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Governance Framework of Fusion R&D
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Korea Fusion Energy Development Plan

V. . Secure sustainable new energy source by technological development
and the commercialization of fusion energy

P

Phase 1 ('07~'11) Phase 2 (12 '26) Phase 3 ('27~41)

Construction of DEMO by
Establishment of a foundation Development of Core T e e e Capabl|lty
for fusion energy development Technology for DEMO of fusion slants

= Acquisition of operating technology = High-performance plasma operation” |« DEMO design, construction, and

for the KSTAR i'rlj'Ell(ngARr:tor preparations for the demonstration of electricity production
: * Participation in the intemational joint perafion = Undertaking of a key role in ITER
Basic construction of ITER = Completion of ITER and acquisition operations
Directions of core technology = Completion of reactor core and system
Eﬁgmﬁ':ﬁt oc;f fﬂsﬁ%ﬁe ,’Qag,ﬂ‘e = Development of core technology for design of the fusion power reactor
engineering technology the design of DEMO = Commercialization of fusion technolog
Basic Basic Basic Basic Basic Basic Basic
Promotion Basic Promotion Plan 1 (07~'11) proggtéon pmllgrt‘)téon pr0||1a1rc‘)t‘|10n prom:téon pr§mot|on prom:t;on
Plan i7-16) | ci7=21) ' (52~26) 73 | B3 | (B7an
Policy Goal Establishment of foundation for fusion engineering technology
ety Pl development for demonstrating electricity production
Primary < Acceleration for development of DEMO core technology
Strategy for % Strengthening of basic research in fusion and manpower fostering system
Plan 3 <+ Broadening the base of support for fusion energy development
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IKorea, Fusion Energy Development Roadmap

Work in Progress

Fusion energy
Development
promotion law and
enforcement deaee

Basic plan for
the development
and promotion
of fusion energy

Phase 1(07-'11)

Phase 3('27

-'47)

mrCUOUOmMmINWw UORxXx N=—HuvmZ00

KSTAR

Pre-CDA

(Concept Definition)

€

Establishment Phase 2('12-'26) DEMO construction and
o Development of DEMO core . o
of a foundation technolo acquisition of construction
for the 9y capacity for fusion power plants
development of
fusionpenergy ( 15 16) (¢ 1? ’21) ( 21? 26)
Construction | Achievement Achlevement Acqwsntlon of Testlng
of technology| of more than high- of
for KSTAR | 50 seconds in | performance |demonst
operations H-mode AT driving -ration
technology | reactor
(>300 seconds)
1st H-mode i
plasma (5.2sec)
Preparatory Construction and device Operation and demonstration
phase manufacturing

2000 2005 2010
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KSTAR Project

Mission is exploring the physics and technologies of high performance and
steady-state operation that are essential scientific and technological basis
for ITER and fusion reactor
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I KSTAR Project

Unique tools of KSTAR foradvanced plasma research capabilities

» SC magnet technology

» Lowest error field (6B/B,~1x10-°)
» Lowest toroidal ripple (~0.05 %)

dB/B, dB/Bg vs by in KSTAR
(x10) (measured/linearly projected)

1 < Typical Intrinsic EF level in Ohmic
plasmas in other tokamaks

L X
5 X7

e - b, no-wai~ 2.6 (nominal)
% 1 2 3 4 by

» Advanced diagnostic systems

» Profile and 2D imaging diagnostics
« Domestic and int’l collaboration

3D/2D ECEI Imaging bolometer

P =1410 kW

#9010-RF1 (T=2.50-252s)

Z[m]

Correlation

W=t ‘

Tmel lag [us]
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» ITER relevant In-vessel coils

* Uniquely top/middle/bottom coils
* Reliable ELM-crash suppression

KSTAR In-vessel Control Coils

(IVCC): Top/Mid/Bot
FD-:K. kim et af, en 2000 N=1, +90 phase n=2, even

oo GETT LR
d [T (L]
o ([T [0

» Long-pulse capable beams

* Long pulse NBl and ECCD
« 2"d NBI system is under construction

Long pulse and high power of NBI-1

Enhancement of NBI injetion power




I KSTAR Project

Japan collaboration and contribution in KSTAR research

ECE Radiometer : channel Thomson scattering : Imaging bolometer(IRVB) :

extension for low field operation Giga sampling digitizer IRTV replacement
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CES diagnostics : Soft X-ray imaging  Fast ion Loss Detector
Additional poloidal rotation VUV camera (FILD)

Vacuum tight
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KSTAR Project

Outstanding progress in achievement the steady-state H-modes and advanced
operation modes

