Srearree Spherical Torus (Spherical Tokamak)
on the Path to Fusion Energy

ST can support fast implementation of fusion Demo
in unique, important ways

1) Opportunities to support the strategy of Demo after ITER

2) Important ways in which ST can do so
3) Component Test Facility for steady state integrated testing
4) Broad progress and the remaining CTF physics R&D needs

Martin Peng, NSTX Program Director

Fusion Power Associates Annual Meeting and Symposium

Fusion: Pathway to the Future
September 27-28, 2006, Washington D.C.
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EU-Japan plan of Broader Approach toward Demo
introduces opportunities in physics and component
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| Structural Material Dev. _ 8 ’é:_ 4

Blanket Technolog

A\

Fusion é\tructure Development w

Heavy Irradiation

Engineering
Research

Test Blanket

Component
JTechnology

Tokamak DEMO Reactor

Fusion Plasma
Research

ITER&DEMO Physics
Support Activities

S. Matsuda, SOFT 2006




Korean fusion energy development plan introduces
opportunities in accelerating fusion technology R&D

KOFusion Energy Development

Output: 0.5~1 GWe
Continuous Operation

Fusion
Technology

~ compact, Economical
~ High Power Density
High Reliability

GS Lee, US 2006




We propose that ST research addresses issues in
support of this strategy

« Support and benefit from USBPO-ITPA
activities in preparation for burning

plasma research in ITER using physics
breadth provided by ST.

« Complement and extend tokamak
physics experiments, by maximizing
synergy in investigating key scientific
issues of tokamak fusion plasmas

- Enable attractive integrated Component
Test Facility (CTF) to support Demo, by
establishing ST database and
leveraging the advancing tokamak
database for ITER burning plasma
operation and control. ST (All)

C USBPO-

Tokamak (~3/4) ITPA (~2I5)
OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY FPA Annual Mtg & Symp, 09/27-28/2006 UT-BATTELLE 4




World Spherical Tokamak research has expanded to
22 experiments addressing key physics issues
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ST supports and benefits from USBPO-ITPA in
preparing for burning plasma research on ITER

« NSTX completed in 2006 half of the 22 ITPA 2006-7 joint experiments
« ST “exceptions” prove ITER rules and test theory
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ST complements and extends tokamak physics in

investigating key fusion scientific issues
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Unique ST features can be exploited to provided
new insight into Tokamak physics

Fast evolution and energy & particle
content of ELM filaments measured

for the first time on MAST ELM filaments in MAST
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NdYag Thomson Scattering system
« 4 lasers fired with 5 us separation
* 1-cm spatial resolution
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ST research enables attractive integrated Component
Test Facility (CTF) to support fast Demo realization

R=12m,a=0.8 m, Ip~10 MA,
W, =1.0 — 3.0 MW/m? 5

Small unit size and high W,
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Peng et al, PPCF 2005
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USDOE plan includes CTF to complete first round of
testing in 2025 — consistent with the fast strategy

Strategic ﬁmelme—Fuswn Energy Sciences*
2015 2017 2019 2021 202:

The Science

* Complere experiments on NIF to advance the

) science of ignition and burn propagation

* Complete ITER experiments cded to design oprimized fuel pellers f
o determine plasma Intial Fusion I‘.m:lg\ plant (2020) for long d“nf'om on ITER
confinement in parameter * Copplere on ITER to d 1o define B

range required for an energy- impact of the fusion process on th requircments for fuslun
Fibilicy of encrgy-producing plasmas () power plants (2025)
S ——

Burning Plasma Demonstration

* Achieve high fusion power

* lniriate experiments on the -
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(NIF) to study ignition and

burn propagation in IFE-

relevant fuel pellets (2012)

= Major aspects relevant to bummrrﬂ\l
Fun‘k‘mmt‘zb ofplasma Bebavior To ka m a ks in experiments prior to full operation of ITER are predicred
with high accuracy and are understood (2015)
Determine the physics limits that constrain the use of
inertial fusion energy drivers in future key integrared
experiments needed to resolve the scientific issues for
inertial fusion energy and high-energy density physics

(2015)

producing plasma (2017)

Fusion
Simulation
Project

Deliver a complete integrared
simulation of a power-producing
plasma, validated with ITER

results, that enables the design of
fusion power plants (2020)

* Achieve a fundamental understanding o
wokamak transport and stability in pre-
ITER plasma experiments (2009)

= Evaluate the ability of the compact
stellarator configuration to confine a high-

Plasma Confinement Stellarators
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N STX = Demon: il self-generared
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* Resolve key scientific issues and determine the
confinement characteristics of a range of
attractive confinement configurations (2015)

* Evaluate the feasibilicy/arrractiveness of potential drivers,
including heavy ion beams, dense plasma beams, and laser:
for fusion approaches involving high-encrgy density (2009
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**For more detail on these facilities and the overall prioritization process, see the companion document,

Facilities for the Future of Science: A Twenty-Year Outlook.

