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Enabling R&D

Mission Supporting Goals and Measures

The Enabling R&D subprogram develops the cutting edge technologies that enable both U.S. and
international fusion research facilities to achieve their goals.

The Engineering Research element addresses the breadth and diversity of domestic interests in enabling
R&D for magnetic fusion systems as well as international collaborations that support the mission and
objectives of the FES program. The activities in this element focus on critical technology needs for
enabling both current and future U.S. plasma experiments to achieve their research goals and full
performance potential in a safe manner, with emphasis on plasma heating, fueling, and surface
protection technologies. While much of the effort is focused on current devices, a significant amount of
the research is specifically focused on future burning plasma experiments.  The R&D effort on these
technologies involves evolutionary development advances in present day capabilities that will make it
possible to enter new plasma experiment regimes, such as burning plasmas.  These nearer-term
technology advancements also enable international technology collaborations that allow the United
States to access plasma experimental conditions not available domestically.  This element includes
investigation of scientific issues for innovative technology concepts that could make revolutionary
changes in the way that plasma experiments are conducted, such as liquid surface approaches to control
of plasma particle density and temperature, microwave generators with tunable frequencies and steerable
launchers for fine control over plasma heating and current drive, magnet technology which could
improve confinement.  This element also includes safety research which allows us to conduct both
current and future experiments in an environmentally sound and safe manner.

Another activity is conceptual design of the most scientifically challenging systems for next-step fusion
research facilities, i.e. facilities that may be needed in the immediate future.  Also included are analysis
and studies of critical scientific and technological issues, the results of which will provide guidance for
optimizing future experimental approaches and for understanding the implications of fusion research on
applications to fusion energy. In the past, longer term basic research on future magnetic and inertial
fusion energy chamber concepts were conducted in this element, however, those programs are now
being terminated and the funding for this category will be used for an orderly closeout of all activities.

The Materials Research element focuses on the key science issues of materials for practical and
environmentally attractive uses in fusion research and future facilities.  This element continues to
strengthen its modeling and theory activities, which makes it more effective at using and leveraging the
substantial work on nanosystems and computational materials science being funded by BES, as well as
more capable of contributing to broader materials research in niche areas of materials science.  Through
a variety of cost-shared international collaborations, this element conducts irradiation testing of
candidate fusion materials in the simulated fusion environments of fission reactors to provide data for
validating and guiding the development of models for the effects of neutron bombardment on the
microstructural evolution, damage accumulation, and property changes of fusion materials.  This
collaborative work supports both near-term fusion devices, such as a burning plasma experiment, as well
as other future fusion experimental facilities.  In addition, such activities support the long-term goal of
developing experimentally validated predictive and analytical tools that can lead the way to nano-scale
design of advanced fusion materials with superior performance and lifetime.
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Management of the diverse and distributed collection of fusion enabling R&D activities is being
accomplished through a Virtual Laboratory for Technology, with community-based coordination and
communication of plans, progress, and results.

In FY 2002, a series of retrospective peer reviews by independent experts was completed of the
scientific and technical quality, progress, and relevance of each element of the Enabling R&D
subprogram.  Summary reports of reviewer panel members’ findings and recommendations, along with
community action plans to address the most significant findings and recommendations, can be viewed
on the Virtual Laboratory for Technology website at http://vlt.ucsd.edu/peer.html.  Although most
elements of this subprogram were determined to rank highly in most aspects of quality, progress, and
relevance, steps have been taken to make improvements in all areas of concern to the reviewers.

ENABLING R&D ACCOMPLISHMENTS

A number of technological advances were made in FY 2002.  Examples include:

 Scientists at Sandia National Laboratory achieved record levels of performance in proposed high
heat flux components for future burning plasma experiments.  The ability to reliably remove high
levels of surface heat deposited by burning plasmas, while not deteriorating rapidly or contaminating
the plasma with impurities, is a major technology issue for the plasma facing components.  The
levels of surface heat flux expected on some plasma facing components can reach as high as those
observed in rocket nozzles.  In testing done on water-cooled tungsten-copper mockups of proposed
high heat flux components, the mockups sustained some of the highest levels of heat flux expected
in burning plasma experiments for thousands of heating cycles without damage.  This testing
demonstrated the viability of this concept, with future research aimed at extending performance
limits and testing tolerances to off-normal events.

