January 27, 1996

Dr. Martha A. Krebs
Director

Office of Energy Research
U.S. Department of Energy
Washington, DC 20585

Dear Dr. Krebs:

The Fusion Energy Advisory Committee (FEAC) has proceeded to address the
charge in your letter to us of December 5, 1995 with the conviction that the United States
must field a program that seizes the opportunities of today, in arestructured format, to
promote progress in fusion science and technology. Thisisatime of tremendous progress
and opportunity in fusion. Y et, despite significant scientific and technical progress,
constrained budget prospects place the United States fusion program at a dramatic
crossroads.

In response to your charge letter, we are pleased to transmit the enclosed report, “ A
Restructured Fusion Energy Sciences Program,” hereafter referred to as the Report. This
Report was prepared to provide recommendations on how to restructure the fusion program
in the light of congressional guidance and budgetary redlities. Your letter to the FEAC
referred to the Conference Report accompanying the FY 1996 appropriations bill, which
indicated the necessity of restructuring the fusion program’ s strategy, content and near- to
medium-term objectives, assuming a constant level of effort in the base program. Y ou
asked for advice on the strategy for the fusion program and plan for implementation of that
strategy, including institutional considerations and the role of the International
Thermonuclear Experimental Reactor (ITER) and other international collaborationsin the
program. Y ou aso asked the FEAC to consider the broader issue of plasma science that
underpins fusion energy and that has important applications in science, technology, and
industry.

To establish amission, a set of goals, a strategy, and an implementation plan, the
FEAC created in December two subcommittees: the Strategic Planning Subcommittee,
chaired by Dr. Michael L. Knotek, to analyze the policy issues, and the Scientific Issues
Subcommittee, chaired by Dr. James D. Callen, to provide scientific assessmentsto inform
the deliberations. The two subcommittees worked closely together and prepared the Report
we are transmitting to you. As part of the process, views were solicited from the entire
fusion community, and key laboratories and facilities were visited by subcommittee
members during the review. The FEAC wishesto thank officially the members of both
subcommittees for their work, as well as those who presented material to the
subcommittees, including our international partners and the many people who forwarded
viewpoints to the subcommittee.
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The FEAC voted unanimously to accept the Report “ A Restructured Fusion Energy
Sciences Program” and unanimously endorses the mission and policy goals given in the
Report. By avote of 10 to 2, the FEAC also endorses the findings and

recommendations contained in the body of the Report.l The recommended restructured
program is consistent with the new mission and policy goals and fits within the upper range
of annual budget guidelines that you provided in your December 5th, 1995 charge to the
FEAC.

In summary, the Report recommends that the mission of the U.S. Fusion Energy
Sciences Program be modified to be consistent with both the most recent programmatic
guidance and the level of resources provided by Congress. The new mission isto advance
plasma science, fusion science and fusion technology--which constitute the knowledge
base needed for an economically and environmentally attractive fusion energy source. The
FEAC recommends, in no priority order, three policy goals. advance plasmasciencein
pursuit of national science and technology goals, devel op fusion science, technology and
plasma containment innovations as the central theme of the domestic program; and pursue
fusion energy science and technology as a partner in the international effort.

In 1995, the President’s Committee of Advisors on Science and Technology
(PCAST) reviewed the U.S. magnetic fusion program. In response to their charge, they
recommended a $320M figure as a minimum annual funding level for aviable fusion
energy program. Thisfunding level would have allowed the United States to maintain a
leadership rolein the world effort to develop fusion power. The subsequent decision to
fund the program below this minimum level and the guidance to expect flat out-year
budgets have completely changed the position of the U.S. magnetic fusion effort relative to
Europe and Japan. Effortsto build a next-generation world class experiment in the United
States were abandoned, U.S. participation in the international burning plasma program on
ITER was reduced, and many other important U.S. fusion science activities were curtailed.

The historically strong United States leadership role in the world magnetic fusion
energy program came to an end with the decision on FY 1996 funding. However, we
conclude that the United States can still play an important supporting role in magnetic
fusion energy development, but only by recognizing the new dependence of U.S. efforts
on the activities and decisions of Europe, Japan, and the Russian Federation. As such,
progress will depend on maintaining a balance of domestic and international activities.

As requested by the Department in your charge letter to us of December 5, 1995,
the FEAC and its subcommittees considered annual program funding levelsin the range of
$200 million to $275 million. The subcommittee examined as its base case a constant level-
of-effort budget of $250 million. The restructured Fusion Energy Sciences Program in this
case isdescribed in great detail in the Report. This restructured program is consistent with
the new mission statement and is built around the three policy goals.

