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Figure VAS.1. U.S. OCS safety and environmental impact.

We believe it will remain a high priority for industry, academia, and government
to continue to work together to simultaneously enable access to important economic
resources while ensuring adequate conservation and protection of the marine
environment. Of particular note are the challenges to ensure effective emergency
response for increasingly remote facilities, and early assurance of suitability and
integrity for novel development concepts.

Quality scientific information on environmental issues and their sensitivity to
hydrocarbon production operations will be mutually important in making decisions
regarding resource access and development options. Improved understanding of
deepwater biological processes and habitats and both the short and long term effects
of seismic survey activity on marine mammals are areas worthy of additional study.

Thus, although perhaps not a distinct technology area in its own right, we believe
safety and environmental performance improvement has been and will continue to be
critical to the future of deepwater.

For further reading see...

Godec M and Johnson N: “Quantifying Environmental Benefits of Improved Oil
and Gas Exploration and Production Technology,” paper SPE 94388 (2005).

“Environmental Benefits of Advanced Oil and Gas Exploration and Production
Technology,” U.S. Department of Energy (1999). Available at

www.fossil.energy.gov/programs/oilgas/publications/environ_benefits/Environmental

_Benefits Report.html.

OCS Incident Data, see http://www.mms.gov/incidents/index.htm.
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6. Other Deepwater Technologies Considered

Below are examples of other technologies discussed but judged to be of lower
priority than those listed above.

Infrastructure life extension — For the present, deepwater infrastructure is young
and of high quality. However, the day will come when deepwater structures and
pipelines will become old like any other infrastructure. Solutions to inspect,
remediate, redeploy or decommission physical assets will become increasingly
valuable. This process is already underway in the oldest deepwater developments in
the North Sea.

Virtual prototyping — All companies heavily utilize computer models to predict
system behavior before costly construction begins. However, as an industry, there is
not yet an emergent approach to fully model the whole system using component
inputs from an array of vendors and participants. Development of standards and tools
that allow fully integrated models could be increasingly valuable as the industry
architecture becomes more complex and integrated.

Unconventional options — Deepwater today is primarily about light oil in high
quality reservoirs. Some heavy or poorer quality oils do exist (e.g. Brazil) but are a
small part of the current mix. Enhanced oil recovery is not yet a significant factor
even in the shallower regions of offshore. However, as the “easier oil” is developed
over the next few decades, we see the potential for the emergence of new technology
to enable the economic development of more difficult hydrocarbons in deepwater
regions. This could include not only heavier oils, but wholly unconventional
hydrocarbons such as hydrates. However, we believe that offshore hydrates will
remain more costly than less exotic alternatives for the foreseeable future.

Subsea drilling — The general long-term trend in the offshore is for functions (e.g.
processing) to move from fixed structures to floating structures to the sea bottom.
Possibilities for relocating drilling functions to the sea floor have been proposed in
the past, but with high costs and absent a compelling advantage over today’s

advanced floaters, have never matured. Although not a high priority, we hold out the
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possibility that some or all drilling function could move to the sea floor in the very
long term.
For those interested in a broader array of technologies discussed that could be

enabling in deepwater should read the RPSEA ultra-deepwater workshop report.”

B. Related Priority Deepwater Technologies

Several technologies are deemed to be important to deepwater, but are discussed

elsewhere in the Technology Subtask report due to their broader context.

1. Subsalt Imaging

Commercial oil and gas deposits are found in geological settings with “working
petroleum systems”—or areas with a) a plentiful source to generate oil or gas, b)
porous reservoirs to store it, and c) sealing layers to trap it. However, some working
petroleum systems are hidden in settings that make potential reservoirs and traps
difficult to “see” with conventional seismic technology. The U.S. Gulf of Mexico
and some other basins around the world (e.g. Angola, Egypt) contain working
petroleum systems below thick layers of salt. Seeing through an undulating layer of
salt with seismic imaging is like trying to see through textured glass—the bending of
the rays makes it difficult to recover a clear image of what’s on the other side. The
advance of leading-edge seismic technologies which can “see through” salt are likely
to have the most significant impact of all on the development of deepwater oil and
gas resources. This technology is discussed in the Exploration Technology subtask

team report.

2. Gas Liquefaction

Gas 1s more expensive than oil to transport very long distances. Gas-to-liquids

and liquefied natural gas are discussed elsewhere in the work of the Supply

* «“Ultra-Deepwater Oil and Gas Technology Workshop Report: A Report on the Ultra-Deepwater
Technology Workshop Held at the Houston Hilton Post Oak,” University of Houston, Texas A&M
University, Louisiana State University, RPSEA. Final Report (Nov 29, 2005). Available at
http://www.ultradeepwater.org/pdf/Ultradeep_report_final.pdf.
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committee. We only note here that continued progress on these technologies is also of
benefit to deepwater developments. This is because as fields are developed in deeper
and deeper waters, not only are they farther from existing land infrastructure, but the
cost of building new ultra-deepwater alternative infrastructure (e.g. pipelines,
reinjection) goes up significantly. Breakthroughs that enable utilization of such
technologies in smaller footprints and on floating vessels are thus a significant

enhancer to the global deepwater industry.

