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#01: Optimization of the magnetic

configuration

FFHR-c1E,RILAF E S 7 ARI MR THLADHEF L LS
FZHhDAR—F3 %L LEFERTEEZMN?

Is it possible to sustain B, > 3 % without severe
confinement degradation in the inward-shifted high
aspect ratio condition of y. = 1.20, as supposed in the
FFHR-ca? The maximum [, without severe confinement
degradation achieved to date in the R, = 3.55 m and v,
= 1.20 configuration in LHD is ~2.5 %.

Requests from the FFHR-c1 Design
[@ Bo ~3 %I Y =1.20, IIS =0 kA]
® \What are the optimum values of y, a,, and B?

® What is the Q value under D, (n/m =1/1) < 0.3, Q,, S <
(P, +P,,,), and orbit loss of a particles < 15 %?

aux)i

#02: HTS magnet coils
SENBEOSRBIEEYI AV TREGEZRETES
m?

s it possible to generate a high magnetic field using
HTS magnet coils with a high current density?

Requests from the FFHR-c1 Design
[B..x>129T, J,> 55 A/mm?, and 6, ~ 1,000 MPa at 20 K]

® What are J, B,,,,, minimum bending radius,

max/

fabrication cost of the conductor, and o, at 20 K?

B3R (1) BiR (2) B8 (3)
B8 (4) BiR-%E (1)

#03: Magnet cooling system
BRERICRBEBRETT 2D AR M 2

Which coolant is the most suitable for the fusion reactor,
He, H,, Ne, N, or other?

Requests from the FFHR-c1 Design
[T = 20K]

®\What is the optimum coolant?
® \What is the cooling performance (thermal property: h,

k, c., p, Ap) of the coolant for cryogenic components?
KR (2)
1Ei& (5)

1 “pr
K& (2)
B3R (4)

KR @3)
K& (6)

#04: Construction and maintenance

EERERSTHABZLEFAEEREL?
What are the in-vessel components that can realize
easy construction and maintenance?

Requests from the FFHR-c1 Design

[f,a1 ~ 70 % (MTTR ~ 160 days and 365 days of

operation)]

® How long is the maintenance time of the in-vessel
components?

®\What is the required time of the cooling of residual

heat?

FAL13—4 (2)
HAL13—25 (4)

MIFIL-RE(2)

HAL18—4 (2)
A 13—4 (5)

HAL18—45 (3)

MIFOL-RE (3)

BUBECHT B E 1L
4.8 [10

FFHR-cahM b KEGERR LG LW EEE THORIGE A @b (CL->T, EUMHDZE EHER IF
BHFHEHEEENEILL, MOEIRNF—RFRALAOERELBVEMLZIRET S,

#05: Divertor and detachment
BUG AT FAN—BRILBERATRED ? T 2V F A I
AIREM ? EBANT LT A/N\—FILBERATRED ?

Is the tungsten helical divertor available? Is it possible

to control divertor detachment? Is the metal pebble
divertor available?

Requests from the FFHR-c1 Design

[(Q)i/div)max ~ 280 MW/M?, (Q;,) max ~ 20 MW/m?]

[Control of magnetic islands resonating at 1/(27) ~ 1]

®\Vhat is the maximum heat removal capacity of the
divertor target?

FALIN—43 (1)

HA13—4 (5)

T AL183—4 (2)
HAL15—45 (7)

BEAEFHH (2)

ZRSIEMH (9) I

ZRAS M 3) RS M (1)

#06: High temperature wall
SmETLEMRETIA V(I TELIN?

Is it possible to sustain a high-performance plasma
surrounded by the high-temperature first wall?

Requests from the FFHR-c1 Design
[Plasma experiment with T, ~ 300 to 500 °C]

® \What are the wall fueling and impurity emission from
the high temperature wall?

®\What is the temperature profile of the plasma?

® Are the resistive MHD modes stable or not?

FALI1N—43 (1) S A13—24 (5)

ZRAEIFEMH (9)

#07: Recycling behavior for an ultra-

long period of time

LHD TR CTEE—BTDUH (o) 7 (FEafmliamn-
= SHICRVWRERDERIIHEHM ?

It has been shown in the LHD that the recycling
behavior at the first wall did not saturate within one
hour. Are there any other unknown phenomena of long
time constants?

Requests from the FFHR-c1 Design
[Tduration ~1 year]
®\What is the inventory of the high temperature first

wall under the irradiation environment?
®\When the first wall will saturate?

S AL715—24 (6)

FIFOL-RE@3)

HAL18—45 (3)

FIFOL-R2(2)

#08: Effect of high power ECH

FFHR-c1 COECHMMZR (25 MW T, IRINEEBEARILAS T
LHDIZ&H1T49 MWDECHMEAIZHZET &, SO KIGEME
FHEDECHIEFLADICHEET HM ? TRILE—FHETO
Ti~TeRIRIL AT HED ?

