahead of the roller
cone cutters to center the rotation
of the underreamer body to force
the roller cones to cut a concentric hole. Fluid pressure inside the
drill string is used to hydraulically
extend the two underreamer arms,
which have roller-cone cutters. The
underreamer arms are pre-adjusted
to the required hole diameter

Figure 1. Schematic of the underreamer tool. Mill-tooth roller cone
cutters are used with softer sediments. Tungsten carbide roller cone
cutters are used with firmer sediments and hard rock.
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Hydraulic piston
arm opening
mechanism

Hinge pin
Jetting action
for improved
cutter and
hole cleaning
Arm
Roller cone
cutters with
large sealed
bearings
Arm open

Thread to pilot bit

hard-formation bit cones are available. Limited (~20 m) basement
(e.g., basalt) penetrations are also
possible.

upper reamer
eccentric
wobble
shell cutter

spiral blade
stablizer/bit sub

Benefit: One underreamer tool can
drill a wide range of sediments
without a trip to change bits.
2) Hole Size/Operating
Parameters
Underreamers have adjustable
arms that open hydraulically. Table
2 shows the model, underreamer
body size, outer diameter (OD)
of the casing the underreamer
can pass through, the size of the
hole that can be drilled when the
arms open, and typical operating
parameters (weight on bit [WOB]
and revolutions per minute [rpm]).

wobble pilot bit

Figure 2. Photo of bi-center reamer.

Benefit: The underreamer arms can
be adjusted to cut different hole
diameters, reducing the need for
a separate tool for each casing
size. Operating parameters can
be adjusted to optimize performance in different formations
based on rate of penetration,
hole conditions, swelling formations, etc.

before drilling. The pilot bit and
underreamer nozzles must be
sized correctly to ensure adequate
hole cleaning and provide enough
backpressure to open the underreamer arms at the same time.

Design Features
1) Formation Compatibility
Underreamers are compatible with
sediments ranging from soft silts/
sands and sticky clays to moderately firm sediments. Medium- and

ters for firm sediments, chert, and
limited (~20 m) basement penetration.
The pressure drop through the
underreamer is 250–500 psi (at
1000 gpm maximum). An underreamer will typically require a flow
rate of 30–500 gpm/in. hole diamter for proper hole cleaning.
A Drilex D950SSHF (slow speed,
high-flow rate) mud motor is used
with the underreammer when a
mud motor is used to run casing.

Underreamer Typical
Operating Range
Formation: Soft to moderately
firm sediments
Depth Range: No limit
Rate of Penetration: Depends on
rock properties, but ~30 to 3
m/hr

Limitations
Should not be used to drill very
firm sediments, chert, or deep
into volcanic basement rock
due to potential damage to the
arms.

Underreamer Specifications

Holes in granular sediments
(such as sand, fractured rock,
or rubble) usually will not stay
open.

Roller cone cutters include mill
tooth cutters for soft sediments
and tungsten carbide tooth cut-

To underream a reasonably
straight and concentric hole, the
pilot bit should be the same size

Table 1. Comparison of underreamer and bi-center reamer casing and drill bit specifications.
HOC underreamer
(in.)

Casing
OD
(in.)

Casing
weight
(lb/ft)

Casing
drift ID
(in.)

Buttress
coupling OD
(in.)

Drill bit
option
(in.)

DDI
bi-center drill-in casing
model number

DTU 95

DTU 1175

20

94

18.936

21

Jet-in

B#182x215

-----

22

16

75

14.936

17

18.5

B#145x185

-----

20

13.375

54.5

12.459

14.375

14¾

B#122x146

14¾

-----

10.75

40.5

9.894

11.75

12¼

-----

14¾

-----

Notes: OD = outer diameter; ID = inner diameter; DDI = Downhole Design, Inc.; HOC = Hole Opener Corporation; DTU is part of the model number.
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or larger than the predrilled pilot
hole.

II. Bi-Center Reamers

2EENTRY CONE

Tool Operation
Bi-center reamers (Figs. 2, 5; Table
3) are also run on a BHA composed
of 6 to 12 drill collars below the
drill pipe. A pilot bit below the bicenter reamer must center the tool
body in a hole so the upper reamer
shell can rotate eccentrically to
enlarge the hole. The pilot bit and
bi-center reamer nozzles must be
sized correctly to ensure adequate
hole cleaning.

Design Features and Benefits

3TABILIZER
IF REQUIRED
$RILL COLLARS

$RIL 1UIP CASING HANGER

6 IN CASING
3EDIMENTS
-UD MOTOR

1) Formation Compatibility
Bi-center reamers are compatible
with moderately firm sediments
and volcanic basement.
Benefit: A bi-center reamer can
drill or underream a wide range
of firm sediments to basement
without a trip to change bits.

2OLLER CONE
CUTTERS

%XPANDED UNDERREAMER

0ILOT BIT

(6 IN 2#" CORE HOLE

2) Durability
The bi-center reamers are a fixed
outer diameter (i.e., not hydraulically opened).
Benefit: No tool closure is required
to pull the tool back through
casing, and the design is more
robust.
3) Hole Size
Bi-center reamers use IADC Class 5
conical tungsten carbide cutters.
Benefit: Bi-center reamers can drill
firm sediments and basement
rocks that might damage a
hydraulic-arm type underreamer.

Figure 3. Underreaming (enlarging) 9⁷⁄₈ in. core hole with an expanded
underreamer below conductor casing before running next casing. If a bicenter reamer was used, it would be in the same position below the mud
motor as the underreamer.

4) Stabilizer and Wobble Bit
A 9⁷⁄₈ in. OD integral blade stabilizer and a 9⁷⁄₈ in. OD single-cone
wobble bit are available.
Benefit: The stabilizer absorbs the
side loading forces as a result of
eccentric “wobble” of the bicenter reamer shell and reduces
damage sustained by the drill or
wobble bits. Wobble bits have a

larger bearing than tricone bits
and are more robust.

Bi-Center Reamer
Specifications
9⁷⁄₈ in. OD integral blade stabilizer
9⁷⁄₈ in. OD single-cone wobble
pilot bit
Weight on Bit: 3K to 6K lbf/in. of
bit diameter
Circulation Rate: 30 to 50 gpm/
in. of hole diameter
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Bi-Center Reamer Typical
Operating Ranges

Drill collars

Formation: Firm to moderately
firm sediments to hard volcanic
basement rock
Depth Range: No limit
Reentry cone

Rate of Penetration: Depends on
rock properties, but ~30 to 10
m/hr in sediments and ~6 to 2
m/hr in basement

Limitations

Casing running tool
Dril-Quip casing hanger

Bi-center reamers are not effective
for re-reaming an existing large
or ruggose hole because the pilot
bit must be constrained in (i.e.,
centered in) the hole to center the
tool body and force the eccentric
upper reamer shell to drill.
No tool is effective in opening
a hole in unstable or granular
sediments (such as sand, fractured
rock, or rubble).

Mud motor

Conductor casing
Sediments

III. Mud Motors

Underreamer

Tool Operation

Pilot bit

Drilling-In Conductor
Casing with Reentry Cone
Figure 4. Underreaming ahead of conductor casing in unstable sediment
cover to set reentry cone.

Table 2. HOC and underreamer models and specifications.

HOC
model

UR body
size
(in.)

OD casing
(in.)

Hole size
drilled
(in.)

WOB
(klb)

Rev/min
(rpm)

DTU 1175

11¾

20, 16, 13³⁄₈

11¾ to 22

0-20

70-110

DTU 950

9½

10¾

9½ to 14¾

0-15

70-110

Note: UR = underreamer.
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Because casing cannot be rotated
from the surface, a mud motor
(Fig. 6) is used inside casing to
rotate underreamers, bi-center
reamers, or bits, using pressure
from circulating fluid pumped
down the drill pipe. The mud
motor nozzles must be sized
correctly to ensure adequate
hole cleaning for the pilot bit
and underreamer or bi-center
reamer nozzles. ODP uses a Drilex
D950SSHF mud motor (special
low rotating speed but with high
flow rate and high torque), which
runs at ~500 psi pressure drop
on bottom when fully loaded.
The mud motor assists the casing
string past bridges and tight spots
in a predrilled hole. A mud motor
can also drill-in casing without a
predrilled hole over short intervals

21.25-21.5
Hole Size

Box thread

8.25 in.

Rotor

12 in.
Stator
Flow jet
Mud
motor
power
section

~48 in.
Upper reamer shell w/
IADC C1.5 TCI cutters

18.5 in.
Pass thru

Transmission
w/ universal
joint
assembly
9⁷⁄₈ in. integral
blade stabilizer

~24 in.
Bearing
assembly

Stabilizer
bit sub

Drive sub

Flow jet
9⁷⁄₈ in. single cone
wobble pilot bit
(or tri-cone roller
bit - not shown)
Pilot
bit size
Figure 5. Schematic of a bi-center reamer by Downhole Design Inc. (DDI).

Underreamer
and pilot bit

Table 3. DDI bi-center reamer models and specifications.
DDI
bi-center
model

Pass-through
size
(in.)

Hole
size
(in.)

WOB
max.
(lb)

Rev/min
(rpm)

Est. rot.
hours
(hr)

Est. ROP
(ft/hr)

B#182x215

18.25

21.5

100K

50-60

60-80

20-2

B#145x185

14.5

18.5

70K

60-70

60-80

30-2

B#122x146

12.25

14.625

40K

60-70

60-80

25-2

Notes: Est. = estimated; rot. = rotating; ROP = rate of penetration.
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Pilot bit

Figure 6. Schematic diagram of the
mud motor with a bi-center reamer
and pilot bit. The mud motor could
also be used with an underreamer
and pilot bit or with only a bit.

(i.e., less than ~150 m in unstable
sediments such as sand or swelling
clay).

Design Features
1) Compatibility
The mud motor is compatible with
underreamers, bi-center reamers,
and tricone drill bits when they are
run with the appropriate nozzles
and hydraulics.
Benefit: One mud motor can be
used to drill sediments and basement with a wide range of different tools.
2) Durability
The Drilex D950SSHF mud motor
has high stall torque and relatively
low rpm.
Benefit: Large drilling tools, such
as underreamers and bi-center
reamers, require low rpm and
high torque to drill in hard and
fractured rock.

3) Pass-Through Hole Size
The Drilex D950SSHF mud motor
has a 9.47-in. OD.
Benefit: Can be run inside 10¾
in. casing (9.950-in. nominal/
9.794-in. drift ID). It is the largest motor available that will pass
through the 10¾ in. (smallest)
casing size used by ODP.

Mud Motor Specifications
The mud motor has a 9.47-in. OD.
Pressure drop is 200–300 psi no
load and 500 psi on bottom when
fully loaded.
Motor displacement is 6.11 gal/
rpm with a rotor speed of 90–164
rpm off-bottom and 72–131 rpm
on-bottom at a flow rate of 550–
1000 gpm. On-bottom torque is
7600 ft-lb at 500-psi pressure drop
and 12,000 ft-lb stall torque.
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Mud Motor Typical Operating
Ranges
Formation: No limit–depends on
drilling tool used
Depth Range: No limit
Rate of Penetration: Not applicable

Limitation
Appropriate nozzles and hydraulics
must be run in the drilling tools
(e.g., underreamers, bi-center
reamers, and tricone drill bits) to
provide pressure and flow rate to
operate the mud motor.
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Scientific Application
The Advanced Piston Corer Temperature (APCT) tool is an instrumented version of the coring shoe
that is run on the Advanced Piston
Corer (APC). It is deployed in soft
sediments to obtain formation temperatures to determine the heat
flow gradient and is essential in
determining hydrocarbon maturity
for pollution prevention purposes.
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Tool Operation
The APCT is deployed on an APC
inner core barrel and provides a
precise in situ temperature measurement while adding only 10 min
to each core barrel run. Typically,
the tool is run starting at 30 m
below seafloor (mbsf) and then run
after every other core until four
good readings are obtained. The
shoe is hydraulically stroked 9.5 m
into the sediment and remains stationary for ~10 min. The APC inner
core barrel is then retrieved, the
instrumented shoe is removed, and
the data is downloaded into a computer.

Design Features
1) Temperature Measurement
Without Wireline Trip
The APCT sensor, electronics, and
memory are contained in an annular cavity inside the APC coring
shoe.
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Continuous temperature measurements are recorded with the APCT core
shoe embedded in the sediment.

Benefit: Temperature measurements can be obtained without
a special wireline trip with a
temperature tool.

2) Minimal Time Impact
The APCT tool is deployed on an
APC inner core barrel and remains
stationary for ~10 min in the sediment.
2/02
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APCT shoe with pocket to accept electronics, memory board, and battery for temperature measurements while
taking an APC core.

Benefit: The APCT provides a precise in situ temperature while
adding only 10 min to each core
barrel run.
3) Rapid Data Download
The instrumented shoe is removed
as soon as the APC inner core
barrel is retrieved, and the data are
downloaded into a computer program for immediate processing.
Benefit: Hydrocarbon maturity evaluations can proceed during
coring to avoid delays for data
handling.

APCT Specifications
Motorola 68HC811 microprocessor
32K x 8 bit CMOS RAM data
storage
Real-time clock
14-bit analog-to-digital
converter
Platinum temperature sensor
±0.02ºC accuracy
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Typical Operating Range
–20ºC to +100ºC temperature
measurement range

Limitations
Can only be used in soft sediments appropriate for piston
coring
Can only be used in relatively
stable sediments where danger
of hole collapse is minimal

APCM
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Scientific Application
The Advance Piston Corer Methane
(APCM) tool continuously monitors
temperature, pressure, and conductivity changes in the core liner
during coring, wireline retrieval,
and handling to quantify changes
that occur in gas-rich cores. By
comparing data plots from successive cores, stratigraphic variations
and relative amounts of gas stored
in sediments can be determined
at individual sites and variations
between sites can be assessed.
Models indicate that the data also

provide information on the presence of gas hydrate in the sediment that may disassociate before
core retrieval.

Tool Operations
Temperature, pressure, and conductivity sensors are embedded
within the piston head on the standard ODP Advanced Piston Corer
(APC) (Fig. 1, Fig. 2). During the
APC coring stroke, the piston head
acts as a plunger to evacuate water
from the inner core barrel, which
allows the core to enter.

Design Features
Wireline Deployment
The APCM is deployed at the
beginning of APC coring and
removed when coring is suspended. A 100-hr long-life battery
allows continuous 1-Hz recording
of data for the duration of the APC
coring sequence.
Benefit: Allows scientists to calculate the amounts of gas stored in
sediments.

Tool Replaces APC
Piston Head

Conductivity
Temperature
Pressure
Main Processor Unit/
3 Lithium/Thionyl
Chloride Batteries Data Acquisition System
Temperature
Memory Dump Port
Figure 1. Top schematic shows the APCM inside the APC bottom-hole assembly. The bottom two drawings show the
APCM head in more detail along with a schematic of the top of the sensor head.
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APCM Specifications
General
Replaces APC piston and snubber
in APC assembly
Three sensors: temperature, pressure, and conductivity

Memory dump port

Thermistor
Pressure
transducer

Temperature sensor accuracy:
±0.05ºC
Pressure transducer operating
range: 0-10,000 psi; ±0.15% full
scale

Conductivity sensor

Conductivity sensor: 3-pin Bulkhead Connector (detects gas phase
in headspace)

APC
piston
head

Sample rate: 1 Hz
Electronics
ODP/MBARI design
Motorola 68338 processor
APC
piston
seals

DOS-like operating system
48 MB of flash memory
Two double-C, lithium/thionyl
chloride batteries in series—lasts
~100 hr

Typical Operating Range
Very soft to firm sediments (any
time the APC is deployed).

Limitations
The APCM can be used any time
the APC is deployed.
Figure 2. Sensor head with memory dump port and temperature, pressure, and conductivity sensors.
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Scientific Application

A

B
Electronics
boards

The Davis-Villinger Temperature
Probe (DVTP) is designed to take
heat-flow measurements in semiconsolidated sediments that are
too stiff for the Advanced Piston
Corer Temperature (APCT) tool.
Coring must be interrupted to take
a temperature measurement. The
DVTP can also be run on wireline
and hung below the bit (when the
bit is off bottom) as a temperature
logging tool for borehole fluids.

Pressure
case

Battery
holder

Lower union
Split ring

Tool Operation

Sliding nut

The DVTP is run through the drill
string on a dedicated coring wireline round trip. The DVTP is typically run with the colleted delivery
system, which latches into the
bottom-hole assembly (BHA). The
DVTP probe extends 1.4 m below
the bit and is pushed into bottom
sediment by the driller with
5000–15,000 lbs and held there
for 10 min.

Probe tip
extender

Thermistor
wires

Probe tip

Design Features
Thermistor

1) Compatibility
The tool latches into either the
Advanced Piston Corer/Extended
Core Barrel (APC/XCB) or Rotary
Core Barrel (RCB) BHA.
Benefit: The tool latches into both
major coring BHAs, increasing
functionality.

A. Inserting the DVTP tool in the top of the drill pipe to take a temperature
measurement. B. Schematic of the DVTP tool showing the robust probe tip
with thermistor and electronics package. The tool is run on wireline using
the colleted delivery system, which is above the quick release.

2/02
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2) Probe Length

5) Data Collection

The robust probe extends 1.4 m
below the bit.

The tool is capable of storing eight
channels of data for 24 hr when
sampling at 3-s intervals. After
the tool is recovered, the data is
downloaded and calibrated on a
computer running ODP LabView
software.

Benefit: The probe penetrates into
relatively undisturbed sediments
ahead of the bit.
3) Decoupled from Heave
The DVTP is deployed on the colleted delivery system, which allows
the probe to be disengaged from
the BHA after it is pushed into the
sediments.
Benefit: This prevents drill string
movement (from ship heave)
from disturbing the probe while
recording formation temperature.

Benefit: The DVTP provides sufficient measurement detail and
recording time to assure goodquality data.

DVTP Specifications
16-bit analog-to-digital
converter
496 Kb of RAM memory

4) Tool Disturbance

Programmable sample interval
from 3 to 10 s

An onboard accelerometer monitors tool disturbance while a
thermistor records formation temperature.

51,000 ohm thermistor temperature sensor

Benefit: Measures potential tool
movement during data recording to assist in interpreting temperature data.

Temperature accuracy ±0.02ºC
Acceleration accuracy ±2 G
Conical probe tip continuously
tapered at 2.5º from 55.5 to 8
mm in diameter

D - 56

Typical Operating Range
–5ºC to 105ºC temperature
measurement range
Soft to semiconsolidated sediments (e.g., chalks or firm clays)

Limitation
Not used in hard rocks (e.g.,
chert, dolomite, limestone, or
basalts)

Instrumented Water Sampler
Scientific Application
The Instrumented Water Sampler (IWS) is a formation fluid sampling tool
with a motorized syringe-type sampling piston. The sampling rate is
controlled by software to provide a constant fluid extraction rate. The
controlled extraction rate reduces the likelihood of intake screen pack off. In
addition, a thermistor and pressure sensor measure in situ formation
properties. Internal tool data (e.g., temperature, motor current, and
voltage) are recorded to diagnose and debug problems that may occur
during sampling.

Tool Operations
The IWS is the next-generation replacement for the Water Sampler
Temperature Probe (WSTP) and Fisseler Water Sampler (FWS). The IWS is
5.17 m (16 ft, 11 in.) long and can be set up to sample formation in situ
fluids or bottom water. The software allows the operator to either select a
time to initiate sampling or rely on the frictional heat spike of probe insertion
to initiate sampling. The operator also selects a maximum sampling period.
Once deployed and sampling begins, the software monitors and adjusts the
syringe motor current to maintain a controlled extraction rate. The
variarable-speed syringe motor will run until the sampling period is
completed (timed out) or until the sample coils are full. This feature
improves the quantity and quality of the collected samples over predecessor
water sampling tools.

Design Features
1) Probe Tip Design
The probe tip assembly comprises an intake port, a thermistor, and a
pressure transducer to record formation pressure and temperature during
water sampling.
Benefit: Measures in situ formation properties that correlate with the fluid
sample and provides diagnostic information to analyze sampling problems.
2) Heat Spike Trigger
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The software can use the frictional heat spike caused by insertion of the
thermistor probe into the formation as a trigger to start the sampling motor
(instead of a preset timer as in the WSTP).
Benefit: Reduces unproductive tool down time while waiting for the preset
timer to trigger the sampling operation, which in turn reduces exposure to
potential hole problems. Using the heat spike also eliminates bad runs due
to setup timing errors.
3) Sampling Rate
Sampling rate is controlled by feedback from the syringe motor current.
Benefit: Reduces the probability of screen pack off, which improves sample
quantity and quality.

Specifications
Diameter: 9.5 cm (3

in.)

Length: 5.17 m (16 ft 11

in.)

Weight: ~400 lb
Pressure: 15,000 psi
Temperature: -5° to 105°C
Electronics: 48 MB memory, 1 Hz sampling rate.

Typical Operating Range
-5°C to 105°C temperature measurement range.
The IWS can be deployed in soft to semiconsolidated sediments (e.g., chalks
or firm clays) where the probe can penetrate without damage or formation
fracture.

Limitations
Not used in hard rocks (e.g., chert, dolomite, limestone, or basalt).
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Figure 1. Schematic of the IWS tool.
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Figure 2. Photograph of the IWS probe tip. A. Close-up of the sampling and formation pressure ports. B.
The fluid screen near the tip. The screen allows fluid to surround the thermistor, which eliminates air gaps.
C. Probe tip (see Fig. 1).
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Scientific Application
The Drilling Sensor Sub (DSS) was
developed to measure drilling and
coring parameters near the bit
during operations. The objective
of the DSS is to improve downhole
tool performance by optimizing
control of drilling parameters on
the drillship. The DSS sensors measure weight on bit (WOB), torque
on bit, annulus and internal pressure, and annulus and instrument
temperature. The data are collected by the downhole electronics
and stored in memory until the bit
and bottom-hole assembly (BHA)
are retrieved. The DSS was first
deployed during Leg 208. During
Leg 210, the DSS was modified

to transmit data in real time via a
wireless electromagnetic data link
to a Retrievable Memory Module
(RMM) on the internal core barrel.
The data are saved in the RMM’s
nonvolatile internal memory and
downloaded when each core barrel
is recovered on the surface. The
data allow drilling/coring parameters to be optimized, thereby
improving the chance to recover
more and/or better preserved core.

Tool Operations
The 8¼ in. outer diameter (OD)
DSS is run in the 8¼ in. OD BHA
and is positioned on top of the
outer core barrel. The DSS has the
same 4¹₈ in. inner diameter (ID)
bore as the drill string to accommodate core retrieval by wireline.
The sensors, data acquisition electronics, and lithium batteries are
packaged in the DSS sub wall. The
sensor data are collected by the
downhole electronics and stored in
memory until the bit and BHA are
retrieved. The data for the entire
coring run (up to 100 hr) are
downloaded on the ship.

The DSS was under development
at the end of the Ocean Drilling
Program (ODP), and this overview
represents the tool status at that
time. The DSS will continue to be
developed and improved under
the Integrated Ocean Drilling Program (IODP).
Electronics

Antenna battery

WOB/TOB

Top
Antenna
electronics

Battery
Battery pack

Bottom
(Bit Connection)

Controller board

Pressure gauges
(rotated for clarity)

Removable memory
module
RMM

Strain gauge
3 at 120

Data dump port
(rotated for clarity)

Removable memory
module
RMM

Schematic of the Drilling Sensor Sub.
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Removable memory
module
RMM

Design Features
1) Compatibility
The DSS is run in the same BHA as
the Advanced Piston Corer (APC)
and Extended Core Barrel (XCB).
The DSS is also compatible with
the Rotary Core Barrel (RCB) BHA.
Benefit: The standard ODP coring
tools can be used with the
DSS, and no additional time is
required for extra trips.
2) Actual Downhole
Measurements
The DSS sensors measure downhole WOB, torque on bit, annulus
and internal pressure, and annulus and instrument temperature.
After the sensor sub is retrieved
with the bit and BHA, the internal
DSS memory provides data about
actual downhole conditions near
the bit, which can be used to
modify surface-controlled drilling
parameters to improve performance and evaluate problems.
Benefit: The downhole WOB measurements can be compared
to surface controlled drilling
parameters and used to determine the effectiveness of heave
compensator settings and WOB
control. The torque-on-bit
measurement can be used to
determine optimum WOB, rpm,
and hole cleaning techniques
to reduce erratic or high torque
that could reduce core recovery.
3) Retrievable Memory Module
The DSS measures drilling and
coring parameters near the bit
during coring operations. The initial DSS version saved the data in
internal memory and was recovered with the BHA after coring
was completed. During Leg 210,

the DSS was modified to transmit
data in real time during drilling/
coring via a wireless electromagnetic data link to an RMM on the
internal core barrel. The data are
saved in the RMM’s nonvolatile
internal memory and the data are
downloaded when the core barrel
is recovered on the surface. The
RMM is redeployed with the next
empty core barrel. Data from the
DSS are transmitted in real time to
the RMM at 80 bits/s (bps), which
allows five 16-bit measurements
to be transmitted per second. The
DSS antenna is switched off when
the RMM is removed for tripping
to conserve battery power.
Benefit: The RMM enables the drillers and supervisors to review the
downhole effects on the coring
assembly by downloading and
analyzing the data after each
core and modifying operating
parameters (WOB, rpm, circulation rates) to optimize recovery.

DSS Specifications
General
Tool OD: 8.25 in. – tolerances per
API spec 7, para 6.5
Tool ID: 4.125 in. ± .010 in.
Length: 120 in. ± ½ in.
Temperature: -20°C to 150°C
Maximum Hydrostatic Pressure:
15,000 psi
Maximum Pressure differential
across sub: 3,500 psi
Electronics
Battery Life: 100 hr
Sample rate, memory: 1 Hz
maximum all sensors
Analog to digital resolution: 16
bit

Sensors
Weight On Bit:
Operating Range: ±50,000 lb
Accuracy: ±250 lb
Torque-On-Bit:
Operating Range: ±40,000 ft·lb
Accuracy: ±200 ft·lb
Pressure Sensors (2) – Annulus and
drill pipe:
Range: 0-15,000 psi
Accuracy: ±75 psi (0.50% Full
Scale Output [FSO])
Temperature Sensor – Annulus:
Range: -20°C to 150°C
Accuracy: ±0.50°C (0.3% FSO)
Temperature Sensor – Internal electronics:
Range: -20°C to 150°C
Accuracy: ±0.50°C (0.3% FSO)
Typical Operating Range
The DSS can be deployed with the
APC/XCB/MDCB/PCS and RCB
coring systems.
Temperature: -20°C to 150°C
Pressure: 15,000 lb

Limitations
The DSS must be run in the APC/
XCB or RCB BHA.
The DSS internal memory must be
retrieved with the BHA to access
the data.
The data can be retrieved after
each core with the RMM on the
internal core barrel.
Maximum Downhole Temperature
(electronics) = 150°C
Maximum Weight on Bit on the
DSS sub = 75,000 lb
Maximum Hydrostatic Pressure
= 15,000 psi
Maximum Pressure Differential
across sub = 3,500 psi
Maximum Downhole Battery Life
= 100 hr
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Scientific Application
The Lockable Float Valve (LFV) is
a flapper-type valve used in the
Advanced Piston Corer/Extended
Core Barrel (APC/XCB) bottomhole assembly (BHA) when logging
is anticipated following or during
coring. This tool allows the crew
to continue to core in the same
hole or move to a new hole after
logging without tripping the pipe;
thus, more cruise time is available
to acquire core.
The LFV is located just above the
core bit and seals the throat of the
Outer Core Barrel (OCB) when
not coring or logging to prevent
or reduce backflow (U-tubing)
of mud, sand, and drill cutting
debris into the bore of the OCB.
The backflow debris could prevent
the Inner Core Barrel from landing properly, plug the bottom of
the drill string, or contaminate the
core.

