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Fusion Energy Development
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Alternative choice of clean energy for Korea

» Renewable energy in Korea ?
* Not enough space for solar panel and wind mill
* Not enough sunlight and wind

» Fission prospect ?
« Safety and efficiency has been improved
 Remained issues related with long term waste

» Fusion prospect ..
* Close torealize (ITER and DEMO)
* Need further research to be economic

NER|F Egadns FPA 2017 Dec. 6-7, 2017, Wachington DC
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Korea Fusion Energy Development Plan (revised in 2017)

V_ . Secure sustainable new energy source by technological development
1ISIon and the commercialization of fusion energy

Phase 1 ('07~’11) Phase 2 (*12~’26) Phase 3 ('27~’41)
. . Construction of DEMO by
Establishment of a foundation Development of Core
for fusion energy development Technology for DEMO acquiring cpnstructlonlcapablllty

= Acquisition of operating technol = High-performance plasma oper monstration of electricity producti
gy for the KSTAR ation in KSTAR for preparations n

for the ITER Operation * Undertaking of a key role in ITER

perations

Policy Goal

= Participation in the international j
oint construction of ITER = Completion of ITER and acquisit )
ion of core technology = Completion of reactor core and sy

em design of the fusion power rea
development of fusion reactor en. . " Development of core technology  or

gineering technology for the design of DEMO

Basic

Directions i
= Establishment of a system for the

= Commercialization of fusion techn

Basic Basic Basic Basic Basitc Basic
. . s ¢ romotion romotion romotion romotion promotion romotion
Basic Promotion Plan 1 (07~‘11) P plan 2 P plan 3 = plan 4 P plan 5 plan 6 P
‘12~16 (“17~21) (‘22~26) 27~31

Basic
Promotion
Plan

Policy Goal Establishment of foundation for fusion engineering technology
for Plan 3 development for demonstrating electricity production

/
0’0

Primary Acceleration for development of DEMO core technology
Strategy for « Strengthening of basic research in fusion and manpower fostering system
Plan 3 oo

Broadening the base of support for fusion energy development

J
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Strategy of the Korea fusion R&D programs :

Paradigm shift from short pulse to steady-state operation

FAST FOLLOWER FIRST MOVER
® Conventional Device (Cu) DEMG
i . ITER
‘ Superconducting Device o
1GW
1MW
1 S
o
g @ JET/TFTR
o
c
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S
b PLT @
@ ALCATORC Superconducting Device
W T-3
(1968) arc Alcatora SNUT-79 KT-1 Fusion Energy Devel. 3rd 5-yr National
() Promotion Law Plan started
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KSTAR :

| Exploring steady-state high performance oper
ation




KSTAR program

" "&

Construction (1995 ~ 2007) - First plasma (2008) = First H-mode (2010) - First ELM suppression
(2011) = Long-pulse H-mode (> 70s) (2016) = Long ELM suppression (>34s) (2017) = on going NBI

Nﬁ Natizg%:gi:%:%ﬂﬁ FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT



Operation goal of KSTAR exploring steady-state

and high performance plasma operation

» Key parameters of KSTAR

= Mission : To explore the physics and

_ _ Achieved (~2
technologies of high performance and

017)

Parameters Designed

steady-state operation that are essential Major radius, R, 18m 18m
scientific angl technological basis for Minor radius, a 0.5m 0.5 m
ITER and fusion reactor Elongation, k 20 515
Triangularity, 6 0.8 0.8
nducive no:-?r::::%ve non-i’::-::rctive Plasma shape DN, SN DN, SN
67 L) - i | - e h v R
& ° ( s (K20 ; ] Plasma current, I, 2.0 MA 1.0 MA
o (~2020) ~2025) . ] .
S 4 A tiign bora, avanced O DEMO ]_- Toroidal field, B, 35T 35T
o - . H-mode duration 300 s 73 s
o3} (2016) ]
S . 4.
N (2014)  (2015) ITER ] P >0 3
g 2 M I o, sisadya Steady state | ]
ITE: 1
5 % baseline ] Superconductor Nb,Sn, NbTi | Nb,Sn, NbTi
=
1F Present . -
L Cu fusion devices ' G AL ~28 MW ~10 MW
0 [ 1 1 1 PFC C’ W C, W
1 10 100 1000 10000