In FFHR-c1, Pgy is supposed to be 25 MW. The power
density corresponds to ~9 MW ECH in LHD, if the power
deposition layer widths are identical. Are there any
effects of such a high-power ECH on the plasma
confinement? Is it possible to achieve T, ~ T, by
equipartition?

Requests from the FFHR-c1 Design
[Pecy > 25 MW for T, ~ T, ~ 9 keV at n_, ~ 3 x 102° m3]

®\What is the density profile with high power ECH?

Y o

4. RRDT—~V—&
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#09: Discharge cleaning and
decontamination
RBEREREFEEMAN? T I ryhE1sB LINIZEREE
TSN ? BRBEZALUAICSET TEDH?

What is the best discharge cleaning method? Is it
possible to detiritiate the blanket cartridges within 15

days before maintenance? Is it possible to complete the
wall conditioning within 5 days?

Requests from the FFHR-c1 Design
[Detritiation within 15 days and wall conditioning within

5 days]

®\\Vhat is the required time for the detritiation?
®\What is the required time for the wall conditioning?

HA13—4 (3)

FIFIL-RE(2)

FIFOL-RE (3)

#10: Feedback control of the plasma
position
MR[EMEILEDL VD DEEH THIEITESSM ?

What is the time constant for the plasma position
control?

Requests from the FFHR-c1 Design

[Tposition ~ 2 hour in FFHR-ca]

®\WVhat is the L/R?
®\What is the error field due to the shielding current?

BR-EEQ | [

#11.: Availability of RAFM steels

BRSIETzSAMETRESN =TSV yMCBEEN =2
BICEMEITIXATER/LIIEEAEEN ? FHEMBTIS
Db ERETEGENM?

s it possible to obtain a high-performance plasma in a
space surrounded by blankets made of the RAFM steel?
Or, is it possible to manufacture the blankets using non-
magnetic materials?

Requests from the FFHR-c1 Design
[contact dose rate < 20 mSv/h within 1, ~ 50 years]

®\What is the effect of ferritic materials on the
magnetic surface structure?

®|s vanadium alloy available or not?

® s austenitic steel available or not?

S A13—4 (5) BREESFEME (1)
B SR (5) BB S RHH (6) BB SR HE (7)
R &R HH (8) BREFEHH (9)

#12: Operation of the liquid blanket

under a strong magnetic field
HEMIFIRECRAIT SV I INERBTESN ?
s it possible to operate the liquid blanket system using

molten salt or liquid metal under the strong magnetic
field in the FFHR-ca?

Requests from the FFHR-c1 Design
[Bblanket ~10T]

®\What is the heat transfer property (h, k, c;) at 10T?

®\What is the pressure drop at 10T?

®\What is the compatibility of the liquid breeder
material with the flow channel material at 20T?

ZBAFEMH 7)

ZESIPMH (8)

ZBSIEMH (9)

#13: Electricity generation

TSI RUBTAN—FDEATHETETLMN?

Is it possible to generate electricity from the heat of
blanket and of divertor?

Requests from the FFHR-c1 Design
[pEbIanket > 100 MW, pEdivertor > 20 MW]

® \What is the achievable thermal efficiency (n,,)?
BR-%E (2 BR-RBEQ)

ZAE TEMRTODIIMIB TSRS FRETEBIERADD )Y (1)

J. Miyazawa et al., The strategy toward realization of the helical fusion
reactor FFHR-cz, Fusion Engineering and Design 146 (2019) 2233-2237.

#14: Fueling and evacuation

FFHR-caTIXMJF O LAA R EBD =8 . HER T A%
IELTHOLEERLYNASEEIZEY ., M ELTHLS, C

DIFIVFIEEHTSE
In the FFHR-c1, the
to the fueling pellet

#18: Tritium handling technology

REDKNIFILZEZRYFZLIZEETEEN?
s it possible to handle a large amount of tritium?

M2 ANYLIRITHRTEHM ?

: Requests from the FFHR-c1 Design
evacuated gasses are directly sent

L . [M 5t < 10 kq]
injection after purifying process, to N .
reduce the M5, |s this scenario feasible or not? Is it ® How much tritium can be handled in the reactor
system?

possible to evacuate the helium ash?

Requests from the FFHR-c1 Design
[Qpr ~ 60 Pam3/s, Q,, ~ 0.6 Pa m3/s]

[Vpellet ~1 km/sl fpellet
|:Scryo
[M*'t < 10 kqg]

®\What are the achievable pumping speeds for

hydrogen and heli

®\\Vhat are the achievable injection speed and
repetition rate of the pellets?

HAL18—4 (3)

MIFIL-RE (3)

> 60 M3/[s, Styp > 10 M3/s]

MFIL-RE@ | [

#19: Safety management and

legislation

EDFIBHFEHOERNBEESNDSD ? FFHR-b1 R VP aDE
B -RIFEERTHEOHIC. EQIITEERIDE
m?