Yt isinevitable that, given the tight deadlines imposed by the budget process, small

inconsi stencies may appear between the body of the Report and some of the appendices.
The FEAC believes that these inconsistencies are not consequential and emphasizes that our
strong endorsement is of the findings and recommendations in the body of the Report.
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At this budget level, restructuring begins by providing incremental funding to pursue basic
plasma science, to pursue plasma-containment research (plasma science and aternative
concepts), and to achieve greater utilization of DIII-D and C-Mod. These priorities require,
however, that Tokamak Fusion Test Reactor (TFTR) at the Princeton Plasma Physics
Laboratory (PPPL) cease operation during FY 1997, foregoing the remaining unigue

scientific output possible from that facility >

At the lower funding levels, (below $250 million per year), it is not possible to
implement the goals of the restructured program, which include honoring our international
commitmentsto the ITER engineering design activity (EDA) and obtaining further valuable
scientific benefits from our existing experimental facilities. The FEAC does not
recommend these lower levels of funding, At the highest budget level considered ($275
million per year), the restructuring would proceed with greater effectiveness (e.g.,
exploiting high priority scientific results before shutting down amajor facility;
strengthening our support for the international commitment of the United Statesto the ITER
EDA; and allowing more vigorous pursuit of the new directions that are at the core of the
restructuring), and we recommend this case to the Department.

With respect to international cooperation and the ITER effort, the broad physics and
engineering chalengesthat ITER addresses are largely generic to any next step toward the
goal of fusion energy. Therefore, the science and technology research within both the
ITER EDA and the U.S. core program that addresses ITER’s challengesis appropriate and
valuable. Such work is also consistent with the recommended fusion energy science
mission for the program. The FEAC finds that the most cost-effective way for the United
States to maintain a strong research effort in burning-plasma physicsis through continued
participation in the ITER EDA and the ITER process. Further, the I TER EDA will provide
arobust and thorough engineering design based on extensive R& D activities. Thisdesign
has aready highlighted certain important physics issues and has become a driver in current
experimental and theoretical programs. It isimportant to recognize that the ITER EDA is
the single most important mechanism for American industry to participate in fusion
development.

The Report contains several recommendations regarding program governance. We
strongly encourage efforts to enhance opportunities for “grass roots’ participation in the
scientific and programmatic leadership of the Fusion Energy Sciences Program. Such
participation was mobilized effectively to develop the restructured plan contained in our
Report. Continued and enhanced |eadership from the “grass roots’ will promote
community consensus; it will sharpen the focus on the mission and goals; it will help foster
aclimate conducive to innovation; and it will strengthen outreach to the stakeholders,
related science fields, and the public. One mechanism for this leadership participation isthe
continuation of the Science Subcommittee of the FEAC.

*The FEAC did not assess or include closeout costs associated with the termination of
facilities and programs. If these costs must be funded by the Fusion Energy Sciences
Program, resources to do so must be added to the budget to accomplish the described
restructured program.
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Finally, as the nation’s program-dedi cated | aboratory for fusion science, the PPPL
must provide the leadership necessary for the restructured national Fusion Energy Sciences
Program to succeed. The PPPL provided such national leadership for the Tokamak
Physics Experiment (TPX) project, and we want to emphasize the importance of
maintaining this critical resource and capability.

We are confident that the recommendations contained in the Report are responsive
to the concerns raised by Congress and will allow the DOE Fusion Energy Sciences
Program to advance the scientific knowledge-base needed for an economically and
environmentally attractive fusion energy source for the nation and the world.

Sincerely,

Robert W. Conn, Chair

Fusion Energy Advisory Committee,
on behalf of the Fusion Energy
Advisory Committee and its two
Subcommittees

Enclosure
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Executive Summary

In response to arequest from the Director of the Office of Energy Research, this report provides
recommendations from the Fusion Energy Advisory Committee (FEAC) on how to restructure the
fusion program in light of congressional guidance and budget realities. The restructuring is based
on: asurvey of thefield, including science and technology issues, capabilities, and programs; a
new mission for the U.S. Fusion Energy Science program; and a set of policy and science goals.
The report includes: the principles and outline of the restructured program; an analysis of the
impact of annual budgets ranging from $200M to $275M; and recommended actions to implement
the transition and establish a governance system for the restructured program. In this funding
range, the United States must concede |eadership of the world's fusion energy devel opment effort
to Europe and Japan.

