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Motivation : Sustain high-f operating regime
for efficient fusion production

® Targeting sustained high B advanced tokamak operation at
reduced internal inductance ([;) above ideal MHD limits

—> Avoid MHD instability

S.A. Sabbagh et al., Phys. Plasmas 9 2085 (2002)
Y.S. Park et al., Phys. Plasmas 21 012513 (2014)

—> High non-inductive current
fraction (fy;) for sustainment
I. Voitsekhivitch et al., Nucl. Fus. 49 055026 (2009)

® Stability analysis essential <
for disruption event
characterization and
prediction using DECAF code

J.W. Berkery et al., APS DPP 2017, CP11.00093

Y.S. Park et al., APS DPP 2017, UP11.00055 |
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Outline : Transport, equilibrium and stability analysis
of high-f# KSTAR shots

® Interpretive TRANSP analysis  TRANSP : See http://transpweb.pppl.gov

Equilibrium from EFIT (e.g. kinetic EFIT)
Y. Jiang et al., APS DPP 2017, UP11.00056 & following talk

KSTAR experimental data as inputs (N,, T,, Tj;, We, ..)

—> Non-inductive current fraction (f;) and profiles computed

—> Effects on plasma stability

® MHD mode stability analysis :

Global mode ideal MHD analysis kink, ballooning, RWM) : DCON

A.H. Glasser, Phys. Plasmas 23 072505 (2016)
Resistive mode stability analysis: Resistive DCON

A.H. Glasser et al., Phys. Plasmas 23 112506 (2016)

Kinetic resistive wall mode (RWM) stability analysis: MISK
J. Berkery et al., Nucl. Fusion 55 123007 (2015); B. Hu et al., Phys. Plasmas 12 057301 (2005)
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TRANSP : Time dependent 1.5D tool for
interpretive/predictive analysis

B INPUT: Experimental data and
//:. model/calculation assumptions .;\\

Equilibrium solver

," RF source
NB source b Neutral transport -
(NUBEAM) 3 i ) (TORIC [ICH], LSC,
Fully validated Plasma transport solver TORAY,
For D-T ops GENRAY [ECH,
e LHCD])

MHD, *AE stability codes |
! ' | 4= | OUTPUT | ==
ELITE, IPS, SciDACs, etc.

Gyrokinetic codes
(GTC-NEO, GYRO, GS2, GTS...)

“Plasma State”

Output of TRANSP (Plasma State File) is standardized for simplifying

input to other computationally intensive codes
S. Kaye et al., TUG meeting 2015
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High non-inductive current fraction required
for long pulse, high-f plasmas

® [(Non-inductive) = [(Beam-driven) + I(Bootstrap)

® KSTAR plasmas can have high non-inductive current fraction

(fnr>70%)
5 5)( 106 | | | | ® Need to examine
| #18499 t=4.2s [llBeam-driven dependence on
2 Bl Bootstrap | plasma quantities
N .
g 15 Inductive _ (Ne; Ti; ,Bpr"-)
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High non-inductive plasmas not sensitive
to Z.ss variation

® Interpretive TRANSP with KSTAR #17228 t=2s measurements

Zery measurement not available — Z, ¢ profile set constant

® Scanon Z.¢ alters ion density variation
As Zsr increases (N decreases) :

—> Beam driven current T, Bootstrap current |
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High non-inductive fraction can occur in
different KSTAR operational scenarios
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Increase of non-inductive current fraction f; due to
increasing ﬂp, ITB, edge bootstrap current
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The presence of edge bootstrap in H-mode plasmas
significantly increases f y;
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® Strong bootstrap current fraction in edge region increases

significantly fy;

6
5 5 X 10~ | | |
#16325 t=2.05s -Beam-driven
2 Bl Bootstrap |
o Inductive
£ 15
<
. |
__)Q
0.5

02 04 06 0.8
III’n:::nr

Total non-inductive current fraction f; increased
due to edge ‘bootstrap bump’

fnr =71%
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g-profiles are reconstructed from equilibria using

magnetic pitch angle measurements
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® Stronger core bootstrap current fraction compared to H-mode
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g-profiles of ITB / limiter plasmas have
significant differences

Shot 18476, n= 1 2 3 4
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Ideal global stability analysis of new KSTAR kinetic
equilibria examined with ideal DCON

® |deal 8W calculations 4 Plasma total stored energy vs. time _
. = 't KSTAR :
with DCON S L0 4 3
th DCO = 3 il #18476 |
A.H. Glasser, Phys. Plasmas 23 072505 (2015 5t - | [‘"'kﬂiu P A E
= '. WA |i Folag, -
—> Indication whether g,/ |- "m\”
o 1°- .
plasmas above or 3, 1B Limiter plasma |},
belown = 1 no-wall = 1§
£ limit 0 2 4 6 8 10
Time (s)
. eofje . . .
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Increased core bootstrap current in H-mode
due to increased VP

® Stronger bootstrap current fraction in core region compared to
L-mode, due to stronger pressure gradient

® Still significant inductive current fraction (especially in the core)
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g-profiles reconstructed from kinetic equilibria show

evolution of magnetic shear
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® New resistive DCON code

esistive DCON : a new tool for MHD stability analysis
used on KSTAR for the first time

I N D .

Shot 18402, n= 1 2 3 4
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A broad non-inductive current fraction profile
in high f plasma operation
® Significant and broad bootstrap current fraction compared to
L-mode plasmas

® |nductive current fraction significantly decreased compared to
L- or H-modg plasmas
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End of high-f; phase due to onset of n = 1 mode

Shot 16295, n= 1 2 3 4
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Calculations of kinetic modifications to ideal stability
examined with MISK code

STWie ~ L MISK Calculations
(wp) + lwp — Ve +w

- . * Benchmarked
e Compared to
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MISK kinetic stability calculations for KSTAR with previous
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Kinetic global stability analysis of
new KSTAR kinetic equilibria is commencing
KSTAR #16325 @11.975s
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® KSTAR discharge with high non-inductive fraction, bootstrap
current bump, and large energetic particle (EP) fraction

Experimental plasma was stable to global MHD modes (RWM), has
varying rotating MHD

Time point analyzed for global stability was free of MHD activity
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profile and without considering energetic particles
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Present KSTAR research will now provide input to Disruption
Event Characterization And Forecasting (DECAF) code

® DECAF identifies disruption
event chains and predicts events
in those chains using warning
algorithms (including stability
models)

N
T

[
T

Collisionality
(v) (kHz)

region

o
o
N
N

Global MHD stability models 6 8 10

J.W. Berkery et al,, Phys. Plasmas 24 056103 (2017) (we) (kHz) Rotation
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Examination of KSTAR transport and stability supporting
disruption prediction and avoidance research has begun

® |nterpretive TRANSP analyses show high non-inductive current
fraction in advanced tokamak KSTAR operation regimes

While the total non-inductive current fraction is high (up to 75% in plasmas
examined), the non-inductive profile can vary substantially

® The resultant g profiles in these regimes (verified by kinetic
equilibrium reconstruction including MSE) can yield varied stability

Interesting flat g shear regions form that may correlate with observed
plasma stability, depending on the q level at which they appear

® Continuing analysis provides physics understanding toward
attaining stable long pulse, high performance KSTAR operation

Aim to optimize stable plasma trajectories to KSTAR design target plasmas

Set up predictive TRANSP runs for the 2018 scenarios with 2nd NBI system
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