Pulse length (s)

National Fusion Research Institute
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Unique features of KSTAR advancing the high

nerformance operation R&D

NER|asuens

P Highly performance SC magnets
* Lowest error field ([A]B/B,~1x10)
* Lowest toroidal ripple (~0.05 %)

dB/B, 8B/By vs By in KSTAR
(x10) (measured/linearly projected)
10 <« Typical Intrinsic EF level in Ohmic
plasmas in other tokamaks
%
° X7
e
—
. - BN, no-wal~ 2.6 (nominal)
QJ 1 2 3 4 By

P Advanced diagnostic systems
* Profile and 2D imaging diagnostics
* Physics validation of MHD & confinement
ECEI Image holometer MSE

P ag = 1410 kW #16498

/
2500 ms (w/ ITB) Y/
4500 ms (w/o ITB H-mode]’ |
Vi

01

500 210 215 220 22

Rcm]
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P ITER relevant In-vessel coils

* Uniquely top/middle/bottom coils
* Reliable ELM-crash suppression (>30s)

KSTAR In-vessel Control Coils

(IVCC): Top/Mid/Bot
g.x. kim et a, Fe0 2000 N=1, 90 phase n=2, even

o0 EELT] IR
md [l [
ddanoclinecn

P Long-pulse heating & CD systems
* Long pulse high beta op. using NBI (>70s)
» 2nd NBI system is under construction

Long pulse and high power of NBI-1

Enh of NBI injetion power
80 8.0
L [ Lt 7.0
60 “»
oL 50;
= =
;‘0 wE
S
(] 03
o
20 20

2000 2010 201 2012 2003 20014 2005 2016
Year
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Research directions of KSTAR toward K-DEMO

» Explore the long pulse high beta operation with ELM-free H-mode
* ELM-crash control with IVCC coils in case H-mode is the only choice
* Establish physics based ELM-crash and routine recipe for suppression

» Explore new operating regime with less instabilities

* Expand operation window to higher beta operation with intelligent control of
MHDs (sawtooth, NTM, disruption, RWM)

* Hybrid, ITB combined with low edge q, etc.
» Validation of MHD and turbulence models for predictive capabilities

» Test of innovative engineering and technologies
* Innovative heat removal
* Innovative current drive — explore new scheme with improved efficiency

NFRI&&%:(%%;%M&E FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT



Reproducible long pulse, NBl-heated H-mode

operation (>70sec

» Alternative operation mode developm
ent
* Internal transport barrier (ITB) > 13s
» High beta operation (8, > 3.0, B, >3.0) : > 3s)

P long pulse H-mode discharge
» H-mode discharge : > 70 s (0.45 MA)
* Nearly non-inductive discharge

0.45 MA, 70s ITB mode
H164Q9
- - - - - - - -z T T T : T Wllu—ruu_
04f =2. #017321 1%° 6 ! .
w(MA), Br=2.5T Vieon V) _ o7 | ITBfoot 1
: E S,
0.0 : — : : : : L 00 2] : edestal
4.0} " H4.0 14 ' -
| renoRa T T T T T T R =
300 - -
- 100 - -
2.0
© 1.8 1.9 20 201 22 2.3
0.0 R (m)
8
2.0 7_- -
1.0 ) T 110 o 61 ::_‘:'_?ngi.s 4.5 s .
ﬁP'ﬁN s 5 @ 4
0.0 : . . s . ' 0.0 g 4 ITB foot :
»ol  Dapol (2:U) | 3 3] (9=2.1 ]
‘W"m“““. - w S 24 5
1.0 4 1 4 -
0.0 ' ' ' ' ' , ’ 0o.o 0.2 0.4 06 0.8 1.0
0 10 20 30 20 50 60 70
time (sec) P
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KSTAR has operation capability toward higher

ond ITER baseline

* High 3 operation: s
p~6  tationary (By < 3.2)