Tool Operations
During coring, the core barrel
pushes the flapper valve open
and extends down through
it. During logging, the LFV
flapper is forced down and
latched open by the logging tools to deploy the
tools through the APC/XCB
BHA and bit without releasing the bit. This leaves an
unobstructed bore. The LFV

is held open by a latch
until the logging tools
are retrieved, at which
time the latch releases
and the flapper closes.
The LFV prevents entrapment of the logging tool
and wireline, which can
happen when using a
standard spring-loaded
(non-latching) flapper
valve. The LFV can be
used with the Rotary Core
Barrel (RCB) BHA, but a
more economical disposable spring-loaded flap- Photograph of the LFV showing the flapper in
per valve is commonly
the locked-open position.
used instead because
the RCB bit and springloaded flapper valve are
when the core barrel or logging
released and dropped to log
tool is not in place. Pumping
the hole.
fluid down the drill string will
force the flapper valve partially
The LFV flapper latch is actiopen.
vated by a 3.70 in. diameter ring or “upset” near the
2. The flapper is pushed down into
bottom of the logging tool.
the open position when a core
The latch can also be activated
barrel or logging tool passes
using an expendable alumithrough it and is held open by
num Go-Devil that can be
the tool body extending down
pumped down the drill string
through it.
(leaves Go-Devil “junk” in the
3. A 3.70 in. outer diameter (OD)
hole), deployed on wireline,
section on a logging tool or Goor pinned on the end of a logDevil actuates the ball-wedge
ging tool. The operation of
plunger and latches the flapper
the LFV can be described in
valve in the full-open position.
six steps (see schematic):
4-5. The flapper remains latched
1. The spring-actuated flapper
open as the logging tool continremains in the closed position
ues downhole.
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6. When the logging tool is
retrieved through the LFV,
a 3.70 in. OD section of the
logging tool releases the ballwedge plunger, which allows
the spring-loaded flapper to
close and seal the BHA bore.

Logging Tool

Plunger
Rod
Latch
Half Rings

Design Features
1) Compatibility

1.

Flapper

2.

3.

5.

6.

The LFV can be used with all tools
that are compatible with APC/XCB
BHA (i.e., tool OD is less than 3.75
in. minimum inner diameter [ID]
of the LFV), when logging through
the unreleased bit is possible.
Benefit: The LFV allows a float valve
to be run in the APC/XCB BHA
when logging is planned, and it
allows coring operations to continue after logging.
2) Flapper Design
The spring-loaded flapper design
reduces the back flow (U-tube) of
cuttings, mud, sand, sloughing formations, and potential water and
gas flows.
Benefit: It reduces the inflow (by
U-tube) of debris into the BHA,
which could result in an inability
to land the inner core barrel, a
plug in the bottom of the drill
string, or contamination of the
core.

4.

Schematic illustrating the operational steps of the LFV described in the Tool
Operations section.

away the cuttings and debris
and keep the parts clean for
uninterrupted operations.

Specifications
Minimum Bore Diameter: 3.80 in.
Outside Diameter: 6.985 in.
Length: 15¹¹₁₆ in.
Weight: 78 lb

3) Clearances and Flow Paths

Typical Operating Range

The LFV actuation mechanism has
additional flow paths and clearances intended to let fluid from
the mud pumps flow through the
mechanism to clean out the cuttings and debris.

Formation:
All formation types
Depth Range:
All depths

Benefit: The additional flow paths
and clearances help to wash
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Limitations
The LFV is activated by a 3.70 in.
diameter x 24 in. long profile (a
short tool will not activate the
LFV). Not all logging tools have
this activation profile, but when
used, the preferred method is to
attach an aluminum Go-Devil to
actuate the LFV. The Go-Devil can
also be dropped; however, this will
leave aluminum junk in the hole,
which must be drilled if further
coring is planned.
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Scientific Application
The Mechanical Bit Release (MBR)
is designed to remotely release the
Rotary Core Barrel (RCB) core bit
from the Bottom-Hole Assembly
(BHA) to allow logging tools to
pass through the BHA. The RCB
drill bit must be released before
logging starts because the internal
diameter of the RCB drill bit throat
(2.312 in.) is not large enough to
pass most logging tools.

Wireline Pull

"Rotary"
Shifting
Tool
Top Connector
Latch Sleeve

Tool Operations
The MBR is placed in the RCB
BHA above the RCB bit. After the
hole is cored to logging depth
and conditioned for wireline logging, the RCB bit is released with
the MBR. To release the MBR, the
Rotary Shifting Tool is made up
on the bottom of a standard Inner
Core Barrel. The Shifting Tool is
lowered on the wireline until it
engages the latch sleeve on the
inside of the MBR. The wireline is
slowly pulled up until an overpull
of 4000-5000 lb shifts the Latch
Sleeve and allows the latch dogs to
fall out, thereby releasing the bit.
The four metal latch dogs, lower
MBR, flapper valve, lower support
bearing, and the bit are left in the
hole. This metal “junks” the hole
and effectively prevents further
coring. A second wireline trip is
made with the Shifting Tool in the
reversed position to close the Latch

C-Ring
Latch
Segments

Bit
Disconnect
Support
Bearing
Float Valve
Core Bit

Schematic illustrating MBR deployment. The MBR tool is outlined in red.
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Sleeve, which covers the empty
dog pockets to reduce the possibility of scraping hole wall material
into the BHA.

Design Features
1) Compatibility
The MBR is compatible with the
RCB BHA.
Benefit: The MBR allows wireline
logs to be run without the need
to “trip the pipe” to remove the
RCB bit on the rig floor.
2) Latch Sleeve/Dog Mechanism
Shifting the Latch Sleeve with the
Rotary Shifting Tool releases the
latch dog segments. This releases
the bit disconnect, dogs, support
bearing, float valve, and the core
bit into the hole.
Benefit: The core bit can be
released in a minimum amount
of time, using the Shifting Tool
to operate the Latch Sleeve via
the wireline.
3) Emergency Bit Release
In unstable formations, the MBR
can be run for an emergency bit
release.
Benefit: If the BHA is stuck at the
bit, the bit can be released to
save the BHA from being severed.

Specifications
Maximum Outer Diameter: 8¼ in.
Minimum Inner Diameter: 4¹₈ in.
Torque Limit: 12,000 ft-lb
Compression Weight: 45,000 lb

Photograph of the following MBR components: MBR Bit Disconnect, (left
cylinder), Top Connector with hex drive (right cylinder), and Latch Segment
(small pyramid-shape in the center).

Typical Operating Range
Formation: All formation types
Depth Range: All depths

Limitations
Dropping the core bit, float valve,
four latch dogs, and lower MBR
leaves metal junk in the hole,
which effectively prevents further
drilling or coring.
After removal of the bit, the drill
string is open-ended, which makes
it susceptible to plugging by “swallowing” some of the hole wall as
the pipe moves and/or logging
tools drag debris into the pipe.
This may plug the drill string,
which increases the chance of jamming the logging tool when it is
entering and exiting the open end
of the pipe.
The MBR must be run with a standard Baker float valve (i.e., the LFV
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cannot be run). The LFV cannot
be deployed with an RCB BHA
because there is only enough room
for the Baker float valve and RCB
swivel assembly.
Excessive overpull on the MBR
(i.e., 150,000 lb to 170,000 lb)
can result in the accidental release
of the core bit, which would leave
junk in the hole.
The Inner Core Barrel can become
“packed off” in the OCB (from cuttings flowback) and unintentionally
shift the MBR, which would prematurely release the bit.
After the bit is released with the
wireline Rotary Shifting Tool, a
second wireline run is required
with the Shifting Tool to shift the
sleeve down and close the dog
windows to prevent the open
window in the MBR from scooping
up cuttings and plugging the drill
pipe between loggings runs.

Downhole logging tools
Selecting logging tools
The selection of specific downhole logging tools for a particular expedition is
an ongoing procedure that starts with the proponents and (usually) ends
when the Program Plan is approved. The standard tool strings that measure
the basic formation properties are always on the ship, often accompanied by
one or more of the specialty tools. Specialty tool use is dictated by the
scientific objectives of the expedition, and by the size of the year's budget for
specialty tools. The operational plan for logging is determined at the precruise meeting, usually held 6 to 8 months before the cruise, and is included
in the expedition prospectus. Confirmation of the logging plan and time
estimates are made onboard before each site at the "pre-site" meetings.
The table below displays the various logging measurements associated with
specific scientific or technical applications.

Most of the basic petrophysical and lithological logs (density, porosity,
resistivity, velocity) are acquired with the Triple Combo tool string, which is
always run first. This string also measures the borehole width, an important
indicator of borehole and log quality. The FMS/Sonic is usually run next: the
FMS resistivity image reveals the fine details of the formation, and the sonic
velocity completes the basic logs. The specialty tools are run, usually in order
of scientific importance. Seismic tools are usually run last, because due to the
fact that they are clamped against the borehole wall they can destabilize the
hole, and their light weight and large caliper arm makes them prone to
getting stuck.
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When time is short, or when there are adverse logging conditions, the
Logging Staff Scientist has the responsibility of preserving the integrity of the
logging plan and making appropriate changes to it if necessary. He will keep
in regular contact with the Operations Superintendent and the Co-Chief
Scientists, so as to be up to date with the latest operational developments.
Shipboard scientists should understand that it is the Logging Staff Scientist’s
job to act as an advocate for the logs, based on their scientific merit - not
just because they are part of the logging plan in the scientific prospectus.
The principles to keep in mind when prioritizing tool strings are:
1. To get the logs most relevant to the leg's scientific objectives.
2. To run the tool strings most likely to get good results.
3. To minimize the risk of harming the tools or getting them stuck
down the hole.
The scientific, environmental, and technical issues relevant to tool string
selection are described briefly below.

Scientific Issues
Lithology
The natural gamma and PEF logs yield information on aspects of the chemical
and mineralogical composition of the formation, which can be used to infer
lithology. This information can then be used to complement the core record,
to fill coring gaps, to pinpoint boundaries, etc. The absence of gaps in the
logs makes them particularly useful for studies of sediment cyclicity, where a
complete record is essential.
Petrophysics
The porosity, density, resistivity, and sonic velocity logs collect petrophysical
and geotechnical information about the penetrated formations. In sediments,
the general trend in these logs is of consolidation with depth. Deviations from
this trend are caused by lithological change, lithification (cementation),
under-consolidation (due, for example, to high fluid pressure, or a framework
provided by microfossils), or the presence of gas hydrates (hydrate in the
pore space increases resistivity and sonic velocity). The principal advantage
of these logs over the equivalent core measurements is that the logs record
the in-situ property, whereas the cores are expanded and depressurized, and
can suffer from end-effects and biscuiting.
Relation to the seismic section, synthetic seismograms
The seismic tools (WST, WST-3, ASI, VSI) are used for checkshot surveys (to
obtain a depth-traveltime relation) and zero-offset VSP experiments (to
obtain seismograms at the site). The depth-traveltime relation can also be
derived from the sonic velocity log, which together with the density log and
seismic source wavelet combine to make a synthetic seismogram. Thus,
reflectors on the seismic section can be identified with lithological or
petrophysical changes in the borehole.
For almost every expedition there is an extensive (and extensively
interpreted) set of site survey seismic sections, and so it is of great
importance that the borehole information can be associated with seismic
reflectors and mapped along the seismic lines.
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Structure and fabric
FMS, UBI, LWD-geoVISION, and LWDEcoScope data provide physical property
images of the borehole wall, showing detailed
structural (faults, fractures), sedimentological
(turbidites, beds, bioturbation, concretions,
clasts), and igneous (veins, alteration, and
basalt pillows, breccias, and flows) features. In
the case of the FMS and UBI, the orientation of
these features can be analyzed, since it is
measured by the GPIT on the same tool string. Under favorable
circumstances, an azimuthal resistivity imager (ARI) can provide images of
the same features.
Crustal stress and anisotropy
The UBI measures the shape of the borehole, which can be interpreted in
terms of crustal stress (the borehole is deformed according to the maximum
horizontal stress direction). Also, the caliper arms of the FMS tool tend to
follow the major and minor axes of the borehole if it is elliptical, and thus can
also be used to infer stress orientation.
The Dipole Sonic Imager (DSI) can reveal sonic S-wave anisotropy, which
may be due to crustal stress or a preferential rock fabric.
Heat and fluid flow
The Temperature/Acceleration/Pressure (TAP) tool records the temperature of
the borehole fluid, which increases downhole. The borehole fluid temperature
equilibrates towards the actual formation temperature over the course of the
logging run, and thus gives a lower limit to the actual formation temperature.
Where formation fluids locally enter the borehole, they will cause an anomaly
in the temperature log.

Environmental Issues
The state of the hole for logging can be assessed from the conditions
experienced during coring. Before logging, the Logging Staff Scientist will
confer with the Operations Superintendent and drillers about the general
condition of the hole, and whether there are any "tight spots" or likely
washouts. The Schlumberger Engineer, the Operations Superintendent, the
Drilling Superintendent, the drillers, and the core technicians all have a
wealth of experience in dealing with adverse hole conditions, and should be
able to advise on specific matters such as how long to spend trying to break
through bridges, what the risk to tools might be, how to retrieve stuck tools,
and so on.
Logging-while-drilling (LWD) tools may be assigned to expeditions where hole
conditions are anticipated to be unsuitable for conventional logging. Currently
available LWD tools include the geoVision, EcoScope, proVision, sonicVision,
and RAB8 tools. In cases where real time acquisition of downhole data are
required, Measurement-while-drilling (MWD-TeleScope) tools may be utilized.
Time-limited logging
Although adequate time for logging is usually allocated in the expedition
prospectus, it is not uncommon for unforeseen events (bad weather, difficult
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formations slowing the pace of coring, etc.) to reduce the actual time
available for the logging program at a given hole. In this case, the Logging
Staff Scientist will discuss with the Co-Chiefs the relative merits of allocating
extra time to carry out the original program, cutting back on repeat runs or
even forgoing a tool string entirely. The Triple Combo will still be run first, but
the others should be prioritized according to the leg objectives.
Bridged holes
Some holes may contain constrictions (bridges) that slow the tool string’s
descent into the hole. The heavier tool strings (Triple Combo and FMS/Sonic)
have a better chance of passing through a bridge than the lighter tool strings
(WST); therefore, these are run first. One cause of bridges is swelling clays;
this phenomenon can be combated by adding KCl to the drilling mud,
although this will degrade the natural gamma potassium log. The capillary
suction test equipment should be employed when swelling clays are
suspected.
Blocked holes
There are various options if the tool string cannot penetrate beyond a certain
depth in the hole. If the blockage is near the base of the hole, it is probably
best to just log the open interval above the blockage. If the blockage is
midway down the hole, several options exist: 1) log only above the blockage;
2) dismantle the logging cable and lower the BHA to tag the blockage, then
raise the BHA back to the original position; or 3) tag the blockage and only
log below it. If the blockage is near the top of the hole, it is likely that there
will be similar blockages further down and the hole is unloggable, but
dismantling the wireline cable and re-reaming the hole is always an option.
Wide holes
Wide holes can result in poor contact between the tool sensor and the
borehole wall, and hence degraded logs. Affected tools are the HLDS and APS
(max caliper extension 18 in), the FMS (max 16 in), and the WST (max ~18
in). The borehole width is measured by caliper during the first (Triple Combo)
run.
High heave conditions
The wireline heave compensator (WHC) reduces the effect of ship heave on
tool motion, but higher heave conditions lead to increased uncertainty in the
downhole tool depth, particularly if the heave is too great (more than 3 m)
for the WHC to be used. Increased tool motion (up-down oscillation) poses a
risk to those tools with caliper arms (e.g., the HLDS and FMS), as there may
be downward tool movement even when logging upwards; higher logging
speeds will help. Additionally, high heave makes the process of bringing the
tools back into the pipe from the open hole after logging more difficult
because of increased differential motion between the pipe and the tool string.
There is an increased risk of the wireline cable slipping on the cable reel when
lowering the tools down though the pipe, especially at the start of the
descent, because initially there is only a small weight to provide tension in
the cable. Tools must be lowered slowly, adding to the logging time
particularly in deep waters. The risk of cable slip is worse with the lighter tool
strings (for example, WST).
High temperature conditions
When in a high temperature environment (such as a hydrothermal ridge
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system), careful attention is paid to the temperature channels on (for
example) the Dual Induction Tool (DIT). It is important not to exceed the tool
temperature ratings. Circulating water in the hole immediately prior to
logging will cool the hole for a period of time. Some measurements, such as
resistivity, are temperature dependent.

Technical Issues
Logging tool limitations
The logging operation is limited to downhole tools with a diameter of 3.75 in
or less. All tools listed in the tool section of this document can be deployed in
a standard bottom hole assembly (BHA). The absolute maximum tool
diameter which can be run in a standard BHA is 3.81 in, but this is pushing
the tolerances to unsafe limits. To run tools up to 4 in in diameter, the BHA
can be modified by removing the Kinley crimper landing sub. This is strongly
discouraged and formal approval would be necessary since this action would
severely limit stuck tool recovery efforts.
Stuck/lost tools
This issue is discussed in more detail on the stuck/lost tools page. Needless
to say, every effort should be made to avoid getting any of the tools stuck in
the hole. The loggers are required to fish for any tool that is stuck or lost. It
is particularly undesirable to lose the HLDT, as that tool contains a
radioactive source; losing it would require cementing of the hole, a process
that would take days and sour the mood on the ship considerably.
Conical side-entry sub (CSES)
The CSES makes it less risky to log under unstable hole conditions, however,
it can increase the logging time by 50% or more, and cannot be used in
shallow water depths. A more detailed discussion can be found in the CSES
section on the Other Equipment page.
Dedicated logging holes
The more time spent coring a hole, the wider and more unstable it will
become. For this reason, a fresh hole should provide better logs. However,
the time involved is usually prohibitive, and conversely, it is useful to have
cores and logs from the same hole to aid comparison.
Logging APC/XCB vs. RCB holes
The logging tools can pass through the APC/XCB bit, whereas the RCB bit has
to be "dropped" at the bottom of the hole before logging tools can pass
through. The hole cannot be deepened or bridges tagged after the RCB bit
has been dropped. The RCB bit is about 2 in narrower than the APC/XCB bit,
so the RCB hole is less likely to be wide, and consequently better for the FMS.
The go-devil
It is important to understand the principles behind the deployment and
operation of the go-devil. For details, see the go-devil section on the Other
Equipment page.

Third Party Tool Support
USIO/LDEO provides support for broad aspects of third-party downhole tool
deployment. Third party tools are designed and developed by investigators at
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institutions involved with IODP and are reviewed by the relevant JOIDES
panels for deployment on the JOIDES Resolution. USIO/LDEO Logging
Services provides support to third party investigators in the areas of data
acquisition systems and software, tool design and manufacturing assistance,
and tool testing.
The need for custom-designed surface instrumentation, and acquisition
systems has been addressed through the development of a multipurpose data
acquisition system installed in the Downhole Measurements Lab (DHML). This
system offers numerous benefits, including a standard computer platform
from which to launch acquisition software, and a work space in the acquisition
area devoted to third party equipment. Data telemetry software currently
available includes modules utilizing a Windows XP/LabView 7.1 graphic
environment for acquisition of the following data types:
•
•
•

Temperature
Depth and Heave
Acceleration

Third-party tool support also includes the design and production of a
cablehead crossover that allows third party tools to connect to the
Schlumberger cablehead via an inexpensive, modified off-the-shelf connector.
Hardware components currently available for third party tool support at LDEO
include:
•
•
•
•
•
•

PC-based data acquisition system at LDEO and on the JOIDES
Resolution
Crossover for connecting third party tools to a Schlumberger-style
cablehead
Telemetry connection to a depth measurement system
Access to pressure test vessel capable of 10,000 psi
Access to 740 foot test hole at LDEO
22,000 feet of 7-46 wireline with terminations
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Downhole logging tools
Triple Combo Tools
Accelerator Porosity Sonde (APS*)
Description
The APS sonde is the key module in the
Triple Combo's Integrated Porosity
Lithology system components. The
powerful electronic neutron source
(minitron) allows epithermal neutron
measurements and detector shielding,
resulting in porosity values that are less
influenced by environmental conditions.
The near-array ratio epithermal
porosity is the primary porosity
measurement. Its source-to-detector
spacing is optimized to yield a
formation hydrogen index
measurement that is essentially free of
formation matrix density effects. Five detectors provide information
for porosity, gas detection, clay evaluation, improved vertical
resolution and borehole corrections.

Applications
Porosity
In reservoir engineering the importance of porosity measurements is
quite evident. In the study of the volcanic rocks that make up the
upper oceanic crust, a good in-situ porosity measurement is critical to
the correct understanding of the crustal structure, for two reasons:
first, because it samples both the small-scale (microcrack, vesicle)
porosity seen in the cores and the large-scale fractures not sampled
by drilling; and second, because other properties such as density,
seismic velocity, and permeability depend strictly on porosity
variations and on the geometry of the pore space. In the presence of
clays or hydrous alteration minerals a correction is required to account
for the presence of bound water.

Lithologic determination
Because the hydrogen measured by the tool is present not only as free
water but also as bound water in clay minerals, the porosity curve,
often combined with the density log, can be used to detect shaly
intervals, or minerals such as gypsum, which has a high hydrogen
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index due to its water of crystallization. Conversely, the neutron curve
can be used to identify anhydrite and salt layers (which are both
characterized by low neutron readings and by high and low bulk
density readings respectively).

Environmental Effects
Eccentralization of the tool by a bow spring is the most important
requirement to obtain reliable porosity measurements. The triple
combo string utilizes an in-line eccentralizer to maintain consistent
contact with the borehole wall. The eccentralizer is vital in preventing
poor contact of the tool with the borehole wall, which can lead to
attenuation of the formation signal by the borehole fluid and, in turn,
the overestimation of the true porosity of the formation.
Hole size also affects the neutron log response; the formation signal,
particularly for the epithermal count rates, tends to be masked by the
borehole signal with increasing hole size.
In liquid-filled holes the influence of the borehole fluid depends on its
salinity -- chlorine is a strong neutron absorber -- and density: the
addition of weighting additives such as barite will yield a lower
porosity reading. In the Ocean Drilling Program, the neutron tool is
sometimes recorded through the drilling pipe and the bottom hole
assembly. Because iron is a strong neutron absorber, an increased
porosity reading will result, its degree depending on the thickness of
the pipe.

Tool Specifications
Temperature rating: 350° F (175° C)
Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.625 in (9.2 cm)

Length:

13 ft (3.96 m)

Weight:

222 lbs (100.8 kg)

Sampling interval:

6 in (15.24 cm); 2 in (5.08
cm)

Max. logging speed: 1,800 ft/hr (548 m/hr)

Measurement Specifications
Vertical resolution:

14 in (35.56 cm)

Depth of investigation:

7 in (17.78 cm)

Epithermal porosity:
0-7 pu:

±0.5 pu

7-30 pu:

±7%

30-60 pu:

±10%
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Major Outputs
APLC:

Near/array limestone porosity corrected (pu)

STOF:

Computed standoff (in)

SIGF:

Formation capture cross section (cu)

AFEC:

Far detector count rate (cps)

ANEC:

Near detector count rate (cps)

Deployment Notes
The APS is typically run with the DIT, HLDS, and HNGS tools.
* ®trademark of Schlumberger
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Downhole logging tools
Triple Combo Tools
Phasor Dual Induction-Spherically
Focused Resistivity Tool (DIT*)
Description
The Phasor Dual Induction - Spherically
Focused Resistivity tool (DIT) provides
measurements of spontaneous potential
(SP) and three different resistivity values:
IDPH (deep induction), IMPH (medium
induction) and SFLU (shallow spherically
focused resistivity). Since the solid
constituents are orders of magnitude more
resistive than pore fluids in most rocks,
resistivity is controlled mainly by the
conductivity of the pore fluids and by the
amount and connectivity of the pore space.
The spontaneous potential is a measure of
the streaming potential generated by
differences between borehole and pore fluid
electrical properties; these result in both
membrane and liquid junction potentials due
to differences in the mobility of ions in the
pore and drilling fluids. The induction sonde
consists of a series of transmitter and
receiver coils mounted on the sonde axis.
The high frequency, alternating current of
constant intensity sent through the
transmitter coil produces an alternating
magnetic field which in turn induces currents in the formation around
the borehole. These currents flow in circular ground loops coaxial with
the sonde. Because the alternating current sent by the transmitter coil
is of constant frequency and amplitude, they are directly proportional
to the formation conductivity. They also produce a magnetic field
which induces a voltage in the receiver coil, which is in turn
proportional to the ground loop currents and therefore to the
resistivity of the formation.
In homogeneous formations with resistivity higher than 100 ohm m
the average radial depth of investigation is about 5 ft (1.5 m) and 2.5
ft (76 cm) for the deep and medium induction curves, respectively,
and 1.25 ft (38 cm) for the SFL. This drops to 4 ft (122 cm) and 2.2 ft
(66 cm) at 0.1 ohm-m resistivities.
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The thin bed resolution over a full range of formation conductivities
has been greatly improved, due to an enhanced signal processing
technique and real time correction for the effect of adjacent
formations (shoulder effect).

Applications
Porosity estimate
In sediments that do not contain clay or other conductive minerals,
the relationship between resistivity and porosity has been quantified
by Archie's Law. Archie's Law relates the resistivity to the inverse
power of porosity. This relationship has also been used to estimate
apparent porosity in oceanic basalts.

Density and velocity reconstruction
Archie's equation has been used effectively to create "pseudodensity"
and/or "pseudovelocity" logs from porosity over intervals where no
such logs were recorded or were totally unreliable. In some instances
velocities derived from resistivity logs can be used to depth-tie seismic
reflectors.

Lithologic boundary definition and textural changes
Resistivity, along with acoustic and velocity logs, is a very valuable
tool in defining lithologic boundaries over intervals of poor core
recovery. In a particular example, the decrease in resistivity toward
the top of a carbonate unit, coupled with a decrease in velocity,
allowed one to interpret this unit as a fining-upward sequence in
mostly carbonatic sediments. Similar saw-tooth patterns in the
resistivity response can also be observed in oceanic basalt units where
they are related to porosity changes towards the top of each unit.