 Scientists at Princeton Plasma Physics Laboratory, University of California San Diego, and Sandia
National Laboratory continued to observe encouraging results in experiments in a toroidal plasma to
investigate the phenomenon of plasma contact with liquid surfaces and to guide development of
models for plasma-liquid interactions critical to research on innovative concepts for plasma particle
and surface heat flux removal.  Such capabilities could be readily used for scientific studies in
plasma experiments to control key parameters of the plasma edge, such as plasma particle density
and temperature, and to carry away intense surface heat locally deposited by the plasma at its edge.
For the longer-term, liquid surface technology can provide for much longer lifetimes and higher
performance plasma-facing components than is possible with conventional solid surface approaches.

 Researchers at Oak Ridge National Laboratory, University of California Los Angeles, University of
California Santa Barbara, Princeton University, and Lawrence Livermore National Laboratory
continued to make significant progress in developing models for micro-structural evolution in
candidate fusion materials under simulated conditions associated with fusion.  These models unify
and integrate the theories on mechanisms that control damage production from energetic neutron
bombardment.  Also, the models enable nanosystem methods for designing fusion materials with
significantly improved performance and lifetimes, and with elemental tailoring that minimizes
radioactivity generation by neutron-induced transmutation. The ability to produce superior materials
for fusion applications is critical to the viability of using fusion energy for practical applications with
benign environmental impacts.

 Researchers at Oak Ridge National Laboratory and Princeton Plasma Physics Laboratory completed
the design and fabrication of the prototype of a high power radio frequency antenna that will enable
increased levels of plasma heating. The prototype, which is to be tested in FY 2003, will validate the
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design, performance, and fabrication techniques of antennae to be built for use in the Joint European
Torus plasma experiment. These antennae will provide the world’s most powerful radio frequency
plasma heating capability, and will permit investigation into advanced modes of fusion-relevant
plasma performance.

Subprogram Goals

Develop the cutting edge technologies that enable FES research facilities to achieve their scientific goals
and allow the U.S. to enter into international collaborations that enable access to plasma experiment
conditions not available domestically.

Advance the science base for innovative materials to establish the technical feasibility of fusion energy
and to enable fusion to reach its full potential as an environmentally and economically attractive energy
source.

Performance Indicator

Percentage of milestones met for installing components developed by the Enabling R&D program on
existing experimental devices.

Annual Performance Results and Targets

FY 2002 Results FY 2003 Targets FY 2004 Targets

Complete design and fabrication of at
least one cutting edge technology that
enables a FES research facility to
achieve its scientific goals and/or
allows the U.S. to enter into an
international collaboration enabling
access to plasma experiment
conditions not available domestically.
(goal met)

Initiate installation and begin testing
of at least one cutting edge enabling
technology.

Complete testing of at least one
cutting edge enabling technology.

Complete preliminary investigation of
at least one innovative technology that
can create a more attractive vision of
fusion energy systems. (goal met)

Design and install a liquid lithium
limiter on CDX-U for testing as an
advanced particle control/high heat
flux handling system.

Complete closeout activities of all
work on MFE and IFE chamber
technologies.

Establish preliminary science base for
at least one innovative low activation,
high performance structural material
that can validate the technical
feasibility of fusion energy and enable
fusion to reach its full potential as an
attractive energy source. (goal met)

Complete initial experimental and
modeling investigations of at least one
innovative low activation, high
performance structural material.

Identify elemental composition and
fabrication methods through
nanoscience methods to improve the
performance and lifetime of at least
one low activation structural material
system.

Funding Schedule
(dollars in thousands)

FY 2002 FY 2003 FY 2004 $ Change % Change

Engineering Research.............................. 28,814 28,454 17,314 -11,140 -39.2%
Materials Research .................................. 7,176 7,638 7,600 -38 -0.5%
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Total, Enabling R&D................................. 35,990 36,092 24,914 -11,178 -31.0%

Detailed Program Justification

(dollars in thousands)

FY 2002 FY 2003 FY 2004
Engineering Research ................................................................. 28,814 28,454 17,314
 Plasma Technology ................................................................ 12,023 12,092 13,986