[ & transient (B < 4.3

)

_. * High Bp operation f
or high bootstrap (5
0%): (Bp < 3.0)

p=4 * Hybrid operation: wit
hout sawtooth

/v e Low edge q operati
on without error co
rrection: (qqs <2.5)

Br=1
.0 05 10 15 20 25 3.0 35 40

0.0
0

* Near-term goal is exploring hiéher By (> 3.5) surpassing no-wall limit for K-DEMO

NFRI Jt:—:':g%';:'%i:ﬁ FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT



KSTAR could assess a very robust way for ELM-

crash suppression (~ 34s) using IVCC

KSTAR In-vessel Control Coils
(IVCC): Top/Mid/Bot

30 Py KSTAR #018726 Qo5 | {55
‘
|
20f Mﬂﬂmﬂww«\-mwmmf 15.0
ﬂ - i - i
Lo w {45
Il A | | ! L 1} 1} 1}
D, (a.u.
L5} «(a-u.) ~34 sec = T, 16.0
I3p,rmp (KA -turn)
Loy n=1, Ap=+m/2 | {*°
0.5 B 12.0
lLLui " l |
0.0 | | I | | I I 0.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

time (sec)
transport
\y| barrier

0 i 1
r/‘a

Record breaking long ELM-crash suppression (~34s)

» KSTAR has unique 3 row RMP coils like as ITER (top/middle/bottom)
» Record long ELM-crash suppression (~34s) with n=1 RMP achieved in 2017

* ITER comparable operation (qqs ~ 3.4, By~ 1.8)

» Validation of predictive model of ELM-suppression with experiments

National Fusion Research Institute
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Future research and upgrade plan for higher beta and

steady-state operation toward K-DEMO

2008 2017 Long-pulse H-mode research

Y Yo e
*ELM research & control (>30s)

First plasma Long-pulse H-mode e Alternative operation modes (ITB, low g, ..)
(ECH 84 GHz) (NBI~5.5 MW)
(ECH~1 MW)
2017 2021 deanced scenario & MHD research \
o @ e Stable high beta operation
(By>3.0, T, ~ 10 keV)
Heating upgrade e Advanced mode develop.
(NBI~12 MW) (hybrid, ITB, low q)
(ECH~6 MW) e MHD & disruption control
\_ i J
2021 2025 ~
@ o Gteady-state & reactor mode research N
e Tungsten divertor & active cooling
Divertor upgrade Advanced current e 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)

National Fusion Research Institute
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Heatlng & CD upgrade for higher beta and

* Heating & CD upgrade (2018~) * Divertor upgrade (2021~)
« 2nd NBI (6MW, off-axis) / ECCD (6 MW, total) * Tungsten-based metal
* Innovative HFS LHCD, Helicon CD * Fully active cooling

e Diagnostics for Divertor physics

Current drive

* HFS slot & LHS PAM LHCD Bt =3T I

* Helicon CD / Top launching ECCD

\ Il 2.1~2.5
\ 3.60
\%‘ 345

% 330
Optimize Plasma Structures i
hape * W-coating h
shap ‘ * Robust a aginst di
3.00

7
central | \/
¢ Divertor upgrade 233
+ W-based material (monoblock) 80-60-40-20 0 20 40 60
+ Optimum shape and baffles
+ Gas feeding and cryopump R- Ro [cm]
+ Diagnostics

National Fusion Research Institute
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ITER :

| Construction and operation of reactor-scale to

kamak



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) : 118.61
KO Allocation : 21.3%

KO Contribution (kIUA) : 25.

20

3. Vacuum Vessel Port
Total Value(kIUA) : 76.98
KO Allocation : 72.9%

KO Contribution (kIUA) : 56.