The underlying theme of the restructuring isto redirect the program away from the expensive
development path to afusion power plant to focus on the less costly critical basic science and
technology foundations. The proposed new mission and supporting policy goals are as follows:

M SSI ON: Advance plasma science, fusion science,
and fusion technology — the know edge base needed
for an economcally and environmentally attractive
fusion energy source.

POLI CY GOALS:

y Advance plasma science in pursuit of national
science and technol ogy goals.

y Develop fusion science, technology, and plasnna
confi nenent | nnovations as the central thene of the
donestic program

Yy Pursue fusion energy science and technology as
a partner in the international effort.

Asafirst step, we recommend the adoption of the mission and goals and renaming the program the
Fusion Energy Sciences Program, to reflect accurately the new focus. By incorporating the
new mission and goals, the restructured program can fit within a constant annual budget and does
not require increased outlays for construction of new facilities.

During the subcommittee process, we identified and assessed eight scientific and programmatic
issuesinvolved in the transition to the restructured U.S. fusion program: (1) Fusion Program



Scientific Goals, (2) Development of Basic Plasma Science, (3) Theory and Computation, (4)
Major Tokamak Facilities, (5) Plasma Confinement Research (Alternative Concepts) (6) Inertial
Fusion Energy, (7) International Thermonuclear Experimental Reactor (ITER), and (8) Fusion
Materials and Technology. Summary assessments are included in the report.

Budget Impacts

The FY 96 budget of $244M (a 32% reduction compared to FY 95) forced hard choices and has had
serious consequences. Looking toward the future, all the funding scenarios require usto close
scientifically productive domestic facilities for budgetary, not scientific, reasons, in order to
achieve cost-effective utilization of the remaining facilities and to begin the pursuit of new
opportunities and directions essential to the restructuring.

The funding level in FY97 iscritical, and it is possible only with $275M to move forward briskly
on restructuring while accomplishing the full programmatic scope directed in the FY 96
Appropriations Report from Congress. Below $250M, it would be necessary to consult again with
our international partners on an affordable U.S. sharein the ITER Engineering Design Activities
(EDA). The restructuring transition would be prolonged and complicated and result in a program
that is marginalized in the international context.

In FY 98 and beyond, stable funding at or above the FY 96 level of effort would allow the United
States to remain abreast of international development across fusion science and technology and to
continue world leadership in selected specialties. Such niche leadership is essential for usto be
sought by international partners as avalued participant, though perhaps minor monetary
contributor, for internationally launched major facilities, defining the path to fusion energy
production. At all budget levels, anincrease in international cooperation (creation of flexible
mechanisms to exploit the capabilities of international facilities jointly) is of paramount importance.

Governance

Critical to the success of the restructured program isimmediately starting a governance transition,
as amechanism for guiding and implementing the major programmeatic changes in a smooth and
effective manner.

The Fusion Energy Sciences Advisory Committee to DOE's Office of Energy Research,
assisted by a continuing Science Subcommittee, should advise ER-1 and the program office on
policy, goals, priorities, budget, direction, program balance, and governance.

Fusion Energy Sciences Program M anagement must be reorganized and downsized to
match the science-dominated mission, and rely significantly on peer review as the primary input for
funding alocations.

Specific programmatic reviews should be conducted and integrated during the remainder of FY 96
to help set the technical priorities of the restructured program, given afunding level not to exceed
the FY 97 President's Budget Request.

y A Major Facilities Review in association with a User Access Working Group

! Leadership of the Nation's plasma science research effort is recommended in partial response to the
recent Report of the Panel on Opportunitiesin Plasma Science and Technol ogies, Plasma Science from
Fundamental Research to Technological Applications, National Academy Press, Washington, D.C.,
1995.




y An Alternative Concepts Review

y Planning for review of the ITER EDA and its results and to establish criteria for
a decision on future U.S. participation.

The current federal budget redlities and the lack of a perceived domestic energy shortage demand
program restructuring in accordance with the recommendations in this report, so that the U.S.
program will focus on the science and technology foundations for a future or internationally led
push toward fusion energy. United States involvement in fusion research and development will
continue to be "avaluable investment in the energy future of this country and the world, aswell as
sustaining afield of scientific research - - plasmaphysics - - that isimportant in its own right and
has been highly productive of insights and techniques applicable in other fields of science and
industry."? Enhanced public outreach is needed to keep the public, stakeholder groups, and the
broader scientific community fully informed.

2 The U.S. Program of Fusion Energy Research and Devel opment, Report of the Fusion
Review Panel, President's Committee of Advisors on Science and Technology (PCAST), July,
1995.