Environmental Effects
The Phasor Dual Induction tool provides a set of corrections for
different environmental effects, which can be performed in real time
during logging. These include corrections for adjacent formations,
borehole signal, and invasion. In general, invasion is not a problem in
the boreholes logged in the Integrated Ocean Drilling Program,
because seawater is used as drilling fluid, but it can occur in land
wells. In fact, depending on the type of drilling mud used and on the
permeability of the formation, invasion of the mud filtrate into the
formation adjacent to the borehole can lead to differences in the
response of shallow and deeper resistivity devices. On the other hand,
invasion can provide useful information about formation permeability
and pore fluid electrical conductivity. Differences in the temperature of
drilling fluid compared to undisturbed formation temperatures can also
generate this effect, as conductivity in ionic fluids such as seawater is
strongly temperature dependent.

Log Presentation
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Deep (ILD or IDPH) and medium (ILM or IMPH) induction, and
spherically focused resistivity (SFLU), are usually plotted in ohm-m on
a logarithmic scale along with gamma ray and caliper logs.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.375 in (9.21 cm)

Length:

31 ft (9.5 m)

Weight:

445 lbs (201.9 kg)

Sampling interval:

6 in (15.24 cm)

Max. logging speed:

10,000 ft/hr (3,048 m/hr)

Measurement Specifications
Vertical resolution:

5-6 ft (1.5-1.8 m) and 7-8 ft (2.1-2.4 m) for
medium and deep induction logs; 3 ft (92 cm)
for spherically focused log.

Depth of
investigation:

(See discussion in "Description" section)

Measurement range: 0-150 ohm-m

Major Outputs
ILD:

Deep induction (ohm-m)

ILM:

Medium induction (ohm-m)

IDPH:

Phasor deep induction (ohm-m)

IMPH:

Phasor medium induction (ohm-m)

SFLU:

Spherically focused log (ohm-m)

ITEM:

Internal temperature (°C)

Deployment Notes
Typically run with APS, HLDS, and HNGS, the DIT can be replaced by
the DLL or ASI if additional funding is available. The DIT has an
internal temperature measurement which may be useful in high
temperature environments.
* ®trademark of Schlumberger
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Downhole logging tools
Triple Combo Tools
Hostile Environment Litho-Density Sonde
(HLDS*)
Description
The Hostile Environment Lithodensity sonde (HLDS) consists
of a Cs137 radioactive source
and two detectors mounted on
a shielded skid which is
pressed against the formation
by a hydraulically activated
eccentering arm. The 662 keV
gamma rays emitted by the
source into the formation
experience two types of
interaction with the electrons
in the formation -- Compton
scattering and photoelectric
absorption.
Compton scattering is an
elastic collision by which
energy is transferred from the
gamma ray to the electrons in the formation. This interaction forms
the basis of the density measurement; in fact, because the number of
scattered gamma rays which reach the detectors is directly related to
the number of electrons in the formation, the tool responds to the
electron density of the rocks, which is in turn related to the bulk
density.
Photoelectric absorption occurs when the gamma rays reach a low
energy (<150 keV) level after being repeatedly scattered by the
electrons in the formation. The photoelectric effect index is
determined by comparing the counts from the far detector in the high
energy region, where only Compton scattering occurs, with those in
the low energy region, where the count rates depend on both
reactions. The far detector is used because it has a greater depth of
investigation. The response of the short-spacing detector, which is
mostly influenced by mudcake (not present in IODP boreholes where a
seawater-based drilling fluid is used) and borehole rugosity is used to
correct the density measurement for these effects.
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As with the case of the sonic tool, the depth of investigation of the
lithodensity tool cannot be easily quantified; it is in the range of tens
of centimeters, depending on the density of the rock. The vertical
resolution is 16 in (38 cm).

Applications
Porosity estimate
If grain density is known, porosity can be calculated from the density
log. Alternatively, porosity and density logs can together be used to
calculate grain density.

Seismic impedance calculation
The product of velocity and density can be utilized as input to
synthetic seismogram computations.

Lithology and rock chemistry definition
In combination with the neutron log, the density log allows for the
definition of the lithology and of lithologic boundaries. Because each
element is characterized by a different photoelectric factor, this can be
used, alone or in combination with other logs, to determine the
lithologic type. Both density and photoelectric effect index are input
parameters to some of the geochemical processing algorithms used
onshore.

Environmental Effects
A reliable density measurement requires good contact between pad
and formation. Because a caliper measurement is made during the
recording, it is possible to check the quality of the contact. In the
lithodensity tool the presence of mudcake and hole irregularities are
automatically accounted for using a "spine and ribs" chart based on a
series of laboratory measurements. The "spine" is the locus of the two
counting rates (short and long spacing) without mudcake and the
"ribs" trace out the counting rates for the presence of mudcake at a
fixed formation density. The short and long spacing readings are
automatically plotted on this chart and corrected for their departure
from true value. These corrected data are typically located in the
DRHO data column.

Log Presentation
The primary curves are: bulk density (RHOM, in g/cm³), photoelectric
effect (PEFL, in barns/electron) density correction (DRH, in g/cm³),
and caliper (LCAL, in in.). They are usually displayed along with the
neutron curve APLC. Also, DPHI (density porosity) can be computed
and displayed by assuming a constant grain density of the matrix.
DRH is useful for quality control of the data; if the tool is operating
correctly it should be less than 0.1 g/cm³.
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Tool Specifications
Temperature rating:

500° F (260° C )

Pressure rating:

25 kpsi (17.25 kPa)

Diameter:

3.5 in (8.9 cm)

Length:

23.08 ft (7.03 m)

Weight:

292 lbs (132.6 kg)

Sampling interval:

6 in (15.24 cm); 1 in (2.54 cm)

Max. logging speed:

1,800 ft/hr (548 m/hr)

Measurement Specifications
Vertical resolution:

1.25 ft (38 cm)

Depth of investigation:

(see last paragraph of "Description"
section)

Density accuracy
(2-3 g/cm³):

±0.01 g/cm³

Photoelectric effect
accuracy
(1-6 barns/e-):

±10%

Major Outputs
RHOM:

Bulk density (g/cm³)

DRH:

Bulk density correction (g/cm³)

PEFL:

Long-spaced photoelectric effect

NRHB:

Enhnaced bulk density (g/cm³)

LCAL:

Caliper (in)

Deployment Notes
The HLDS is typically run with the HNGS and APS tools. It can be
combined with DIT, DLL, and ASI.
* ®trademark of Schlumberger
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Downhole logging tools
Triple Combo Tools
Hostile Environment Gamma Ray Sonde
(HNGS*)
Description

The Hostile Environment Natural
Gamma Ray Sonde (HNGS) utilizes
two bithmus-germanate (BGO)
scintillation detectors to measure
the natural gamma ray radiation of
the formation. The larger detector
volume and higher gamma ray
stopping power of BGO makes the
HNGS a very effective spectral
gamma tool. The HNGS makes
similar measurements to the NGT;
however, the HNGS is more
accurate and capable of making
measurements in difficult hole
conditions. The HNGS employs a
larger and better scintillation
detector than the NGT which affords
better nuclear decay statistics. The
HNGS measures total gamma and
256-window spectroscopy to resolve
the detected spectrum into the three
most common components of
naturally occurring radiation:
potassium, thorium, and uranium.
The high-energy part of the
spectrum is divided into three energy windows, each covering a
characteristic peak of the three radioactivity series. The concentration
of each component is determined from the count rates in each window.
Because the high-energy region contains only 10% of the total
spectrum count rates, the measurements are subject to large
statistical variations, even using a low logging speed. The results are
considerably improved by including the contribution from the lowenergy part of the spectrum. Filtering techniques are used to further
reduce the statistical noise by comparing and averaging counts at a
certain depth with counts sampled just before and after. The final
outputs are the total gamma ray, a uranium-free gamma ray
measurement, and the concentrations of potassium, thorium, and

D - 82

uranium.
The radius of investigation depends on several factors: hole size, mud
density, formation bulk density (denser formations display a slightly
lower radioactivity) and the energy of the gamma rays (a higher
energy gamma ray can reach the detector from deeper in the
formation).
Only the high-energy gamma rays are used in the analysis, thereby
eliminating sensitivity to mud barite content. The MAXIS system
provides real-time corrections for borehole size and the borehole
potassium contribution.

Applications
Clay typing
Potassium and thorium are the primary radioactive elements present
in clays; because the result is sometimes ambiguous, it can help
combining these curves or the ratios of the radioactive elements with
the photoelectric effect from the lithodensity tool.

Mineralogy
Carbonates usually display a low gamma ray signature; an increase of
potassium can be related to an algal origin or to the presence of
glauconite, while the presence of uranium is often associated with
organic matter.

Ash layer detection
Thorium is frequently found in ash layers. The ratio of Th/U can also
help detect these ash layers.

Environmental Effects
The HNGS response is affected by borehole size, mud weight, and by
the presence of bentonite or KCl in the mud. In ODP boreholes KCl is
sometimes added to the mud to stabilize freshwater clays which tend
to swell and form bridges. This procedure takes place before logging
operations start, and even though KCl is probably diluted by the time
the tool reaches total depth, it can still affect the tool response. All of
these effects are accounted for during the processing of the HNGS
data onshore.

Log Presentation
The HNGS log is routinely recorded with each logging string for
correlation between logging runs. To this purpose HSGR (total gamma
ray in API units) and HCGR (computed gamma ray -- HSGR minus
Uranium component, in API units) are usually displayed along with
other curves (resistivity, sonic, density, etc.). A full display of the data
with HSGR, HCGR, and HTHO (in ppm), HURA (in ppm), and HFK (dec
fraction) is usually provided separately.
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Tool Specifications
Temperature rating:

260° C (500° F)

Pressure rating:

25 kpsi (17.2 kPa)

Diameter:

3.75 in (9.5 cm)

Length:

8.5 ft (25.88 cm)

Weight:

171.7 lbs (78 kg)

Sampling interval:

6 in (15.24 cm)

Max. logging speed:

3,600 ft/hr (1,097 m/hr)

Measurement Specifications
Vertical resolution:

12 in (30.48 cm)

Depth of
investigation:

24 in (61 cm)

Thorium accuracy:

±2%

Uranium accuracy:

±2%

Potassium accuracy:

±5%

Major Outputs
HSGR:

Standard (total) gamma ray (GAPI)

HCGR:

Computed gamma ray (GAPI)

HFK:

Formation potassium (wt. %)

HTHO:

Formation thorium (ppm)

HURA:

Formation uranium (ppm)

HBHK:

Borehole potassium (wt. %)

Deployment Notes
The HNGS is always run at the top of the Triple Combo tool string
which also includes APS, HLDS, and DIT tools. At least one pass is
made with the HNGS past the mudline for correct location of the
mudline itself.
* ®trademark of Schlumberger
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Downhole logging tools
Triple Combo Tools
Temperature/Acceleration/Pressure Tool
(TAP)
Description
The TAP (High Resolution Temperature /
Acceleration / Pressure) tool was
designed at LDEO to acquire borehole
temperature, tool acceleration and
hydrostatic pressure data. It is the
successor to the Lamont Temperature
Tool (TLT), which was used in the early
part of ODP.
The TAP tool is fastened to the bottom
of the Triple Combo; because it is a
memory tool, the stored data are
dumped to the third party DAS (Data Acquisition System) upon the
tool's return to the rig floor.
Fast and slow response thermistors are mounted near the bottom of
the tool to detect borehole fluid temperatures at two different rates.
The thinner, fast-response is able to detect small abrupt changes in
temperature, the thicker, slow-response thermistor is used to estimate
temperature gradient and thermal regimes more accurately. One
pressure transducer is included to turn the tool on and off at specified
depths when used in memory mode. Typically data acquisition is
programmed to begin 100 m above the sea floor.
A 3-axis accelerometer is also included to measure tool movement
downhole. These data are expected to be instrumental in analyzing
the effects of heave on a deployed tool string, which will lead to the
fine tuning of the WHC (wireline heave compensator).

Applications
Geothermics
The recording of temperature provides an insight into the thermal
regime of the formation surrounding the borehole. The vertical heat
flow is estimated from the vertical temperature gradient combined
with the measurements of the thermal conductivity from logs or core
samples.
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Hydrogeology
Crust at mid-ocean ridge crests must be permeable to a considerable
depth to allow for the efficient removal of heat by hydrothermal
systems. Temperature logs in such an environment can clearly
differentiate between the advective (hydrothermal) and conductive
heat transfer regimes.

Environmental Effects
Drilling and circulation operations considerably disturb the
temperature distribution inside the borehole thus preventing
equilibrated temperature conditions. The amount of time elapsed
between the end of drilling fluid circulation and the beginning of
logging operations is not long enough to allow the borehole to recover
thermally. Therefore the data recorded is not representative of the
thermal equilibrium of that environment. In addition, the thermistors
may become fouled with sediment from the drilled formation which
reduces the sensitivity and accuracy of the recorded temperature
data.

Log Presentation
Temperature data acquired by the fast and slow thermistors may be
presented with resistivity, density and porosity log data, or simply
alone.

Tool Specifications
Temperature rating:

185° F (85° C)

Pressure rating :

10 kpsi (69 kPa)

Diameter:

3.25 in (8.26 cm)

Length:

8.895 ft (2.71 m)

Temperature sampling rate:

1 Hz

Acceleration sampling rate:
Low resolution mode (LR):

4 Hz

High resolution mode (HR):

8 Hz

Pressure sampling rate:

1 Hz

Total data recording time:
HR mode:

5 hrs.

LR mode:

8 hrs.

Power source:

8 alkaline batteries (D
type)

Operation time from one set of
batteries:

approx. 40 hrs.

Measurement Specifications
Temperature measurement range:
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25-185° F (-4 to 85° C)

Temperature resolution:

0.002° F (0.001° C)

Temperature accuracy:

± 3.6° F (± 2° C)

Acceleration measurement range:

-20 to 20 m²

Acceleration resolution:

1e-³ m/s²

Acceleration accuracy:

± 0.6 m/s²

Pressure measurement range:

0-10 kpsi (4.5 kPa)

Pressure resolution:

1 psi (0.45 Pa)

Pressure accuracy:

± 1.4 MPa (± 2% FS)

Deployment Notes
Because it is a memory tool, the TAP needs to be initialized
approximately 1/2 hour prior to rig up of the Triple Combo tool string.
Once initialized, the TAP tool should be placed on the deck outside of
the DHML to be picked up by the roughnecks. The logger then must
connect it to the bottom of the Triple Combo using a pin and rotating
ring assembly. When the Triple Combo is retrieved to the rig floor, the
Logging Staff Scientist must remove the TAP tool, wash it off and
download the data on the onboard computer.
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Downhole logging tools
FMS/Sonic
Dipole Shear Sonic Tool (DSI-2*)
Description

The Dipole Shear Sonic (DSI-2) tool
combines high-speed telemetry with
simultaneous, 12-bit dynamic range
digitization of an eight-receiver
array. The sonde incorporates both
monopole and crossed-dipole
transmitters with an eight-station
array of electronically configurable
hydrophones for monopole and
dipole reception. Combining new
dipole-based technology with the
latest monopole developments into
one system provides the best
method available today for obtaining
borehole compressional, shear and
Stoneley slownesses (slowness is
the reciprocal of velocity and
corresponds to the interval transit
time measured by standard sonic
tools).
Dipole technology allows borehole shear measurements to be made in
"soft" rock as well as "hard" rock formations. Limited by borehole
physics, monopole tools can detect only shear velocities that are faster
than the borehole fluid velocity -- or in hard rocks only. Dipole tools
overcome this fluid velocity barrier.
The receiver array provides more spatial samples of the propagating
wavefield for full waveform analysis. The arrangement of the
transmitters and receivers allows measurement of wave components
propagating deeper into the formation.
The DSI-2 tool differs from the DSI previously used in ODP by an
upgraded receiver section. The upgrade improves the shear
measurements in slow formations.
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Tool Operation Modes
The DSI-2 tool has several data acquisition operating modes, any of
which may be combined to acquire digitized waveforms over each 6in. logging interval. For waveforms, eight channels are digitized
simultaneously with a 12-bit dynamic range.

Upper and lower dipole modes
Eight dipole waveforms from firings of either of the dipole transmitters
-- sampling every 40 microsec, 512 samples/waveform.

Crossed dipole mode
Standard acquisition of 32 total waveforms, in-line and cross-line from
both transmitters -- sampling every 40 microsec, 256
samples/waveform.

Stoneley mode
Eight monopole waveforms from firings of the monopole transmitter
driven with a low-frequency pulse -- sampling every 40 microsec, 512
samples/waveform.

P and S monopole mode
Eight monopole waveforms from firings of the monopole transmitter
driven with a high-frequency pulse -- sampling every 10 microsec, 512
samples/waveform.

First-motion mode
Eight sets of monopole threshold-crossing data from firings of the
monopole transmitter driven with a high-frequency pulse -- primarily
for compressional first-arrival applications.

Features
New fast tool bus and data reduction techniques have allowed double
the maximum logging speed in most instances.
A switchable power regulator has enabled a one-third reduction in
power needs, resulting in broader combinability with other tools.
Additional human-interface engineering has improved field acquisition
quality and efficiency.
A new low-frequency transmitter driver improves signal-to-noise ratio
and allows successful logging of extremely slow formations and greatly
enlarged holes.
Improved waveform processing techniques have greatly improved
vertical resolution.
New answer products utilize Stoneley slowness to evaluate fractures
and indicate permeability.
In addition to the new dipole features, acquisition of the Stoneley
wave velocity utilizes a low-frequency monopole energy pulse for
highest-quality Stoneley measurements. Stoneley-derived
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permeability is useful for evaluating fractures as well as investigating
deeply into the formation.
A new technique for detecting compressional wave arrival--digital
first-motion detection (DFMD)--provides measurements that are
compatible with previous sonic logs, in addition to a 6-in (15 cm)
vertical resolution compressional sonic.
Processing with the MAXIS wellsite unit displays a full wave and its
component characteristics. Its high-speed array processor uses the
slowness-time-coherence (STC) method to determine compressional,
shear and Stoneley slowness values. A choice of band-pass filters
permits utilization of the optimum frequency range within a mode. The
process reliably provides unambiguous transit times even in difficult
borehole conditions. The resulting values are useful inputs for
mechanical properties, formation evaluation and seismic applications.

Depth of Investigation/Eccentering Effects
Depths of investigation for sonic devices depend on the formation
type, shear and compressional slowness, the transmitter-to-receiver
spacing, wavelength of the wave considered and whether it is a head
wave or a guided wave, the source frequency and signal types.
Frequency determines the wavelength that drives the depth of
investigation of the measurement.
Typical sonic wavelengths at different frequencies and slownesses are
shown in the "Additional Specifications" table. Low frequency
penetrates deeper into the formation and helps read beyond altered
zones.
Numerical simulations verified by measurements from scale models
show that when eccentering is small compared to the borehole radius,
there is little change in the character of the dipole waveforms or in the
STC-processed slowness values. Large eccentering, on the order of 2
to 4 in (5-10 cm) in a 12-in (31 cm) borehole, increases the flexural
wave amplitude relative to the compressional. For the DSI-2 tool, the
variation in the shear slowness estimate is ± 2 percent over the
normal slowness range.

Log Presentation
Slowness or velocities can be plotted alongside resistivity, density, or
image data.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8
kPa)
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Diameter:

3.375 in (8.57
cm)

Length:

51 ft (15.5 m)

Weight:

900 lbs (408.6
Kg)

Sampling interval:

10 and 40
microsec

Maximum logging speed
One eight-waveform set
(singlemode):

3,600 ft/hr
(1,097 m/hr)

All six modes simultaneously,
without 6-in delta t:

1,000 ft/hr (305
m/hr)

All six modes simultaneously, with 900 ft/hr (274
6-in delta t:
m/hr)
Acoustic bandwidth
Dipole and Stoneley:

80 Hz to 5 kHz

High-frequency Monopole

8 to 30 kHz

Measurement Specifications
Vertical resolution:

3.5 ft (1 m) for 6-in (15.24 cm)
sampling rate

Depth of investigation:

9 in (23 cm)

Accuracy:

2 microsec/ft (6.6 microsec/m)

* ®trademark of Schlumberger
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Downhole logging tools
FMS/Sonic Tool String
Formation MicroScanner (FMS*)
Description
The Formation MicroScanner sonde
(FMS) consists of four orthogonal
imaging pads each containing 16
microelectrodes which are in direct
contact with the borehole wall during
the recording. The button current
intensity is sampled every 0.1 in (2.5
mm). The tool works by emitting a
focused current from the four pads
into the formation. The current
intensity variations are measured by
the array of buttons on each of the
pads.
Processing transforms the current
intensity measurements, which reflect
the microresistivity variations of the
formation, into high resolution gray or
color images of variable intensity.
Black and white (darkest or lightest
color) indicate low and high
microresistivity, respectively. The tool
also includes a General Purpose Inclinometry Cartridge (GPIT) which
provides accelerometer and magnetometer data in order to allow one
to define the tool position and spatial orientation of the data.
In smooth boreholes with very homogeneous bedding the depth of
investigation is about 10 in (25 cm). The vertical resolution is 0.2 in (5
mm).
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<---- Sixteen-electrode
arrangement for the
four-pad tool.

Applications
•
•
•
•

Mapping of bedding planes, fractures, faults, foliations, and other
formation structures and dip determination.
Detailed correlation of coring and logging depths.
Precise positioning of core sections where core recovery is less than
100%.
Analysis of depositional environments.

Log Presentation
FMS images can be plotted with identical vertical and horizontal scales
to see features without exaggeration. However, due to physical
constraints, different vertical and horizontal scales are commonly
used. The images are displayed on an oriented plot, also called an
azimuthal plot, because the images are positioned according to their
orientation in the borehole with N in the center and S on both edges.
Images from two passes of the tool can be merged and plotted
together. The calipers or other curves can be plotted alongside the
images as well.
With an additional processing step, dipmeter calculations can be
made. Standard dipmeter plots consist of borehole drift, calipers, dip
angle and direction (tadpoles), azimuth frequency plots, and pad
traces.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.625 in (9.2 cm)

Length:

25.3 ft (7.72 m)

Weight:

537 lbs (243.8 Kg)

Sampling interval:

0.1 in (2.5 mm)

Maximum logging speed

1,800 ft/hr (549 m/hr)
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Measurement Specifications
Vertical resolution:

0.2 in (5 mm)

Depth of investigation:

10 in (25 cm)

* ®trademark of Schlumberger
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Downhole logging tools
FMS/Sonic Tool String
Scintillation Gamma Ray Tool (SGT*)
Description

All gamma ray tools record naturally occurring gamma rays in the
formation adjacent to the borehole. Therefore, they provide a
measurement of the radioactive content of the formation. Unlike the
HNGS, run on the triple combo, the SGT does not acquire spectral
gamma data: it measures only the total number of gamma counts in
API units. In the IODP the Scintillation Gamma Tool (SGT) is routinely
run with the FMS/DSI combination and is primarily used for depth
correlation of the logs from the different runs.

Applications
•
•
•

Depth correlation between runs
Lithology identification
Evaluation of clay content

Tool Specifications
Temperature rating:

350° C (177° F)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.375 in (8.57 cm)

Length:

5.5 ft (1.68 cm)

Weight:

83 lbs (37.7 kg)

Sampling interval:

6 in (15.24 cm) and 2 in (5.08 cm)

Maximum logging
speed:

3,600 ft/hr (1,097 m/hr)

Measurement Specifications
Measurement range :

0-2,000 GAPI

Vertical resolution:

12 in (30.48 cm)

Depth of investigation:

24 in (60.96 cm)

Accuracy:

±5%
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Major Outputs
ECGR:

Environmentally Corrected Gamma Ray (GAPI)

Deployment Notes
The SGT is routinely run in combination with the FMS and DSI tools.

* ®trademark of Schlumberger
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Downhole logging tools
Third Party Tools
Core Barrel - Extended Memory Drill String
Accelerometer (CB-DSA-XM)
Description
The Core Barrel- Extended Memory Drill
String Accelerometer (CB-DSA-XM) was
developed during ODP at USIO Science
Services/LDEO as a modification of the CBDSA, which was used on several ODP legs.
The CB-DSA-XM operates as a memory tool
that measures and records drill string
acceleration and ambient pressures during
coring. The tool contains a single-axis
(vertical) High Sensitivity Accelerometer
(HSA) for heave measurements, a threeaxial Low Sensitivity Accelerometer (LSA)
for drill bit variations, and a high resolution
pressure sensor. The tool can operate in
acceleration (LSA and HSA signals recorded
at high sampling rate) or pressure ((LSA signal and ambient pressure
recorded at high sampling rate) mode; in both cases ambient pressure
is recorded at low sampling rate (1 sample/sec).
For ease of deployment, the CB-DSA-XM has been designed as a
removable extension of the APC/XCB/RCB core barrels. Using
standard threaded connections, the CB-DSA-XM is attached to the top
of a selected core barrel prior to core barrel deployment. The tool does
not need connection to the logging cable and the data are downloaded
to a computer after the tool is retrieved from the hole. During
initialization and data downloading procedures, communication with
the tool is handled by the CB-DSA-XM LabView program.
The modified tool has a longer data recording time, higher reliability
and improved operations capabilities. It allows data recording on
consecutive coring trips, and the used of hot-swappable non-volatile
memory modules virtually eliminates any delay related to data
retrieval procedures. The tool continuously monitors battery voltage
and temperature inside the electronics module and preserves recorded
data in case of battery failure or at temperatures in excess of the
maximum specified for tool operation.
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Applications
•
•
•
•
•
•

Drill string vibration analysis
Heave evaluation
Reference signal for Seismic-While-Drilling measurements
Fluid pressure measurement
Drilling equipment performance evaluation
Geotechnical applications (i.e. sediment compaction analysis)

Tool Specifications
Temperature rating:

185° F (85° C)

Pressure rating:

10 kpsi (4.5 kPa)

Diameter:

3.375 in (8.57 cm)

Length:

47 in (1.2 m)

Weight:

75 lbs (34.1 kg)

Acceleration sampling rate:

100 Hz

Pressure sampling rate:

1 Hz

Frequency bandwidth (HSA
Channel):

0-2 Hz

Frequency bandwidth (LSA
Channel):

0-50 Hz (at 100
samples/sec)
0-25 Hz (at 50 samples/sec)

Total data recording time:

2.9 hrs (at 100
samples/sec)

Power source:

6 "AA" alkaline batteries

Battery life:

about 18 hrs

Measurement Specifications
Acceleration measurement range (HSA
channel):

-2 to +2 g

Acceleration measurement range (LSA
channel):
Option 1:

±4 g

Option 2 :

±25 g

Temperature measurement range:

32-185° F (0-85°
C)

Temperature resolution:

0.9° F (0.5° C)

Pressure measurement range:

0-10 kpsi (6.9 kPa)

Pressure resolution:

4 psi (1.8 Pa)

Pressure measurement precision:

0.1 % FS
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Downhole logging tools
Third Party Tools
Core Barrel - Retrievable Memory Module
(CB-RMM)
Description
The Core Barrel – Retrievable Memory
Module (CB-RMM) may be deployed
routinely with all standard IODP core
barrels. It has been designed to capture
incoming weight-on-bit, torque-on-bit, and
pressure data from the Drilling Sensor Sub
via a wireless inductive link. The data are
transmitted between two coils, one
mounted in the DSS and the other mounted
on the CB-RMM antenna. The DSS
transmits the data continuously even when
the CB-RMM is not present. When the CBRMM is present, it recognizes the incoming
data and stores them in the onboard
memory. In addition to storing data from
the DSS, the CB-RMM makes its own
pressure and acceleration measurements,
which are stored with the DSS data.

