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KSTAR disruption research aims to respond to the ITER research plan.
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SPIsingle injector.

Pellet injection optimization
for RE avoidance

(incl. TQ and CQ mitigation)

SPIsingle injector
demonstration for runaway mitigation

SPEFmultiple injections

SPImultiple injections

Alternative disruption mitigation
strategies

Optimization of shard size, velocity, amount, gas vs. shard
fraction, composition (D + impurity) to achieve RE
avoidance with optimum TQ, CQ (incl. wall loads)

Determination of feasibility to dissipate the energy of formed
runaway beams (amount, assimilation) and to improve scheme

Determination of effectiveness of multiple injections to achieve
RE avoidance with optimum TQ, CQ (incl. wall loads)
compared to single injections (incl. timing requirements)

Determination of effectiveness of multiple injection from
different spatial locations to achieve RE avoidance with
optimum TQ, CQ (incl. wall loads)

Exploration of disruption mitigation by schemes other than
massive injection of D , and high Z impurities

With different sizes and plasma parameters
(including high | p tokamak)
With appropriate measurement capabilities

With different sizes and plasma parameters
With appropriate measurement capabilities

With at least two injectors

from the same/similar locations

(toroidal separation not required)

With appropriate measurement capabilities

With at least two injectors
(toroidally well separated)
With appropriate measurement capabilities

Single tokamak demonstration
with appropriate measurement capabilities



K’TA'ﬁ'wo iIdentical SPIs were installed in toroidally opposite locations of KSTAR
for symmetric multi-injection (funded/supported by 10 and USDOE/ORNL).

A Up-looking bent tube shatters the pellet and aims plasma center: ITER-like design
ALow Z (D,), high Z (Ne, Ar), and their mixture can be injected selectively.
AThree barrels in each SPI control the pellet size: 4.5, 7.0, 8.5 mm A 4.5, 2 x 7.0 mm (from 2020)

A KSTAR volume: 1.8 x~ x(0.45)2x2x " x1.8~12.9m?3

A 4.5 mm: D# =6.47x1021, Ne# =3.83x102! + (D# of shell 1.10x102)

A 7.0 mm: D# =2.43x1022, Ne# =1.54x1022 + (D# of shell 2.70x1021) & Replaced with 4.5 mm barrel
A-8.5 mm:D#=4.36x%10%2_Ne#=2.82x1022 + (D# of shell 4.00x102%) & Replaced with 7.0 mm barrel
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KSTAR
SPI topics in KSTAR during 2019~2020 campaigns

A Characteristics of single SPI: neon fraction effect with pellet size scaling

A Simultaneous injection of SPIs: synchronization issue (pure deuterium, mixture)
A Dual injections from different toroidal locations (180Aseparation in KSTAR)
A Multi-barrel injections from same toroidal and poloidal location (same injection tube)
A Dual x multi-barrel injections = quadruple injections

A lnjection scheme using multi-barrels for achieving high density

A Pure deuterium pellet followed by neon/deuterium mixture pellet

AWall recovery from massive material injection (routine usage in SPI experiments)
A Electron cyclotron wall cleaning (ECWC) in superconducting tokamak



KSTAR Installation/upgrade of diagnostics are concurrently progressing

for investigating the disruption mitigation phenomena.

Toroidal AXUV arrays from O-port SPI AFiltered AXUV (poloidal and toroidal)
#1: +56.25 A | AIR sensor bolometer

‘ #3: -33.75A 3 \ ADivertor IR TV (vertical, 0.25 Mpx@1 kfps) |
#4: '10125AL | Jﬁ;__:elicoLrLkw. lCH/ECCD
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' AFiltered AXUV (poloidal)

I ) S -
ATangential IR TV (100 Hz) D b & .
' Aimaging bolometer (100 Hz) /A \ L
E A - \X\ K |
F A J ‘ AECE radiometer

G H [

|’ ; "NBI 2 AD-alpha monitor (Ne, Ar, He filter)
Avisible filter scope (Ne, Ar, He filter)
SP AVisible spectrometer

AECEI 1 (500 kHz) |

| ADispersion interferometer (vertical 3 channels) AHard X-ray monitor
' AECEI 2 (500 kHz) ANeutron detector




KS5TAR L . .
$ Although SPI physics is fairly three-dimensional,
these diagnostics still cannot cover full toroidal range due to several limitations.

A Most of bolometry are located near/around O-port (and also in-between O- and G-ports).
A Short wavelength dispersion interferometer is located at G-port.

A To overcome the coverage issue, we typically conducted a pair of experiments using each SPI.

JerEiial AL EmErE SO G e « Filtered AXUV (poloidal and toroidal)
#1: +56.25 * IR sensor bolometer

#2: -11.25°

#3:-33.75° f

« Dispersion interferometer (vertical 3 channels)\



KSTAR We fixed the reference discharge and

Instead experimented with varying the various SPI parameters.

SPI timing

l

Expected shards trajectory
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1,~0.75 MA, Wy,,,5~0.5 MJ, qg5~3.5, NBI-heated H-mode discharge