P Progress in plasma performance » Achieved key parameters
Major radius, R, 18 m 18 m
Minor radius, a 0.5m 0.5 m
Elongation, 2.0 2.15
Triangularity, § 0.8 0.8
Plasma shape DN, SN DN, SN
Inductive Partially Fully
6 — Plasma current, I, 2.0 MA 1.0 MA
Toroidal field, B, 35T 35T
g' i |/ i 200m ] H-mode duration 300 s 70 s
% 4% High beta, advanced> () K-DEMO \- By 5.0 4.3
gl & (2016) ]
% 2 Hmm'mm\*;;m (2015) >[ s R ate | Supe.rconductor Nb,Sn, NbTi | Nb,Sn, NbTi
I S __L possine _ RIGEIINE) ~ 28 MW ~ 10 MW
Cu fusion devices o PFC cw C, W(sample)
. 0 100 7000 70000

Pulse length (s)
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I KSTAR Project

Long pulse H-mode operation and alternative operation mode development

» Alternative operation mode

development
* Internal transport barrier (ITB) > 13s
* High beta operation (3, > 3.0, B, >3.0) : > 3s

» Longest H-mode discharge
* H-mode discharge : 70 s (0.45 MA)
* Nearly non-inductive discharge

0.45 MA, 70s ITB mode
. . r : #16498
T T T T T T T 7 - | —
o4 = #017321 1%° o] TH ! ]
I,(MA), B;=2.5T Vioop(V) s i ITB foot .
0.2 s 4] (p=0.46)
0.0 = 31 H-mode -
0.0 I | I I I I - = 2 edestal 7
aof - Ja.0 1 i e — -l
ol Frmtomen T T T T T T 1T T . I e
i —a— H-mode @4.5 s
300 - -
0.0 ; . . ' ' Ll 0.0 =
4.0 | %200 — _
il ,j;l““““mmmr% B A e lso = 1606 ]
2.0 q i
}H <N fr” (1019 m'3 ) Tg,o(kevl o T T T T T
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0.0 L L L L k . = 0.0 R (m)
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I KSTAR Project

Reliable and robust operation of the Edge Localized Mode (ELM) crash suppression using the in-
vessel control coils

n=1, +90 phase

P Robust suppression of the ELM-crash » Validation of sustaining ELM-crash
* LM-crash free for > 30s suppression under 360° rotated at Ell:l
e n=1, q95 = 4.0, 5.0, 6.4 n=1 RMP HEEBH
* n=2, 95 = 3.4 (ITER compatible), 3.8 * ITER required rotated RMP ~ 1 Hz) DD
34s ELM suppression n=1 full RMP under 360 degree rotation
u_s_' I (MA) ’ ' "KSTAR #018726 | ' ' leo ol ‘IP (MA) | KSTAR #016854 ! ‘ loo
0.4 H4.0 04T I 4.0
ol I l l I I ' I Py = 2.8 "J“’ 1° °:° \ ’_, T i : ; Prer™ 3-? Mw 0-.0
: - - : : : - L 0.0 0l D (@.u.) Adgup =27
l3p, rmp (kA -turn) 1°° 1.0 = =
~ 34 sec n=1, A =+1/2 140 o0 L
| | | Ly ub 1*° 50 - iﬁﬁp_n';l'(kﬁi'_ o
L ~ . L L L L 0.0 0.0 L_TOP" 'Mid’ 'E}ot'
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ol Pe 1,0 o_: : - : : : )
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I KSTAR Project

Role of RMP in ELM-crash suppression and dynamics of the ELM-crash

» Interaction of the ELMs and Solitary » ELM-crash suppression experiments
Perturbation (SP: partial n=1 mode) based on predictive modeling
* Prediction based on Ideal plasma response
*SP appears ~100us prior the crash
*Opposite rotation due to E. X B drift
Polar plot of (Iy;ip, )
- to — 120 us ¢ with I,=I,=5kA and é=¢yp=%mL

o« |a. W 108
* [ RFz00mnz [V] PC\\OA Empirical threshold
3t | .
. ®=phasin ws ® s
2 — T A : 0 P 9 .
< | ECEI'ch.1406 [V] ' Slfpgressmn
' window

22}

2.2926 2.2928 2293 22932
n=1, +90 phase

. ‘o3nant EE|

(Locking “+", ELM suppression “+")

Tiaaa (21

JE Lee (UNIST), Scientific Report 7, 2017
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KSTAR Project

Upgrade plan for higher beta and steady-state operation

2008 2017
@ o Long-pulse H-mode research
e First plasma (0.1s)

_ « Long pulse H-mode (>70s)
First plasma Long-pulse H-mode « ELM research & control (>30s)
(ECH 84 GHz) (NBI~5.5 MW)

(ECH~1 MW)
2017 2021

G dvanced scenario & MHD research \
o > @ « Stable high beta operation
(betaN>3.0, Ti ~10 keV)

Heating upgrade « Advanced mode develop.
(ECB::}E? ,\'\//I'\\/’\\//) (ITB, low q, hybrid)
( ) k MHD & disruption control J
2021 2025
©) > O (S'teady—state & reactor mode research )
« Tungsten divertor & active cooling
Divertor upgrade Advanced current « Advanced current drive under test
(Tungsten divertor) drive (HFS LHCD & Helicon CD)
(Detached divertor) (LHCD~4 MW) \_° Steady-state operation (~300s) )
(Diagnostics) (Helicon CD~4 MW)
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I ITER Project

