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U.S. Fusion Energy Sciences Program Mission

“Advance plasma science, fusion science, and
fusion technology-- the needed for an
and fusion

energy source.”



Objective of the
U.S. Fusion Energy Sciences Program

Predictive
Capability




Where the Office of Fusion Energy
Sciences Does Business
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National Spherical
Torus Experiment

Massachusetts 8
Institute of =
Technology &

C-Mod
Started ’ | g
Operations ? :

in October
1991

General
Atomics

Doublet III
Started

Operations
In 1978

Princeton Plasma
Physics Laboratory

Torus started
Operations in 1999




Innovative Confinement Concepts
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Compact Auburn Torsatron
Auburn University, Auburn Alabama

Helicity Injected Torus-II Experiment
University of Washington, Seattle

Levitated Dipole Experiment
Columbia University/Massachusetts
Institute of Technology

Sustained Spheromak Plasma Experiment Helically Symmetric Experiment
Lawrence Livermore National Laboratory University of Wisconsin, Madison



General Plasma Science

There are presently 9 Plasma Physics There are presently 31
Science Junior Faculty Development NSF/DOE partnerships in
Awards (+1 in cooperation with NSF) Basic Plasma Science and

Engineering Awards

Laboratory Simulation of
Dense Z Pinch Solar Prominences
University of Nevada-Reno California Institute of Technology



Enabling Technologies Program

100 GHz Gyrotron Tube
(1MW power in 1 second
pulse) for Plasma Heating

and Control DiMES probe in DIII-D

provides data on plasma
material interactions.

Pellet Injector in DIII-D
for Plasma Fueling

Outside Launch (Existing)
Top Launch (Existing) —_—
Inside Launch (Future) ]

HUnion

12.5-m Total Length
Three Bends of ~70-cm Radius

ORNL Pellet Injector




World Magnetic Fusion Effort (2000)

Russia
~1/20
European

Others (o NZE 5§ &5 4 o 3 Union
1720 il SR ~1/2-

United States \ ‘
~1/6+

Japan
~1/3-

[Relative levels based on published budgets, rough estimates of personnel
not included in budgets and rough conversions to dollars]

1/05/00



Fusion Energy

o Defense Programs conducting high energy density physics
using OMEGA, and NIKE lasers; National Ignition Facility
under construction; results are used by Science in designing
energy producing targets

o SC developing components for energy applications,
especially accelerator-based driver and target chamber
technologies

o Developing international collaboration through bilateral
agreements



Inertial Fusion Energy Options

Targets

Fuel
capsule
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Indirect-drive Direct-drive
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Drivers

Heavy Ions
KrF Laser

Diode Pumped Solid State Laser



Major Reviews of the
Fusion Energy Sciences Program 1995-2000

THE U.S. PROGRAM OF
FUSION ENERGY

RESEARCH AND DEVELOPMENT

Report of the Fusion Review Panel

The President’s Committee of Advisors
on Science and Technology (PCAST)

July 1995

‘EDERAL ENERGY RESEARCH AND
VELOPMENT FOR THE CHAI G
OF THE TWENTY-FIRST

A Restructured
Fusion Energy
Sciences Program

Advisory Report
Submitted to
Dr. Martha A. Krebs
Director
Office of Energy Research
US. Department of Energy

By
The Fusion Energy Advisory Committee

January 27,1996

DOE/ER-0720

Panel Report To Fusion Energy Sciences Advisory Committee

"Recommendations on the

THE NATIONAL ACADEMIES

Rbrtaens 14 The Malion on Sulvace, Eapinsering, and Medicine

p———
Priorities and Balance within the ——

Fusion Energy Sciences Program

August 31,1999

Fusion Sclence Assessment Commits
ssessment

Report Submitted to

The hirth of modern plasma sclence

U.S. Department of Energy

gy source remains one of the most challenging
d. The early predictions of tabletop-5

a complex nonlinear medium. Early plasma experiments
asma splatiered against the walls of the containment vessel

By

The Fusion Energy Sciences Advisory Committee

balance Mmmnp\mm_-
large-scale instabilities
to break up and why d wse the energy ta leak

field? How do you ss plasma to the
temperatures required for fusion and how do you scc cly diagnose e complex
dynamics of the plasma at both large and small scales to test your undersianding of the sysiem?
These questions and many more must be answered to establish the firm kno \v\]ud}dm-c required
for the achievement of practical fusion energy production

September 1999

tiflc insights from plasma physics and their impact on other sclentific

cical development of the fusion program has involved both basic physics and the applied
in, explicitly applied goal of the fusion program, the larger

‘community can lose sight of the contributions the program has made to o

unders anding of fundamental physics. Basic plasma experiments elucidated th

U.S. Department of Energy

Office of Science Re l. s g le 3 wideapresd sppicaions n

icceptance by other fis

Promise of
Fusion Energy

(FESAC)

s acaeman ergbi

Nature and Level of U.S. Participation in the Final Report of the
International Thermonuclear Experimental Reactor Task Force on

Extension of the Engineering Design Activities"

January 1998

Fusion Energy

August 9, 1999

Secretary of Energy Advisory Board

USS. Department of Energy US. Department of Energy
Office of Energy Research

Reports avallable at:  http://wwwofe.er.doe.gov/More HTML/FESAC Charges Reports.htm




National Research Council Review

o Key Finding: Excellent Science
o Key Recommendations:

- Organize program around fusion science issues (instead
of how to develop a concept into a reactor)

- Connect with other scientific disciplines

- Partner with NSF



FESAC Review

o

o

o

o

Culmination of and
Broad community representation and consensus
Recommendations for

- Amongst MFE thrust areas

- Between MFE and IFE

Adopted by DOE in allocating FY 2000 and 2001 funds



Fusion Energy Sciences Budget

Other*

SBIR/STTR

GPP

Waste Management

FY 2001 Appropriation

Genera] 28D 0 119%
enera 8% bl
Plasma ,é TN

Science

NSTX
(11%)
Advanced
Tokamak
34%
Alternates
26%
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Enabling

Technology
14%

Total S248.5M

11/07/00



http://www.ofes.science.doe.gov/




BACKUP SLIDES



Fusion Energy is in Pasteur’s Quadrant

Prof. Donald Stokes, Dean, Princeton Woodrow Wilson School

Unlocking our Future: Towards a New National Science Policy

Considerations of Use?
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The Grand Challenge: Excellent basic research enabling
innovations to make fusion energy
practical.



Objective of the
U.S. Fusion Energy Sciences Program

Astrophysics Plasma Processing
Space Propulsion Predictive Fusion
. Capability .
Codes
TheOrY / \ Theory
Stability Plasma/Wall
DII-D  NSTX DILD
(Shaping) (Aspect Transport Wave /Particle Aleator C-Mod
Ratio) DII-D  NSTX DII-D  NSTX
° (Shaping) (Aspect ECH ICRF Plasma
° Ratio) ICRF Technology
Alcator C-Mod Alcator C-Mod ¢
(High B) ICRF °

LH ®



Fusion Energy Sciences Funding
(FY 2001 $ in Millions)
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Major Fusion Facility Use

Teaks

Rur

25
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Full Utilization Level

17 17
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8 7
DIII-D ' NSTX
[Tl ]
FY 97 FY 98 FY 01 Plan 11/07/00



Staffing Trends at Major Fusion Contractors
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Entering the 21st Century

Stronger Program

Broader portfolio
More innovative
Better science

More collaborative

Becoming better integrated