Applications
•
•
•
•

Heave compensated evaluation
Core barrel performance evaluation
Sediment compaction
Fluid pressure

Tool Specifications
Temperature rating:

185° F (85° C)

Pressure rating:

10 kpsi (4.5 kPa)

Diameter:

3.625 in (9.2 cm)

Length:

155.38-184.25 in (3.94-4.68 m)

Weight:

250 lbs (113.6 kg)
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Memory:

8 Mb

Acceleration sampling 50 Hz
rate
(x and z axis):
Power source:

24 "C" and 6 "AA" alkaline batteries

Battery life:

about 16 hrs

Top connection:

ODP GS fishing cup

Bottom connection:

Interchangeable core barrel-specific
adapters

Measurement Specifications
Acceleration measurement range (HSA
channel):
Option 1:

±4 g

Option 2 :

±25 g

Pressure measurement range:

0-10 kpsi (6.9
kPa)

Pressure resolution:

1 psi (0.7 Pa)
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Downhole logging tools
Third Party Tools
Core Barrel Temperature Tool (CB-TT)
Description
The Core Barrel Temperature Tool (CB-TT) has
been developed at LDEO-BRG and was first
deployed during ODP Leg 193. The CB-TT allows to
assess temperature conditions while drilling and
determine if they are favorable for subsequent
wireline or logging-while-drilling operations in
hydrothermal environments. Along with the Core
Barrel Drill String Accelerometer (CB-DSA-XM), the
CB-TT enables the acquisition of digital
measurements while coring. The CB-TT’s
measurements of borehole temperatures while
drilling can then be correlated to pump rates used
during coring operations in order to determine the
feasibility of performing logging operations in the
high temperature conditions associated with
superheated water adjacent to hydrothermal vents. The CB-TT
contains a thermocouple and a battery operated electronic board,
encased in a single dewar inside the pressure case that was designed
for the CB-DSA.
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Applications
• Borehole temperature assessment while drilling
• Comparison of pumping rates to temperature
• Estimation of borehole temperature rebound while drilling

Tool Specifications
Temperature
rating:

248° F (120° C)

Pressure rating:

10 kpsi (6.9 kPa)

Diameter:

3.375 in (8.57 cm)

Length:

47 in (1.2 m)

Weight:

60 lbs (27.2 kg)

Memory:

4 Mb

Power source:

lithium batteries

Battery life:

about 12 hrs

Measurement Specifications
Temperature measurement
range:

0-599° F (0-315° C)

Temperature resolution:

1.8° F (1° C)

Pressure measurement range: 0-10 kpsi (6.9 kPa)
Pressure resolution:
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1 psi (0.7 Pa)

Downhole logging tools
Third Party Tools
Multi-Sensor Spectral Gamma Ray Tool
(MGT*)
Description

The Multi-Sensor Spectral Gamma Ray Tool
(MGT) is a third party tool developed by the
Lamont-Doherty Borehole Research Group to
improve the vertical resolution of natural
gamma-ray logs. This is achieved by using an
array of short detector modules with
approximately 2 ft (60 cm) spacing. Each module
comprises a small 2"x4" (5x100 m) NaI detector,
a programmable 256-channel amplitude
analyzer, and an Am241 calibration source. The
spectral data are later recalculated to determine
the concentration of potassium, thorium, and
uranium radioisotopes or their equivalents. The
spectral data from individual modules are
sampled 4 times per second and stacked in real
time based on the logging speed. This approach
increases vertical resolution by a factor of 3-4 over conventional
Schlumberger tools while preserving comparable counting efficiency
and spectral resolution. The radius of investigation depends on several
factors: hole size, mud density, formation bulk density (denser
formations display a slightly lower radioactivity) and the energy of the
gamma rays (a higher energy gamma ray can reach the detector from
deeper in the formation).
The tool also includes an accelerometer channel to improve data
stacking by the precise measurement of logging speed. A specialized
telemetry system developed for the MGT allows it to be combined with
Schlumberger tool strings in a single logging operation, minimizing the
required rig time to acquire the log.

D - 103

Applications
Spectral gamma ray logs provide one of the best means to investigate
the mineralogy of thin-bedded sedimentary sequences, to correlate
among different logging runs, and to compare logging data and core
measurements. Increasing vertical resolution over currently available
tools provides new opportunities for log analysis in reservoirs with
rapidly changing lithology and for finer resolution of thin layering and
in areas with low sedimentation rates. The added resolution provided
by the MGT will be of particular use in paleoclimate studies.

Environmental Effects
The MGT response is affected by borehole size, mud weight, and by
the presence of bentonite or KCl in the mud. In IODP boreholes KCl is
sometimes added to the mud to stabilize freshwater clays which tend
to swell and form bridges. This procedure takes place before logging
operations start, and even though KCl is probably diluted by the time
the tool reaches total depth, it can still affect the tool response. All of
these effects are accounted for during the processing of the MGT data
onshore.

Tool Specifications
Temperature rating:

212° F (100° C)

Pressure rating:

10 kpsi (6.9 kPa)

Diameter:

3.375 in (8.6 cm)

Length
Telemetry module:

9 ft (2.7 m)

Measurement module :

9.5 ft (2.9 m)

Weight:

350 lbs (151.1 kg)

Number of spectrometry modules:

4

Module spacing:

0.64 m

Detectors
Type:

NaI(TI)

Dimension:

4x2 in (10x5 cm)

Maximum cable length :

40 ft (131.2 m)

Maximum logging speed :

900 ft/hr (275 m/hr)
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Cable head connection:

Schlumberger style

Sample rate:

4 sec

Measurement Specifications
Acceleration measurement range (HSA
channel):
Option 1:

±4 g

Option 2 :

±25 g

Pressure measurement range:

0-10 kpsi (6.9 kPa)

Pressure resolution:

1 psi (0.7 Pa)

Major Outputs
GR:

Gamma ray

GAPI

POTA:

Potassium

wt %

THOR:

Therium

ppm

Deployment Notes
The MGT is run at the top of the Schlumberger Triple Combo. The
downhole switch in the MGT telemetry module provides switching of
the signal and power lines between the MGT and the Schlumberger
logging system.
* ®trademark of Schlumberger
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Downhole logging tools
Third Party Tools
Ultra-High Temperature Multi-Sensor
Memory Tool (UHT-MSM*)
Description

The Ultra-High Temperature Multi-Sensor Memory Tool (UHT-MSM),
developed by the Geophysical Research Corporation for the University
of Miami under NSF funding, is a slim-hole memory tool capable of
measuring pressure and temperature in hot boreholes. It was deployed
for the first time during ODP Leg 169. The UHT-MSM contains internal
and external temperature measuring devices, a pressure gauge, a
multi-sensor memory unit, and a dewar flask that acts as an insulator
to maintain a stable temperature and cool-down rate for the tool. The
heat shield is aircraft-grade aluminum bound at both ends by brass
heat sinks. The dewar flask can maintain an internal temperature
suitable for tool operation for 4-5 hours at an external temperature of
about 750° F (400° C). Operations are possible for up to 10 hours if
the temperature does not exceed 450° F (232° C).

Applications
•
•

Hydrogeological analysis – identifying regions of fluid in or out flow.
Geothermics – estimating the vertical fluid flow regime.
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•

Safety – evaluating fluid temperature prior to deploying heat sensitive
tools.

Environmental Effects
The MGT response is affected by borehole size, mud weight, and by
the presence of bentonite or KCl in the mud. In IODP boreholes KCl is
sometimes added to the mud to stabilize freshwater clays which tend
to swell and form bridges. This procedure takes place before logging
operations start, and even though KCl is probably diluted by the time
the tool reaches total depth, it can still affect the tool response. All of
these effects are accounted for during the processing of the MGT data
onshore.

Tool Specifications
Temperature rating:

750° F (400° C) for 4-5 hours

Pressure rating:

10 kpsi (4.5 kPa)

Diameter:

2.2 in (5.58 cm)

Length

8.75 ft (2.66m)

Weight:

75 lbs (34.1 kg)

Sampling Rate :

From 20 msec to 65 days

Memory:

1 Mb

Power source:

Lithium batteries

Battery life:

>8 hrs

Measurement Specifications
Temperature measurement range : 32-932° F (500° C)
Temperature resolution:

15.6 Hz/° F (28 Hz/° C)

Temperature measurement
accuracy:

3° F (1.67° C)

Pressure measurement range:

0-10 kpsi (0-6.9 kPa)

Pressure resolution:

<0.01 psi

Pressure measurement accuracy:

0.04 % of full scale

* ®trademark of Schlumberger
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ownhole logging tools
Specialty Tools
Azimuthal Resistivity Imager (ARI*)
Description
The Azimuthal Resistivity Imager (ARI) is a
new generation of laterolog tool that
makes deep measurements and azimuthal
resistivity images around the borehole.
Using these data it is possible to analyze
features and details that escape
conventional resistivity measurements:
thin beds (down to 8 in, 20 cm), borehole
formation heterogeneity, formation dip,
resistivity in dipping beds, and fracture
position and orientation. The ARI produces
images similar to the FMS with coarser vertical resolution, but
complete azimuthal coverage. Whereas FMS electrodes are padmounted and in contact with the borehole surface, the ARI provides a
remote image of the formation in a similar way to that of the BHTV.
The ARI electrode array operates simultaneously at two frequencies:
35 Hz for the deep readings and 280 Hz for shallow readings. It
focuses currents that flow from the 12 electrodes to the grounded
logging cable. The sum of these 12 readings produces a highresolution measurement, equivalent to a single laterolog electrode of
the same height. To correct for tool eccentralization and variations in
borehole shape, a shallow auxiliary measurement of electrical
resistivities is performed at a much higher frequency of 71 kHz. This
measurement responds primarily to the volume of borehole fluid
affecting each electrode. If the borehole fluid resistivity is
independently measured, then borehole size and shape can be
deduced from the auxiliary array measurements. While the vertical
resolution of the standard laterolog readings is about 0.60 m, the
high-resolution array can reduce this by up to a factor of 6, depending
on the formation resistivity.
Preliminary processing of ARI images may be accomplished using
GeoFrame, a software package developed by Schlumberger and
GeoQuest, in a similar manner to FMS image processing. Comparison
of image data from different logging tools can also be displayed using
this software, which may provide information about fracture and fault
orientation and aperture, formation dip and heterogeneity, and
borehole shape. As the FMS is less sensitive to features near the
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borehole than the FMS, such as drilling-induced fractures, the origin
and lateral extent of such features may be determined from the
comparison of FMS and ARI images.

Environmental Effects
The electrical standoff measurements can be used to correct the
azimuthal resistivities for tool eccentering and variations in borehole
shape and size.

Applications
Thin Beds
The deep, high resolution measurements (vertical resolution of < 1 ft)
can be used in the quantitative evaluation of laminated forms.

Fractured formations
The ARI response is affected by the presence of fractures filled with
conductive fluids. Though ARI images do not have the same definition
and resolution of FMS images, open fractures are clearly visible; some
vertical fractures and cracks that may have been induced by drilling,
however, may not be clearly visible on the ARI, because they are too
shallow to be detected by the deeper reading ARI.

Dips
The formation dip can be derived from the ARI images, though the
estimate does not have the accuracy of that derived from an FMS
image. ARI images are useful to detect uncomformities and faults, and
to confirm expected features.

Borehole profile
The 12 auxiliary-mode azimuthal borehole curves show tool
eccentering and borehole irregularities, such as ovality. The ARI
electrical calipers are more sensitive to borehole variations than the
FMS orthogonal calipers.

Log Presentation
The LLD and LLS measurements are usually displayed on a resistivity
logarithmic scale, along with the gamma ray log.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.625 in (9.21 cm)

Length:

33.3 in (10.1 cm)

Weight:

578 lbs (262.4 kg)

Sampling interval:

6 in (15.24 cm)
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Max. logging speed

1,800 ft/hr (550 m/hr)

Measurement Specifications
Measurement range: 0.2 to 100,000 ohm-m
Vertical resolution:

Less than 1 ft (30.24 cm)

Major Outputs
LLD:

Deep laterolog (ohm-m)

LLS:

Shallow laterolog(ohm-m)

Deployment Notes
The ARI may be deployed as part of the Triple Combo, where it
replaces the Dual Induction Tool (DIT), or in combination with a
gamma ray tool. To properly orient the images, however, the ARI
must be used with the GPIT, as is the case for the FMS tool. Repeat
passes of the ARI may be useful to obtain consistent azimuth
measurements.
* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Array Seismic Imager (ASI*)
Description

The Array Seismic Imager (ASI)
consists of an array of five seismic
shuttles linked by a bridle to a signalconditioning cartridge. Each shuttle
sensor package contains three
mutually orthogonal geophones fixed
relative to the sensor package
geometry. One geophone lies along
the axis of the package (z-axis); the
other two geophones (x- and y-axes)
form a 45° angle relative to the
clamping direction. This design allows
the ASI tool to operate in wells with a
90° deviation while not exceeding the
45° limitation of the X and Y
geophones. For the study of
anisotropy and analysis of split shear,
these features make the ASI tool
reliable in both vertical and deviated
wells, with consistent X and Y
component response.
The ASI tool is unique in that it ensures consistent, lengthy coupling
periods during downhole seismic acquisition, both in vertical and
deviated wells. This feature makes the ASI tool ideal for 2D and 3D
time-lapse borehole seismic surveys, reservoir monitoring applications
and amplitude variation with offset (AVO) calibration walkaways.

Applications
The ASI can acquire three-dimension walkaway vertical seismic profile
(VSP) surveys in both vertical and deviated wells. One of the primary
benefits to IODP is its low deployment time, since multiple geophones
are deployed simultaneously.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)
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Diameter:

3.375 in (8.57 cm)

Minimum tool length:

280 ft (85 m)

Sampling interval:

1, 2 and 4 msec

Maximum Logging Speed:

Stationary

Deployment Notes
The standard ASI tool can be used in cased holes without special
equipment. Adding a bowspring assembly allows surveying of open
holes from 8 1/2 to 13 in (21.5 to 33 cm).
* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Dual Laterolog (DLL*)
Description
The Dual Laterolog (DLL) provides two
resistivity measurements with different
depths of investigation into the formation:
deep (LLd) and shallow (LLs). In both
devices, a current beam 2 ft-thick (A0) is
forced horizontally into the formation by
using focusing (also called bucking)
currents (A1-A2, A'1-A'2); monitoring
electrodes (M1, M2, M'1, M'2) are part of a
loop that adjusts the focusing currents so
that no current flows in the borehole
between the two electrodes. For the deep measurement both measure
and focusing currents return to a remote electrode on the surface;
thus the depth of investigation is greatly improved, and the effect of
borehole conductivity and of adjacent formations is reduced. In the
shallow laterolog, instead, the return electrodes which measure the
bucking currents are located on the sonde, and therefore the current
sheet retains focus over a shorter distance than the deep laterolog.
The Dual Laterolog has a response range of 0.2 to 40,000 ohm-m,
whereas the Phasor Dual Induction Tool (DIT) has a range of 0.2 to
2,000 ohm-m. The DLL is recommended for igneous environments
(e.g., oceanic basalts and gabbros) because the resistivities can be
higher than the upper limit of what the DIT can measure. However, in
upper crustal environments (seismic Layers 2A and 2B), the
resistivities are usually low enough that the DIT can be used. This was
the case in data from, for example, ODP Legs 104 and 152 as well as
Hole 395A.
The DLL is usually run in combination with the Scintillation Gamma
Tool (SGT), but may be run with the Triple Combo or alone.
The depth of investigation of the laterolog depends on the resistivity of
the rock and on the resistivity contrast between the zone invaded by
the drilling fluid and the virgin (uninvaded) zone. The vertical
resolution of both LLd and LLs depends on the geometry defined by
the focusing electrodes: this is about 2 ft (61 cm).
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Applications
Porosity estimate
Because of the inverse relationship between resistivity and porosity,
the dual laterolog can be used to compute the porosity of the rock
from Archie's equation if the sediments/rocks do not contain any clay
or if the contribution of surface conduction to the signal is negligible.

Fracture Porosity Estimate
This can be estimated from the separation between the deep and
shallow measurements based on the observation that the former is
sensitive to the presence of horizontal conductive features only, while
the latter responds to both horizontal and vertical conductive
structures.

Environmental Effects
For the LLd the borehole effect is small for hole diameters up to 16 in,
while the LLs provides good readings in holes not exceeding 12 in.
Corrections are available for holes up to 20 in (25 cm) in diameter.

Log Presentation
The LLD and LLD curves are usually displayed on a resistivity
logarithmic scale, along with the gamma ray log.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.625 in (9.21 cm)

Length:

30.6 ft (9.35 m)

Weight:

222 lbs (100.8 kg)

Sampling interval:

6 in (15.24 cm)

Max. logging speed:

10,000 ft/hr (3,048 m/hr)

Measurement Specifications
Vertical resolution:

2.5 ft (76 cm)

Depth of investigation:

(see discussion in "Description" section)

Measurement range:

0.2-40,000 ohm-m

Major Outputs
LLD:

Deep laterolog (ohm-m)

LLS:

Shallow laterolog (ohm-m)
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Deployment Notes
The DLL is usually run in combination with the Scintillation Gamma
tool (SGT), but may be run with the triple combo or alone.
* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Logging-While-Coring
Resistivity-at-the-Bit System (LWC-RAB8*)
Description
The Logging-While-Coring (LWC)
system, developed jointly by
USIO/LDEO, Schlumberger Drilling and
Measurements, and USIO/TAMU, takes
advantage of existing logging, drilling
and coring technologies and synthesizes
them into a powerful new exploration
system. Recent improvements in battery
technology have enabled the
reformatting of the electronics in an 8inch Schlumberger Resistivity-at-Bit
(RAB) tool. By placing smaller batteries
in the drill collar wall, an existing ODP
core barrel can pass through the RAB to
carry out coring operations while making
simultaneous azimuthal geophysical
measurements. The coring tool
technology consists of the Motor Driven
Core Barrel (MDCB) system developed by USIO/TAMU, which needed
only minor modifications and the fabrication of crossovers and drilling
subs. The assembled system was tested at the Genesis test facility in
Sugarland, Texas, and successfully deployed for the first time during
ODP Leg 204.

Applications
• Core-log data integration capability
• Assessment of borehole breakout for local and regional stress
analyses
• Detection of formation heterogeneity using azimuthal resistivity
images
• Lithology characterization

Tool Specifications
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Tool make-up length:

13 ft (4 m)

Tool weight:

2,400 lbs (1,090 kg)

API nominal collar outside
diameter:

8.25 in (21 cm)

Maximum outside diameter:

9 to 12.25 in (23 to 31
cm)

Minimum bit size:

9.75 in (25 cm)

Maximum bit size:

12.25 in (31 cm)

Maximum Temperature:

300° F (149° C)

Maximum pressure:

18 kpsi (12.4 kPa)

Flow range:

0-1,200 gpm

Pressure drop coeffecient (C)*: n/a
Maximum curvature - sliding:

13 deg/100 ft (13
deg/31 m)

Maximum rotary torque:

23,000 ft-lbf (7,010 mlbf)

Minimum operating RPM:

30 rpm

Uphole connection:

6-5/8 FH box

Downhole connection:

6-5/8 Reg box

(*) pressure drop = [mudweight in ppg] x [flow in
gpm]²/C

Measurement Specifications
Gamma Ray
Measurement
range:

0-250 GAPI

Accuracy:

7%

Vertical
resolution:

6 in (15.24 cm)

Azimuthal resistivity
Measurement
range:

0.2-20,000 ohm-m

Accuracy:

5% (0.2-200 ohm-m); 20% (2002,000 ohm-m) n/a (>2,000 ohm-m)

Vertical
resolution:

2-3 in (5.08-7.62 cm)

Ring resistivity
Measurement
range:

0.2-20,000 ohm-m

Accuracy:

5% (0.2-2,000 ohm-m); 20%
(>2,000 ohm-m)

Vertical
resolution:

2-3 in (5.08-7.62 cm)

Bit resistivity
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Measurement
range:

0.2-20,000 ohm-m

Accuracy:

5% (0.2-2,000 ohm-m); 20%
(>2,000 ohm-m)

Vertical
resolution:

12-24 in (30.5-61 cm)

Additional information

Assembly of the LWC-RAB8
Tools during an early test in
Texas.

* ®trademark of Schlumberger
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Registivity image and average
resistivity data from the LWCRAB8 plotted with physical
properties data from cores.

Downhole logging tools
Specialty Tools
Logging-While-Drilling
adnVISION Azimuthal Density Neutron Tool (LWDADN6*)
Description
The adnVISION tool (LWD-ADN6) provides real-time apparent neutron
porosity, formation bulk density and photoelectric factor data to
characterize formation porosity and lithology while drilling. These
nuclear measurements are borehole compensated for improved
accuracy. 360-degree images of density and porosity result from the
rotation of the tool's sensors. Along with the azimuthal data, average
values for each parameter are also available.
The adnVISION radioactive sources are safely contained in the drill
collar and are connected to each other by a titanium cable that allows
fishing by wireline through the drill pipe.

Applications
The ADN6 provides azimuthal borehole compensated formation
density, neutron porosity and photoelectric factor measurements.
Given present technological capabilities, estimations of bulk porosity
and permeability are best made by in situ borehole measurements,
preferably at scales large enough to average the effects of irregular
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fracture porosity and matrix porosity. ADN6 measurements allow for
determining both matrix and fracture porosity and locating
overpressure zones.
The ADN6 can be combined with the MWD-TeleScope, which measures
parameters such as annulus pressure, torque, and penetration rates.
Together, MWD-TeleScope and ADN6 can render reliable
measurements of effective pressure through both normal and
overpressurized zones. If overpressurized zones exist within a fault
zone, the magnitude and effects of fluid pressure on fault
displacement and fluid flow can be assessed by estimating the amount
of fluid expulsion (porosity reduction) in the immediate vicinity of the
borehole.
Fault collapse and strain hardening, active fluid flow, fault-fluid
interactions, and the formation of hydrofractures may occur within
fault zones. Variations in fault displacement and fluid activity can be
related to the in situ measurements to investigate the degree to which
these processes are active. The ADN6 measurements of porosity and
estimations of fluid pressure can illustrate the nature of the pressure
seals as well as the physical processes responsible for fluid migration
and redistribution along a fault zone or overpressure zones. The
determination of the Vp and bulk modulus using sonicVISION (SWD6)
and adnVISION data can also contribute to the understanding of the
mechanical strength of the rocks within and near a fault zone. These
LWD azimuthal measurements can be used to provide information
regarding the spatial variation of physical properties around the
borehole.
The ADN6 measurements can also provide porosity information as a
function of borehole azimuth. To estimate strain from in situ porosity,
lithological effects on these measurements must be first distinguished
from the porosity effects. For this purpose, GVR6 resistivity and
gamma ray measurements can be used to estimate any significant
changes in clay mineralogy within a fault zone. Laboratory porosity
measurements and thin sections of core samples allow observations of
interstitial pore structures and can serve as a correlation tool for more
refined calculations of continuous porosity records from the log data.
The porosity and resistivity image data can provide information about
fracture density, fracture aperture, and structural orientation in the
vicinity of the hole. In addition, these data may be used to distinguish
fractures that are transmissive from those that are not.

Environmental Effects
Laboratory measurements and mathematical modeling have been
used to define the density and photoelectric response and to quantify
environmental effects. These effects include gamma ray streaming,
mud weight, tool standoff and photoelectric effects of formation and
mud on density.
A reliable density measurement requires good contact between
stabilizer and formation. Because a statistical caliper measurement is
made during the recording, it is possible to check the quality of the
contact. Contact also affects the neutron log response; the formation
signal, particularly for the epithermal count rates, tends to be masked
by the borehole signal with increasing hole size.
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Tool Specifications
Tool make-up length:

20.5 ft (6.3 m)

Tool weight:

1,700 lbs (771.8 kg)

API nominal collar outside diameter: 6.75 in (17.1 cm)
Maximum outside diameter:

6.9 to 9.875 in (17.5 to 25 cm)

Minimum bit size:

6.75 in (17 cm)

Maximum bit size:

8.375 in (21.3 cm)

Maximum temperature:

300° F (150° C)

Maximum pressure:

25 kpsi (17.3 kPa)

Flow range:

0-800 gpm

Pressure drop coeffecient (C)*:

135,000

Maximum curvature - sliding:

16 deg/100 ft (16 deg/31 m)

Maximum rotary torque:

16,000 ft-lbf (4.877 m-lbf)

Minimum operating RPM:

30 rpm

Uphole connection:

5-1/2 FH box

Downhole connection:

5-1/2 FH box

(*) pressure drop = [mudweight in ppg] x [flow in gpm]²/C

Measurement Specifications
Porosity
Measurement range: 0-100 pu
Accuracy:

±0.5 pu (<10 pu); 5% (10-50 pu)

Vertical resolution:

12 in (30.48 cm)

Density
Measurement range: 1-3.05 g/cm³
Accuracy:

±0.015 g/cm³

Vertical resolution:

6 in (15.24 cm)

Photoelectric effect
Measurement range: 0-10 barns/eAccuracy:

5% (1-10 barns/e-)

Vertical resolution:

2 in (5.08 cm)

Major Outputs
RHOB:

Bulk density (g/cm³)

DRHO:

Bulk density correction (g/cm³)

PEF:

Photoelectric factor (barns/e-)

TNPH:

Thermal neutron porosity (%)

DCAV:

Differential caliper (in)

NTCK:

Neutron detector sample depth tick mark

DTCK:

Density detector sample depth tick mark

ROP5:

Rate of penetration, average over last 5 ft (m/hr)
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NTAB:

Neutron time after bit (s)

DTAB:

Density time after bit (s)

RPM:

Rotational speed (rpm)

Deployment Notes
Along with the LWD collars, additional equipment such as jars must be
included. Responsibility for providing this equipment is discussed at
the pre-expedition meeting.

* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Logging-While-Drilling
arcVISION (LWD-ARC6*)
Description
The arcVISION (LWDARC6) is a compensated
array resistivity tool
developed by
Schlumberger for
medium to large
boreholes. The 6.75 in (17 cm) diameter tool makes multiple,
borehole-compensated phase shift and attenuation resistivity
measurements at two frequencies: 2MHz and 400kHz. The tool’s
antenna array consists of five transmitters and two receivers to
achieve both a range of depths of investigations as well as borehole
compensation. Multiple depths of investigation are useful to
differentiate between borehole effects, invasion, shoulder beds, and
anisotropy. Borehole compensation is important because it
significantly reduces the effects of borehole rugosity. In addition to the
resistivity measurements, the arcVISION also provide a non-azimuthal
gamma ray measurement performed with a plateau sensor (NaI
detector) and annular pressure-while-drilling (APWD), including realtime static pressure.
The tool can be operated in memory mode or in real-time mode in
combination with the TeleScope MWD tool; also, it is combinable with
any other LWD tool.