13

11. Test Blanket Module*
KO Contribution :

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

4. Thermal Shield
Total Value(kIUA) : 26.88
KO Allocation : 100%

KO Contribution(kIUA) : 26
.88

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

KO Contribution(klUA): 28.
07

6. Assembly Tooling
Total Value(klUA) : 18.45
KO Allocation : 100%

KO Contribution(klUA): 18.
45

7. Tritium SDS)
Total Value(kIUA) : 12.51
KO Allocation : 94.2%

KO Contribution(kIUA) : 11.
79

8. AC/DC Converters
Total Value(kIUA) : 122.61
KO Allocation : 37.1%

KO Contribution(klUA): 45.

58

9. IVC Bus bars
Total Value(kIUA) : 3.98
KO Allocation : 100%

KO Contribution(kIUA) : 3.
98

10. Diagnostics
Total Value(kIUA) : 205.66
KO Allocation : 2.0%

KO Contribution (kIUA) : 4.
11

* TBMA (TBM Agreement) was signed in 2014.

NER|asuens

National Fusion Research Institute

FPA 2017 Dec. 6-7, 2017, Wachington DC

Total Value : 263.58 kIUA
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Fabrication of reactor-scale vacuum vessel and

structures satisfving reactor-grade qualification

* Manufacture of Vacuum Vessel Sectors by KO Hyundai Heavy Industries

Corporation is making good progress and will ensure to achieve the First Plasma
in December 2025;

Sector 6 is about 76%
(end of November).

= + Assembly of inner
shells for Lower Port
Stub Extension
(LPSE) has been
completed

 Thermal Shield
(VVTS) is about 55%
as scheduled

NFRI&&%:(%%;%!;E&E FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT



Experience of accurate assembling of reactor-

scale heavy structures

« ITER is challenging program requires high accuracy in assembly and alignment of
massive structures

* Elements for the
massive 800-ton
Sector Sub-Asse
mbly Tools are be
ing delivered to |
TER.

* |Installationin ITE
R assembly hall is
on-going

NFRINatf(ZaII’F%‘:gR%;%nS '+: FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT



Test of blanket module (TBM) under neutron

environment in ITER prior to K-DEMO

» KO Helium Cooled Ceramic Reflector (HCCR) TBM (DEMO-relevant breeding breeder conc
ept)

Four-sub-module Concept
*  Manufacturability
* Transportation of Irradiated TBM for PIE
* Reduction of EM Force
* Endurance of Internal Over-pressure

TBM-set
(TBM + TBM shield )

Graphite Pebbles as Neutron Reflector
* Reduce the Amount of Be Multiplier up to 50%
* Reduce the difficulty of handling Be
* Decrease of Cost
* Comparable Nuclear Performance

1

1

: | Helium Cooling System (HCS)

= 1 l—' | inc. Coolant Purification System (CPS)

L)

1

1

1

1 TCWS Vault Annex (Tritium L4
Vacuum : Pipe Ancillary 1 (T )
1

Equipme

~ H : Tritium Extraction System (TES)
Partof TES : + ey Neutron Activation System (NAS)

7
Helium OUT [eae

A | B 1 mee/ozce : H IJ ! : Tritium Accountancy System (TAS)

a B ! | 1 PortExtension 1 Port Cell I 1 " — "

' S R s Prenmen) | L T e O R
TBM-set TBM Systems in Port Cell TBM Ancillary Systems

Performance test of He loop (TBM body/ TBM shield)  (Pipe Forest/ bio-shield /AEU) (HCS, CPS, TES, NAS, TAS)

NER|F Egadns FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT
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K-DEMO Concept Study :

