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' Fusion Engineering Research Project in NIFS

‘ fﬁﬁon“ﬁngineeting

:i’»?}ff""‘f?“""j'*ﬁ ; Conceptual design of the helical DEMO reactor FFHR-d1 is ongoing together
- with various R&D

v FERP aims at establishing the technological basis to realize the helical DEMO

-FERP consists of 13 task groups and 44 subtask groups since 2010, and many outcomes in FY2012.

v" Through the design activities of the

helical fusion DEMO reactor FFHR-da Ko ‘ '
- Structural analysis using 3-D CAD n |

- 3-D neutronics analysis
- Core plasma design

- An interim report (in Japanese) will appear

in this April
v" And various R&D
- Superconducting magnet
- Blanket
- Materials and coating method
- Divertor
- Tritium and safety
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13 task groups and 5 major R&D in FERP since 2010
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13 tasks and 44 sub-tasks

for Design and R&D with collaborations

Implementation structure
f Fusion Eng. Res, Project

High-density plasma phys, High-temp. Plasma Phy s
Plasma heating phy s, Device eng. and advanced phys

Fusion systems, Fusionthe

yborative

N ~
« Ui {

ory and simulation

Promotion meeting
by Exc. Dir. Sagara
& Dirs. Imagawa,
Muroga, Task leaders

+ Helical reactor

Reactor system design group : Sagara / Task/Sub task

Design
Integration

Task setting, Project managiment

Sagara, Miyazawa, T. Goto

Helical DEMO conceptual design

T. Goto, Miyazawa, Sagara

Building layout

Layout design, process

A.Nishimura, T. Goto

conpeptual T Got Reactor building design Tamura, T. Goto
Superconducting magnet group :Imagawa /Task/Sub task design Bower souo i - —
- Helical DEMO PPY. | Generator,Power supply system | Chikaraishi, S.Yamada
Large-scele high-hield Yanaai. Mit basic desian Generator = =sion_ H oroduct S Yamada Hishi
conductor testing faCIllty anagi, vito g Chikaraishi ransmission. proauction . Yamada, Hisninuma
Conductor Tritium processing system M. Tanaka
P Obana, Imagawa, ——
| n ndin —_— . it
‘fY?'OF”;‘?m’ CIC conductor & winding Hishinuma - Testing of full-scale T"t'“rt" fuel Safety control Kawano
oil winding, ; ; system — - —
1ding, [ Indirect cooling conductor & |  Takahata, SC conductor M. Tanak Bioshield - Radioactivation
Cooling winding Tamura + Helical winding lanaka — - - -
Vanai HT SC conductor & winding | Yanagi, Mito engineering _ Legislation, Licensing S. Nishimura
anag EM force support structure | Tamura,Imagawa Oper?t'?n Safety analysis, control system Uda
—— . e contro
Cryostat Tamura + Testing for lifetime F.Mt‘l:—fa Burn control Mitarai
: expansion of liquid i 1 Iins : -
Cryogenic Cryogenic system Hamaguchi, blapnket q (Tokai Univ.) Data processing Nakanishi
apparatus, Coil Slv:(amotg . Thermo-fluid Core plasma | _High performance plasma | wiyazawa, T Goto, Narushima
. . Yamada,
powertsupply Bus-line, Current lead Obana dynamics under high TCT effect, a particle loss | Yokoyama.\iurakarm (ol
system - — e Miyazawa " i
Iwamoto Coil power supply system %' = magnetic field 4 Ignition Scenario Mitarai
NBI Tsumori, Osakabe
L Plasma heating amon
- Test fabrication of ECH Tgami, Yoshimura, 1dei
Invessel component group : Muroga /Task/Sub task hig.h te.mperatur.e low S Kyusyu U Smnozuma
- . T.Tanaka, activation material ICH Kasahara, Saito., Muto
Radiation shiled ETE— ) I Fueh
Blanket svet Hishinuma Surface modification ueling Pellet Sakamoto
anket system ] Nagasaka, for heat-resistance -
development, Breeding blanket Hishinuma Sakamoto Gas-puff Miyazawa
Design ic di i i
g Heat, hydrogen isotopes Yaqi, - Prototype testing of Magnetic c'ilagnos'tlcs Sakakibara
T Tanaka recovery system Muroga 3D divertor Neutron diagnostics Isobe
First wall Hirooka, - Hydrogen retention in Diagnostics Divertor diagnostics Masuzaki
Ashikawa LHD irradiation Spectroscopic diagnostics M.. Goto
In-vessel Vacuum vessel Tamura Isobe
componet Masuzaki Interferometer / reflectometer | K. Tanaka, Tokuzawa, Akiyama
development, Divertor Masuzaki, Removal andirecovery Thomson scattering H. Yamada
Design, Tokitani of trace tritium _
Maintenance _ Ashikawa - Development of Real- Charge exchange spectroscopy Yoshinuma
Tamura Remote maintenance Ohdachi time detection system
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Attractive features