In-kind Contribution

of Korea

1. TF Conductor (Completed)
Total Value (kIUA) : 215.01
KO Allocation : 20.2%

KO Contribution (kIUA) : 43.39

2. Vacuum Vessel Main Body
Total Value(kIUA) : 123.04
KO Allocation : 21.3%

KO Contribution (kIUA) : 26.20

3. Vacuum Vessel Port
Total Value(kIUA) : 76.96
KO Allocation : 72.7%

KO Contribution (kIUA) : 55.98

7. Tritium SDS

11. Test Blanket Module*
KO Contribution :

HCCR TBS (TBM System)
KIUA Value : N/A

ITERAIE =L ME 7|2

ITER Korea Domestic Agency

WE S cm=

e

4. Thermal Shield

Total Value(kIUA) : 26.88
KO Allocation : 100%

KO Contribution(kIUA) : 26.88

5. Blanket Shield Block
Total Value(kIUA) : 56.34
KO Allocation : 49.8%

KO Contribution(kIUA): 28.07

6. Assembly Tooling
Total Value(klUA) : 23.01
KO Allocation : 100%

KO Contribution(kIUA): 23.01

Total Value(klUA) : 15.21

8. AC/DC Converters

9. IVC Bus bars

10. Diagnostics

Total Value(kIUA) : 123.58 Total Value(kIUA) : 3.98 Total Value(kIUA) : 142.09
KO Allocation : 82.1% KO Allocation : 37.3%

KO Allocation : 100%

KO Allocation : 3.2%
KO Contribution(klUA) : 12.48

KO Contribution(kIUA): 46.06
* TBMA (TBM Agreement) was signed in 2014
Total Value : 270.54 kIUA

KO Contribution(klUA) : 3.98

KO Contribution (kIUA) : 4.49

Leading Items Tokamak Main

Ancillary
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I ITER Project

Progress of the ITER Procurement Activities of Korea

+» VV Main Sectors: Manufacturing progress of the first Sector 6 is about 67% (as of June)

PS1: IWS SR assembly PS2, PS3: T-rib assembly PS4: Inner Shell and TrS assembly
«» VV Ports +» Thermal Shield

T-rib to Inner Shell ass’y of LPSE ~ Outer Shell assembly of LPSE T-rib to Inner Shell of LPE Thermal Shield factory shop

Ministry of Science, ICT and Future Planning



I ITER Project

Progress of the ITER Procurement Activities of Korea

+» Sector Sub-Assembly Tools:

- Factory Acceptance Test of SSAT was completed at the end of April.

- The 1st delivery package departed on 15t May 2017 at Busan harbor.

- It arrived at Fos-Sur-Mer harbor in France on 19" June 2017 and the ITER site on 23" June 2017.
- So, its IC milestone (Q2 2016: receiving the SSAT by the 10) was met.
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FAT with a load of the VVTS OB 1st delivery package arrived at 1st delivery package arrived at
Sector Frame Fos-Sur-Mer harbor on 19t June |0 Site on 23" June
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Domestic Fusion R&D collaboration network

Fusion Plasma Stability and Three core research centers Impurity and Edge
confinement Research and universities supporting Research Center
Center the basic fusion research | KAIST (HYu, SNU)
CH, PU) and HR development —

23

nthetic Imag

O 02 03 04 05 08 07 08 ‘
tla

Center for Advanced A 3 1 Universities &
Tokamak Study \Cactlilias U ' Research Institutes
SNU (KAERI) '

v T Hanyang U. | Yonsei U.

3 ' Daegu U. Dankook U.
Ajou U. Chonbuk Nat’l U.
Jeju Nat’l U.] Kyungpook Nat’l U.
KAERI, UST| Chungnam Nat’l U.

=i ¥ NATIONAL
b y UNIVERSITY
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http://www.kaeri.re.kr:8080/

DEMO R&D Program

KEDENVIONVIISSION!

% To demonstrate the sustainable generation of electricity from fusion power
REDENIOFSITEIETY,
% Natural Path : KSTAR = ITER = DEMO (Tokamak)

% To mitigate risks in the course of DEMO development = Two-Phased Operation
strategy

% The operation Stage | = not considered as a final DEMO

e At least one port will be designated for the CTF

8 -
including blanket test facility. ':\E.:'rie:ﬁ
* To demonstrate the net electricity generation - SAT
. > 6 CREST 4N F
(Qe,g > 1) and the self-sufficient Tritium cycle = ARIES-RS
(TBR > 1'05) z, L PPCS-D = K-DEMO ( Stagell )
. _ = KSTA'R SSTR :E:r::clg
% The operation Stage Il .| ITER K-DEMO ( Stage )
e Major upgrade of In-Vessel-Components ¢
e To demonstrate the net electricity generation >

400 MWe 0

- : 2 4 1 12
e To demonstrate the competitiveness in COE ° X 0
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