Applications
• The separation between the vertically matched resistivities can be
used to discriminate between invasion and formation anisotropy
• Identification of impermeable beds - the resistivity curves will match
in shales

Tool Specifications
Tool make-up length:

18 ft (5.49 m)

Tool weight:

1,800 lbs (817.2 kg)

API nominal collar outside
diameter:

6.75 in (17 cm)
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Maximum outside diameter:

7.5 in (19.05 cm)

Minimum bit size:

8.5 in (21.59 cm)

Maximum bit size:

10.5 in (26.67 cm)

Maximum temperature:

300° F (149° C)

Maximum pressure:

25 kpsi (17.3 kPa)

Flow range:

0-800 gpm

Pressure drop coeffecient (C)*:

121,000

Maximum curvature - sliding:

16 deg/100 ft (16 deg/31
m)

Maximum rotary torque:

0 rpm

Minimum operating RPM:

30 rpm

Uphole connection:

5-1/2 FH box

Downhole connection:

NC-50 box

(*) pressure drop = [mudweight in ppg] x [flow in gpm]²/C

Measurement Specifications
Gamma Ray
Measurement range:

0-250 GAPI

Accuracy:

3%

Vertical resolution:

±2 GAPI at 100 ft/hr (31 m/hr)

Vertical resolution:

6 in (15.24 cm)

Resistivity
Attenuation

Phase Shift

Measurement range:

0.2-500 ohm-m 0.2-3,000 ohmm

Accuracy (<25 ohmm):

±3%

±2%

Accuracy (>25 ohmm):

±1.5 mmho/m

±0.3 mmho/m

Vertical resolution at
0.2 ohm-m:

12 in (30.48
cm)

8.4 in (21.33
cm)

Pressure While Drilling
Measurement range:

20 kpsi (9 kPa)

Accuracy:

±20 psi (9 Pa)

Vertical resolution:

±1 psi (0.45 Pa)

Major Outputs
GR:

Gamma Ray (API units)

PnB:

Phase Shift Resistivity Blended, n=16, 22, 28,
34, 40 in (ohm-m)

PnH:

Phase Shift Resistivity, 2 MHz, n=16, 22, 28, 34,
40 in (ohm-m)

PnL:

Phase Shift Resistivity, 400 KHz, n=16, 22, 28,
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34, 40 in (ohm-m)
AnB:

Attenuation Resistivity Blended, n=16, 22, 28,
34, 40 in (ohm-m)

AnH :

Attenuation Resistivity, 2 MHz, n=16, 22, 28, 34,
40 in (ohm-m)

AnL:

Attenuation Resistivity, 400 KHz, n=16, 22, 28,
34, 40 in (ohm-m)

APRS:

Annulus Pressure (psi)

ATMP:

Annulus Temperature (degC)

ECD:

Equivalent Circulating Density (lb/gal)

AGTM:

Gamma Ray Time After Bit (s)

ARTM:

Resistivity Time After Bit (s)

ROP5_RM: Rate of Penetration, average over last 5 ft (m/hr)
RPM:

Tool Rotational Speed (rpm)

* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Logging-While-Drilling
EcoScope Tool (LWD-DVD6*)
Description
The EcoScope is the first
Schlumberger LWD multifunction
tool that provides a complete set of
formation evaluation measurements
without using the traditional
chemical sources. A pulsed neutron
generator (PNG) replaces the
americium-berillium (AmBe) source
commonly used for porosity
measurements, while an optional neutron gamma density
measurement is performed with out the traditional side-mounted
Cesium source. This feature considerably reduces the risk previously
associated with transportation and operations at the borehole site.
Also, the PNG produces more high-energy neutrons than the
traditional chemical source, which results in a deeper depth of
investigation and therefore more accurate measurements of the
properties of the formation. In addition to density and porosity
measurements, the EcoScope offers the first LWD measurement of
neutron-induced elemental gamma ray spectroscopy and sigma; these
data provide mineralogy, lithology and matrix properties. Phase and
attenuation resistivity at two frequencies (originally from ARC tool)
and gamma ray, as well as some drilling parameters such as annular
pressure-while-drilling, caliper, and shock complete the suite of
measurements provided by the EcoScope.
All drilling and measurement sensors are mounted on a single collar
mounted close to the bit that can be deployed faster than conventional
LWD tools; all EcoScope measurements are delivered in real-time to
the surface via TeleScope high speed telemetry. The EcoScope large
memory capacity allows for the recording of data at 2 points/ft (30.48
cm) at penetration rates up to 450 ft/hr (137 m/hr).

Applications
• Formation lithology and physical property evaluation
• Formation mineralogy from elemental gamma spectroscopy
• Drilling performance evaluation
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Tool Specifications
Tool make-up length:

28 ft (8.5 m)

Tool weight:

3,200 lbs (1,453 kg)

API nominal collar outside
diameter:

6.75 in (17 cm)

Maximum outside diameter:

7.875 to 9.375 in (20 to 23.8
cm)

Minimum bit size:

8.375 in (21.3 cm)

Maximum bit size:

9.875 in (32.5 cm)

Maximum temperature:

300° F (149° C)

Maximum pressure:

20 kpsi (13.8 kPa)

Flow range:

250-800 gpm

Pressure drop coeffecient (C)*:

TBD

Maximum curvature - sliding:

16 deg/100 ft (16 deg/31 m)

Maximum rotary torque:

TBD

Minimum operating RPM:

30 rpm

Uphole connection:

5-1/2 FH box

Downhole connection:

5-1/2 FH box

(*) pressure drop = [mudweight in ppg] x [flow in gpm]²/C

Measurement Specifications
Gamma Ray
Measurement range: 0-250 GAPI
Accuracy:

7%

Vertical resolution:

6 in (15.24 cm)

Resistivity
Measurement range: 0.2-3,000 ohm-m
Accuracy:

2% (<6 ohm-m); ±0.3 msec/m (>6
ohm-m)

Vertical resolution:

8.4 in (21.33 cm)

Density
Measurement range: 1.7-3.05 g/cm³
Accuracy:

0.015 g/cm³

Vertical resolution:

6 in (15.24 cm)

Porosity
Measurement range: 0-100 pu
Accuracy:

±0.5 pu (<10 pu); ±5% (10-50 pu)

Vertical resolution:

12 in (30.48 cm)

Photoelectric effect
Measurement range: 1-10 barns/e-
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Accuracy:

5%

Vertical resolution:

2 in (5.08 cm)

Major Outputs
RHOB:

Bulk Density (g/cm³)

DRHO:

Density Correction (g/cm³)

DRRT:

Correction for rotational density (g/cm³)

IDDR:

Image Derived Density Correction (g/cm³)

IDPE:

Image Derived Photoelectric Effect (g/cm³)

PEF:

Photoelectric Effect (barns/e-)

TNPH:

Thermal Neutron Porosity (%)

BPHI:

Best Thermal Neutron Porosity, Average (%)

DCAL:

Differential Caliper (in)

GRMA:

Gamma Ray, Average (GAPI units)

PnB:

Phase Shift Resistivity Blended, n=16, 22, 28,
34, 40 in (ohm-m)

PnH:

Phase Shift Resistivity, 2 MHz, n=16, 22, 28,
34, 40 in (ohm-m)

PnL:

Phase Shift Resistivity, 400 KHz, n=16, 22, 28,
34, 40 in (ohm-m)

AnB:

Attenuation Resistivity Blended, n=16, 22, 28,
34, 40 in (ohm-m)

AnH :

Attenuation Resistivity, 2 MHz, n=16, 22, 28,
34, 40 in (ohm-m)

AnL:

Attenuation Resistivity, 400 KHz, n=16, 22, 28,
34, 40 in (ohm-m)

APRS:

Annulus Pressure (psi)

ATMP:

Annulus Temperature (degC)

ECD:

Equivalent Circulating Density (lb/gal)

DWAL_WALK2: Dry Weight % Pseudo Aluminum (Walk2 Mode)
DWCA_WALK2: Dry Weight % Calcium (Walk2 Mode)
DWFE_WALK2: Dry Weight % Iron (Walk2 Mode)
DWGD_WALK2: Dry Weight % Gadolinium (Walk2 Mode)
DWK_WALK2:

Dry Weight Fraction Potassium (Walk2 Mode)

DWSI_WALK2: Dry Weight Fraction Silicon (Walk2 Mode)
DWSU_WALK2: Dry Weight Fraction Sulfur (Walk2 Mode)
DWTI_WALK2: Dry Weight Fraction Titanium (Walk2 Mode)
AGTM:

Gamma Ray Time After Bit (s)

ARTM:

Resistivity Time After Bit (s)

TAB_DEN:

Density Time after Bit (s)

TAB_NEU:

Neutron Time after Bit (s)

ROP5_RM:

Rate of Penetration, average over last 5 ft
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(m/hr)
RPM:

Tool Rotational Speed (rpm)

* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Logging-While-Drilling
sonicVISION Tool (LWD-SWD6*)
Description
Acoustic waveforms are acquired while drilling with the Schlumberger
Drilling and Measurement sonicVISION tool (LWD-SWD6). One
transmitter and four receivers are positioned within a drill collar just
above the bit to collect compressional transit times just seconds after
the rock has been cut. As with all Logging-While-Drilling tools,
formation data are collected before the borehole alteration or invasion
occurs. The data are stored in memory and dumped upon collar
retrieval, or they are pulsed in real time if an MWD tool is in use.
Sonic data are then utilized in the traditional manner for sonic
velocity, synthetic seismogram and correlation with wireline logs.

Applications
Porosity and "pseudodensity" log
The sonic transit time can be used to compute porosity by using the
appropriate transform and to estimate fracture porosity in carbonate
rocks. In addition, it can be used to compute a "pseudodensity" log
over sections where this log has not been recorded or the response
was not satisfactory.

Seismic impedance
The product of compressional velocity and density is useful in
computing synthetic seismograms for time-depth ties of seismic
reflectors.

Sonic waveform analysis
If a refracted shear arrival is present, its velocity can be computed
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from the full waveforms, and the frequency content and energy of
both compressional and shear arrivals can also be determined.

Fracture porosity
Variations in energy and frequency content are indicative of changes
in fracture density, porosity, and in the material filling the pores. In
some cases compressional-wave attenuation can also be computed
from the full waveforms.

Log Presentation

Tool Specifications
Tool make-up length:

26 ft (7.9 m)

Tool weight:

2,600 lbs (1,180.4 kg)

API nominal collar outside
diameter:

6.75 in (17 cm)

Maximum outside diameter:

7.5 to 9.875 in (19 to 25
cm)

Minimum bit size:

8.5 in (21.6 cm)
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Maximum bit size:

14 in (35.6 cm)

Maximum Temperature:

300° F (149° C)

Maximum pressure:

25 kpsi (17.3 kPa)

Flow range:

0-800 gpm

Pressure drop coeffecient (C)*:

256,000

Maximum curvature - sliding:

16 deg/100 ft (16 deg/31 m)

Maximum rotary torque:

16,000 ft-lbf (4.877 m-lbf)

Minimum operating RPM:

0 rpm

Uphole connection:

5-1/2 FH box

Downhole connection:

5-1/2 FH box

(*) pressure drop = [mudweight in ppg] x [flow in gpm]²/C

Measurement Specifications
Measurement range: 40 to Δtmud -20 microsec/ft
Accuracy:

±2 microsec/ft

Vertical resolution:

24 in (61 cm)

Major Outputs
CHRA: Coherence at compression peak, from receiver array
CHTA: Coherence at compression peak, from transmitter array
DTBC: Compressional slowness, borehole compensated (μsec/ft)
DTRA Compressional slowness, from receiver array (μsec/ft)
DTTA: Compressional slowness, from transmitter array (μsec/ft)
DTCO: Compressional slowness, computed downhole (μsec/ft)
CHCO: Coherence at compression peak, computed downhole
ISTB: Sonic Time after bit (s)

Deployment Notes
The LWD-SWD6 is combinable with all other Logging-While-Drilling
tools with no reduction in the drilling rate.
* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Logging-While-Drilling
proVISION Tool (LWD-MRT6*)
The Schlumberger proVISION
Logging-While-Drilling (LWDMRT6) tool performs magnetic
resonance measurements in the
borehole and transmits them in
real-time to the surface.
Magnetic resonance provides
parameters that are not
measured by traditional LWD
tools such as permeability, freeand bound fluid-volume, type of fluid, and mineralogy-independent
porosity. These allow for an accurate characterization of the formation
without use of radioactive sources as well as direct detection of the
presence of hydrates.

Applications
•
•
•
•

Determination of free vs. bound fluid volume
Detection of hydrates
Measurement of mineralogy-independent porosity
Fluid identification

Tool Specifications
Tool make-up length:

39 ft (11.9 m)

Tool weight:

3,900 lbs (1,771 kg)

API nominal collar outside
diameter:

6.75 in (17 cm)

Maximum outside diameter:

7.75 to 10.375 in (20 to 26.4
cm)

Minimum bit size:

8.5 in (26 cm)

Maximum bit size:

10.625 in (27 cm)

Maximum temperature:

300° F (149° C)

Maximum pressure:

20 kpsi (13.8 kPa)

Flow range:

250-800 gpm

D - 133

Pressure drop coefficient (C)*:

30,000

Maximum curvature - sliding:

16 deg/100 ft (16 deg/31 m)

Maximum rotary torque:

16,000 ft-lbf (4,877 m-lbf)

Minimum operating RPM:

0 rpm

Uphole connection:

5-1/2 FH box

Downhole connection:

5-1/2 FH box

(*) pressure drop = [mudweight in ppg] x [flow in gpm]²/C

Measurement Specifications
Measurement range: 0-100 pu
Porosity accuracy :

±5 pu

Vertical resolution:

6 in (15.24 cm)

Major Outputs
BFV:

Bound Fluid Volume (%)

FFV:

Free Fluid Volume (%)

MRP:

Magnetic Resonance Porosity (%)

T2:

T2 Distribution (%)

T2LM:

T2 Logarithmic Mean (%)

* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Logging-While-Drilling
geoVISION Resistivity-at-the-Bit Tool (LWD-GVR6*)
Description
The geoVISION Resistivity Tool
(GVR6) makes lateralog resistivity
measurements. As a formation
evaluation tool, its application is
limited to conductive muds. It may
be run in several configurations and
provides up to five resistivity
measurements. The GVR6 contains a scintillation gamma ray detector
which supplies a total gamma ray measurement. An azimuthal positioning
system allows both gamma ray and various resistivity measurements to
be acquired around the borehole. Additional measurements are chassis
temperature and radial and longitudinal shocks.
The GVR6 has a nominal 6.75-in (17 cm) diameter; it is meant to be run
in 8.5-in (21.6 cm) holes. Designed to be a flexible component of the
bottom hole assembly, the GVR6 may be connected directly behind the
bit or further back in the bottom hole assembly.
A 1.5-in (3.8 cm) tall cylindrical electrode, located 3
feet from the bottom of the tool, provides a focused
lateral resistivity measurement (RING) with a 2-in (5
cm) vertical resolution, independent of the location of
the RAB tool in the bottomhole assembly. In addition,
the RAB sub has three longitudinally spaced button
electrodes that provide staggered depths of
investigation. As the tool rotates, azimuthal
measurements are acquired from the button
electrodes. When connected directly to the bit, the GVR6 uses the lower
portion (8-in; 20.3 cm) of the tool and the bit as a measure electrode. In
this configuration, it provides a bit resistivity measurement (RBIT) with a
vertical resolution just a few inches longer than the length of the bit.
The GVR6 measurements have a high vertical and azimuthal resolution.
To make the most of the vertical resolution, the optimal sampling density
is greater than one sample every inch. At the maximum sampling interval
of 10 sec, the optimal sampling density can be achieved for rates of
penetration up to 29.5 ft/hr (9 m/hr). Achieving this vertical sampling is
most important when imaging.
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Applications
The GVR6 tool provides four depth of investigation measurements to
detect early invasion of borehole fluids into the formation, a sensor at the
bit to ensure minimum invasion, azimuthal resistivity images of the
borehole to detect resistivity heterogeneity, and a gamma-ray sensor for
lithology characterization.
The GVR6 tool can also provide a close look at structural information
within a fault zone or an active tectonic area with a resolution of 6-12 in
(15-30 cm). The GVR6 measures oriented resistivity images of the
borehole wall, similar to FMS and FMS images. Fracture orientations and
distributions can be observed as resistivity contrasts in the image logs
and are critical to recognize the extent of the deformation front along a
tectonic front. Conversion of GVR6 images into relative porosity using
Archie’s equation can be used in combination with density and porosity
data to help define the azimuthal distribution of porosity and
overpressurized zones which may contribute to fluid flow along planes of
structural weakness.

Environmental Effects
The button measurements have a shallow depth of investigation by
design, in order to be sensitive to shallow invasion. When the GVR6 tool
is centralized in a 8.5-in (21.5 cm) hole, the buttons are 0.1875 in (0.47
cm) from the formation. Controlling this standoff insures correct
measurements. Therefore, proper centralization is recommended.
The GVR6 processing automatically corrects the resistivity measurements
for frequency effects and the effects of the borehole.

Log Presentation
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LWD-GVR6 output
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Comparison of LWD-GVR6 tool and wireline FMI tool electrical images in
consolidated, highly fractured sediments. Both images of the interior of the
borehole wall are oriented to the top of the deviated hole. Although the LWD tool
has inferior bed resolution (by a factor of 30), it offers the advantage of data
coverage around the entire circumference of the borehole and measurements
within minutes after the hole has been drilled.

Tool Specifications
Tool make-up length:

10 ft (3.3 m)

Tool weight:

1,200 lbs (545 kg)

API nominal collar outside
diameter:

6.75 in (17.1 cm)

Maximum outside diameter:

7.5 to 8.5 in (19.6 to 21.6
cm)

Minimum bit size:

8.5 in (21.6 cm)

Maximum bit size:

9.875 in (32.5 cm)

Maximum Temperature:

300° F (149° C)

Maximum pressure:

18 kpsi (12.4 kPa)

Flow range:

0-800 gpm

Pressure drop coeffecient (C)*:

135,000
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Maximum curvature - sliding:

16 deg/100 ft (16 deg/31 m)

Maximum rotary torque:

16,000 ft-lbf (4.877 m-lbf)

Minimum operating RPM:

30 rpm

Uphole connection:

5-1/2 FH box

Downhole connection:

5-1/2 Reg box

(*) pressure drop = [mudweight in ppg] x [flow in gpm]²/C

Measurement Specifications
Gamma Ray
Measurement range: 0-250 GAPI
Accuracy:

7%

Vertical resolution:

6 in (15.24 cm)

Azimuthal resistivity
Measurement range: 0.2-1,000 ohm-m
Accuracy:

5% (0.2-200 ohm-m); 20% (>200
ohm-m)

Vertical resolution:

2-3 in (5.08-7.62 cm)

Ring resistivity
Measurement range: 0.2-200,000 ohm-m
Accuracy:

5% (0.2-200 ohm-m); 20% (>200
ohm-m)

Vertical resolution:

3-4 in (7.62-10.16 cm)

Bit resistivity
Measurement range: 0.2-200,000 ohm-m
Accuracy:

5% (0.2-200 ohm-m); 20% (>200
ohm-m)

Vertical resolution:

12-24 in (30.48-60.96 cm)

Major Outputs
GR:

Gamma ray average (API)

BDAV:

Deep resistivity average (ohm-m)

BMAV:

Medium resistivity average (ohm-m)

BSAV:

Shallow resistivity average (ohm-m)

RBIT:

Bit resistivity (ohm-m)

RING:

Ring resistivity (ohm-m)

RTIM:

Ring resistivity time after bit (s)

B1TM:

Shallow resistivity time after bit (s)

B2TM:

Medium resistivity time after bit (s)

B3TM:

Deep resistivity time after bit (s)

GRTK:

Gamma ray time after bit (s)

D - 139

RBTM:

Bit resistivity time after bit (s)

RPM:

Rotational speed (rpm)

ROP5:

Rate of penetration per 5 ft (m/hr)

RTAB:

Ring time after bit (hr or min)

P1AZ:

P1 azimuth

HAZI:

Azimuth (deg)

Static and dynamic images are output at 3 depths of investigation: medium,
shallow, and deep

Deployment Notes
Along with the LWD collars, additional equipment such as jars must be
included. Responsibility for providing this equipment is discussed at the
pre-expedition meeting.
* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Measurement-While-Drilling Telescope Tool
(MWD-TeleScope*)
Description

The MWD-TeleScope
tool is an in-line drill
collar that records atthe-bit drilling
parameters and
telemeters the drilling
parameter data as
well as data from
other LWD tools to the surface in real-time. MWD measurements
include downhole weight-on-bit and torque, shocks, temperature,
flowrate, rate of penetration, borehole direction and inclination.
The tool uses a continuous mud wave, or siren-type, telemetry
method and incorporates design features and software that enable it
to approach data transmission rates of 6 to 12 bits per second.

Tool Specifications
Tool make-up length:

28 ft (8.5 m)

Tool weight:

2,085 lbs (946.6 kg)

API nominal collar outside diameter: 6.75 in (17 cm)
Maximum outside diameter:

6.9 in (17.5 cm)

Minimum bit size:

8.375 in (21.3 cm)

Maximum bit size:

9.875 in (32.5 cm)

Maximum Temperature:

350° F (177° C)

Maximum pressure:

25 kpsi (17.3 kPa)

Flow range:

250-800 gpm

Pressure drop coeffecient (C)*:

16,000

Maximum curvature - sliding:

15 deg/100 ft (15 deg/31 m)

Maximum rotary torque:

12,000 ft-3,658 m-lbf

Minimum operating RPM:

0 rpm

Uphole connection:

5-1/2 FH box

Downhole connection:

5-1/2 FH box
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(*) pressure drop = [mudweight in ppg] x [flow in gpm]²/C

Measurement Specifications
Gamma Ray
Measurement range: 0-300 GAPI
Accuracy:

~13 GAPI

Inclination
Measurement range: 0-180°
Accuracy:

±0.1° (stationary) and ±0.2°
(continuous)

Resolution:

0.03° (stationary) and 0.1°
(continuous)

Azimuth
Measurement range: 0-360°
Accuracy:

±0.1° (above 5° stationary) and ±0.2°
(continuous)

Vertical resolution:

0.5° (stationary) or 1° (continuous)

* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
SlimXtreme Array Induction Imager Tool
(QAIT*)
Description
Array Induction Imager tools accurately measure the borehole
formation conductivity in open holes as a function of both depth and
distance from the borehole; the SlimXtreme version (QAIT) used in
the IODP was designed to work in slim holes under severe
environmental conditions. Wireline array induction tools employ an
array induction coil that operates at multiple frequencies. Software
focusing of the received signals generates a series of resistivity logs
with different depth of investigation. Thanks to the large number of
measurements performed, it is possible to obtain quantitative twodimensional (2D) imaging of the formation resistivity.
Measurement of the conductivity as a function of both depth and
distance from the borehole greatly improves induction logging by
increasing the depth of investigation of the measured signal as well as
bringing the vertical resolution from 4 to 2 ft (1 ft in smooth
boreholes).

Tool Specifications
Temperature rating:

500° F (260° C)

Pressure rating:

30 kpsi (206 kPa)

Diameter:

3 in (7.62 cm)

Length:

30.8 ft (9.39 m)

Weight:

499 lbs (226 kg)

Sampling interval:

6 in (15.1 cm)

Max. logging speed:

3,600 ft/hr (1,097 m/hr)

Measurement Specifications
Measurement
range:

0.1-2,000 ohm-m

Accuracy:

approximately 2%

Vertical resolution: 1, 2 and 4 ft (30, 60, and 120 cm)
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Depth of
investigation:

10, 20, 30, 60, 90 in (25.4, 50.8, 76.2,
152.4, 228.6 cm)

Deployment Notes
The QAIT can be deployed with any tool string.
* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Inline Checkshot Tool (QSST)
Description
The Schlumberger QSST is a single-axis
seismic checkshot tool that runs in-line with
the Triple Combo tool string. The QSST
consists of a single hydrophone and does not
utilize a clamping arm like the WST to force it
into contact with the borehole wall. Seismic
coupling is achieved by setting the tool on
the bottom of the hole and allowing it to lean
against the borehole wall, coupling passively
to the formation.
The QSST then records the vertically incident
signals at the bottom of the hole that are
generated by a seismic source on the JOIDES
Resolution (e.g., GI guns) positioned just
below the sea surface.
The recorded signals enable a one-way
traveltime to be determined from the surface
to total depth, providing a check of traveltime vs. depth for calibration of seismic
profiles and correction of synthetic
seismograms. Off-bottom stations are not
possible using the QSST. The rig time
required to run this single-point checkshot
survey is negligible since the QSST may be
part of the Triple Combo logging run.

Applications
Quick seismic time-depth correlations for tying measured borehole
seismic horizons with existing seismic survey data.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.375 in (8.573 cm)
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Length:

6.9 ft (2.13 m)

Weight:

170 lbs (77.1 kg)

Primary sensor:

Single axis geophone

Geophone frequency: 14 Hz
Geophone damping:

0.27

Sensitivity:

4.1 V / m/s

Sampling rate:

1 ms

ADC resolution:

12 bits
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Downhole logging tools
Specialty Tools
Ultrasonic Borehole Imager (UBI*)
Description

The Ultrasonic Borehole Imager
features a high-resolution transducer
that provides acoustic images of the
borehole. Critical borehole stability
and breakout information can be
derived from the accurate borehole
cross section measured by the tool.
The high-resolution image from the
transducer is also ideal for measuring
casing internal geometry. The
rotating transducer incorporated in
the UBI sonde is both a transmitter
and a receiver. The transducer
subassembly is available in a variety
of sizes for logging the complete
range of normal openhole sizes. The
subassembly is also selected to
optimize the distance traveled by the
ultrasonic sound pulse in the
borehole fluid by reducing
attenuation in heavy fluids and
maintaining a good signal-to-noise
ratio. For open hole applications, the
UBI tool is logged with the
transducer operating at either 250 or
500 kHz. The higher frequency has
better image resolution, but the
lower frequency provides a more
robust measurement in highly
dispersive muds.
The UBI tool measures amplitude
and transit time. An innovative
processing technique improves accuracy, avoids cycle skips and
reduces echo losses, which makes the UBI transit-time measurement
as reliable as that of the amplitude. The tool is relatively insensitive to
eccentralization up to 1/4 in (0.6 cm)and yields images that are clean
and easy to interpret, even in highly deviated wells. Processing
software further enhances UBI images by correcting amplitude and
transit-time information for the effects of logging speed variations and
tool eccentering and by applying noise filtering. Transit times are
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converted to borehole radius information using the velocity of the
ultrasonic signal in mud, measured by the tool on the way down. The
images are oriented with inclinometry data from the combinable GPIT
inclinometry tool and then enhanced by dynamic normalization and
displayed as an image for visual interpretation. Amplitude and radius
image data can be loaded on a geology workstation for analysis and
interpretation. Major events can be automatically extracted from the
radius data for wellbore stability evaluation.