R&D for advanced fusion reactor



Strategy for designing the K-DEMO

Vertical

» Strategy for K-DEMO : maintenance
* Natural Path: KSTAR = ITER = DEMO i 1
e Two phase operation to mitigate risks in the Enlerged 17

for expanded

course of DEMO development W space

‘ |5 Double-null

=( divertor

Port set for

= 2,200 MW) Aux equipment

Machine
support at

» The operation Stage | (P

Fusion and RM the base
e At least one port will be designated for the CT ) i i, Mejor coolant
. . oo ower e supply from
F including blanket test facility. PF/machine LARILCEG 1 [RLCE below
access A .
e Demonstrate the self-sufficient Tritium cycle ( m  Main Parameters
TBR > 105) e R=68m/a=2.1m
« B,=7.0~74T/B-peak=16T
* celongation=1.8
> . _ * triangularity = 0.625
The operation Stage Il (P;,,, = 3,000 MW) . Plasma current > 12 MA
e Major upgrade of In-Vessel-Components © Te=20keV
e Demonstrate the net electricity generation (> m  Other Feature
* Double-null & Single-null configuration
400 MWE) e Vertical Maintenance
e Demonstrate the competitiveness in COE. * Total H&CD Power = 80~120 MW
«  P-fusion = 2200~3000 MW
e P-net>400 MWe at Stage II
*  Number of Coils : 16 TF, 8 CS, 12 PF

NER|F Egadns FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT
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Simulation of K-DEMO operation

O

eration scenario and H&CD optimization

» Example of the developed steady profiles (
Ptusion ~2.1 GW scenario)

100

80 -

neco (A om?)

20

ICRF heating (Watts/cm?®)

o Temperature (keV) Density (10°m3)
40 Parameters | Value
30 P: (MW) 2080
Q (Fusion
20
Gain) 18.8
10 110
0 Pre (MW) (500keV)
0 02 04 06 08 1 02 04 06 08 1
I (MA) 15.5
15 Jo (MA/m?) Safety factor, q
1 By 2.8
0.5}
Bootstrap Tpea (keV) 8.3
%2 o7 o6 05 1 02 04 06 08 1 | Nped(/m? 9.9x101°
Radius, p Radius, p
NERIE 8uaTs FPA 2017 Dec. 6-7, 2017, Wachington DC

40

N

BCD depending deposition

(~1 MeV, NUBEAM code)

60 -/

/N

1

ro\ ——2Z-0.80 m; 2.39 MA
e - —Z=0.45m; 2.14 MA
7\ \\ ——=27=0.15m; 1.94 MA

T T
——Z7=2.20 m; 2.89 MA
- —Z=1.85m; 2.96 MA

r/a

FWCD (TORIC code)

0.08 T T T T
B — 80 MHz |
e 78 MHz |
F\L . - J

0.06 ' electron heating in 76 MHz

Il I upper group 1
P - 72 MHz |
'\\ i 1
,ﬁ\

0.04 [ WY,

W \
\."
\
L -‘.\.
0.02 - 5 ion heating in
A lower group
St
L /
7/
0 c —
0 0.2 0.8 1




Magnet and Structure

m TF Winding

Dual winding packs with 2 types of CICC

— High magnetic field

TF shown with

with huge Cost savings quarter section cut

(High Jc Strands & No Radial Plate)

Local rib
structure

Low field
winding

High field
winding

Low field
winding

Inboard leg Outboard leg
winding detail winding detail

National Fusion Research Institute
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Cross-Section of TF Coil

B Selected for Detailed Study (Maintenance Space = 2.5 m)

Considering Vertical Maintenance Scheme
= R=68m,a=21m
= Small CICC Coil : 18 x 10 turns Large CICC Caoil : 12 x 5 turns (Total : 240 turns)
= Magnetic Field at Plasma Center : ~7.4 Tesla (Bpeak ~ 16 Tesla, T-margin > 1 K)
= Nominal Current : 65.52 kA

= Conductor Length :
« LQP =~900 m (Quadruple Pancake) (Total : ~450 ton)
« SDP =~930 m (Double Pancake) (Total : ~280 ton)

1018 mm
< >
S S S " clearance
— .\ Filled with
y S N | Glass Fiber T
‘ ’ S S S S S S S | B (5 mm)
7 wans . CEEIEERE T [
Fi"edWith 1 RS