A Restructured Fusion Energy Sciences Program
1 Introduction

1.1 Background Inthe Conference Report for the FY 1996 Energy and Water Devel opment Bill,
which included a significant reduction in the funding to pursue fusion energy, the Conferees
directed the fusion energy program "to restructure its strategy, content, and near- to mid-term
objectives." The Conferees further stated that "the restructured program should emphasize
continued development of fusion science, increased attention to concept improvement and
aternative approaches to fusion, and development and testing of low-activation structural materials
so important to fusion's attractiveness as an energy source.” While there exists an acknowledged
long-term need for new energy sources for this nation and the world, the lack of a near-term need
and the current national goal of balancing the budget necessitates that we redirect the fusion energy
program to more closely match national needs over the near to mid-term, while positioning
ourselves properly for the future.

The Confereesinstructed the Department of Energy, with the participation of the fusion community
and the Fusion Energy Advisory Committee (FEAC), to prepare a strategic plan to implement a
restructured fusion program, assuming a constant level of effort in the base program over the next
severa years. On December 5, 1995, the Director of the Office of Energy Research, Department
of Energy, requested FEAC to provide recommendations on how to restructure the fusion program
in light of congressional guidance and budget realities (see Attachment 1). Thisreport respondsto
that request.

1.2 Process Followed: To establish goals, a strategy, and an implementation plan, FEAC
established two subcommittees. The Strategic Planning Subcommittee (SPS), specifically charged
with devel oping the deliverables, and the Scientific I ssues Subcommittee (SciCom), charged with
providing scientific assessments to inform the deliberations. The two subcommittees worked
closely throughout the study on the analysis of the key issues. In addition, extensive efforts were
made to solicit (including through the Internet) opinions, proposals, facts and positions from the
fusion community and interested stakeholders. Over 200 communications were received, and they
generated considerable debate. Actions included the following:

. Three open meetings were held, at the Princeton Plasma Physics Laboratory
(PPPL), General Atomicsin San Diego, and the San Diego International Thermonuclear
Experimental Reactor (ITER) Cocenter.

. The chairman of the SPS visited the facilities and held discussions at the
Massachusetts I nstitute of Technology (MIT) Plasma Fusion Center.

. The subcommittees held discussions with the heads of the Japanese, European
Union, and Russian fusion efforts, and the head of the ITER design team.



. Several discussions were held with DOE officials and staff, officials from the
Office of Science and Technology Policy (OSTP) and the Office of Management and Budget
(OMB), and the staff of relevant congressional committees.

The subcommittees. specifically carried out a survey of the field, including science and technol ogy
issues, capabilities, and programs; defined a new mission for the U.S. Fusion Energy Science
program; established a set of policy and science goals; developed the principles and outline of a
restructured program; studied the impact of budgets on goals; defined a program that assumes a
constant level of effort of $250M (FY 97 dollars) (as called for in the Conference Report Language)
and describes the impacts of budgets up to $275M and down to $200M; and developed principles
of governance to guide the transition of the program to the new structure.

1.3 Assessment of Fusion Energy Research: Our assessment of fusion energy research focused
on identifying key science and technology issues affecting fusion policy and on evaluating the
capabilities and strategies of fusion programs throughout the world. The recently completed report
from the Fusion Review Panel of the President's Committee of Advisors on Science and
Technology (PCAST),? the report from the Panel on Opportunitiesin Plasma Science and
Technology published by the National Research Council (NRC),* and the Draft Strategy for a
Restructured U.S. Fusion Energy Research Program prepared three months ago by DOE's Office
of Fusion Energy (OFE) using input from leaders of the U.S. fusion program were carefully
evaluated as part of our assessment. Overall, our subcommittee strongly endorsed the conclusion
from the PCAST report describing U.S. funding for fusion research and development (R&D) as"a
valuable investment in the energy future of this country and the world, aswell as sustaining afield
of scientific research — plasma physics — that isimportant in its own right and has been highly
productive of insights and techniques applicable in other fields of science and in industry.”

During our subcommittee process, we also identified scientific and programmatic issues within the
present U.S. fusion program. For each of these areas, we prepared an assessment that helped to
motivate and define our Restructured Fusion Energy Sciences Program. These issue summaries
aso illustrate how the implementation of our new policy goals can strengthen key research areas
and set necessary budgetary priorities. These issue summaries are attached to the end of this
report, and they serve to expand and clarify program needs and solutions concerning (1) Fusion
Program Scientific Goals, (2) Development of Basic Plasma Science, (3) Theory and
Computation, (4) Maor Tokamak Facilities, (5) Plasma Confinement Research (Alternative
Concepts) (6) Inertial Fusion Energy, (7) International Thermonuclear Experimental Reactor, and
(8) Fusion Materials and Technology.