Applications
High-resolution geological interpretation
The high resolution of open hole borehole wall images with 360°
coverage makes the UBI tool suitable for dip and stratigraphic
analysis, as well as fracture evaluation.

Borehole stability
Borehole stability problems can lead to stuck pipe, lost time, and even
the loss of equipment or part of the well, resulting in added drilling
costs. The UBI radius and the cross-section analysis accurately report
the shape of the borehole, enabling a clear and detailed analysis of the
problem.

Stress analysis
The UBI tool indications of stress anisotropy and orientation
characterize borehole deformations such as breakouts for predicting
perforation stability in unconsolidated formations. Shear sliding along
a fracture or bedding plane can be detected with UBI radius
measurements and cross-section plots, providing strong evidence of
potential borehole and drilling problems.

Tool Specifications
Temperature rating: 350° F (177° C)
Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.375 in (8.57 cm)

Length:

21 in (6.4 cm)

Weight:

377.6 lbs (171.4 kg)

Sampling interval:

0.1 in (2.54 mm)

Logging speed:

425 ft/hr (130 m/hr)- 2,125 ft/hr (648 m/hr)
(depending on desired resolution)

Measurement Specifications
Vertical resolution:

0.2 in (0.51 cm) at 500 kHz
0.4 in (1.02 cm) at 250 kHz

Depth of investigation: borehole wall
Accuracy:

borehole radius: ± 0.12 in (± 3 mm)
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Major Outputs
Static and dynamic images are presented as an unwrapped borehole
cylinder. Dark colors represent low amplitude and large radii,
indicating borehole rugosity, enlargements and attenuative material. A
dipping plane in the borehole appears as a sinusoid on the image: the
amplitude of the sinusoid is proportional to the dip of the plane. The
images are oriented with respect to the North; hence the strike of
dipping features can be determined.

Deployment Notes
The UBI is typically deployed with the SGT and DSI tools.
* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Versatile Seismic Imager (VSI*)
Description
The Versatile Seismic Imager (VSI) represents the latest
available technology in the acquisition of seismic waves
generated by a seismic source. The VSI employs threeaxis single sensor seismic hardware and software and
advanced telemetry for efficient transmission of the data
from the borehole to the surface. Each sensor package
delivers high-quality wavefields by using three-axis
geophone omnitilt accelerometers, which are
acoustically isolated from the main body of the tool and
provide a flat response from 3 to 200 Hz. The
configuration of the tool (number of sensor packages,
sensor spacing, and type of connection (stiff or flexible),
varies to provide the maximum versatility of the array.
A maximum of 20 shuttles can be used, though only one
has been used so far in the ODP and IODP. The
anchoring, size, and acoustic isolation of the sensors
allow for suppression of the tool harmonic noise and
removal of tube waves from the borehole-seismic band.
Furthermore, digitization close to the sensor package helps reduce
signal distortion.
Among the benefits of using the VSI tool are the increased operating
efficiency (rapid mechanic deployment and reduced time between
stations), the short shot-cycle time during remote source surveys, and
the real-time quality control and data processing.
The VSI tool can be combined with a gamma ray tool for accurate
depth control and an inclinometry tool for spatial orientation.
The VSI was successfully deployed during ODP Leg 204 and IODP
Expedition 312 on the JOIDES Resolution, with a 120 in³ GI gun
positioned just below the sea surface as the seismic source.

Applications
• Integrated processing for interpretation of borehole and surface
seismic data
• Planning for well placement
• Simultaneous surface and borehole seismic recording for high

D - 150

definition images
• Shear wave processing and analysis

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.625 in (9.21 cm)

Cartridge length:

20.9 ft (6.37 m)

Cartridge weight:

190.8 lbs (86.5 kg)

Shuttle length:

6.4 ft (1.96 m)

Shuttle weight:

70.6 lbs (32 kg)

Shuttle spacing:

8-40 ft (2.5-20 m)

Sensor length:

11.4 in (29 cm)

Sensor weight:

6.4 lbs (2.9 kg)

Sensor natural frequency: 25 Hz
Flat bandwidth in
acceleration:

2-200 Hz

Length (multiple shuttles):

Up to 1,040 ft (317 m) for 20
shuttles

Weight (multiple shuttles):

Up to 2,200 lbs (998 kg)

Maximum number of
shuttles:

20

Measurement Specifications
Logging speed:

Stationary

Sampling rate :

Seismic waveform recording: 1, 2, 4 msec

Combinability:

Bottom only

* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
Well Seismic Tool (WST*)
Description
The WST is a Schlumberger single
axis check shot tool used for zero
offset vertical seismic profiles (VSP).
The WST consists of a single
geophone, pressed against the
borehole wall, that is used to record
the acoustic waves generated by an
air gun located near the sea surface.
A 120 in³ air gun is suspended by
buoys at a depth of 3 mbsl, offset
48.5 m from the hole on the portside.
The WST is clamped against the
borehole wall at intervals of
approximately 50 m, and the air gun
is fired five to seven times. The
resulting waveforms are stacked and
a traveltime is determined from the
median of the first breaks in each
trace. These check shot experiments
attempt to reproduce the seismic
reflection profiling by simulating a
similar geometry and source
frequency. In general, the acoustic velocities, and resulting depthtraveltime pairs, determined from the sonic tool differ significantly
from the seismic velocities because of frequency dispersion (e.g. the
sonic tool works at 10-20 kHz vs. 50-100 Hz in seismic data) and
because the sound is forced to travel along the borehole wall, a path
this is quite different from the one taken by the air gun signal
generated during a seismic reflection survey. In addition, sonic logs
are not obtained above the bottom hole assembly, and the traveltime
to the uppermost logging point has to be estimated by some other
means.

Applications
Depth-traveltime pairs determined from check shots can be used to
produce a depth-traveltime plot and to calibrate the sonic logs and
determine accurate drilling depths and their relative position with
respect to targets on the seismic reflection profiles.
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Log Presentation
The first arrival times are plotted against depth (the time vs. depth
data derived from core and log sonic velocity measurements can be
displayed on the same plot). The interval velocities (gradients of the
time vs. depth plot between WST stations) can be plotted in the same
track as the sonic velocity log. Velocities are given in km/sec; arrival
times are measured in either milliseconds or seconds.
If the WST waveforms have been processed as a zero-offset VSP by
the Schlumberger engineer on the Maxis, the resulting seismogram
can be plotted vs. two-way-time alongside the seismic section and the
synthetic seismogram.

Tool Specifications
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.625 in (9.21 cm)

Length:

16.9 ft (5.15 m)

Sampling rate:

1, 2 or 4 msec

Max. logging speed:

Stationary

Deployment Notes
The WST is run alone and placed at stations at
regular intervals. At each station a seismic shot
is produced at the sea surface using either air
or water guns provided by IODP-USIO Science
Services,TAMU. Schlumberger provides a blast
hydrophone for synchronizing the gun pulse
with the system timer.
The WST and other downhole seismic tools are
sensitive to pipe noise and ringing of pipe
following a shot. Efforts should be made to
reduce pipe noise at each station. If time and
resources permit, a drill string packer may be
deployed to dampen the banging motion of the pipe against the
borehole. Also it is always prudent to leave 50 to 75 m distance
between the tool and the bottom of pipe.
The WST requires TAMU involvement to provide air or water guns as
the energy source. At the beginning of each expedition, it is important
that the logging meets with the TAMU technicians to ensure that the
guns can/will be ready for use. Typically, one week's notice is required
before the guns can be used. If a WST tool deployment is not initially
scheduled, a meeting with the co-chiefs must be planned to let them
know that running the WST will require at least 7 days' notice prior to
deployment.
The CSES should not be used with the WST for three primary reasons:
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1. If the bottom of pipe is kept near the tool, it is likely that the
tool will measure ringing in the pipe each time the gun is fired.
2. If a significant amount of pipe is downhole, there is a possibility
that the pipe could generate noise in the data as the pipe bangs
in the hole.
3. The WST is inherently risky to run because the tool is routinely
stationary in a deteriorating borehole and must be clamped to
the borehole creating additional risks. Use of the CSES may
only exacerbate these risks by providing access to a hole that
may be unsafe for the WST.

* ®trademark of Schlumberger
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Downhole logging tools
Specialty Tools
WST-3*
Description
The WST-3 is a Schlumberger three axis
check shot tool used for both zero offset
(check shot) and offset vertical seismic
profiles (VSP). The WST-3 consists of
three geophones which press against the
borehole wall and record the acoustic
waves generated by an air gun located
near the sea surface. The tool was
designed specifically for use in an offset
VSP experiment, where a remote seismic
source would be fired from a second
ship. The tool is compatible with
Schlumberger's latest data acquisition
system, and data output is in SEG-Y
format.

Applications
Offset VSP data acquired by the WST-3
are useful for:
•
•
•
•
•

Providing seismic interval velocities which can be compared to the rock
sequence intersected by the borehole
Placing the borehole results in their proper setting with respect to the
seismically defined structure of the oceanic crust and mantle
Correlating borehole lithology with the up-going seismic reflected
wavefield
Predicting structure and lithology changes below the drill hole
Estimating physical properties of rock on seismic scales by studying
particle motion and downhole seismic attenuation

In check shot mode, the WST-3 data can be used to produce a depthtraveltime tie and to calibrate the sonic logs and determine accurate
drilling depths and their relative position with respect to targets on the
seismic reflection profiles.
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Tool Specifications
Mechanical:
Temperature rating:

350° F (175° C)

Pressure rating:

20 kpsi (13.8 kPa)

Diameter:

3.625 in (9.21 cm)

Length:

19.9 ft (6.07 m)

Weight:

310 lbs (141 kg)

Sampling interval:

1, 2 or 4 msec (selectable)

Min. hole diameter:

5 in (12.7 cm) with "short" arms

Max. hole diameter:

19 in (48.3 cm) with "long" arms

Max. logging speed:

Stationary

Sensors:
Axis:

3 axis

Geophone:

One per axis

Geophone type:

SM4 (3ea gimbaled)

Geophone frequency:

10 Hz

Damping:

60 dB

Sensitivity per axis:

83 V/m/sec or 0.8 V/in/sec at 25° C

Low-cut frequency:

0.2 Hz

Low-cut slope:

18 dB per octave

High-cut frequency :

250 Hz for 1 msec or 125 Hz for 2
and 4 msec sampling

High-cut slope:

36 dB per octave

Digitization:

Downhole

Sampling rate:

1, 2 or 4 msec (selectable)

ADC resolution:

11 bit + sign

Autoranger steps:

Five 6 dB steps

Preamplifier gain:

40 - 160 dB by 6 dB steps for each
axis

Dynamic range per
waveform (shot):

90 dB

Total dynamic range:

156 dB

Input noise level:

2 μV

Anti-aliasing filters:

330 Hz / 24 dB per octave

Deployment Notes
The WST-3 can be used in both checkshot and offset vertical seismic
profile experiments. A remote seismic source is required for an offset
survey, while a traditional check shot survey can be completed with
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experiment, the deployment routine for the WST-3 is approximately
the same. The main difference is simply the location of the source and
the handling of the trigger pulse.
For a check shot, a 120 in³ air gun is suspended by buoys at a depth
of 3 mbsl, offset 48.5 m from the hole on the portside. The WST-3 is
clamped against the borehole wall at intervals of approximately 50m,
and the air gun fired five to seven times. The resulting waveforms are
stacked and a travel-time is determined from the median of the first
breaks in each trace. These check shot experiments attempt to
reproduce the seismic reflection profiling by simulating a similar
geometry and source frequency.
The WST-3 is always the last tool run and it is always run alone. At
each selected station, a seismic shot is produced at the sea surface
using either air or water guns provided by IODP-USIO Science
Services, TAMU. Schlumberger provides a blast hydrophone for
synchronizing the gun pulse with the system timer.
The WST-3 and other downhole seismic tools are sensitive to pipe
noise and ringing of pipe following a shot. Efforts should be made to
reduce pipe noise at each station. If time and resources permit, a drill
string packer may be deployed to dampen the banging motion of the
pipe against the borehole. In addition, it is always prudent to leave at
least 50 to 75 m distance between the tool and the bottom of pipe.
The WST-3 must be powered with a 400 Hz power supply to avoid 60
Hz noise generated when a 60 Hz power supply is used.
The CSES should not be used with the WST-3 for three primary
reasons:
1. If the bottom of pipe is kept near the tool, it is likely that the
tool will measure ringing in the pipe each time the gun is fired.
2. If a significant amount of pipe is downhole, there is a possibility
that the pipe could generate a noise in the data as the pipe
bangs in the hole.
3. The WST-3 is an inherently risky tool to deploy because the tool
is held in a stationary position in a deteriorating borehole. Use
of the CSES may only exacerbate these risks by providing
access to a hole that may be unsafe for the WST-3.

* ®trademark of Schlumberger
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Downhole logging tools
Stuck/lost tools
Stuck and lost tools are a normal occupational hazard of logging. In spite of
our best efforts to avoid tool loss, Schlumberger strings have been lost on
ODP Legs 101, 113, 117, 122, and 175. These strings are expensive and
therefore are insured against loss in a hole; however, the shipboard loggers
try their best to avoid sticking a tool, to recover a stuck tool, and to fish for a
lost tool.
If a tool is lost downhole, a reasonable effort must be made to recover it in
order to satisfy obligations to Schlumberger and the insurance provider. The
recovery effort should follow accepted practices and include multiple recovery
attempts if technically feasible. USIO/LDEO must be notified immediately by
the Logging Staff Scientist or the drilling superintendent if a tool is stuck or
lost.
If all reasonable efforts have been made to recover a stuck or lost tool
without success, then the decision to abandon the tool must be made
collectively by the Logging Staff Scientist, Operations Superintendent, Rig
Superintendent and the Schlumberger engineer. A report must be filed by the
Operations Superintendent and delivered to the Logging Staff Scientist. In the
event of loss involving a radioactive source, the hole must be cemented to
safely entomb the sources, and then abandoned.

Strategies
There are four main types of tool "sticking" situations:
1. The tool
beneath
2. The tool
3. The tool
4. The tool

is either stuck in a bridge or stuck by cavings (possibly
a bridge).
is not stuck but cannot be pulled up past a bridge.
is stuck in the base of pipe.
is not stuck but cannot get into pipe

Several strategies are available for dealing with stuck tools:

1. Pulling harder on the cable
Pulling harder on the cable is recommended as the first course of action when
a tool appears to be stuck. Pulling may not exceed the combined cable weight
plus weak point strength, or 50% of cable strength, whichever is less. With
this method, there is a higher chance of recovery in situations #2 and #4
than #1 and #3.
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2. Adding pipe (if using the CSES)
If the CSES is used, stands of pipe may be added to break through a bridge
or cuttings (situations #1 and #2). Cable tension should be maintained when
lowering pipe to prevent: (A) cutting through or kinking a slack cable with the
pipe; or (B) sudden dropping of the tool when the tool is freed (a l0'-30' free
fall of the tool may be enough to snap the weak point). Once the tool is free,
you can pull it well into pipe, raise pipe, and go back down to resume
logging.

3. Cutting and stripping
Cutting and stripping involves clamping the cable at the drill floor, cutting it,
then either adding or removing a stand of pipe. For every 30 m of pipe added
or removed, the cable must be threaded in or out of the pipe and re-clamped.
In situations #1 or #2, one would add pipe to break through the bridge. In
situations #3 and #4, one would remove pipe, eventually pulling the tool on
deck with the bottom hole assembly. One disadvantage of cutting and
stripping is that all of the cut cable will be discarded (perhaps 1000-3000m)
and this may not leave enough cable on the spool for subsequent logging.
The Logging Staff Scientist is responsible for making this determination.
Cutting and stripping is also not the most favorable alternative because it is
time consuming. Cutting and stripping is not needed for situations #1 and #2
if the CSES is in the string, but a modified type of cutting and stripping may
be possible with situations #3 and #4 with the CSES.

4. Using the Kinley crimper/cutter
The Kinley crimper and cutter system greatly increases the safety of
downhole tool recovery operations. The crimper/cutter procedure is
extremely sequence sensitive. The crimper slides down the wireline and
stops about 10m above the base of the bottom hole assembly (BHA), then a
hammer is sent down to fire the crimper which crimps the logging cable
against the BHA. A successful crimp must be observed by the Schlumberger
engineer by checking for an electrical short inside the cable. If successful, the
cutter is dropped and the cut logging cable is reeled in. The tool is held inside
the BHA and recovered by pulling pipe to the rig floor. Crimping and cutting
works well for situation #4 but is no guarantee of success. During Leg 175,
the Kinley crimper was used to secure the tool in the pipe but it failed to
adequately crimp the cable. As the tool and drill pipe were being pulled to the
surface, the toolstring dislodged itself and fell to the seafloor where it could
not be retrieved.

5. Additional strategies
In 1988, Glen Foss (Operations Superintendent at ODP/TAMU), put together
a detailed memo on wireline stripping operations. This is highly
recommended reading.
In addition, USIO/LDEO has compiled a list of very dangerous situations to
avoid when logging, along with strategies to avoid and cope with them.
To some degree, each stuck/lost tool situation is unique, and it is impossible
for any guidelines we give to always be appropriate. Thus, the
recommendations given in the following table should be considered as
suggestions only, not requirements:
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CSES
SOLUTIONS
PROBLEM

pull COMMENTS
cable
to
failure

add
pipe

cut &
strip

crimp
& cut

#1. Stuck in
bridge and
cuttings

YES

--

--

--

--

#2. Cannot
pull past
bridge

YES

--

--

--

--

#3. Stuck in
base of pipe

--

YESa

YESb,f

YESe

d

#4. Cannot
get into pipe

--

YESa

YESb

--

c

NO CSES
SOLUTIONS
PROBLEM

pull COMMENTS
cable
to
failure

add
pipe

cut &
strip

crimp
& cut

#1. Stuck in
bridge and
cuttings

--

YES

NO

--

--

#2. Cannot
pull past
bridge

--

YES

YES

--

--

#3. Stuck in
base of pipe

--

YES

YESf

YESe

d

#4. Cannot
get into pipe

--

YES

YES

--

c

a-

if a feasible technique can be worked out

b-

after pulling the CSES on deck, and detaching it from
the drill string
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c-

first figure out what is hanging up, circulate while trying
(especially with lockable flapper), rotate the drillstring
half a turn, and keep trying to pull out (a centralizer or
bow spring can sometimes be snapped deliberately by
repeated trials)

d-

first try circulating to free the tool, with a slightly slack
cable

e-

a last resort if cutting and stripping is rejected;
hopefully the tool will break free before failure or, if not,
be so well stuck that it will be pulled up with the BHA

f-

if the tool is too far into the pipe, the crimper will not be
able to seat
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CORK Borehole Observatory
Scientific Application
The CORK (Circulation Obviation Retrofit Kit) was designed for thermal and
pressure characterization of subseafloor hydrology over an open formation
interval in a variety of hydrologic settings. The CORK seals the top of the
casing in an Ocean Drilling Program (ODP) reentry cone installation to
prevent circulation between the open hole and ocean bottom water. CORKs
are designed for long-term in situ monitoring of temperature and pressure
as well as collecting borehole fluid samples through added tubing and
valves. The CORK also provides a means to hang a third-party sensor or an
osmotic sampler (to collect geochemical samples) in the casing and open
hole. Remotely operated vehicles (ROVs) or submersibles are routinely used
to retrieve the data from the top of a CORK for shore-based study. If the
CORK can be attached to an existing subsea cable, data can be downloaded
in real time.

Tool Operations
A reentry cone with a 16 in. and 10 in. casing is initially installed. The
CORK is run on the end of the drill string and reenters the cased hole, but
does not land in the cone. The instrument string is lowered on a wireline
cable through the drill string into the casing and open hole until the
electronic data logger lands in the CORK. With the instrument string
suspended from the CORK, the data logger package is hydraulically latched
into the CORK. The CORK then lands in the reentry cone, seals in the casing
hanger, and is hydraulically latched in place, leaving the top of the CORK
exposed in the reentry cone above the seafloor. An ROV platform is free-fall
deployed to complete the installation (for more information on CORKs see
Becker and Davis, 1998).

Design Features
1) Casing Design
Casing is set and cemented through the sediments. If the formations are
stable, a 9 in. hole is cored out below the 10 in. casing to access the
zone of interest. If the hole is unstable, it is fully cased, and the zone of
interest is accessed via a screened or perforated casing.
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Benefit: Isolates the hydrogeologically active formations from the ocean
bottom water. Screened casing prevents hole collapse, which could seal off
the bottom of the CORK casing.
2) Casing Seal
An elastomer seal package is expanded in the top of the casing.
Benefit: Prevents flow into or out of the top of the casing effectively sealing
the borehole.
3) Sensor String (third-party tool supplied by scientist)
Instruments can be deployed and retrieved from the CORK using the JOIDES
Resolution, work boats, submersibles, or ROVs. The basic sensor string
incorporates a pressure gauge and thermistor at the seafloor as well as
pressure gauges and multiple thermistors that are spaced along a cable
through the borehole.
Benefit: Determines in situ formation temperatures and monitors
temperatures and pressures for indications of hydrologic events at the
seafloor and within the borehole.
4) Data Logger with Memory (third-party tool supplied by scientist)
Temperature and pressure data can be recorded and stored in the data
logger unit.
Benefit: Long-term borehole data can be downloaded periodically via a
submersible or ROV.
5) Borehole Fluid Sampling (third-party tool supplied by scientist)
Hydraulic tubing or pipe run from the CORK into the borehole can provide in
situ water samples, which are collected via a valve in the CORK at the
seafloor.
Benefit: The tubing can allow borehole fluid samples to be recovered at the
seafloor, and tests can be performed while monitoring pressure (e.g.,
injecting fluid into the borehole). Two adjacent CORKs would allow hole-tohole hydrologic tests (pulse, injection, and fluid production).
6) Osmotic Sampler (third-party tool supplied by scientist)
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Modular downhole osmotic fluid samplers can sample and store in situ fluids
over long periods of time.
Benefit: Formation fluids can be accessed for long-term geochemical
evaluation.
7) Submersible/ROV Operations
The CORK extends above the reentry cone, and a landing platform is
provided for access by submersibles or ROVs. Borehole fluid sampling and
injection is accomplished via a hydraulic line and control valve, which are
accessed via a window in the side of the CORK.
Benefit: Data and fluid samples can be retrieved by submersible/ROV
operations without the JOIDES Resolution.

CORK Specifications
Hydraulic Connector Type
Aeroquip FD72 "push-on/pull-off" male hydraulic connector
Electrical Connector
Wet-mateable RS-232 connectors to data logger for ROV intervention
Minimum Inner Diameter through CORK (without data logger in
place)
3.5 in. (89 mm)

Limitations
CORK technology only allows monitoring of the average conditions
represented by either the full interval of the open hole below casing or a
screened or perforated interval in a fully cased hole.
The sensor string and data logger are limited to diameters of less than 3.75
in. because they are deployed through the drill string.
Borehole fluid sampling and the use of an osmotic sampler are limited by the
long time period required to displace the seawater from the sampling tube
with formation fluids.
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Borehole fluid samplers are currently not proven operational instruments.
A reentry cone installation with casing cemented in place is required to
install a CORK. Once a CORK is installed, the CORK blocks all borehole
reentry operations until it is removed.
Removal of the CORK requires the use of the JOIDES Resolution or a
similar vessel.
The downhole osmotic sampler is a self-contained, modular fluid sampler
driven by an osmotic pump. It can only be recovered when the sensor string
and data logger are recovered, which exposes the sampling interval to ocean
bottom water.

Reference
Becker, K., and Davis, E.E., 1998. Advanced CORKs for the 21st Century.
JOI/USSSP-sponsored workshop report [Online]. Available from World Wide
Web:
<http://www.joiscience.org/USSSP/Workshops/AdvancedCORKs/A
dvanced_CORK_report.html>. [Cited 2001-05-02]
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Figure 1. Schematic of a CORK installed in a reentry cone, which has 16 in.
and 10 in. casing set. The CORK data logger and fluid sampling ports
extend above the top of the reentry funnel, and a platform is free-fall
deployed to the top of the funnel to provide access for submersibles/ROVs.
The CORK seals the 10 in. casing. An optional third-party instrument string
can be installed.
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Figure 2. Lower portion of CORK with seal elements being prepared for
installation in the reentry cone.
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Figure 3. ROV platform being assembled in the moonpool for free-fall
deployment to finish the CORK installation in the reentry cone.

Figure 4. Subsea photograph of one of the first CORKs installed during Leg
139 in 1991. Water depth is 2400 m.
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Scientific Application
The ACORK (Advanced Circulation
Obviation Retrofit Kit) is designed
to isolate multiple zones in a borehole for independent zone investigation. ACORKs allow subseafloor biosphere studies in the context of their
hydrological, chemical, microbiological, and thermal regimes, as well
as hydrologic responses to seismic
ground motion, tides, and barometric loading. Multiple holes could be
used to determine lateral gradients
and geological property variations.
After the ACORK head and casing are
installed, the hole may be deepened
with coring or drilling operations. The
ACORK casing can be sealed with a
bridge plug at the bottom to allow
installation and servicing of secondary instrument packages and sensor
strings. Remotely operated vehicles
(ROVs) or submersibles can retrieve
ACORK data and samples for shorebased study. Future ACORK installations may be connected to subsea
communication cables for real-time
data transmission.

Tool Operations
Core, open-hole logs, or loggingwhile-drilling (LWD) data are required
to identify the individual test zones.
A reentry cone and surface casing
are drilled or jetted in to stabilize
the upper hole and to provide a
reentry point. A 17½ in. hole is
drilled for the ACORK assembly. The

ACORK Configuration
ACORK head
Hydraulic sampling
ports (from screens)

Third party datalogger
for pressure recording
Sub/ROV
platform

Reentry cone

20 in. casing
10¾ in. casing
Packer inflation line

Hydraulic sampling lines
(from screens)

Screen

Screen

Packer (10 ft long)
15¾ in. closed
20 in. inflation - 1500 psi test
25 in. max inflation - 600 psi test

Packer
Screen
Bridge plug

17½ in. open hole
97/8 in. open hole

Schematic of an ACORK installed in a reentry cone. The ACORK
features downhole external casing packers to seal off zones and
screened sampling sections mounted on the outside of the casing.
The screened sections are connected by hydraulic sampling tubing
to the T-handle valves and ports (valve manifold) in the ACORK
head. The valve manifold allows pressure recording and fluid sampling. The ACORK head sits above the reentry cone to allow the
ROVs/submersibles access to sample and download data.

2/02
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A

B

Sample port
ROV connector

Spool valves

Data logger
T-handle
valves and ports

Sensor valves

Pressure gauges

Bay #2
Bay #3

Bay #1

Photographs of the ACORK head showing the three instrument bays. The ACORK head is a 30 in. diameter cylindrical frame fabricated from 3/8 in. steel around a section of 11-3/4 in. casing. It houses components in each of three
120° wide, 60 in. high bays that are bounded above and below by circular horizontal bulkheads and divided from
one another by radial webs. (A) Bay #3 (left) houses the ROV connector, data logger, and pressure gauges. Bay #1
(right) houses the T-handle valves and ports and connecting tubing to downhole screen sections. (B) Bay #2 houses
a sample port valve manifold for geochemical sampling and six three-way sensor valves. The sensor valves are tied in
to the pumping valves and ports on Bay #1 to protect the pressure gauges from pressure surges when pumping or
sampling fluids. Photographs by Adam Klaus.