Plasma Technology efforts will be focused on critical needs of domestic plasma experiments and on
the scientific foundations of innovative technology concepts for use in ITER.  Nearer-term experiment
support efforts will be oriented toward plasma facing components and plasma heating and fueling
technologies.  Building on the testing in FY 2003 of a prototype radio frequency antenna—that will
enable JET to build a powerful plasma heating device workable under rapidly changing plasma
parameters—the detailed design of a similar high performance antenna will be completed for C-Mod
in FY 2004.  Based on the experimental research and design assessment in FY 2003 for a first-
generation liquid metal system that allows lithium to interact directly with the plasma in a controlled
way, the preliminary design of a lithium module for future deployment in NSTX will be initiated in
FY 2004.  This new plasma-facing component technology has the potential to revolutionize the
approach to plasma particle density and edge temperature control in plasma experiments.
Development and testing will continue for an advanced 1.5 million watt microwave generator that
will efficiently heat plasmas to high temperatures, with 60% efficiency to be demonstrated in tests
planned for FY 2004.  Following completion in FY 2003 of the Safety and Tritium Applied Research
(STAR) Facility at INEEL, material science experiments will be fully underway at STAR under a
cost-sharing collaboration with Japan to resolve key issues of tritium behavior in different materials
proposed to be used in fusion systems.  Additional funding will be provided to allow the STAR facility
to undertake safety research for both current devices and for ITER. Funds will be provided to
continue superconducting magnet research, and innovative technology research in the area of plasma-
surface interaction sciences that will enable fusion experimental facilities to achieve their major
scientific research goals and full performance potential.

 Fusion Technology................................................................. 10,563 10,906 1,338
Fusion Technology efforts such as liquid metal analysis and experiments, which were focused on
basic research on future MFE and IFE chamber concepts, are being terminated to provide resources
for higher priority and nearer term activities.  Funding for this category will be used for an orderly
closeout of all activities.  With the completion in FY 2003 of the tritium inventory reduction and
stabilization at TSTA, TSTA transfer to EM will have been completed by the start of FY 2004.    

 Advanced Design................................................................... 6,228 5,456 1,990

Funding for this element will focus on design studies of systems for next-step plasma science
experiment options.  The FIRE design effort will be completed in FY 2003.  Systems science studies
to assess both the research needs underlying achievement of the safety, economics, and
environmental characteristics and the prospects of possible advanced magnetic confinement concepts
will be conducted in an iterative fashion with the experimental community.
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(dollars in thousands)

FY 2002 FY 2003 FY 2004

Materials Research ..................................................................... 7,176 7,638 7,600

Materials Research remains a key element of establishing the scientific foundations for safe and
environmentally attractive uses of fusion. Through a wide variety of modeling and experiment activities
aimed at the science of materials behavior in fusion environments, research on candidate materials for the
structural elements of fusion chambers will continue. Priorities for this work are based on the innovative
approaches to evaluating materials and improved modeling of materials behavior that were adopted as a
result of recommendations from the FESAC review completed in 1998.  Investigations of
experimentally-validated models that can predict and quantify embrittlement produced by fusion
environments of body centered cubic metals, the crystal structure of the most promising structural
materials for fusion chambers, is expected to lead in FY 2004 to a Master Curve model that is based on
successful approaches taken in other material science research programs.  Also during FY 2004, the first
phase of a cost-shared collaborative program with Japan for irradiation testing of fusion materials in a
U.S. fission reactor (HFIR) will be completed, providing key data to evaluate the effects of neutron
bombardment on the microstructural evolution, damage accumulation, and property changes of fusion
materials that could be used in next step devices.   In addition, results will be available on testing of
nanocomposited ferritic steels with alloy compositions and fabrication techniques designed through
nanoscience methods to operate at high temperatures without significant deformation by creep
mechanisms.

Total, Enabling R&D .................................................................. 35,990 36,092 24,914

Explanation of Funding Changes

FY 2004 vs.
FY 2003
($000)

Engineering Research
 Plasma Technology funding is increased due to the move of the safety and tritium

research program to this category. .................................................................................. +1,894
 Funding for TSTA is terminated following completion in FY 2003 of work to clean

up the facility prior to turning it over to the Office of Environmental Management for
Decontamination and Decommissioning.  Funding for other fusion technologies
activities is decreased to meet higher priority budget needs in facility operations in
preparation for participation in ITER. ............................................................................ -9,568

 Advanced Design funding is reduced in order to meet higher priority budget needs in
facility operations in preparation for participation in ITER............................................. -3,466

Total, Engineering Research ................................................................................................ -11,140
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FY 2004 vs.
FY 2003
($000)

Materials Research
 Funding is reduced due to completion of a task on irradiation testing in the HFIR

reactor in FY 2003. ........................................................................................................ -38

Total Funding Change, Enabling R&D............................................................................. -11,178
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