2 A New Mission

® The U.S Program of Fusion Energy Research and Development, Report of the Fusion Review
Panel, President's Committee of Advisorson Science and Technology (PCAST), July, 1995.

* Plasma Science from Fundamental Research to Technological Applications Report of the Panel
on Opportunities in Plasma Science and Technology, National Academy Press, Washington, DC,
1995.



We recommend that the mission of the U.S. Fusion Energy Sciences Program be modified to bein
accord with both the most recent guidance and resources made available by Congress.

Specifically, the fusion energy program outlined in the Energy Policy Act of 1992 (e.g., a
technology demonstration by 2010 that would verify the practicability of commercia electric power
production) cannot be realized at the budget levels now foreseen. Consequently, we recommend
that the mission for the U.S. program be restated to put it more in aworld context, reflecting the
reality that the leadership of the world's fusion energy development effort now lies outside the
United States, as well as emphasizing both its science and technology goals. Based on discussions
with our international partners, and guidance we have received, this mission can best be stated as:

M SSI ON: Advance plasma science, fusion
science, and fusion technology — the

knowl edge base needed for an econom cally
and environnentally attractive fusion
energy source.

Thismission and intent can best be met with the following set of policy goals:

¥y Advance plasma science in pursuit of national science and technology
goals;

y  Develop fusion science, technology, and plasma confinement
innovations as the central theme of the domestic program; and

¥y Pursue fusion energy science and technology as a partner in the
international effort.

These goal s have the same major el ements as the PCAST key priorities, but emphasize more the
science foundation of the program. They are elaborated below.

By incorporating the new mission and goals, the restructured program can fit within a constant
annual budget and does not require increased outlays for construction of new facilities.

2.1 Advance Plasma Science_Plasma science is a cornerstone of the scientific infrastructure of the
country, and is a prerequisite competency to pursue many national science and technology goals,
from national security to industrial processing and astrophysics, requiring major advances at the
frontiers of science and numerous enabling technologies. Fusion Energy isthe Grand Challenge
of Plasma Science, and is"...the largest driver for the intellectual development of Plasma Science.”
The peopl e tackling the scientific and technol ogical issues involved have created a wellspring of
knowledge and capability which is anational asset of enduring value. As the centerpiece of the




nation's plasma science infrastructure, the restructured Fusion Energy Sciences Program must
explicitly move to broaden its intellectual and institutional base in fundamental plasma science and
attendant enabling technologies, preferably in partnership with other agencies.

2.2 Develop Fusion Science and Concept InnovationFusion science has seen major advancements
over the past 30 years, with attendant benefits that strengthen the national science and technology
base. Fusion Scienceisthe combination of plasma science, related disciplines, and enabling
technologies required to develop fusion as an energy source. The restructured program will focus
on continued development of fusion science with increased attention to concept innovation and
alternative approaches to fusion. Key enabling technologies, including radiation resistant, low-
activation material and blanket technology, central to fusion's environmental and economic
attractiveness, must be pursued. Increased international collaboration must be a mechanism for
maximum benefit from the world capital investment in advanced facilities. U.S. strengthsin
theory and modelling, diagnostics, and other areas where we can provide unique resources should
be increasingly brought to bear in partnership on al domestic and international facilitiesto achieve
critical scientific and technological goals with maximum dispatch and minimum cost. The
restructured program will also explicitly take the lead in reaching out to other disciplines and areas
of national need for mutual benefit.

2.3 Pursue Fusion Energy as an International CollaborationFusion energy holds the potential to
provide avital, environmentally attractive energy option for agrowing world population in the next
century and beyond. The pursuit of fusion energy is of such cost and complexity that it can only
be achieved through international collaboration.

Asdiscussed in the PCAST report, much of the world will find energy availability acritical
roadblock to progressin the next century and beyond, and it could become amajor determinant of
global political stability, asit hasin the past. Among the maor supporters of fusion energy
development, the United States has larger domestic fossil energy resources and potential for
renewabl e energy than the European Union and Japan. Asaresult, fusion energy research has a
relatively lower priority in the United States. Europe and Japan are supporting a much larger
fusion research effort than the United States to meet their own future needs, to provide for
international energy options and stability, and to support trade with the devel oping world.

