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Summary of Conceptual Design Study
of Fusion Experimental Reactor (FER)

(FY 1984 Report)

Department of Large Tokamak Research

Naka Fusion Research Establishment, JAERI

{(Received October 15, 1985)

Since 1980 the deslign study has been conducted at JAERI for the
Fusion Experimental Reactor (FER) which has been proposed to be the
next machine to JT-60 in the Japanese long term program of fusion
reactor development. Starting from 1984 FER design is now being
reviewed and redesigned.
This report is the summary of the report which describes
the results obtained in the review and redesign activities in 1984,
The following three steps are followed in those activities ; critical
igssues study step in which FER critical issues were reviewed and the
frame of FER design was revised, torus structure selection step in
which a few options within the frame for FER were examined and design
step in which major components of the torus structure were designed.
The newly established frame for FER design is as follows
1) Plasma : Self-ignition
2) Operation scenario : Quasi-steady state operation with long burn
pulse

3) Neutron fluence on the first wall : 0.3 MWY/m2

4) Blanket : Non-tritium breeding blanket with test modules for breeding
blanket development.

5) Magnets : Superconducting Magnets

Keywords:; FER, Conceptual Design, Plasma, Magnet, Torus Structure,
Operating Scenario, Heating System, Current Diive System,

Power Supply System, Safety, Neutronies, Tokamak Reactor
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B JET—2M, JT—60)
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No.

B & HE

F - g N - R

FER T®O &R

10

o HANT SN Ly ik BE
s N OB E ek
)

' © ECH iz & A FErn#

0O F A ATF T g v OENEE
FRIR OO ST

o MEAIBEIHICL B Y 7+ F
D A /7

@ In#RRvE

o NBl: fE#, SEERCEE
TR - 8 -RERSFT A T

o ICRF : B _5# madhE
S, AEMFEL OIS E
AR
T ATLOESHESD S
Ty FFAUBENER

o LHRF : M&EE IR0 Ffk
TE. BErKA~DIEG)
RIZICRFE DD LENW, B
B C ORISR E,

o ECRF : O & — F# @I 48
HFEM. (B L EE R RIS
MK,

@ ERNE) L DRE

o LHRF. ICRF, ECRF &/
B, ERBELEETE AT
[ij =]

ok NEE LTIE ICRF,
LHRF H iz oJhEM &

o NBI & 5 12 SO EH
i

o ECRF (56~10 MW) it k-
B, HHE S+ U A SR E
na
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Table 2.3 &z & — F
No.| BEEIAH (Bt~ F | ~DERBFHR D F—F~-2x & & ¥ B
75 EE | o b &b day 4~ 5 — DEGEE . £— 89
1 | HEEEDE | (ZETEEICRETE) WLE REFRIEEEF &
i T3, LOLQREEE
o EFEE (S 10°m™®) O LHW B &I | F~OR&D AW+
FEREEREL SN ADTF -y N—2AELFE | 10, OFNEBETLTE
EReUic RIS S, ERFEA~OBEL LGNS
o | BB Of%ﬁﬁ@ﬁ“ﬁﬁ%ﬁﬁ(.%%ﬁ%%ﬁ BRicd B, 73
EXENIHBANICIIII LTI, CAWH | Y2 L TELTERLE
FRERICLNEETERTLSHRMES | HT 5,
N5, SEERBERBRLEHTFEINTSED,
TR FEERATICHRAE S 415 Al fEt k.,
I il
o BABESIAE > 108 I. a2z ?
3| 77 X<FERE | o KEER > 100 & o 77 X7HREBOHN%E
o BB - MEHRILEEI® > 1000 # ERT ALERSG
ozl Ry T > 1000 f
T= T0&47m 1) NALERKER E4 B,
15008 5.1m 2) ¥YINEAN=5, | oF5y  BERELO
4 4E B 2000 # 5.3 m %E?Cdde“' PR SRROFTHEE
3000 #5.7m 3) I~ F . b —F— ERL
o0& +20~30 cm T = 2000 B
oF 1B 3IMW-Y. /m o> 1000 E F TEENET D0
5 FLBED LW (5588 0.3 MW'Y/mz_J«Jl_F?’Jf’QIOO
T OK
o RDEHDEHRERELETH>ENBLE
NP 2 AT IOOE@J&!\L_%@OK
6 ; Tawern - XA ZLITF
RER 300 LT (EE L)
EEMEESRT - 10000 PRI E
o N /TERM HWEEEEHETHIZEIZELTEA,
o4 wH ST 4 TTRAC B AHBKRENI0
KW)
RF w EiFcLD
T 1= 7% v b LBV 10 #— 100 #

