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With the ITER project now under way, all of the nations engaged in fusion R&D are now
seriously considering the programs and the fusion nuclear facilities that will take the next major
steps toward harnessing fusion energy. In the U.S., a growing fusion materials science program
is envisioned, with a Fusion Nuclear Science Facility (FNSF) as a major next step. The
possibility of such a program is exciting, so much so that several U.S. institutions have
undertaken studies of possible FNSF missions and designs.
No one knows when the budget expansions needed for such a program might occur, but
opportunities can arise unexpectedly. If we hope to capitalize on opportunities to move forward
toward fusion energy, we need to be ready with a plan and a convincing case for it. Such a plan
needs to have a sound scientific and technical basis, a sound rationale in the international
context, and strong support within both the community and DOE. We are far from ready now,
and we will not come up with such a plan overnight. We need a sustained national activity,
funded by DOE, in order to develop a technical plan and make the case for an FNSF and a
program to harness fusion energy. The activity must be put in place now, and must go forward
under any of the budget assumptions in DOE’s charge to FESAC.
Planning Deliverables
One way to think about what is needed is to consider the first step in the DOE system for
managing a large capital project like an FNSF, approval of Mission Need. Surely the case for an
FNSF and the accompanying program will be scrutinized at very high levels scientifically and
politically, probably including National Academy review. What would the Mission Need case for
an FNSF, a multi-$B facility, consist of? We can reasonably assume that at least the following
would be needed:
• Mission description: knowledge to be generated via the proposed program, and how it will
advance the science and technology.
• Concept design and rough cost: a convincing existence proof of a facility design that can
meet mission requirements.
• Readiness and risk assessment: the physics basis for the proposed magnetic configuration
and the technical readiness of the technologies to be used. To the extent that there are gaps
in readiness, what is the associated risk? What are the proposed mitigation measures?
• The roadmap to fusion energy and the associated timeline implied by the proposal. If the
program is successful, how far will it take us? Would DEMO follow or would there need
to be another step?
• International assessment: what is the relationship to ITER and the programs of other
countries? How will FNSF best enable a world-leading U.S. program?
• Alternatives assessment: why are the proposed mission and the proposed scientific and
technical approaches the best choices among the available options?
The Needed Activity
In order to start building the case and be ready when opportunities arise, a national Next-Step
Planning and R&D Activity needs to be put in place now. Needed elements include the
following:

• Design. The team will examine a range of fusion nuclear missions and a range of design
options at a pre-conceptual level. Missions range from basic science research in a fusion
nuclear environment, to component testing, to system integration, to generation of net
electricity and high-temperature heat (see graphic). The leading magnetic fusion machine
embodiments are the advanced tokamak (AT), spherical tokamak (ST), and stellarator; the
best choice for a given mission is far from obvious without a rigorous assessment.

Graphic illustrating the range of missions for next-step fusion nuclear facilities.
• Readiness and risk assessment. Most FNSF missions require a steady-state or high dutyfactor plasma, sufficient neutron flux and fluence to stress nuclear components, plasma
exhaust handling exceeding ITER requirements, tritium breeding and processing, remote
handling, and other technologies. A rigorous physics and technology readiness
assessment activity, using quantitative metrics to gauge status and progress, is needed.
Risk, the flip side of readiness, must be assessed with similar rigor and objectivity.
• R&D Plan. The R&D needed to close or narrow readiness gaps and thereby reduce risks
should at least be identified as part of this activity. The U.S. can and should rely on ITER
or the programs of other countries for some of the R&D, but hopefully the U.S. will
perform some of the needed fusion S&T research and development, guided by the needs
of a U.S. next-step program.
• Roadmap analysis. Be able to explain the concurrent and follow-on facilities and research
programs that are needed in addition to the proposed FNSF, the associated timeline, and
the international context. How will FNSF impact the readiness for follow-on steps?
• Socio-economic studies. Develop an up-to-date evaluation of the potential of fusion
energy, as well as technical and economic constraints to fusion energy penetration into the
energy complex. Work with the climate and energy communities to assure that fusion’s
impact is assessed through the best models.
Q&A
Q: Can’t this wait? A: No, we need a forward planning element of our program now to plan a
realistic program for harnessing fusion energy, and to be ready for opportunities to move
forward. This is a priority under any of the scenarios FESAC is considering.
Q: Isn't this what ARIES does? A: The power plant point designs documented by ARIES
provide a vision of future mature power plants and help to clarify R&D priorities, but ARIES has
never been charged to develop a plan for the next step. The capabilities of the ARIES team
would be valuable as part of the proposed planning activity, but the needs are much broader.
Whereas ARIES has been funded at ~$2M/year in recent years, a next-step planning activity
needs at least ~$10/year if we hope to be ready to capture growth opportunities such as the
putative ITER roll-off in the next ten years.
Q: Is this appropriate for the Office of Science? A: Yes. A program to harness fusion power
will be based on fundamental plasma and material science. While it is unclear whether the
Office of Science will carry out such a program, documenting a technically sound plan and its
scientific basis is certainly within the scope of the Office of Science.

