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U.S. ST research well represented at ISTW2011
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Selected highlights

* Transport
—TS-3, UTST, MAST — merging for heating
* H-mode physics
—MAST BES data
* MHD
—MAST disruption mitigation
* Next-steps

—Japanese ST reactor studies



TS-3 Spherical Torus Merging Device

@ The first merging ST device since 1985
U. Tokyo, Nihon-U, Osaka-U., NAOJ, ISAS
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ICCD Image Reconstruction to measure 2-D T, Profile
1. Extract each code spectrum from ICCD Image
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Evidence of
Fast Shock
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Single ST

Heating power of ST
merging is as high as
10MW for half kG STs
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MAST-TS Collaboration

The reconnection start-
up heats 1ons and
electrons much faster
than the conventional

CS startup.
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High-6 ST Sustainment




1) Ion Heating
4= Intermittent Merging

The intermittent ST
merging increases
both of toroidal flux

and toroidal current.
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16% ISTW & 5% |AEA Technical Meeting on Spherical Tor, NIFS, Toki, Japan, September 2011

Progress & Developments on MAST

Brian Lloyd for the MAST Team
& Collaborators
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» Views Doppler shifted D, emission from heating beam
« APD array detector: 8 radial x 4 poloidal channels

- View location radially movable from R, =0.7-1.5 m

« 2 MHz digitization frequency, 0.5 MHz BW

2cm » Resolution: k, , <2 n/(2cm) ~ 1.6 cm’!

- EEmmmEmE |- - ko < 1 — ITG scale turbulence
T

i — Sensitivity on/n = few 0.1% at a few
0.1 MHz

In-vessel

collef._:tion Interference filter

optics

Mirror drive APD array camera
A. Field, D. Dunai (RMKI), Y-C Ghim (Oxford) et al

ISTW & IAEA TM, NIFS, Toki, Japan September 2011
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4 Broadband turbulence in frequency range 0-100 kHz above noise floor

d Common mode component due to coherent MHD (TAE, fishbones, LLM, etc)
d Significant power from background signal during ohmic phase

A. Field, D. Dunai (RMKI), Y-C Ghim (Oxford) et al

B.Uoyd ISTW & IAEA TM, NIFS, Toki, Japan September 2011



#26791: Cross-power spectrum, chs 10-16
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+  MAST disruption mitigation valve supplied via collaboration with FZJ
— 65ml injection volume

+ Gas delivered via 1.5m long, 50mm diameter pipe
— Pipe outlet located within 30cm of outboard midplane separatrix

* Injection of a range of noble gas species and quantities:
— Ar(10%)/He mixture, Helium, Argon and Neon

@ . Yo

A. Thomton, M. Lehnen (FZJ) et al THE UNIVERSITY Wk

B.Lloyd ISTW & IAEA TM, NIFS, Toki, Japan September 2011



10% Argon 90% Helium

< Impurity ions penetrate to q = 2 surface prior to
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J 60 — 70% reduction in peak divertor power loads
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Energy to divertor can be reduced by a factor ~ x2 to ~ 40% of the total stored

energy
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A Conceptual Design of
Super Conducting
Spherical Tokamak Reactor

presented by YOShio Nagayama*
*National Institute for Fusion Science, 322-6 Oroshi, Toki-city 509-5292, Japan
nagayama.yoshio@nifs.ac_jp

The Joint Meeting of Sth LAEA Technical Mesting on Spherical Ton, & 16th International Workshop on Spherical Torus
(ISTW2011), & 2011 US-Japan Workshop on 5T Plasma
Mational Inastitute for Fusion Science, Toki, Japan, September 27-30, 2011
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Neutron damage problem can be

¥ solved in ST.
ﬁ——JﬂST

« Total (time integrated) neutron —
flux < 10 MW-year/m=2. | pg—

— Life time of the first wall is 2-3 TF return coll
years, if the neutron wall load is

3-5 MW/m?=.
+ Easy replacement of blanket Blanket Module 5 I
module solves the neutron
damage problem. e, ||
+ The wide separation between I] |
TF return coils in ST enables — |

the quick replacement of the
blanket cassette.

« Large port is a weak point to
support TF coils.

2011/9/30 ISTW2011, NIFS, Japan, Sept. 27-30, 2011
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Diverter
o0 Heat load is received by the liquid diverter plate

ﬁ! and detachment plasma.
JUST

» Heat load
— Area of diverter plate (A=2nRw)
— R=5m, w=0.03m then A=0.9 m?
— 50% of alpha heating = 270 MW.
— Heat flux = 300 [MW/mZ]

« Liquid Diverter plate
— Li {Hydride)
— LiSn (Effect to Flasma)

* Detachment

— V-shape diverter target limits the volume
and makes high density diverter plasma.

— Large area (100 m% w=1.5 [m])

Tritium Breeder

Radiation Shield

Evacuation Port

* Intense development is required!

I
Diverter Plate Detachment

2011/9/30 |5TR2011, NIFS, Japan, Sept. 27-30, 2011




Life Cycle Assessment for
Energy Payback of
Spherical Tokamak Reactors

US-Japan Workshop on ST Plasma
Sep 27t-30%" ,2011

Kanae Ban , Kozo Yamazaki, Hideki Arimoto, Tetsutarou Oishi, Tatsuo Shoji

Dept. of Energy Engineering and Science

Nagoya Univ.




Classification of reactor types

Mormal conducting coil

* Coppor B __~8

max

« ohmic- heatlng
* replacement of the Center Post

Super conducting coil

Center solenoid e Super conducting coil
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E output

EPR =

Ecanst. + EGPC?‘Hfiﬂﬂ + Ef-um! + Ercpiucc =+ EDccma.

Operation

The energy requirements for
operation including fixing and
maintenance is evaluated.

The operation energy is assumed
as 5% of input construction
energy every year.

Fuel

The fusion reactors in this study use the
deuterium-tritium reaction.

The tritium is bred in the blanket. Thus we
consider the amount of deuterium
consumed in fusion reaction.

Energy intensity of Deuterium is 140 [TJ/t].

Replacement

*The energy requirement for blanket,
divertor, and a part of the NBI exchanges is
evaluated. Only the case of ST has to
replace the center post.

*The frequency of replacement is decided
with the neutron wall load.

Decommission&Decontamination

We assumed that the decommission
cost is 0.5MS.

We multiply the decommission cost
by energy intensity of industry waste
disposal .
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Results

Aspect ratio dependence of the EPR

We show you that the relationship of aspect ratio and the EPR. We use the parameter,
aspect ratio ,elongation, and normalized beta which evaluated in the previous slide.

Aspect ratio dependence of the EPR. Aspect ratio dependence of the

fusion island weight.
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In the case of all reactors the lower aspect ratio is, the higher EPR is. The fusion island
weight increase with increase of aspect ratio. And then, the lowest fusion island weight
of each reactor are almost same. But the EPR of each reactor is different. In the next

slide, we describe the reason with three typical reactor models.