While the development of anew energy source is not a critical near-term need in this country, it is
inour national interest to be a credible partner in this international pursuit and to pursue long-term
energy options that alleviate the environmental problems of fossil fuels. National benefitsinclude
providing energy security for agrowing world population, preventing our own scientific and
technological isolation, positioning ourselves as aworld provider of energy technology, and
meeting our commitments as areliable partner. To be astrong partner in this long-range quest, we
need a vigorous domestic program in fusion science and technology. The domestic program
provides the basis for leadership internationally and positions our industriesto field and exploit the
technology when it is mature.

Theinternational collaboration is now focussed on the scientific base, technology development,
and engineering design necessary to construct along-pulse burning plasma experiment — the



ITER. Therestructured program should make every effort to remain a strong partner in the
worldwide fusion program and provide a structure for a coordinated international effort. In
particular, the restructured program must strive to meet our commitment to the successful
completion of the ITER Engineering Design Activities (EDA), to leave open the possibility of U.S.
participation in ITER construction and/or other international collaborations to advance fusion
science and technology toward electricity generation, at a moderate-cost, but high-leverage
investment for the United States.

3 Implementing Principles

In executing the mission of the new U.S. Fusion Energy Sciences Program, the committee
recommends that ten principles be applied:

1.  Science Focus. Fusion science represents a combination of interrelated disciplines that
advance through large- and small-scale experimentation, theoretical and computational modelling,
and materials and technological innovation. We envision the restructured fusion program to be
integrated around a set of national and international experimental and theoretical resources and
interaction with numerous scientific communities.

2.  Energy Goal. The new science program serves the U.S. DOE's energy mission. That
is, the program supports science with the long term purpose of enabling the development of an
abundant, safe, environmentally attractive, and cost-competitive energy source.

3. Reliability as an International Partner. Consultation with our international partners
should be amgjor ingredient of the evolution of our commitment to the ITER EDA.

4.  Complementarity to the International Effort. The program should be designed in
such away that it complements the international effort to field afusion energy source in the first
half of the next century. This principle positions the United Statesto reenter an international effort
quickly, whenever it becomes nationally advantageous to do so.

5. Leadership in Selected Areas. Areas of U.S. expertise having high leverage in the
international effort to develop fusion energy should be identified and pursued vigorously with
healthy funding. A few examples of these areas are plasma theory and computation, high-
performance operating modes for tokamaks, low-activation materials, diagnostics, and plasma
confinement innovations.

6. Scientific Excellence. All elementsof the fusion program should be peer reviewed and
held to the highest standards of scientific excellence. Thisprincipleis particularly important to
guide program restructuring.

7.  Facility Balance. An appropriate balance should exist between a few well-integrated,
large national facilities investigating a spectrum of fusion science issues, and smaller facilities more
narrowly focussed on well-posed scientific investigations. Our larger facilities produce plasmas



with conditions resembling those found in future fusion energy sources. They provide scientists
with unprecedented opportunities to explore fusion and plasma science, and they should be used as
centers of collaboration both nationally and internationally. Smaller facilities can be constructed at
significantly reduced investment; thus, they provide an effective route to high-risk, high-benefit
experimentation.

8. Importance of a National Laboratory for Plasma Physics. The Princeton
Plasma Physics Laboratory (PPPL), the nation's program-dedi cated laboratory for fusion science,
isacritical national resource for the fusion program. Asan internationally recognized national
center of excellence, it must maintain a critical mass of core competencies for national leadership
and international collaboration for fusion science. Itstechnical infrastructure represents decades of
investment and must be effectively utilized.

9. Education and Human Resources. A strong educational component is essential to
ensure the lasting benefits resulting from the fusion program, to attract the brightest people to
address the challenges facing fusion, and to maximize the application of our expertise and
knowledge base to related fields such as photonics, surface science, semiconductor fabrication,
and coherent radiation sources.

10. Diversity of Participation. Project participants should represent a geographically,
scientifically, and institutionally diverse set of intellectual resources.



4 Budget Impacts

In its budget deliberations, FEAC and its subcommittees focussed on program funding levelsin the
range of $200M to $275M. In all the cases, most especially below $250M, facilities are
terminated, and closeout and decommissioning costs will be required. FEAC is unable to assess
these costs, and recommends that the DOE provide for them outside the scope of the program,
since their inclusion in the program budget would significantly erode the productivity of the
program and seriously compromise the restructuring.

