The U.S. and ITER

Science
Opportunities

U.S. Direct
Experience

I.I.S; Iind
Illd"“."E: l:l.l‘r

1= o
Technology
Opportunities

The Path to Fusion Energy

ST Office of
4 Science

UE DEFARTMENT OF CNTRAY



Why Fusion? If Successful, the Payoff is Enormous!

Economic fusion could be an ultimate solution to concerns
about sustained growth of energy usage

»  Derved from sea water, fusion fuel s essentially
mexhaustible it worldwide avallability means
that successful development of econamic and
environmentally acceptable fusion energy could
guarantee true energy independence for all nations

»  The fusion process produces nerther atmaspheric
pollutants nor long-lvad, high level radicactive
wastes. Structures and other components aclivated
by fuston neutrons can be minimized by optimal

cholce of materials.
» A fusion reactor "can’t blow up and can't melt
down” owing to the nature of the fusion process

Furthermore, as it reguires no fissionable matenals,

a fusion reactor 15 highly resistant to proliferation

= AL A primary energy source, fusion could power electricity,
hydrogen production, or water desalination
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Growth In world population and energy needs, particularly in the developing world, will lead to continued
increases in energy consumption. i greenhouse gas emissions limit the use of conventional fossil fuels,
new energy sources will be required, Fusion energy can, in 8 timely way, play a critical role In filling the
need for new sources.




Fusion Science has Come of Age! s

Advances in fusion research over the past decade have changed markedly the outiook for practical
fusion energy. Through the course of the past 40 years, fusion research developed the fundamental
science of a fourth state of manter - that of fully ionized gases, called plasmas. In the early years this
research had a strong empirical aspect which, although useful, raised legitimate questions when used
as a basis for prediction. Over the past decade, however, a true sea change in fusion research has been
accomplished with the combination of increased detailed measurement instruments, deeper theoretical
understanding. and large-scale computational tools enabling modeling of real configurations, The basic
mechanisms have been identified, and the earlier empirical predictions have been put on more solid
footing. Today, we can reliably create, measure, moded, and predict experimental plasma behavior to
such a degree that large-scale energy production can be designed with much improved confidence.
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As Presidential Science Advisor John Marburger
noted: “This [progress in fusion science] is an
enormous change that is enough to change the
attitudes of nations toward the investments
required to bring fusion devices into practical

application and power generation.”




Assessments of U.S. Fusion Program
Confirm a Burning Plasma Experiment
as the Next Major Fusion Sl e—

“Over the longer term, the U.S. must involve itself in the international experiments
associated with burning plasmas, ” Secvetary of Energy Advisory Board (19599)
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ITER Constitutes an Important
Stepping Stone Toward Fusion Forer s

The new. bower cost ITER design with its increased scientific flexibility, presents a more attractive opportunity
to the LS. than the original design. There are NUMerous OPPOTTLINItEs for U.S. involvement that draw on
areas of hstoric U.S. strength and provide avenues for a wide Spectrum of LS. universines, laboratonies and
industries. For example, over the next decade and before actual [TER operation, it will be neccssary to develop,
design and test the variety of measurement, heating, and control devices determined in the negotiations 1o
be part of the LS. ITER contribution. After ITER begins operation, employing these same tools 1o measure
or control the plasma becomes an integral part of the ongoing research that, in turn, requires the
thearetical and modeling supporn that proved so successful over the past decade

We have the tools, the knowledge, the need,

the will and the WAY! (in Latin ITER = the way)




U.S. Role in ITER
Would be Scientifically Exciting
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Operation of ITER will draw upon and extend virtually
all of the plasma science developed over the past

decades and apply that science in an integrated manner
to explorations in the burning, self-heated regime.