'~ A Ground Wrap
“ 1 (5 mm) %

 GlassFiber

",‘vGrovund:vW‘ravp "/
7 A5 mmy ——> 0L

> > > >
] 1] ' ]
A0 ) A (1 I I | S A | | |
) O (B ) S (T () ) s ) ) A

N - - ) ~ 713510 mml e ' ==
—> 1
2050 mm 2525 mm,, 2925 mm — ST mm <l8mmy,
3135 mm mm
—),zzgmm > 14348 mm 5, 14508 mmy

NER|F Egadns FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT
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CICC Dimensions and Trial Fabrication

Y

26.8 20

< 368 « > 30
< 40 > < 41 . < 34
TF LF CICC PF CICC CS CICC

NFRINathall’%l:gi%%mstiﬁ FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT



Structural Analysis of TF Case

B TF coil case stresses contoured to 900 MPa maximum !

NODAL SOLUTION
STEP=1 :06:

~clearance” - (AL AN XL IH
_~ Filled with’ e E R ) )
~ Glass Flber ;

(5 mm)

GroundWrap B E:
_v”(5mm) ) S

.3002+05 0= %% so0er0s " 00T 00 q00m409 T on C” 500 2409 ;2050 mm 2525 mm—> . o 2925 m o
> 3135 mnry,
S 273 yld =666 pa B Elastic deformation occurs from the top-rig
RSYS=5 _ ¥ Ultimate = 750 Mpa . . .
2 i gl 1/3 Ulkimats = 500 WP ht corner of TF inboard side and the maxim
According v ITER MSDC um stress at the top-left corner can be redu
ced.

B A detail analysis required to make the stres
s almost uniform (= averaged stress)

................................

NER|F Egadns FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT
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Concept design of Divertor for K-DEMO

» Divertor system with 32 toroidal modules actively cooled with high pressure water

Outboard

Inlet
Inboard Target

Tungsten mono-block
Vanadium interlayer
RAFM cooling tube
+ Coolant - PWR-like
(inlet 290 °C,
AT =~ 40°C)
* On-going thermo-mechanical analyses for the
outboard divertor target

assette Body

* Estimation of displacement damage on d
ivertor target (peak ~ 2.6 dpa/fpy)

Backplate

NER|F Egadns FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT
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Design of blanket module and Neutronic analysis

to achieve TBR > 1

» Baseline blanket design with water-cooled solid breeder type
* Global TBR (Tritium Breeding Ratio) ~1.03 (with the double-null)

= Breeder and multipliers: Mixture of L1,S10, and Be,,Ti

Cryostat
PF coils Bioshield ceramic pebbles
e = Structural material: RAFM & Tungsten first wall
- teewm  m Coolant: pressurized water (15 MPa, 290~330 °C)
= FW heat flux: 0.5 MW/m? (peak)
Inboard
blanket = Neutron wall load: ~2.5 MW/m? (avg.) / ~3.9 MW/m? (
Inboard il Equatonal
shield ‘ port peak)
Outboard :
iverto blanket : - ‘
D‘ o Outboard . :. .20...........| —#=—OB mid-plane blanket module|...
Divertor shield - . —e—IB mid-plane blanket module
shield J : .\17-5
: 9\ 15.3
. 5'414.3 13.1
e 129°\, 11.5
M2 89
Purg?r?ea)s ne .RAFM back p-2 J 59
plate 6.8 . 4.9
coolan oolan N = 33
Erf;T:el fant ﬂ'! "—rm,,::,r:jjet}ouilet i §.\-‘
; ; Radial thick f blanket
o Breedlng regions adial thickness of blanket (cm)

Mixture of Breeder and
Multiplier (Li,SiO, + Be4,Ti)

(W)

TBR production rate in IB/OB

e L midplane blanket modules
Concept of an indicative blanket module

NER|F Egadns FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT
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K-DEMO Core Technology Development

e 3 Major Research Fields, 7 Core Technologies, 18 Detail Technologies
and 6 Major Research Facilities were identified to develop K-DEMO.