The FY 96 budget of $244M (a 32% reduction compared to FY 95) has had a number of
consequences. amajor loss of scientific and technical manpower; the foregoing of further
significant capita facilities; termination of some critical enabling technologies; a curtailment of
university research programs in experimental plasma physics; a subcritical and inefficient utilization
of our major tokamak and other facilities; reductions in numerous programsin industry and the
national laboratories; and arenegotiated, minimal contribution to the ITER EDA. These were hard
choices among meeting our international commitmentsto the ITER EDA, our utilization of world-
classfacilities located within the United States (facilities which are in a period of unprecedented
scientific productivity), and terminating valuable elements of the core U.S. scientific program.

Restructuring in the absence of athoughtful transition could further lose significant useful human
and capital assetsthat are at the heart of our current strong position in thisfield. We recognize the
need to close existing domestic facilities to allow pursuit of new opportunities and directions that
keep thefield vital, exciting, and productive in this depressed budget climate. Aswe restructure
the fusion science program with anew set of policy goals and priorities, and constant budgets, a
vital and viable long-term program must be devel oped that creates scientific progress for the nation
and areal contribution to our goals.

The Conference Report Language states.

"The high cost of fusion devel opment points to the increasing importance of international
cooperation as a means of designing, building, and financing major magnetic fusion facilitiesin the
future. Because the United States has committed to such an approach, it iscrucia that a
restructuring of the fusion program maintain a strong domestic base and not undermine our
credibility asareliableinternational partner.”

An important factor in our deliberationsisthat at arelatively constant level of effort, a strong
domestic program and international collaborations are constructively complementary goals, while at
the lower budget levels we were asked to consider they become conflicting and divisive, especially
during the transition phase over the next two years. The great challengeisto find the proper

bal ance among the program elements, in both the near and longer terms.

4.1 The Constant Level of Effort ($250M) Case: In response to the congressional budget
guidance of a constant level of effort, we will speak to a$250M FY 97 budget. To move resolutely
to arestructured program, the following must occur in FY 97:




¥y TFTR operations must cease during FY97, running at high utilization
for part of the year, and at a significant reduction from a full
utilization budget.

With this action, we have made some painful choices. The TFTR isa$1B facility
that is now in aperiod of extraordinary scientific productivity, exploring newly discovered regimes
with new diagnostics in a deuterium-tritium environment. For lack of ~$25M, we are forced to
terminate this program prematurely, foregoing unique scientific opportunities to study plasma self-
heating and reacting-plasma phenomena. It isunclear when these lost opportunities would return.

y DIll-D and C-Mod and the leading smaller facilities must move
toward full, maximally productive utilization.

¥y  The ITER EDA commitment is constant in as-spent dollars at the
renegotiated lower level, with scope determined in consultation with
our international partners.

¥y There must be increases in plasma science and alternates, with PPPL
taking the lead in some of the effort, and including greater
international collaboration.

y  There must be modest increases in materials and technology budgets.

¥ There must be a reduction in the total DOE program staffing,
including field offices.

This plan begins the recommended redirection on aflat budget. It better utilizes the surviving
facilities, which are currently subcritical. It continuesto strain our ability to deliver our ITER
commitment for the remainder of the ITER EDA. It abandons the unique scientific opportunities
lost by the premature termination of TFTR.

In the outyears in the constant level of effort case, we envision the following:

y  Continued full utilization of DIII-D and C-Mod at least through
2001, including some upgrades, as user facilities to pursue the rich science to be
gained.

¥ A growing portfolio of new experiments including one or two smaller
but scientifically aggressive new facilities, at least one taking advantage of the
PPPL infrastructure.

¥ A robust theory and modelling program.



y A fundamental plasma sciences budget in the range of 5% of the
funding for the base program.

¥ A healthy materials and technology effort, including capturing that
part of our technology program now dedicated to the ITER EDA, and redirecting
it to new technologies.

¥y A potential commitment to ITER construction determined by a
rigorous review of the ITER design and in consultation with our international
partners, but with any increase over the current ITER EDA level requiring overall
budget growth.

¥ A growing set of international collaborations which focus our niche
strengths on major science and technology goals.

4.2 At Lower Funding Levels Thereisavery painful conflict among implementing the goals of
the restructured program, honoring our international commitment to ITER, and obtaining any
further valuable scientific benefitsfrom TFTR. The TFTR'’s premature termination would lose
imminent discoveries central to the advancement of fusion science and put them out of reach for
many years.

Significantly below the $250M level, while we envision a continued level of support for the ITER
EDA, it would be necessary to consult again with our internationa partners on the level and nature
of our participation in the final two years of the fully integrated ITER design and technology-
development phase. Further withdrawal from the ITER EDA would severely strain the relationship
with our partners, complicating any attempts to strengthen science and technology collaborations
with them in other areas.