What kinds of accidents should we expect? What kinds
of legislation do we require to build, operate, and
decommission the FFHR-b1 and ca?

~10 HZ]

um?

FIFIL-RE(2)

Requests from the FFHR-c1 Design

[Completion of legislation and approbation]

#15: Diagnostics

FFHR-ca D BER (A B R7GEHBIE I A 2 TN IS KR
IRIETHEZSN? ENODT—3Z+ 07 RE 2 fERE T8
SR E R )
What are the indispensable diagnostics to operate the
these
environment? Is it possible to record these data for one
year with enough time resolution?

FFHR-c1? Are

Requests from the F

[Tduration ~1Yyeal, T ~1MSEC, T

® \What are the requ
® \What are the lifeti

HAL13—4 (7)

® \What are the potential accidental scenarios and the
countermeasures for them?

® \What are the amount of radioactive materials (tritium,
tritiated material, activated dust and ACPs)?

m? MIFOL-RE@) | MWFIOL-RE2) | MFIL-REQ)

available in the reactor

#20: Site and buildings design

EDQSHIBEENDEN? RERVIRLDH AN EEER
BZmBEETHEESGHM?

What kinds of buildings do we need? What is the most
effective layout from the viewpoints of safety and cost?

FHR-c1 Design

dow ~ 0-15€c]

ired and available diagnostic tools?

me of the diagnostic tools? Requests from the FFHR-ca Design

[Completion of the site and buildings design]

MIFL-RE () ® \What are the requests on the design of building

(room size, wall thickness, structural material,

required system (e.g., HVAC) and building layout?

#16: Improve

FFHR-caD HlM#I5 (340 8 TEF ULV =8 ECHANEAAIZ#9230
GHzDB//NT—v(O AV BB E, —F  ANYAILIEES
M FRHEVNSEL TDFFHR-b2 TIEE TR IILX—NBIDEH
EEDNE , CND [XERIFRTEED ?

Since the B, in FFHR-c1 is ~8 T, a high-power gyrotron
of ~230 GHz is necessary. To operate the FFHR-b2, a
steady-state NBI is necessary. Are these feasible or not?

Requests from the F

[230 GHz — 25 MW ECH for FFHR-c1]

[100 keV —20 MW N

® \What are the spec
® \What are the spec

ment of heating devices

I 2o e R T

#21: Decommissioning
BRIFICHEBLEN? BRAERZEDODEELEOLN? TN
ZRFEELZTNEGESENM?
How long will it take for decommissioning? How large

an amount of radioactive wastes will be emitted? How
long should we maintain the radioactive wastes?

FHR-ca Design

Requests from the FFHR-c1 Design
[Contact dose rate < 10 mSv/h within 1y, ~ 50 years]

Bl for FFHR-b2]

ifications of the ECH?

ifications of the NBI? ® \What are the type and the amount of radioactive

materials generated after the completion of the

operation?

#17: Material

lifetime evaluation and standardization

FFHR-b2 R U c1NEBFMITENIEEN ? M OB zEE
AROBEBIZEDISITROZMN?

How long will the lifetimes of FFHR-b2 and ca be? What
are the standards of materials and HTS conductors?

Requests from the F
[Tep > 30 years]

® \What is the irradiation effect on the materials

(change in the the

® \What is the lifetime of materials?

MIFOL-REG@) | MWFOL-RE@3)

irradiation test for

BELE R (5)

#22: Outreach and human resource

development

BZRSICHITIERDERZZEONIN ? HKBMEMEEZK

= ::\£( - \?
FHR-c1 Design ey bt Tl =Y (RZ3Ya)

Is it possible to gain a proper understanding of the
people regarding fusion? Is it possible to continue the
fusion research forever?

rmal/mechanical property)?

HALI1\—4 (1)

A 13—4 (5)

ZES P (3)

FFHREAB L DREISHERL (v, = 1.20, | = o kKA BT, EAKFETSIAITR, ~3%, T.~T,,

D DFFHR-c1CHMELTQ > 308 B3R HT—AEIIEST 3,

ZBS P (5) ZBSIEMH (9)

[NIFS: &%y, =i, B [RHFKRZF F L]
EEEESEEEE NN AEEEEAEEEE T TN T e

B 715 VMEC GSRAKE HINT  {ZEHI#HA GNET/MORH KNOSOS HEEETIL  FORTEC-3D GKV-X
HE BEEHER  Fh s HRAX-4 FEWE SIRE— s BRF s SRELR
MHDFf  2DEFTfRHT MHD T RTE  AIFEALAY  2DEFREN ELRARAT  sD2REREAT Linpe iy
(2018) a.= 0.0 FRHLICH VT, DEQ,  ERBFIC. WITDo= 0.1 BRGELIN B BB TEI AT HEME ZIR R L.
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