3. Offshore Arctic

The arctic oil and gas industry has yet to move significantly offshore like the
industry in more temperate climates did in the 1960s. With the increased challenges
of the harsh arctic surface environment (i.e. ice and cold), there will be an increased
drive for advanced technology even in shallower water depths. Although many
technologies will be optimized for arctic specifics, we believe they will often be
founded upon or derived from their deepwater cousins (e.g. subsea processing). As
such, development of traditional deepwater technologies should be seen as a
forerunner of offshore arctic technology in the same way the shallow activity was a
forerunner of the deep. Long range deepwater technologies (e.g. subsea drilling)

could become even more important in the arctic.
C. Deepwater Technology Development Issues

1. Future Marine Technology Leadership

Marine sciences and engineering is a specialty field where many disciplines (e.g.
mechanical and civil engineering) can be taught to apply known techniques.
However, the few, small centers of excellence that have historically trained the
leading marine thinkers, shapers, and innovators are disappearing due to university
competition for research in information-, nano-, and bio-technologies (MIT,
Michigan, Berkeley). As this continues, the intellectual capital responsible for driving

our industry to push the leading-edge solutions for ever more challenging
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environments is shrinking, while the challenges we face grow increasingly more
difficult.

This is a concern of national importance and has been recognized by the U.S.
Navy as well. This development is positive. However, while the goals are similar, the
scale of the impact is too modest to meet broader U.S. interests inclusive of oil and
gas applications.

We conclude that the U.S. must maintain critical mass for deep specialization in
the marine sciences by providing balanced funding to U.S. research universities for
physical sciences, engineering mechanics, and marine system design on par with
other U.S. technical priorities. Options to address could include

1) research grants to promote graduate and post-doctoral studies that focus on
crucial ocean energy issues

2) initiatives to re-energize university collaboration with national research
centers and industry

3) incentives to elevate university priorities or delivery of research and
continuing professional education

4) taking advantage of the stunningly impressive accomplishments that have
come from deepwater development to promote public and university pull for
physical sciences and technologies.

Improving the current situation is likely to cost tens of millions of dollars for top
tier universities in ocean sciences and marine engineering.

For further reading, see:

- SPECIAL REPORT 266 - Naval Engineering Alternative Approaches for
Organizing Cooperative Research — Transportation Research Board of the National
Academies

- “An Ocean Blueprint for the 21st Century,” Final Report, U.S. Commission of
Ocean Policy, Washington DC (2004).

- SPE 99898.
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2. Valuing Technology to Enable Access

Policies about access to acreage for the purposes of oil and gas exploration and
development are a complex matter. However, access to acreage with potential for
economic oil and gas resources is in and of itself a primary, if not the largest, driver
that encourages technology development. The onset of area-wide leasing for the U.S.
GOM in the early 1980s led to significant acceleration of interest in deepwater
regions.

However, when viewed from the community perspective, governments generally
are not favorable to opening acreage for access until they are confident that the
resources can be developed safely and cleanly. The norm is thus to wait for proven
answers before opening doors.

Although we realize this is a complex issue, we believe there is at least
theoretical advantage to a “necessary solutions” approach to the dialogue process
associated with acreage access. By this we mean that the better governments are able
to articulate primary concerns that drive them to limit access, the more likely that this
itself would be stimulating to both technology and resource development.

The Atlantic, Pacific and Arctic offshore coasts are estimated to contain roughly
74 billion barrels of oil (equivalent) of undeveloped resource.” However, we feel
compelled to note that even in the GOM, the actual resource that could be developed
was not known until after exploration and development began. We therefore conclude
that the amount these basins could contribute to U.S. domestic energy supply remains
highly uncertain.

We thus propose that a) the better key concerns regarding restriction of access
are articulated within a common dialogue, the better the industry will be able to bring
forth technical solutions that satisfy broader social needs, and b) the act of granting

access will in and of itself be a, if not the primary technology development driver.

> “Report to Congress,” reference 2.
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VI. Conclusion

Finding and developing oil and gas anywhere offshore was once a significant
challenge, itself. The industry followed the opportunity first into shallow waters, and
then into the deep waters. Each challenge along the way has been met and conquered
safely and effectively.

Although continuing challenges for moving into ultra-deep waters loom large, to
the extent the resource endowment itself continues to be present, technology is
unlikely to become the barrier that inhibits ultimate progress. We conclude that the
top priority challenges that would enable progress are:

1) Reservoir characterization

2) Extended system architecture

3) High-pressure and -temperature completions
4) Metocean forecasting and systems analysis.

With these and other challenges, we believe the track record of the industry
should give confidence that wherever the opportunity presents itself, safe, economical
and environmentally friendly technology will be developed that allows the

development and recovery of accessible resources.
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