U.S. Role will Include Valuable
State-of-the-Art Energy Technology

The LLS. was a major contributor to ITER Teohnology
and Science during the previous first bwo phases o,
the Conceptual Design Activity and the ERginoeering
Design Activity. LLS. universities, national laboratonies
and industry collaborated to develon, desgn, and
fabricate models and test cormponents for Seweral

major components and a number of oritical dagnosics.
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LLS. irrvodverment in the construction plase will peowvide acces
to the international development of all ITER technological
components. Additionally, the LLS. could take responsibility
for development, desgn, and fabrication of selected systems
swch as disgnostics, acvanced contiol, platma heating Syshems
A5 well a5 some langer tokamak components. Such responsibilities
will alkowy the irvobved LLS. imstitutions to maintain thewr worla
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These skills will provide valuable spin-off applications and
will be required to realize energy and economic growth

from a successful fusion energy program




ITER: An Opportunity for International
Collaboration and Cost Sharing we—

The LS. fusion community has reached a consensus that the next major step for the LLS, program
thowid be a burning plasma experiment. While several candidate experiments have been evaluated,
ITER is necognized as the most comprehensive and capabie candidate Participation by the U5, in ITER
would reimagorate our international collaboration, and it should result in advancing the LS. program
through the burming plasma step with the cost being shared among the international participants. The
European Uinion, Japan. the Russian Federation and Canada began formal talks in Novemnber 2001, The
negotiations schedule calls for a consensus on the preferred site to be reached belore mid-2003.
Patential sutes have been offered by Canada, Japan, France and Spain.
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Based on informal E6mmunications with the ITER Parties, the LS. would be warmly welcomed if

the decision is made torejoin the ITER project. The LS. was an original co-founder of ITER and would
e “grandfathencd” m’tl:rme current talks. U.S. imvolvernent would enable a number of highly qualified
and internationaily respected U.S. scientists to return to ITER. Other major countries are anticipating
Joining the ITER project durning 2003

The ITER Construction Schedule Is aggressive. Construction funding is to begin around FY0s and
construction s 1o be completed Seven years after the construction license is granted, The first plasma
is scheduled one year later. Early deuterium-deuterium experiments will focus on plasma science and
provide a basis for subsequent burning plasma experiments. The burning plasma activities waill provide
scientific and technological developments necessary for exploitation of fusion as an engrgy source.
These developments cannot be accomplished without 2 burning plasma experiment

Goal: First plasma 8 years after construction start 5




Productive U.S. Involvemen | e——

LLS. participation in ITER will advance the science and
technalogy of the LLS. fusion program and wall adioww

the LLS. 1o make important contribubions to [TER. As an
incremental activity hanving its foundations in the base
fusion program, the LLS. fusion community can provide
scientihc and comparational support that B not duplicated
by current TER Parties. The LLS. can also provide plasma
physics expermental support from major facilities that have
uricpe RBexitslities and diagnostics. n addition, the LS,
can prowvide the diagnostics, control and subsystem
comporents noted previously. A limited number of
experenced soentists and technologists could be made
available to [TER, including several who were major

contributons 1o the iect d th 5 ph Li-beam
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U.S. Participation will be beneficial for both the
U.S. fusion program and ITER. Contributions of

in-kind components for ITER will develop U.S.
industry and labor skills.




U.S. Participation in ITER Would
Be Rooted in a Robust Base Progran s

Underpinming LLS. lter participation will be a spectrum of lower level research activitios
within the U5, domestic program - e.g.,

= Providing (TER R&D support both in physics and technology and Exploring new modes of
improved or extended ITER perfformance

*= Exploring confinement in alternative magnetic configurations,
= Developing the materials and technoiogies necessary for fusion enerqy, and
» [ntegrating all that is learned 1o look forward to power-plant applications

The sophistication of the underlying science, when evaluated using modern complitational technigues, wall
enabic the transference of lessons leamed between such activities having such ciffering physical scales,

The combination of ITER plus a solid base program
combines the opportunity to press forward into the
burning plasma regime while retaining the ability of
the nation to benefit from doing so.




T - -
U.S. Fusion Program Participa

The U.S. Fusion Program employs the skills of many of the countryd major universities, nati
and selected industrial organizations. A broad range of expertise is required if the scientific
challenges inherent in the successiul development of economic fusion energy are [0 be
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Excellent Science
in Support of
Attractive Energy

“I am pleased lo announce thai the United Stales
will jein ITER, an ambilious inlernalional research project Lo
harness the promise of fusion energy. The results of ITER will advance
the effort to produce clean, safe, renewable, and commercially

available fusion energy by the middle of this century.”

— President George W, Bush (January 2003)

Office of Science
Department of Energy
Washington, DC 20585

Visit the Office of Science Fusion Energy website:
www.ofes.fusion.doe.gov/iter.html
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