The productivity of al mgor U.S. facilities would be adversely impacted, possibly requiring a
reduction to only one major operating facility. Opportunities for new scientific initiatives would be
severely constrained, defeating the key objectives of the program restructuring. The nation’s
technical credibility as an international collaborator would be further damaged by the shrinking of
the domestic base. At the $200M level both the niche leadership and the resources available for the
United States to put into an international collaboration asajunior partner in ITER would be only
marginally attractive to the magjor partners. The United States would not be adequately prepared for
the further development of fusion energy by the international community and would be at a
significant competitive disadvantage.

4.3 The $275M Case A $275M budget in FY 97 would allow the restructuring to proceed with
much |ess destructive consequences than the $250M case. Specifically,

. It would allow the highest-priority scientific opportunitieson TFTR to be exploited before
terminating its operation during FY 98.



. It would enable usto strengthen our support of the ITER EDA and restore some of our
origina commitments.

. It would allow more vigorous pursuit of new directions that are at the core of the
restructuring.

. It would allow more productive near-term utilization of DIlI-D and Alcator C-Mod.

For these reasons, we conclude that the goals of the restructured fusion program can be
accomplished most effectively at afunding level of $275M.

In FY 98 and beyond, stable funding at $275M would allow the United States to pursue some
aggressive small-scale fusion scienceinitiatives after the TFTR is closed, to remain abreast of
international developments in fusion science and technology, and to continue world leadership in
selected specidties. Such niche leadership is essential for usto be sought by international partners
as avalued participant, though perhaps minor monetary contributor, for internationally launched
major facilities, starting with ITER, defining the path to fusion energy production.

5 Governance

5.1 Purpose and Principles: The governance system for the restructured Fusion Energy Sciences
Program needs to: ensure focus on the policy and scientific goals; provide oversight; establish an
open process for obtaining scientific input for major decisions, such as planning, funding, and
terminating facilities, projects, and research efforts; build community consensus; orchestrate
international collaboration fully integrated with the domestic program; and promote effective
outreach to and communication with related scientific and technical communities domestically and
internationally, industrial and government stakeholders, and the public.

General governance principles to accomplish these goals include open communication within the
fusion community and with stakeholders, managing transitions to be constructive, not destructive,
"due process' for mgjor decisions, no entitlements, and community consensus on priorities and
bal ance consistent with the government's agenda. Critical to the success of the restructured
program isimmediately starting the governance transition, as a mechanism for guiding and
implementing the major programmeatic changes inherent in the restructuring in a smooth and
effective manner. Some elements of the recommendations below are already in place and can serve
as afoundation for restructured governance.

5.2 Fusion Energy Sciences Advisory to the Office of Energy Research: This committee,
populated by stakeholders, practitioners, and scientific ‘outsiders,’ should advise ER-1 and the
program office on policy, goals, priorities, budget, direction, and program balance. It can be used
by the DOE to obtain community and stakeholder input on a broad spectrum of scientific and policy
issues as they arise (or in anticipation thereof). Animmediate priority isto oversee and provide
policy integration for the specific immediate actions recommended here. It should recommend an



appropriate governance system for the program for the longer term. The membership must be
reconfigured to oversee and institutionalize the changes involved in restructuring.

A continuing Science Subcommittee, including experts representing the diverse fields of science
and engineering underpinning fusion science as well as selected other fields should be established
to provide an important channel of communication from the full breadth of the fusion community to
the Fusion Energy Sciences Advisory Committee, and to provide the best possible scientific input
for priority setting. Beyond providing input to the Fusion Energy Sciences Advisory Committee,
the Science Subcommittee would be a new locus of scientific |eadership and offer a mechanism for
the fusion community to build consensus.

5.3 DOE Fusion Energy Sciences Program: The primary role of program management isthe
funding, management, administration, and oversight of the program. To accomplish thisrole
effectively, it is essential to preserve the core of highly qualified, scientifically knowledgeable
staff, but to reorganize and downsize (headquarters and field elements) to match the
science-dominated mission, now replacing the milestone-driven energy development mission. The
program structure and budget categories should become aligned with the goals of the restructured
program. A peer review process should be used as the primary mechanism for evaluating
proposals, for assessing progress and quality of work, and for initiating and terminating facilities,
projects, research programs, and groups. This approach will alow program management costs to
be brought into parity with the other program offices in the Office of Energy Research.

5.4 Specific Immediate Actions The remainder of FY 1996 presents a limited window for
devising and implementing suitable processes and for starting to align the program for a smooth
transition into FY 97. Without prejudging the optimum complement of responsive, flexible, and
minimally bureauc