@ux surfaces are generated by \
external superconducting coils

* Plasma current drive is unnecessary

» Steady state operation is easy

of a helical reactor

the blankets

* To avoid direct neutron irradiation
(both the neutron damage and
radioactivation can be reduced)

 Circulating energy is ~3 % of electric output

* Plasma does not contact with the blanket at
start up / shut down / emergency

* No plasma current disruption

/Divertors are placed behind\

* Divertor detachment becomes easy /

reduced by enlarging the

Open space inside the torus

* No need of central solenoid

0 14 | device size

* Long-life blanket

* Low decay heat

Neutron wall load can be

4
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De5|gn Parameters of FFHR-d1 A. Sagara et al., Fusion Eng. Des. 87(2012)594.

FFHR2 FFHR2m1 FFHR2m2 FFHR-d1

Standard

Coil pitch parameter Ve 1.25 | 115 1.15 1.2 1.25
Coil major radius Rc m 3.9 10 14.0 17.3 15.6
Plasma major radius Rp m 3.75 10 14.0 16.0 14.4
Plasma minor radius a, m 0.61 1.24 1.73 2.35 2.54
Plasma volume Vp m?3 30 303 827 1744 1878
Blanket space A m 0.12 0.7 1l 1.05 0.765
Magnetic field B, T 4 10 6.18 4.84 4.7
Magnetic energy Wmag GJ 1.64 147 133 160 160
Fusion power Pfus GW | 1.9 3 3
Neutron wall load I, MW/m? 1.5 155 1.5 1.5
H factor of ISS95 H'5595 2.40 1.92 1.92 1.64 2
Plasma beta <p> | % 1.6 3.0 4.4 3.35 5
(evaluated with B,))
Divertor heat load (A 0.1m) | I, MW/m? 5 7.2 1.9 8.1

(on average)
Total capital cost GS(2003) 4.6 5.6 7.0
COE mill/kWh 155 106 a3




fgiagll - 3-D CAD Design and 3-D Neutronics Analysis

fGsion Engineering

““"";;°:|:;°i§d/°} Large ports can be used for maintenance, the neutron load on the divertor
| can be reduced

FFHR-JI

R .=15.6 m
B.=4.7T
Pfusion = GW

2[m)
o

{nfom?/s) strleuh'nnilm(:o.l MeV} {nfems) R[m] R(m]
s 1E415 Vertical slices at a vertically elongated (left) and a
16414 1E+14 horizontally elongated (right) plasma cross section

1E+13

w2 v Large upper and outer ports are included
a1 in the design
1E0 - maintenance accessibility increases

v" Divertors are located behind the blanket

1E+13

1E+12

1E+11

1E+10

, 1E43
Fliba biankst FAlbe blankat

1E+2 +WCehleld 4 (Feritic steehB,C) shield

Divertor space

Results of 3-D neutronics analysis by MCNP - to avoid the direct neutron irradiation
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{iirdll  Detailed Physics Analysis of the Core Plasma

| £Gsion Engineeting

i«!?e'"“"""ie/f ‘ FFHR-d1 is a “semi-optimal heliotron” where Shafranov shift at high-beta is
mitigated and both the neoclassical transport and the alpha loss are reduced

in NIFS
‘ 2

Multifarious Physics Analyses of the Core Plasma Properties in a Helical DEMO Reactor FFHR-d1”

J. Miyazawa et al., IAEA FEC2012, FTP/P7-34 | with LHD Project |
(highlighted in the summary talk of FTP by Stan Milora) i
- 0.6
Extrapolation from LHD (#109602, t = 3.74 s)
to FFHR-d1 (B =509T,R =14.4m)
50 : : reactor . :eacloL . 0_5
‘?; 40 € Reactor f"_ 12.0: g 0.4
= N 8 = !
o 0.2
o.1

Z[m]

3. Neoclassical thermal transport
allows sustained burning plasma

h E
5 oa confined
& °ZI Ratio of confined alpha
1. Radial profiles are 2. Magnetic surfaces at high AP
extended directly from LHD  beta can be maintained by 4. Direct loss of alpha particles is
using the gyro-Bohm model  adjusting B, tolerable

Sagara 8/13



fenregll  Progresses in the R&D

fGsion'Engineering
Research Proje/ei

e Toward the real-scale and real-environment tests in the future

Development of High-Temperature Superconductor (HTS)
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v An HTS conductor sample has achieved 40 kA at 20 K
with a mechanical joint

Deposition area: 500mm

B ———

CeO,

SUS316

v'A large area Er,0; coating has been formed by MOCVD

i console box

FLiNaK circulation loop “Orosh?i-1”

FLiNaK Joop -

jl =

k-

Dump tank

v’ Circulation of heat transfer salt (m.p. ~ 140 °C)
has been demonstrated

v Now testing the heat control system for
FLiNaK (m.p. ~450 °C) circulation

| Mechanically-alloyed V-4Cr-4Ti
for high-temp. application

Cold work and
precipitation

g

v" High strength and good ductility at | iar
700 °C has been demonstrated Mechanical

alloviry




Future Plans

» - 3-dimensional design of in-vessel components consistent with pumping and
neutron shielding [Round 2 (contd.)]