Fusion neutron irra
diation test facility

SC conductor te
st facility

Fusion materials develo
pment center

Material basis te
ch. Blanket

Design basis teC~¥achine & syst tffs.t
h. em eng. facility

on center / tech. \

PMI test faci
lity

National Fusion Research Institute
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PMI Test Facility (Chonbuk Province)

; . oo‘h ar“ 7‘ " llb

Heat Excha.r;_g-ef ‘ A
g Diffuserd

- Testlng Chamber [ 7
‘ ! - Torchr s

) nozzle

) (@)

DC Power Supply

Vacuum Source Superconducting Target Target
pump chamber magnel chamber exchange &

e 2.4 MW High-Temperature Plasma Test Facility e \ P / ron
A =

- Plasma-Material Interaction(PMI) Test facility
- Upgrade Plasma Facility for PMI Test
- Additional, Blanket Test Facility

Plasma source larget

exposure retracted
1Om

MAGNUM-PSI (Cf.)

HFRI&Q%Q&%‘E&E FPA 2017 Dec. 6-7, 2017, Wachington DC Q Ministry of Science and ICT



Superconducting Conductor Test (SUCCEX)

Facilit

m SUCCEX (SUperConducting Conductor EXperiment)

i )/ffw)l - Background field : 16 Tesla
r ggae , u( - Split-pair Solenoid Magnet System
/ ““»{J\“’ﬂl‘ ﬁj,‘ * Inner-bore Size : ~1m
- - Two Test Modes :
g )rﬁ v’ Sultan-like sample test mode
,:’v/f v' Semi-circle type conductor sample
& test mode

(Cf.) SULTAN

W - Background field : 11 Tesla

T3 (WY 00 KA SC Transformer  for
' the short sample test

SULTAN-type Semi-circle-type
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2018 100/MeV KOMAC Proton

—-1nac

‘ Yy Features of 100 MeV linac Energy (MeV) 20 100
Sy 2 Peak Current (mA) 0.1~20 0.1~20
7 /(»/’»mf)1 @ 50 keV Injector (lon source + LEBT) ;
o /f \ Max. Duty (%) 24 8
L ;J ¢ Gyeohg-ju © 3MeVRFQ (4-vane type) Max. Ave. Current (mA) 4.8 1.6
/m}«/f‘ . o{ © 20 & 100 MeV DTL : _' : :
/‘_ f ) Mﬂj o RF Frequency: 350 MHz Pulse w|dtr.1 .(ms) 0.05~2 0.05~1.33
) } . f/ © Beam Extractions @ 20 or 100 MeV Max. Repetition Rate (Hz) 120 60
T B @ 5 Beamlines for 20 MeV & 100 MeV ax caONEI Y B o
~ Emittance (mm-mrad) 0.22(x),0.25(y) 0.3/0.3
i

Neutron Basic Science |8

Irradiation Aerospace App. il ¥

Test Lab. 7| Nuclear
Materials

100 MeV Beamlines B i\ gl ey
Beamlines LR | ‘
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Fusion Reactor Materials R&D

{ A 9.
/-J n o \
/ : /(“//-fw-)\
& (:\‘:JHA : L k) A ; Yl
SEog o ‘ AR & A" Y <
“)Bu‘sfan Advanced research Radioisotope fusion

6..4 ‘ /‘,’ reactor esearch institute

Dongnam institute of radiologi Electric power semicon
cal & medical sciences ductor research

accelerator center science and tech.
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Summary

= Korea fusion R&D programs are supported under “Korea Fusion
Energy Promotion Law”.

= KSTAR made outstanding progress in achieving steady-state high
performance plasma and achieving ELM-free H-mode

= KSTAR will explore advanced higher performance operation to
contribute K-DEMO by heating & CD

= The contribution to ITER construction and
operation could convince the burning
plasma operation with reactor-scale device.

= Design of K-DEMO accompanied by
simulation is on-going to get reasonable
values of TBR, heat flux, and performance

= Separate R&D program for K-DEMO
technology development is TBD.
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Thank you for your attention !
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