usion Energy Contingency: If ITER construction and operation goes forward as planned,
additional facilities to develop and rest power plant components and materials will be needed o
complete the process of making fusion energy a viable commercial energy resource by mid-centu




CTF will carry out steady state integrated science &

technology testing to ensure Demo success

Abdou et al, Fusion Technology 1999

ITER CTF Demo
Tritium self-sufficiency goal (%) ~0 80-100 >100
Burning plasma duration (s) ~103 >106-7 ~107-8
Total 14-MeV neutron fluence (MW-yr/m?2) ~0.3 ~6 6-20
14-MeV neutron flux on wall (MW/m?2) ~0.8 0.5-3 3-4
Expected fusion power (MW) ~500 35-210 2500
Total area of (test) blankets (m?2) ~12 ~70 ~670
Plasma-wall interface index, P/R (MW/m) 24-32 30-100 ~100

CTF tests and develops “full-function” chamber components in small sizes

* Under integrated conditions with burning plasma, plasma-material
interaction, fusion neutron & tritium physics, combined materials in

fusion power environment, etc.

« Covering all chamber systems for power conversion, high heat flux,
tritium recovery, toroidal field center leg, and safety & environment, etc.
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Small CTF efficiently uses world’s limited tritium
supply before Demo starts to produce own tritium
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3 ° Tritium decays at a rate of 5.47% per year emo Start:
£ \ ‘
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Year

* ITER uses ~11 kg T to provide 0.3 MW-yr/m?

* Assuming 80% tritium recovery,
 One CTF needs 5 kg to enable testing to 6 MW-yr/m2
 Demo needs 3 kg/month to produce 2500 MW fusion power

« Avoid relying on more fission tritium to sustain testing in Demo
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Progress: NSTX obtained physics database for the
normalized conditions of basic CTF performance
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CTF need: more solenoid-free start-up data to enable
projections to full current

Sustained Parameters CTF NSTX long pulse
(T >> Tekin) (kK < 2.9, T~ Tgyin)

|,/aBt (MA/m-T) 4.6-6.0 3.8
Safety factor, q,,, 4.0-3.1 3.3
B (Y%o-m-T/MA) 3.0-3.9 5.1
Br (%) 15-25 19
alp, (=1/p;) ~ 50 ~ 30
Hogpby2 1.3 <1.3
Start-up to p/RI, (Wb) 2.7-3.6 ~ 0.13 (goal)

« Feasibility proven on NSTX (CHI), MAST (merging compression), Pegasus
(plasma gun) & LATE, TST-2, JT-60U (RF+VF swing, then NBI up to 0.6MA)

« NSTX to investigate combining CHI, EBW, HHFW, NBI & VF swing
* Progress: physics basis for CTF stability and confinement established

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY FPA Annual Mtg & Symp, 09/27-28/2006 UT-BATTELLE 14




Scientific feasibility of start-up using

Pecasus Toroidal Experiment

plasma guns was shown on Pegasus University of Wisconsin-Madison \\ /
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Scale up gun-driven current to
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Plasma Gun
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Feasibility of start-up by ECW/EBW + VF was

shown in the LATE device at Kyoto U EI:
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CTF need: steady state high heat flux divertor
physics data to enable projections to high W,

Sustained Parameters CTF NSTX so far
(t>> 1) | (K<2.5,1~1y;)
Va/ VAvaén 3-6 1-4 (VNBI VAvaén)
leaw/l, ~ 0.1 ~ 0.1 (goal)
l5¢/1p fractions 0.45/0.55 0.3-0.4/0.2-0.1
P/R (MW/m) 30-100 <9
SOL area expansion 10 — 20 ~5
Radiation fraction (%) 50 - 70% <30

* High priority for ITER, large tokamaks, S/C
tokamaks, and new ST in Japan

« NSTX to investigate liquid lithium divertor target
physics solution, and EBW heating & current drive

* Progress: basis for NBl & bootstrap current drive
physics established

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY FPA Annual Mtg & Symp, 09/27-28/2006
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New experiment at Kyushu U will begin in 2008 research
on sustained ST plasma-wall physics and engineering
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CTF with Q ~ 1-3 can take advantage of the full
physics database anticipated for ITER start
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Present-day ST experiments verify
commonalities with tokamaks and

test unique CTF physics needs.
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ST can support fast implementation of fusion Demo
in unique, important ways

« EU, Japan, Korea plan to implement Demo following ITER
» Opportunities for ST to support this strategy

* Propose that ST research community
* Support and benefit from USBPO-ITPA activities
« Complement and extend tokamak experiments

« Enable CTF to carry out integrated testing to ensure Demo success

» Attractive CTF option identified
* Included in the USDOE fusion plan
* Physics basis already broadly established
« Can leverage tokamak advances toward ITER

- Except for solenoid-free current start-up & high heat flux divertor —
being pursued worldwide; very-high heat flux, D-D device?

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY FPA Annual Mtg & Symp, 09/27-28/2006 UT-BATTELLE
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