» - Start-up scenarios of plasma and blanket
»- Construction schedule (virtual) [Round 3] <large helical coil winding
» - Interim report of FFHR-d1 conceptual design activities

» Further R&D’s on various components

Building
* Site layout
* Seismic structure Cryogenics

* Specification of crane ol ion procedure of

o +4m = 4m +1y6m =1yiom +4m =2y2m \+4m=zy6m

@ Bit-REEH @ FEIZAARGYMEE | O THPCEMRAER © THERHZHMERE | O HCBRRT—VRE
(RETG) (fgRT6) (BEHZT 2 IMTG) (BEHIT HIMTG) (BERHITRIMG)

SC magnet

¢ PC winding procedure

* Setting procedure of the
supporting structure
+1y = 3y6m +1y6m = 5y +4M=5Y4M  + 4y =9y4m +1m = gysm g T
© EHIF IR R ® HTCHCR © FCH IR iR © HCHRIER @ HCE(HER
(IS4 9hT6) (BEWTT 2 IRTG) (BEHTT % UbTG) (BEWIT 2VbTG) (BEWITFIMG)
HCr—R R \
(BERTY 2IMTG) ~4 m 9 ﬂ
+6m =9gyiim + 4mM = 10y3m + 6m =10ygm +1y6m = 12y3m _ In-vessel components Blanket
O T | & o™ | ® (ewe et © setting procedure ofthe  , oo ification of remote-handling « Setting procedure of the
HA5 devices
4 (FRIRIETG) . - Setti
ey A \ R e ; SR = e .
2 | i s ‘
Work Planned:
v’ Large SC magnet system of 3D helical continuous
winding

v’ Large maintenance ports and replacement scenarios
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Physics

Self-ignition

FFHR-2m2

FFHR-2m1 g <
> 7
- 7

FFHR-z1

& FFHR-d1
7

/. FFHR-c1.1
O

Ve
_7 FFHR-c1.0

Engineering
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2 types of FFHR-c1 (conservative (c1.0) or challenging (c1.1))

Device Name

helical coil major radius

V

plasma volume

B

C
magnetic field strength

at the helical coil center

W

mag
stored magnetic energy

P

aux
auxiliary heating power

Pfusion
fusion power

rduration
duration time of a shot

D

n
dpa per shot

Issues

25T
1.6 GJ

(at4T)

25 MW
(short pulse)

~1 hour

DD exp.

13.0m
(10/3 times LHD)

~1,000 m3
(similar to ITER)

40T

NbTiTa (He Il) / HTS

68 GJ

140 MW - CW

(for sustainment)

~1 GW
(Q>7)

~1 year

~8 dpa
(0.8 MW/m? x 1 year)

large HC winding

R&D of (NbTiTa & He Il cooling)

or HTS

53T
(similar to ITER)
Nb3Sn / Nb3Al / HTS

113 GJ

50 MW -1 hour
(for start-up)

~2 GW
(=)

~5 month

~7 dpa (10 dpa at peak)

(1.7 MW/m?2 x 5 month)

large HC winding

nuclear heating on SC
lifetime of SC/insulator

15.6m
(4 times LHD)

~2,000 m3

47T
Nb3Sn / Nb3Al / HTS

160 GJ

50 MW -1 hour
(for start-up)

~3 GW
(Q= o)

~1 year

~15 dpa
(1.5 MW/m? x 1 year)

large HC winding

nuclear heating on SC
lifetime of SC/insulator
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Summary

® Conceptual designs of FFHR-d1 and -c1 are in progress;
major parameters are determined, features for the next step
fusion facility are discussed

® The helical system enables the long life-time blanket with a
neutron wall loading of <2 MW/m?, which ensures long MTBF
(mean time between failures) and hlgh SafEty

® Large ports are available for remote maintenance with short
MTTR (mean time to repair) eXpeCtEd

@® Divertor targets are effectively shielded from fast neutrons,
which ensures high reliability and wide material selection for
cooling pipes (e.g. Cu-alloy)

® R&D’s on HTS magnet, liquid blanket, V-alloy are in progress
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