ACORK assembly typically consists of 10¾ in. casing, screened
casing joints, tubing to provide a
hydraulic connection back to the
seafloor, inflatable external casing
packers to isolate the test zones,
and a multiple valve manifold. A
mud motor and underreamer are
typically run ahead of the ACORK

casing to work through tight spots
in the open hole. A bridge plug is
set in the bottom of the ACORK
casing to seal off the casing and
isolate the borehole from sea level
hydrostatic effects. A third-party
scientific sensor string may be set
inside the ACORK casing to acquire
additional scientific data.
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Design Features
1) Casing Design
A reentry cone and 20 in. casing
are jetted in or underreamed to a
preselected depth <120 m.
Benefit: This stabilizes the upper
hole and provides a reentry
point for additional operations

like coring, LWD, and ACORK
completion.
2) Multiple Zone Isolation
Multiple zones may be isolated in
the open hole with the ACORK
casing, multiple external casing
packers, and multiple screened
joints. The elastomers on the external casing packers are expanded in
open borehole (or in the surface
casing) to provide a hydrologic seal
to isolate formation intervals.
Benefit: Multiple intervals in the
borehole can be isolated for
pressure monitoring, fluid sampling, and other scientific experiments.
3) Formation Pressure and Fluid
Sampling (third-party tool
supplied by scientist)
Multiple hydraulic sampling tubes
are run from the ACORK head
to the individually isolated zones
to monitor in situ pressure. These
tubes also provide fluid sampling
ports for each zone via valves on
the ACORK head. Separate fluid
sampling and pressure-monitoring
lines can be run from each interval.
Benefit: The tubes can allow formation fluid samples to be recovered at the ACORK head for seafloor experiments and for surface geochemical and microbiological analysis. Permeability
tests can be performed while
monitoring pressure (e.g., injecting fluid into the borehole).
Two adjacent ACORKs allow
for hydrological tests (pulse,
injection, and fluid production)
across holes.
4) External Casing Screens
Screens are mounted on the outside of the casing to protect the
sampling point. The screens are

added by welding metal ribs
lengthwise on a
casing joint and
wrapping metal
wire continuously
around the ribs
and casing while
controlling the
gap between the
wraps. The gap
size between the
wraps creates the
primary mesh
size. A cap is
installed on the
bottom of the
wrap, and
ceramic beads
are poured inside
the annular space
between the
casing and the
wire wrap, creating a secondary mesh. The
size of the mesh
The ROV platform for the ACORK is deployed by wireline
depends on the through the moonpool and down the drill string to the
grain size of the ACORK. Yellow spheres are reflectors for sonar location.
sediment.
Benefit: Prevents the fluid sampling
lines from being plugged by
sediment.
5) Osmotic Sampler (third-party
tool supplied by scientist)
Modular downhole osmotic fluid
sampler can sample and store in
situ fluids.
Benefit: Formation fluids can be
accessed for long-term geochemical evaluation.
6) Data Logger with Memory
(third-party tool supplied by
scientist)
Temperature and pressure data can
be recorded and stored in the
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data logger unit mounted on the
ACORK head at the seafloor.
Benefit: Because the number of
submersibles and ROVs is limited, data may not be retrieved
for several years. The data are
stored and then downloaded
when a submersible or ROV is
available.
7) Sensor String (third-party tool
supplied by scientists)
The inside of the ACORK casing
string is available for third-party
scientific instruments. Instruments
may be hung at multiple depths to
collect temperature, seismic, and
other scientific data.

Benefit: Determine in situ formation temperature to calculate
heat flow. Monitor temperatures
and pressures for indication of
chronic or periodic subsea flows
and hydrological transients.
8) Bridge Plug
A bridge plug may be installed at
the bottom (or top) of the ACORK
casing (10¾ in.) to isolate the
annulus from seawater hydrostatic
effects.
Benefit: Provides complete isolation
of the open hole below the
ACORK casing from the open
ocean.
9) Instrument Hanger
The hanger seals off the top of the
ACORK casing and allows sensor
strings and seismic packages to be
installed inside the casing. Instruments may be set in the open hole
if a bridge plug is not required.

Electrical Connector
Wet-mateable single pole
RS-232 connector to data logger
for ROV intervention
Minimum Internal Diameter
through ACORK
Based on casing size and weight
(e.g., 10¾ in. 40.5 lb/ft casing
has an internal API drift diameter
of 9.894 in.; 6⁵⁄₈ in. 24.0 lb/ft
casing has an internal drift diameter of 5.796 in.).
External Casing Packer Element
Expands 2–7 in., depending on
outer diameter of casing (e.g., a
15¾ in. outer diameter external
casing packer expands to 17–22
in.).
Underreamer Size
Based on casing and packer
outer diameter (e.g., a 17½ in.
underreamer would be used for
10¾ in. casing).

Limitations

Benefit: Provides additional simultaneous opportunities for scientific
experiments and data collection/
correlation.

A reentry cone and surface
casing must be set prior to drilling a hole for the ACORK assembly.

10)
Submersible/ROV
Operations

Core, LWD logs, or open-hole
logs are required to identify the
individual test zones and the
setting depths for packers and
screens.

The ACORK head assembly extends
above the reentry cone and provides a landing platform for access
by submersibles or ROVs.
Benefit: Data and fluid samples can
be retrieved by submersible/ROV
operations without a drill ship.
In addition the data logger and
sensor string can be replaced.

ACORK Specifications
Hydraulic Connector
Aeroquip Type FD72 “push-on/
pull-off” male hydraulic connector

Third-party instrument strings
(thermistor, seismometers, etc.)
must be compatible with
ACORK casing internal diameter.
The formations must be stable
enough to remain open during
ACORK completion operations.
Osmotic fluid samplers are slowacting passive devices that may
require ship intervention for
recovery.
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Current borehole fluid-sampling
techniques are limited to pressured intervals with active flow
or to slow acting downhole
osmotic samplers.
Borehole fluid sampling is limited by the long time period
required to displace the seawater from the small ¼ in. sampling tube with formation fluids.
Long lengths of small tubing
limits fluid flow to very low flow
rates. Submersibles and ROVs
can apply pump suction to the
sample tubes but can only draw
a 32 ft (13.8 psi) vacuum unless
the formation flows. A powered
pump and larger tubing may be
required to remove the seawater
from the tubing and borehole
annulus.

Proponents Need to
Consider
Depth of surface casing to stabilize top hole.
Number and height of zones to
be sampled by screened casing
joints.
Setting depth of ACORK casing
string. The risk of not reaching
setting depth with ACORK
casing increases with depth.
Size of ACORK casing string
(ranges from 6⁵⁄₈ to 10¾ in.).
The risk of not reaching setting
depth increases with the larger
casing sizes.
Diameter of open hole. The
risk of not reaching the setting
depth increases with the
increase in borehole diameter
and formation instability.

BIH
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Scientific Application
Instrument hanger
G-box

ROV deck

Upper BIH

The Borehole Instrument Hanger
(BIH) evolved along with the CORK
and ACORK completion systems.
The BIH provides a flexible tool
that can be customized to install
scientific instruments (e.g., seismometer, tiltmeter, strainmeter) in
permanent boreholes for enhanced
long-term downhole measurements. A key advantage to this
design is that the data loggers are
on the outside of the upper BIH
(also known as a riser or wellhead)
to provide access at the seafloor.
Data can be recovered from the
borehole by other types of oceanographic vessels using submersibles
or a remotely operated vehicle
(ROV) (i.e., the ODP drillship is not
required).

Battery frame

Reentry cone

2.0 m

Seafloor
20 in. or 16 in. casing

Tool Operation
The instrument hanger completion
normally begins with the installation of a standard ODP reentry
cone and 16 in. or 10¾ in. casing.
The BIH is composed of an upper
section (above the reentry cone)
and 4½ in. casing (below the reentry cone). The BIH is deployed and
landed inside the reentry cone on
top of the casing hangers. An ROV
platform, which sits on top of the
reentry cone, is installed around
the upper BIH. The platform serves
as a landing pad for submersibles
and/or ROVs to access the data

Lower BIH

Casing shoe
10¾ in. casing

4½ in. casing (screws in to bottom
of upper instrument hanger)

Centralizer

Circulation/cement shoe
Cement

9⁷⁄₈ in. open hole
Seismometer
Tiltmeter
Seismometer
Strainmeter

Stinger
TD of 9⁷⁄₈ cemented hole

Schematic of a strain-tilt-seismometer BIH completion.
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loggers and as a support frame
for the batteries that power a seismometer.
The ROV platform also provides a
frame to mount ancillary instrument packages that may be
attached to the instrument hanger.
The seismic instrument packages
are typically suspended in the hole
on 4½ in. (or other) casing. Electrical cables are attached to the side
of the casing to connect the instruments in the hole with the data
loggers attached to the upper BIH.
The various instruments may be
cemented in place, if required, to
seal the open hole from the ocean
tidal effects and to acoustically
isolate the seismic instruments to
reduce background noise.

Design Features
1) Installation and Support
A standard ODP reentry cone and
10¾ in. casing are typically set
before installing the BIH.
Benefit: The reentry cone stabilizes
the upper borehole and provides
a method to reenter the casing.
2) Instrument Hanger Design
The upper portion of the BIH
houses data loggers and ancillary
instruments and provides a means
for downloading the data loggers
using an ROV or submersible. The
BIH may be modified to accept
almost any type of downhole
instrument.

Benefit: Different types of instruments (e.g., seismometer, tiltmeter) can be deployed with the
BIH while maintaining access to
the data loggers via submersible
or ROV.
3) Submersible/ROV Operations
The upper BIH provides access to
the instrument data loggers via
submersible or ROV.
Benefit: Data can be collected at
any time without relying on
the JOIDES Resolution. In some
instances, complete data loggers
may be recovered and replaced
via submersible or ROV.

Instrument Hanger
Specifications
The BIH is deployed by the JOIDES
Resolution on the drill string after
setting a reentry cone and casing.
The BIH can be configured to land
in any size ODP casing hangers.

Instrument Hanger
Limitations
• All instruments attached to the
upper BIH must fit within a 30
in. diameter circle (minus the
diameter of the upper BIH body)
to allow the vibration isolated
television (VIT) frame to pass
over the BIH during reentry
operations. Height above the
ROV deck is virtually unlimited.
• Instruments to be inserted
through the 4½ in. casing must
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fit through the casing’s inner
diameter. If an instrument will
be attached to the outside of
the 4½ in. casing before the BIH
is installed, then the instrument
must fit within an 8½ in. outer
diameter by 4½ in. inner diameter annulus to fit through the
upper casing strings and open
hole.

Considerations for Usage
• The limitations on instrument
size both above and below the
seafloor must be considered.
• Physically handling the instrument hanger with instruments
attached during deployment
must be considered when determining what instruments to
install (contact ODP for details
regarding specific installations).
• Cables and attached instruments
are exposed to some impact
from the VIT frame during
deployment of a BIH because
the vibration isolated television
frame must be lowered over the
entire instrument hanger for
reentry.
• The extra time required to
make the water-tight electrical
connections in the instrument
cables must be considered in the
overall deployment time.
• Borehole stability must be considered in determining the probability of achieving a successful
installation.

BIH

OCEAN
DRILLING
PROGRAM
w w w. o c e a n d r i l l i n g . o r g

Scientific Application
Packers
A “packer” is an inflatable rubber
element that inflates to seal the
annular space between the drill
string and the borehole wall. While
there are different types of packers,
ODP runs one, or two in tandem
assemblies, on drill string into a

pre-existing ~9⁷⁄₈ in. hole (cored,
drilled, or cased) and inflates it
with seawater to hydraulically isolate a borehole section from the
annulus and tidal effects of the
open ocean. Isolating the borehole
from the open ocean allows measurement of pore pressure and in
situ hydrological properties of the

formation. Formation fluids may be
sampled if the formation is permeable. It is possible to derive formation permeability and porosity in
an isolated open-hole section using
a straddle packer (i.e., two packers) by applying pump pressure
with pulse, slug, or constant-rate
injection tests.

Reentry Cone

Seafloor

Casing Hangers

Go-Devil 3.99 in.
w/ Press Recorders

20 or 16 in. casing (Jet-In 60-80 mbsf)
9⁷⁄₈ in.
Annulus

Logging Wireline

16 or 10¾ in. casing (cemented)
Packer Control Sub

Packer
Go-Devil 3.89 in.
w/ Press Recorder

Straddle
Interval
1-9+ m

Low Permeability Zone
³⁄₈ in. Packer Fill Line
Fluid Sample & Injection

Packer

Low Permeability Zone

Lower Test Interval

Test Interval
Flowmeter

Total Depth

STRADDLE PACKER

SINGLE PACKER

Schematic compares Straddle and Single Packers in a borehole. The Straddle Packer uses two packers to isolate a
test interval between them, and the packers can be moved and reset. A second interval can be tested as well from
the bottom packer to total depth. The Straddle Packer is used for hydrological testing as well as pulse and constant
rate injection tests. The Single Packer uses one packer and tests the entire borehole below the packer. A flowmeter
is shown on the logging wireline in the Single Packer schematic.
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Leg 118 Hole 735B
Go-Devil #2
16

16

299 mbsf

233 mbsf

12

12

Injection test #4

Slug test #14-#15

4

Hydrostatic

Move packer

Slug test #10-#13

6

Hydrostatic

8

10

Move packer

10

Slug test #9

14

Slug test #8

14

Hydrostatic

Pressure (MPa)

Packer at 389 mbsf

8

6

4

2

2

0

0

1

2

3

4

5

6

0

Time (hr)
Graph of a packer injection test taken during Leg 118 showing pressure at
the recorder depth vs. time. The chart shows the hydrostatic pressure, the
pressure buildup from pumping water into the formation, and the subsequent pressure decay (fall-off) after pumping ceases. The rate of pressure
decay indicates the relative permeability of the exposed interval (with
adjustments for interval height, viscosity, etc.). The packer was moved to
test different intervals in this chart.

The 8¼ to 8½ in. outer diameter (OD) packer element can be
expanded to as much as twice
the uninflated diameter (~16 in.);
however, full inflation produces a
weaker hydraulic seal that withstands less differential test pressure. Effective formation testing
in an open hole requires that all
packers be positioned in low-permeability borehole sections that
are relatively in-gage and have
smooth bores. Wireline logs such
as caliper, borehole televiewer,
resistivity, density, and sonic logs
are typically run before packer
tests to identify permeable test
intervals and good seal sections.
The logging information allows
the bottom-hole assembly (BHA)
and packer(s) to be spaced out
accordingly. Logs and experiments

can be run through an uninflated
packer; however, wireline operations through an inflated packer
require special safety measures
because the packer grips the borehole wall. The packer immobilizes
the BHA, but the top of the pipe at
the rig floor can still move up and
down, requiring drill string heave
compensation to avoid tearing the
packer loose.
The drill string packer can be run
in several combinations:
• A single-element packer is used
to isolate the interval below the
packer to the bottom of the
hole.
• Two packers can be run
together, acting as a single
packer to increase the seal
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length. Pressure gages can be
run to confirm the seal.
• A “straddle packer” incorporates
two separate packers to span
the test interval so it can be
sampled or exposed to injection
tests. The packers are separated
by 1 to 9 m long drill pipe pup
joint(s). The interval between
the straddle packers and the
interval from the bottom packer
to the bottom of the hole can be
tested separately. The straddle
packer elements are connected
by ³⁄₈ in. stainless steel tubing
(strapped on the outside the
drill pipe spacer) to ensure that
neither element can be inflated
if there is a hydraulic failure. A
pressure recorder can be hung
below the lower Go-Devil to test
for leakage from the straddled
interval.
Flowmeters
A flowmeter is run on the wireline to measure the flow rate of
the fluid pumped into the hole.
The flow rate can be measured
throughout the open hole. Within
cased hole, the flow rate is 100%.
Below the casing, flow rates
decrease as a portion of the fluid
flows into the formation, providing information about permeability in the borehole (i.e., flow rate
decreases below high permeability
sections).

Tool Operation
Packer Operation
The packers typically used by ODP
are made by TAM International,
Inc., of Houston, Texas. The 8¼ in.
TAM packer assembly consists of
an internal steel strength member,
an expandable internal rubber
bladder, and an 8¼ to 8½ in. OD
outer rubber cover. A Go-Devil

The seawater presses the rubber
bladder outward to grip and seal
against the borehole wall. The
bladder cover has an embedded
expandable (woven stainless steel)
strength member.
Drill string packer(s) are run on the
drill string as part of the BHA and
are positioned over the desired
interval based on logging depths.
When the drill string is freely
suspended without heave compensation (running in and out of
the hole), the packer element(s)
remain uninflated. When the
packer is in position, a wireline
retrievable Go-Devil with two
GRC (vendor) pressure recorders
(covered with a special core barrel
and retaining catcher) is free-fall
deployed and pumped down the
drill string at ~200-250 gpm to
increase the speed. The Go-Devil
lands in a “seating nipple” at the
packer, and a hydrostatic pressure
baseline is recorded for 10-15 min.

Single Packer

Straddle Packer

Figure shows examples of a straddle
and single TAM packer. A straddle
packer assembly consists of two
single packers separated by a 1-9 in.
perforated spacer.

plug is dropped down the drill
pipe and lands in a seating nipple
in the pipe (see Packer Control Sub
figure). The Go-Devil seals the drill
pipe so pump pressure can inflate
the packer bladder with seawater
pumped down the drill string.

The rig pumps are typically used
to inflate the packer element(s)
with seawater to ~1200 to 1500
psi maximum. When the packer
elements inflate and start to grip
the borehole wall, air is bled off
the heave compensator, which
lowers the drill string to set down
~15,000 lb weight on the packer
(~12,000 lb of weight/1000 psi of
test pressure) to prevent packer
movement from the piston effect
of test pressures.
To inflate and deflate a packer, a
Packer Control Sub is used. It also
provides a way to run a pressure
instrument in the hole. The Packer
Control Sub has an internal “control tube” that connects two or
more packers hydraulically. Lowering the drill string ~20 cm (8 in.)
shifts the packer control sleeve
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down, isolates the inflated packer
element, and opens the bore
to the interval below the upper
packer. The heave compensator is
positioned at mid-stroke, and ~1520 min is required for the pressure
pulse to decay. A typical set-down
weight of 15,000 lb requires a
BHA of approximately six 8¼ in.
drill collars above the packer. ODP
recommends running several drill
collars below the packer to help
set it. The packer elements are not
designed to support much more
than ~15,000 lb weight.
Formation fluids may be sampled
before pump tests if the formation
is permeable enough. Go-Devils
can be used to activate multiple
packers and open or close valves
for formation testing. The GoDevil and pressure recorders are
retrieved with the coring wireline.
After formation testing is completed, the packer(s) are deflated
by using the heave compensator to pull the drill string upward
and open the deflation ports. The
straddle packer element deflates
passively in ~30 min, and it can
be moved and reset (~2-3 times) if
the element is not damaged.
When straddle packers are used,
pulse, slug, or constant-rate injection tests may be run to determine
the formation transmissivity (from
which permeability can be derived)
and (less accurately) storage coefficient. Storage coefficient is directly
related to formation porosity. The
cementing-unit pump is typically
used to apply pressure (~500 to
1500 psi) to the isolated open-hole
section. Test pressures typically do
not exceed 1500 psi (unless formation hydro-fracture is attempted),
and pump rates typically do not
exceed 3-5 bbl/min. All pumped

(injection) volumes should be measured using a standpipe meter or
the volume tanks on the cementing unit. Pressure pulses may
require up to 30 min to decay, and
multiple tests (2 to 4) may be run.
Flowmeter Operation
A flowmeter/sinker bar/Go-Devil
assembly can be run on the logging wireline. After inflating the
packer, the logging line is sheared
off the Go-Devil by pressuring up
to 2000 psi. The flowmeter is lowered below the packer (~50 m)
and calibrated by pumping at several rates. Flowmeter readings typically are taken at 10 m intervals (to
total depth [TD]) for ~10-20 min
at each interval. The flowmeter/
Go-Devil assembly is retrieved by
wireline.

Design Features
1) Compatibility
The drill string packer BHA is compatible with wireline logging tools.
Benefit: It may be possible to
accomplish both logging and
packer measurements during a
single pipe trip.
2) Multiple Tests
A packer can be set, moved, and
reset (up to three times) if the element is not damaged.
Benefit: Multiple tests can be
attempted during one trip in the
hole.

Specifications
Packer
• TAM International, Inc., model
TAMJAY Packer, 8¼ in. OD element, stroked out length 3.12 m
(10.2 ft), 3.97 in. internal diam-

Packer Inflation Mode

Go-Devil

Inflation Differential
Pressure
Inflation
Equalization Port
Port

Seating Nipple

Seals

TSP Inflation
Element

Circulation Port

Circulation Mode
(with drill pipe slacked off)
Schematic of the Packer Control Sub on the TAM Straddle Packer (TSP)
showing inflation and circulation flow paths.

eter (ID), connection 5½ in. IF
box up and pin down
• Minimum ID: Single packer 3.94
in., Straddle nonrotating packer
3.84 in., and rotating packer
3.84 in.
• Packer Inflation Pressure: typically ~500 to 1000 psi (~half of
planned test pressure), 1500 psi
maximum
• Set down weight on packer:
~12,000 lb weight/1000 psi test
pressure, 15,000 lb maximum
• Drill string movement to shift
control tube: ~20 cm (8 in.)
• Typical Packer BHA: 9 to 9⁵⁄₈ in.
bit, crossover, 1 joint 5½ in. drill
pipe, 8¼ in. packer, crossover,
~5 each 8¼ in. OD drill collars,
tapered drill collar, crossover to
5 in. drill pipe. BHA length ~70
m, weight ~18,000 lb
Pressure Recorders
• GRC Pressure Recorders
The GRC pressure recorder is
typically set for 10,000 measurements per day. It is run below
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the Go-Devil in a special core
barrel tube with a retaining
catcher.
• Kuster Pressure Recorders (for
backup)
Kuster model K-3 mechanical
self-contained pressure recorders
are available in three pressure
ranges (0-9925, 0-11900, and
0-15275 psi) and can record
for 9, 18, or 36 hours. For a
single packer, two K-3 recorders are free-fall deployed inside
a 12 ft long inner core barrel
tube attached to the Go-Devil.
For straddle packers, one K-3
recorder is attached to the lower
Go-Devil and one or two to the
upper Go-Devil.
• Surface Pressure Recorder
A Gould PG3000 pressure transmitter (0-5000 psi) is installed at
the standpipe to provide a realtime pressure record.

Typical Operating Range
• Temperature
Packer elements and seals are
rated to ~100°C. Special high-

temperature elastomers (i.e.,
packer elements and inner seals)
rated to 120°C were used (Leg
111 – Hole 504B) at temperatures of 120°-145°C, but lasted
for only one setting.
• Depth Limit: None

Limitations
Packer Damage
The rubber elements on packers are made of elastomers that
can be damaged by contact with
jagged formations. Moving a set
packer before it has relaxed back
to normal size may damage the
element.

Hole Damage from Packers
The packer expands with hydraulic
force to firmly contact the formation; however, over-inflation can
fracture the formation or burst the
packer element. Packers can also
reduce the hydrostatic pressure,
causing a formation to flow or
cave-in, resulting in stuck pipe.
Temperature
The packer elements are made of
an elastomer that has an operating
temperature range of 100°-120°C.
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TAM Nonrotating Packer
The TAM drill string straddle packers are a nonrotating design that is
deployed with the drill string. They
should be kept in tension and are
not compatible with a coring and
rotating BHA; therefore, a separate
trip is required to run the packer.
TAM Rotatable Packer
The TAM rotatable packer was
designed for use as a single packer
for testing and drilling ahead;
however, tests (Legs 110, 123,
and 130) indicate that it may be
more suitable for tests in unstable
pre-drilled reentry holes that may
require some reaming or cleanout.
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APPENDIX E
SEISMIC RESEARCH ACTIVITIES
This appendix provides detailed information characterizing the equipment and activities that may
be performed used for single-channel seismic surveys or during Vertical Seismic Profiling (VSP)
experiments in future IODP riserless drilling expeditions.
◊

A description of the Vertical Seismic Profiling activities that may be performed in future
IODP riserless drilling expeditions, including operating parameters of the equipment that will
be used.

◊

Diagrams of the Sound Exposure Levels (SEL) for various configurations of seismic sources
(airguns) that may be used in future SODV seismic surveys or VSP experiments.
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Vertical Sesimic Profiling
Background
Vertical Seismic Profiling (VSP) is the process of recording seismic data in a wellbore
environment. Geophones are vertical in the earth as opposed to horizontal along the surface of
the earth or the ocean. The most basic type of VSP is a checkshot survey used to calibrate
surface seismic surveys. Surface seismic sections are recorded in time and the checkshot matches
known depth to time. The checkshot can also derive formation velocities.
The next simplest type – and the kind most often seen in IODP – is the zero offset VSP. Like the
checkshot, the zero offset survey can be used to correlate surface seismic and derive formation
velocities, but it also has look-ahead capabilities and can identify things like faults and
overpressure zones.
Both checkshot and zero offset VSPs can be performed on the SODV by suspending single or
clustered marine seismic sources (airguns) from a crane. Other more complex VSPs (like offset,
vertical incident, walkaway, AVO, and 3D) require more than one vessel and more likely greater
air pressure, air bottle capacity and gun volume than can be maintained on the SODV.
Data Analysis
VSP provides results intermediate between small-scale measurements such as laboratory analysis
of cores and large-scale measurements such as seismic refraction and reflection data which
would have preceded drilling operations by the SODV. During a VSP, a seismometer would be
secured successively at different depths in the borehole and an airgun would be fired in the water
next to the ship each time the seismometer was repositioned. The seismometer would record
both the direct, downgoing waves, and up-going waves reflected from changes in acoustic
impedance below the receiver. The data would be processed to determine the attenuation
properties of rock and prediction of acoustic properties below the bottom of the hole for
correlation with borehole lithology, wireline logs, and events on conventional seismic reflection
and refraction profiles.
Borehole Seismic Surveys on the SODV
The ODP and IODP Phase 1 used a single airgun (the latest being the Sercel 210 GI gun). That
gun will likely remain in use for SODV underway (surface) seismic surveys. For future borehole
seismic operations, TAMU has purchased two Sercel 250 G guns to be used in a parallel cluster.
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Sercel 210 GI gun

Sercel 250 G gun parallel cluster
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For standard operations, the two-gun cluster will be attached to a buoy to maintain the guns at a
constant water depth and suspended from the port aft crane (see Figure). The cluster will be
suspended roughly 15 m from the ship. This distance is important, as the minimum safe distance
for a 250 G gun cluster is 7.2 m from the hull and 4 m for the single 250 G gun and 210 GI gun.

GI gun and buoy on deck prior to deployment (as used in ODP and IODP Phase 1)
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Gun firing after being suspended in position by the port aft crane

VSPs on the SODV can be configured many different ways depending on scientific objectives
and time constraints. Some of the operations variables include:
Number of guns
Gun volume
Gun pressure
Gun depth
Firing interval
VSP duration
Number of guns: VSPs on the SODV now have the option of using i) two 250 G guns; ii) a single
250 G gun; and iii) a single 210 GI gun. Most operations (perhaps 80%) will use the two 250 G
gun cluster, with a single gun being used in the event of a failure or if a specific source signature
is needed from the 210 GI gun.
E-4

Gun volume: The double 250 G gun cluster volume is 500 cubic inches (in3). A single 250 G gun
is 250 in3. The 210 GI gun can be configured in nine ways, but will likely be used in “true GI
150” mode with a volume of 150 in3.
Gun pressure: The SODV supplies air at 2000 psi (even though the guns are able to fire at a
range of pressures between 1000 and 3000 psi).
Gun depth: Guns are commonly suspended at depths between 2 and 6 m (5 m is typical). The
gun depth affects peak source energy by only a few percent but has a large impact on the source
signature.
Firing interval: Shot interval during the VSP is a function of how rapidly the compressor can
recharge the gun(s) to 2000 psi (SODV seismic operations feature no air bottle rack capacity).
With the new 3/8 inch hose, minimum firing intervals for the double 250 G gun cluster, a single
250 G gun and the 150 in3 210 GI gun are respectively 26 s, 13 s, and 8 s.
VSP duration: the time to complete VSP operations can be a function of hole depth, shot depth
interval, ease of wireline deployment, weather, etc., and can last anywhere from three to twelve
hours. In addition to the shots for actual VSP acquisition, there is a shot protocol for marine
mammal protection (please see Marine Mammal Safety and the Use of Seismic Sources Aboard
The R/V JOIDES Resolution which is more conservative than the U.S. D.O.I. Minerals
Management Service directive NTL No. 2003-G08).
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Airgun Sound Exposure Level (dB, SEL)
210 cu in GI Gun @ 3 m depth (1 of 2)
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APPENDIX F
PRE-CRUISE ACTIVITIES
Within the IODP Science Advisory Structure and before a drilling and coring expedition is
scheduled, site characterization data will be gathered to evaluate (1) whether the regional and
site-specific survey data are of sufficient quality and quantity that it will be possible to select the
best sites at which to address the scientific questions posed in the proposal, (2) if a site is drilled,
whether the regional and site-specific survey data are of sufficient quality and quantity that the
results from this borehole could likely be extrapolated over a usefully broad portion of the ocean
and/or applied to related questions and analogous sites worldwide, and (3) the known or
suspected presence of potential environmental concerns, including sensitive biota, cultural
resources, and shallow drilling hazards.
The following document, the Guidelines for the EPSP Safety Review Report and Presentation,
and Expedition Safety Package summarizes the information that must be assembled by
proponents of drilling proposals including data pertaining to the environmental conditions at
each proposed drill site.
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Guidelines for the EPSP Safety Review Report and
Presentation, and Expedition Safety Package
Introduction
This document describes (A) the Environmental Protection and Safety Panel (EPSP)
Safety Review Report, and accompanying presentation, and (B) the Expedition
Safety Package. Part C defines the parties responsible for creating the various
products described in this document, and the distribution lists for these products.
Some terms used in this document:
EPSP Preview and Review. The EPSP assesses proposed drill sites in either a
preview or review mode. In either case, a representative proponent attends the
review meeting and makes a presentation (see below for Safety Presentation
Guidelines). The preview is an opportunity for the panel to identify key issues that
should be addressed before the final review is made. These issues could include
data processing requirements, and the need for additional data (including shallow
hazard assessments). The review is considered the final presentation before the
EPSP, where drilling recommendations (see below: Possible EPSP Actions) are
made for each of the proposed sites.
The Safety Review Report is a PDF document written by the proponent(s), and its
contents, in distilled form, are presented by a proponent during an EPSP review (or
preview) of proposed sites (see Safety Presentation below).
The Safety Presentation is typically a PowerPoint (or PDF) presentation given by a
proponent to the EPSP, summarizing the information in the Safety Review Report.
The Expedition Safety Package is a collection of documents and site survey data
assembled by the Implementing Organization (IO) with the assistance of the
expedition Co-chiefs, proponent(s), and IODP-MI, as described in Part B of this
document. This package includes the Site Survey Data Package.
The Site Survey Data Package is the collection of all site survey data (both raw
data, e.g., segy, and data in image format, e.g., PDF) required for an expedition. The
authoritative list of required data is defined by the IO, Co-chiefs and/or proponents
and is published in the expedition Scientific Prospectus.
The Site Survey Data Bank (SSDB) (http://ssdb.iodp.org) is the repository for all
IODP proposal- and expedition-related site survey data. All site survey data within
the site survey data package must be housed in the SSDB.
Note that in addition to safety reviews by the EPSP, the safety panel for the
concerned IO performs an independent review of proposed sites. The IO's safety
panel has the authority to override decisions made by the EPSP.
The attached figure shows the typical procedural steps and required actions for a
proposal as it moves beyond the usual Science Advisory Structure review process
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(i.e, reviews by the Science Steering and Evaluation Panel, Site Survey Panel and
Science Planning Committee) to the Operations Task Force, through to scheduling
and subsequent preparation for the expedition.

Part A. EPSP Safety Review Report & Presentation
1. Safety Review Report & Presentation General Guidance
Under normal circumstances a representative proponent will be asked by the panel
chair to attend an EPSP meeting and make a presentation to the panel. The
proponent making the presentation should be aware not only of the scientific
justification for the program but the technical details associated with the site survey
data presented during the panel meeting and in the Safety Review Report, including
acquisition and processing parameters. (If no single proponent is capable of making
this presentation the panel chair will invite two presenters to represent the proposal.)
The proponent will be required to submit a Safety Review Report to IODP-MI for
distribution to the panel. An EPSP watchdog will be assigned to answer proponent
questions and insure that the completed Safety Review Report is satisfactory.
The Safety Presentation typically is broken down into two general sections: (i) an
overview; followed by (ii) a site-by-site review.
(i) The general overview is typically 15-30 minutes in duration. The presentation of
the overview normally includes:
1. an overview of the proposed scientific program.
2. status of the site survey information.
3. the proposed drilling program (number of sites, types of coring, logging
program, necessity of riser capability, etc.).
4. description of key safety and pollution issues as understood by the
proponents.
(ii) For the site-by-site review, all relevant information should be presented including:
1. reason(s) for the selection of the site location.
2. planned type(s) of coring, sampling, and logging.
Specifically the panel needs to know:
1. proposed depths of penetration.
2. nature of the section to be penetrated (including the identification of any
potential hydrocarbon reservoirs and seals).
3. an expression of your degree of confidence in the velocity control for depthing
and your proposed lithologic column.
4. possibilities of thermally mature hydrocarbon source rocks in the vicinity of
proposed drilling targets and effective migration pathways.
5. results of any industry and/or previous scientific drilling.
6. likelihood of either abnormal pressure or subsurface fluid flow.
7. environmental and safety issues that may be specific to your leg (including
how sites will be located, availability of crossing seismic lines, order of drilling,
etc.).
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The proponents should consider the following recommendations for site selection
when bringing their requests for EPSP approval forward:
•
•

Locate on existing seismic line, if possible (if not, explain rationale for locating
offline).
Locate on cross-line, if available and possible.

Under certain circumstances the EPSP may require from the IO a shallow hazards or
other special survey or a drilling protocol document. This may include a request for
an interpretation of hazards survey data by an independent entity.
2. Safety Review Report Guidelines
The Safety Review Report is a PDF document created by the proponent(s). Some
exemplary previous Safety Review Reports can be obtained by request to the chair
of the EPSP. The report should include:
• A summary of the scientific objectives and environmental issues of the
proposed expedition.
• Completed site summary forms.
• Always include a contoured seafloor bathymetry map with an appropriate
contour interval to illustrate the topography. Especially in areas of complex
bathymetry (e.g., reefs), bathymetric maps should be at the highest resolution
possible.
• Multibeam maps should be included (contours at 50 or 100m intervals).
Shaded relief maps are also helpful in areas of complex bathymetry.
• Track chart of available seismic data. Data included in the report should be
highlighted. This chart should be at the same scale as the bathymetry maps.
This is usually best done by co-registering and overlaying the seismic
acquisition lines on the regional and multibeam bathymetry maps. This map
should also identify any known hazards, communication cables, and/or
protected areas, as well as any prior commercial wells or scientific drilling
sites.
• When appropriate and data are sufficient, map key horizons and intervals
when anticlines are present in the near-surface section.
• At a minimum, show an uninterpreted section with the drill-site annotation.
The following type and basic information should be included on all maps:
• Indicate North either with arrow or grid lines
• Include scale bar or other indication of distance
• Label any contours present at a regular interval and ensure that the contour
interval is easy to identify
• Indicate the grid resolution in metres for any maps showing gridded (e.g.,
seafloor bathymetry)
• Label all trackline and shot points at a regular interval
• All charts should use the same projection and the projection should be
identified
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The following basic information should be included on all seismic data presented:
• Provide as much information as possible about acquisition and processing of
the seismic data used.
• Shot points should be labelled.
• Clearly indicate the horizontal and vertical scales.
• All records associated with a single site should be presented at the same
vertical and horizontal scales.
• Mark drill sites with “sticks” indicating anticipated depth of penetration based
on best time-depth conversion.
• Intersection of cross-line(s), if present should be clearly marked
• Highlight on seismic records any structures or features that are important to
both your science case and safety issues. For example, identify potential
structural traps (anticlines, etc.), stratigraphic traps (sand bodies and cap
formations), bright spots and wash-out zones (e.g. potential free gas).
3. Safety Presentation Guidelines
The Safety Presentation is a PowerPoint or PDF document created, and presented
during an EPSP review (or preview), by the proponent(s). Some exemplary previous
Safety Presentations can be obtained by request to the chair of the EPSP.
•

Keep all text, maps and diagrams simple and clear to read from a distance of
10 m. Do not include lots of pages of text or complex tables of data. This
material may be included in the Safety Review Report.

•

Maps and seismic data included in the Safety Presentation should include the
same basic and labeling information as that included in Safety Review Report.

•

The presentation should include high-resolution digital images of the seismic
sections. A PDF file with as much detail as possible to allow zooming in to
seismic sections is one way this may be accomplished. It is also
recommended that the proponents arrange to have large format paper
records and copies of all relative seismic sections and charts.

•

The PowerPoint presentations are attached to the final minutes and will be
included as part of the final Expedition Safety Package.

4. Possible EPSP Actions
After each site review the panel will make a recommendation. EPSP site
recommendations are forwarded to the Science Planning Committee (SPC), IODP
Operations Task Force, and the IO. Possible site recommendations are:
• Approve as requested.
• Approve to a specified depth other than that originally requested.
• Approve at a new site based on discussions between panel members,
proponents, and operator.
• Defer any recommendation until additional specified information is provided.
• Not approve
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In addition, the panel may recommend a specific drilling order and/or specific
monitoring requirements.
5. Frequently Asked Questions by EPSP members
When preparing the Safety Review Report and associated presentation the
proponents should prepare themselves to answer the following frequently asked
questions:
•
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•

How and when were the data collected?
How were the seismic data processed?
What was the velocity control used to establish target depths? What is the
uncertainty associated with these estimates?
Are there any velocity anomalies on the profiles near the proposed drilling
sites?
Do additional industry data (seismic, drilling) exist in the relevant area and
could these be accessed?
What was the navigation used (especially important for older data)?
Are all of the map projections consistent?
If applicable, have the requested depths accounted for any logging tools?
Have you considered alternative locations if the EPSP cannot approve the
sites as proposed?
Have alternative sites been prepared if weather, currents, ice, etc. prevent
drilling or if additional time is available during the planned expedition?
What would happen to the science plan if the proposed depth of penetration
cannot be approved?
Do you have a recommended drilling order and why?
Are there any biological communities within 100 metres of any of the
proposed drill sites, what are they (e.g., vents, deep-water reefs, etc.), and
what is the evidence for their existence (e.g., sampling, visual, etc.)? When
and by whom were these data collected?
Is the proposed drilling location in the vicinity of a fisheries (species, typical
gear, etc.), known breeding/feeding ground or migration route, or “home” of
threatened or endangered species?
Is there a probability of encountering H2S or hydrates during coring or core
recovery?
Are there are any reasons to suspect that an over-pressured section will be
encountered?
Is there petroleum industry interest in the area? Are the proposed drilling sites
located within current or proposed license blocks?
Have any commercial “dry” wells been examined to determine whether
hydrocarbon shows may actually be present?
Are there any indications of active (or previously active) vent systems or
hydrocarbon seeps in the area of proposed drilling?
Is there an expectation that reservoir facies may be present?
Are there any other environmental or safety issues that the EPSP should be
aware of?
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Part B. Expedition Safety Package
The Expedition Safety Package contains all data and documentation necessary to
support a safe operation.
Components of the Expedition Safety Package
•
•
•
•
•

•

•

Safety Review Report
Safety Presentation
Any required shallow hazard or special survey reports required by the EPSP
or the IO.
The portions of the EPSP and IO safety panel minutes that are relevant to the
specific expedition(s), which would include the panel’s recommendations
Scientific Prospectus (SP), which would normally include images of key
seismic profiles. The SP also includes the authoritative list of site survey data
required for the expedition as defined by the IO, Co-chiefs and/or proponents.
This list, which includes the URL link to each item in the Site Survey Data
Bank, includes all data necessary to conduct a safe expedition and to address
all safety and scientific contingencies, such as the need to relocate or add a
new drilling location.
The Site Survey Data Package (SSDP), which is one (or more as necessary)
CD or DVD containing all site survey data (both raw data, e.g., segy, and data
in image format, e.g., PDF) required for the expedition as defined in the
authoritative list published in the SP.
Any required governmental approvals for the expedition that may limit site
relocation and/or modification to the approved drilling plan.

Part C. Responsible Parties and Distribution of Products
1. Responsible Parties
Site Survey Data – Prior to an EPSP review the proponent is responsible for
ensuring that all data (raw digital data and/or image format data) presented in the
Safety Review Report are submitted to the Site Survey Data Bank. When an
expedition is scheduled, the Co-chiefs and proponent, with the assistance of the IO,
are responsible for ensuring that all data (raw data and/or image format data)
required for the expedition are submitted to the Site Survey Data Bank (SSDB). The
IODP-MI science coordinator responsible for site survey data issues is available to
assist users of the SSDB.
Large format paper plots for EPSP review – If applicable, proponents are
responsible for producing and transporting to the meeting.
Expedition Safety Package – The overall responsibility for the assembly and
distribution of the Expedition Safety Package rests with the IO. The Expedition
Safety Package needs to be distributed prior to the onset of the expedition.
Responsibilities for preparing and delivering the components of the package are as
follows:
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Safety Review Report – Proponents and/or Co-chiefs, if assigned, will
prepare. Forwarded directly to IODP-MI by the proponents and/or Co-chiefs
via either email or, if necessary because of size, via ftp (IODP-MI will provide
an ftp site for uploading the report). The report is due 4 weeks in advance of
the EPSP meeting. IODP-MI will distribute (on CD media) to EPSP members
for review at least two weeks prior to the semi-annual meeting. IODP-MI will
forward to the IO for inclusion in the Expedition Safety Package when the
expedition is scheduled.
Safety presentation – Proponents and/or Co-chiefs, if assigned, will prepare
and deliver at the time of the EPSP meeting to the chair or co-chair.
Forwarded by the EPSP chair to IODP-MI with the final panel minutes. IODPMI will forward to IO for inclusion in the Expedition Safety Package when the
expedition is scheduled.
EPSP recommendations – EPSP chair or co-chair. Forwarded to IODP-MI
when the minutes are finalized. IODP-MI will forward to IO for inclusion in the
Expedition Safety Package when the expedition is scheduled.
IO’s safety panel actions – Forwarded directly by IO’s safety panel to IO.
Scientific Prospectus – Created by IO. Forwarded to IODP-MI when
completed. To be completed six months prior to the start of the expedition.
Site Survey Data Package – IODP-MI creates CD(s) or DVD(s) containing
data specified in the Scientific Prospectus. IODP-MI forwards to the IO for
inclusion in the Expedition Safety Package and distribution to expedition
participants. The Safety Package should be delivered to the IO three months
prior to the start of the expedition, or as soon as possible after all required
data have been identified and submitted to the SSDB.
Expedition specific approvals – The IO is responsible for providing as
necessary.
Shallow hazard or special survey reports and/or drilling protocol
documentation – The IO is responsible for forwarding to IODP-MI for
distribution to EPSP members together with the Safety Review Report.
Expedition Safety Package – The IO is responsible for packaging together
the components described at the top of Part B. The Expedition Safety
Package is forwarded by the IO to all concerned parties as described below.

2. Distribution
The following distribution is intended to ensure a common data/document package
onboard the ship and onshore to facilitate any discussions and/or decisions that may
be required once an expedition has begun.
EPSP Safety Review Report (provided by proponent/Co-chiefs 4 weeks prior to
EPSP meeting and distributed by IODP-MI):
• EPSP members, liaisons and IO representatives attending the EPSP meeting
Expedition Safety Package (provided and distributed by the IO):
• Co-chief scientists
• Expedition staff scientist
• Chair and co-chair of EPSP
• Chair of SPC
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IODP-MI (Sapporo and Washington, D.C. offices)
IO

Site Survey Data Package (provided by IODP-MI and distributed by the IO)
• Same distribution as the Expedition Safety Package, plus
• All invited scientific expedition participants
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APPENDIX G
SENSITIVE ENVIRONMENTS
This appendix provides detailed information on sensitive environments and biota that may be
encountered during future IODP riserless drilling expeditions.
Chemosynthetic Communities
In the deep ocean below the photic zone, at depths below 300 m, photosynthesis is not possible
and low nutrient concentrations sharply constrain the possibilities for complex community
structure. Where venting of hydrothermal fluids, seepage of hydrocarbons, or other geological
processes supply abundant reduced compounds, chemosynthesis becomes the dominant process
of the ecosystem. Chemosynthesis is a mode of life practiced by numerous groups of bacteria
that are able to oxidize simple compounds such as hydrogen sulfide (H2S) and methane (CH4)
(Jannasch, 1989).
Chemosynthetic microbes have evolved by using chemical energy rather than light energy to
provide a rich food source in areas otherwise devoid of life. Starting with the basic building
blocks of nutrients and water, the bacteria produce carbohydrates, proteins, and other complex
organic compounds. Like photosynthetic plants, chemosynthetic bacteria are thus able to form
new organic compounds at the base of the food chain. They thrive around areas such as
hydrothermal vents, which emit plumes of hot water that can reach 400°C and contain high
concentrations of hydrogen sulfide, or at cold seeps, where chemicals seep from the sea floor at
the same temperature as the surrounding water. Hydrothermal vent and cold seep communities
are considered biologically sensitive areas due to their limited range, large variety of endemic
species, and scientific value. It is believed that zooplankton in the vicinity of hydrothermal vents
are likely exploiting a food substrate associated with the hydrothermal plume (Cowen et al.
2001).
Hydrothermal vents release minerals that form deposits on the surrounding rocks when in contact
with cold water. The deposits accumulate and can form chimney-like formations, which have
been observed as tall as 49 m and at average depths of 2,100 m. Due to the presence of
chemosynthetic bacteria as an abundant food source, the vent areas support high biomass,
contrasting with the cold (2°C) and relatively barren areas beyond the vents. The microbes at
hydrothermal vents are able to withstand temperatures up to 113°C (WWF, 2006a). Vent
ecosystems can be unique, with over three hundred species documented, some of which thrive
only at certain vents (endemic species) (WWF, 2006a). Hundreds of hydrothermal vents have
been discovered around the world, typically in clusters called fields. A new species of pink sea
urchin (Echinus sp.) was recently discovered at the Lucky Strike vent field. The field was
discovered in 1993 and is located at a depth of 1,700 m on top of a flat-topped volcano in the
Azores in the Atlantic Ocean. The largest vent field is the Trans Atlantic Geotraverse on the east
margin of the mid-Atlantic ridge.
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Cold seeps exude methane and hydrogen sulfide. Species live much longer in the vicinity of
cold seeps than hydrothermal vents. The deepest cold seep ecosystem known is 5,000 to 6,000 m
deep in the Sea of Japan. Other places where cold seeps have been discovered include the Gulf of
Mexico and off the coasts of California and Alaska (WWF, 2006a). Similar to the bacteria at
hydrothermal vents, bacteria at cold seeps carry out chemosynthesis using hydrogen sulfide and
methane as the energy source. The bacteria form a microbial mat around these seeps on which
marine life such as snails, limpets (family Acmaeidae), and scaleworms graze.
Because they require the means for oxidizing their chemical nutrient source, chemosynthetic
bacteria typically live at the interface between reduced sediments and oxygenated water. A
common genus is Beggiatoa, which form long filaments that comprise pale-colored mats on
sediment surfaces (Larkin et al., 1994). A symbiotic partnership of chemosynthetic bacteria with
invertebrate hosts greatly extends the possible habitat for the chemosynthetic mode of life.
Specific adaptations vary, but the basic arrangement consists of bacteria living within specialized
cells in the host organism. The host supplies oxygen and a substrate for the bacteria. Major
groups that live in hydrothermal vent or cold seep areas are briefly described below, including
vestimentiferan tube worms (Lamellibrachia sp.), seep mussels (Bathymodiolus sp.), and
vesicomyid clams (family Vesicomyidae).
Vestimentiferan tube worms are highly adapted marine worms that colonize hydrothermal vent
areas. These worms lack a mouth or digestive system (AMNH, 1997) and can thrive in
temperatures up to 80°C. They live in a tough polysaccharide tube, typically 1 cm in diameter
and up to 2 m long. Gas exchange and oxygen uptake is via a vascularized plume (red in color),
which extends 1 to 2 cm from the anterior tube end (Somero, 2006). The tube is often held 1 m
or more above the seafloor. Their symbiotic bacteria utilize H2S, which the tube worm absorbs
from root-like structures that extend below the buried portions of the tubes. The buried length of
the tube may be as much as one third the body length.
Seep mussels, of which the most common species is Bathymodiolus childressi, possess symbiotic
bacteria which live in the linings of greatly enlarged gills (Childress et al., 1986). These bacteria
use methane as a carbon source for growth. Seep mussels are restricted to locations where
methane concentrations are high, usually near active gas vents. At such sites, mussels may
completely cover the seafloor in mats that are bound together by byssal threads and extend for
several meters or more. The maximum length of an adult is 12 to 13 cm. The growth rates are
slow, with juveniles requiring possibly 20 years to reach maturity and large adults frequently
surviving 40 years (Nix et al., 1995).
Vesicomyid clams are surface-dwelling bivalves that inhabit hydrothermal vent areas and plow
long, curving furrows across the seafloor (Rosman et al., 1987). The foot is thrust forward and
down into the soil while the siphon is extended into the water. Adults are 75 to 90 cm long, with
a deep, heavy shell. Nothing is known of the growth rates, but deep-sea bivalves are typically
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long lived. Accumulations of dead shells with clusters of live individuals suggest persistent
occupation of active seep sites.
Coral Reefs
Coral reefs are among the most biologically diverse and productive ecosystems of the world and
can exist for thousands of years. Although coral reefs occupy less than one percent of the marine
environment, they are known for their extensive biodiversity, providing feeding grounds, shelter,
and breeding habitat for twenty five percent of the world’s marine life (WWF, 2006b). Coral
reefs are formed by colonies of stony coral polyps which attach to hard surfaces and produce
calcium carbonate to form exoskeletons. The polyps feed at night using tentacles capable of
stinging prey, which is primarily plankton. These polyps form the base of the food chain, as the
polyps provide food for numerous marine species.
There are many types of coral reefs, including fringing reefs, barrier reefs, and atolls. Fringing
reefs occur along coastlines, whereas barrier reefs are large and are separated from the coast by
lagoons (Encarta, 2006). The Great Barrier Reef off the northeast coast of Australia is an
example of a large barrier reef, extending 150 km wide by 2000 km long. Barrier reefs are also
found off the coasts of Beliz, Honduras, and around islands in the west Atlantic and Pacific
Oceans, including Tahiti. Atolls develop on underwater islands, most of which are sinking
volcanoes. They are usually circular or irregular shapes and surround a lagoon that is no more
than 30 to 50 m deep (WWF, 2006b).
Coral reefs occur in both warm and cold water regions. In tropical areas, where temperatures are
above 16°C, symbiotic algae called zooxanthellae live inside coral polyps, giving color to
tropical coral reefs (WWF, 2006b). Zooxanthellae require sunlight for photosynthesis, therefore
coral reef growth does not occur below 150 m depths. Tropical reefs are the largest and oldest
living systems in the world, growing 1 to 100 cm per year.
Coral can also live at temperatures as low as 4°C and at depths as low as 2,000 m (WWF,
2006b). There are no symbiotic algae in cold water coral reefs, which are located in areas with
current on the continental shelf or in deep sea areas with elevated topography, such as seamounts
(described below) and mounds, including the Darwin mounds off the coast of the United
Kingdom. These mounds are located at approximately 1000 m in depth and are likened to sand
volcanoes. The field contains hundreds of individual mounds with average dimensions of 5 m in
height and 100 m in diameter. The top of the mounds is habitat for the cold water coral,
Lophelia pertusa.
Deep sea coral reefs grow between 5 and 25 mm per year and some may be over 8,000 years old.
The world's largest known cold water coral reef, the Røst Reef, was only recently discovered in
May 2002 (Kirby, 2003). The reef is approximately 40 km long and two to three km wide. It
covers an area of approximately 100 km2 and is located west of Røst Island in the Lofoten
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Archipelago, Northern Norway. Deepwater coral reefs are generally found near chemosynthetic
communities. In fact, coral reefs and other potential hard-bottom communities not associated
with chemosynthetic communities appear to be very rare in deep water.
Seamounts
Seamounts are underwater hills, mountains, or volcanoes that are spatially clustered in the
world’s ocean basins. Most linear chains of seamounts are formed by plates moving over
hotspots. Because the majority of the seafloor volcanism that forms seamounts occurs in the
Pacific Ocean, most of the estimated 30,000 to 100,000 seamounts in the world are grouped
together in long chains in this region (Figure G-1).
The biological resources found in most seamounts include communities characterized by a wide
level of diversity including organisms not present in other deep-sea habitats. Many species are
endemic, only thriving in the immediate vicinity of on one seamount or seamount range.
Due to the abundance of plankton, seamounts serve as breeding/spawning and feeding grounds
for marine mammals and fish species, as feeding areas for seabirds, and as habitats for sponge
communities. Fish species in these areas are slow to reach maturity but have long lifespans. In
addition, there are a few “living fossils” known to inhabit seamounts. For example, in 2006
researchers in the Coral Sea discovered a species of “Jurassic” shrimp (Neoglyphea
neocaledonica), thought to have been extinct over 60 million years ago.
Figure G-1. Seamount Distribution in the World’s Oceans

Source: Lamont-Doherty Earth Observatory (LDEO), the Earth Institute at Columbia University
(http://www.ldeo.columbia.edu/~small/GlobalSeamountDistribution.html)
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