ETBHICELDAC uRIF 1FEDT B,
(ERAC o RZFEDEEBEHDLIHICE
Bo7n b GER) £ AND L EHEEEICRE
BT AT T BEfah3)
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WEEH | [HEe— ¥ ~OEKFHERDIF— 5 ~—*

o FRIZEROEIRI 73 L
NARNERS LTHEHES REEE
ERASE2ENTES, HFER (OHIL

R & EiF, N =1 100 #) —ovae 20 500 b
EEFETEEHEEE TR
( 300 MW — 150 MW) ¥ 2,
o TFCX 150 < T < 500 ¥
M 4 % K | o NET . T > 100 sec

o INTOR T = 200#

=%

o5
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7 - T ¥ R

No.

Mo " OH

AV SOy = G

== —F D':yz;ﬁﬁﬁ

TBR, RS o X
s Al 003MW. Y. m* €20 MW+ Y, m® @ 50%
<1 MW Y, mE T8

by F Y AERER

T4 vyt U (Li,Od) f&gf0: T 1 ¥~ JEEM 10
ppm D,

75 vy h R 0.04 MW= Y ,/tn?

(7°5 X< 0.001 MW+ Y, “m?)
PERIAE DIEEIAIE  ~ 0.2 MW+ Y /m? TBIf) (HERE)

WEREM A v SUAR

HIGEN : MEOESHRE~ L2 MW Y m? TRFHEE)
EEET 7T EEBEREEZELIED,

P B AR

A—AF5+4 8 (FER/DEMOTERSNETHEAS5HS

HEH R
AIMWY ‘m* B EEENT—FEBERN TV VR

FUF Y LTHER

24.5kg - T/MW-Y - m 2 GxRE&H /] 440 MW, & 18350
m* )

(~ 20 #8M kg * T)

AMmoDr ) FI L4
AR T e B

R ~— A
3kg* Ty (#F 4 » 7o—2 TRS E&EHELRE,
L)

HADOEERES (EHEH, #E)

50 ~ 200 kg * Ty ?

1993
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Table 2.5 & e
Noi BA & IH H # B2 0o B “w & ¥ M
1| SCML e~nEE D BAEERE]Ix10° W, cm’ FER®7mT VA
34 WVEEICK BBFRE TR, %03MWey, m?
@ #BERBM<15kW el EII@N
BHEZRPOLDEZFTH D, HIPRSEM & 155,
@ Cu—dpa <4x10"*dpa
4 x 10 *.dpa TEIIEHIE 2.5x107° SMW+y,/m? &L
RecmEmL 155, fo & & T HFHaprhic
@ BM7rIryz<2x10%nrem™ 1EIEBE~DHEER
' (En > 0.1 MeV) LEdniE s @~
® HREEN TSR G HIIR & 1275 578
#Y AT RET<3 % 10°% rad o
2| THFEZ S5 >4 » b Inboafd ITEBOTCHM 75 9 b 40 am & R%Z 22 cmBENE
vs. Leo~ERA 7| SS+H0 L e~ 52cmD X SCMERE | (T E 5,
5vh .y NESA F8RWTH »720 Le~VEHDSS +H0
Le~HAEHNSE T0cn T I0KWERE &7
B
3| &AL »~O TiH, #ABRT 45 BERTHESS+H. 0 | #ARESNOHAT
Lea~k0bREE1/3CO0ELTT L O&EE{LELTHHM
MTE B, CHIESS +H,0 Lenwof3 | HoERic X508
cm BT YT 3, B<5mEETH
Bo
4 | HEHgArY -3y | D ®F o vfBEcBE, D 6D, BN Case by Case T

Sy

L e~
@ FARFEFa-ELAF LT ”
@ EHEE— b Bl N
Hillez s —icEeHrE Lo~ %
<L@Two )
@ BHEE, - VEE---BMmL e~
® #HmA-1b, RFR—FLeonb

T B LI,
LenbEDT o
B & T AT A
MBe&d 5, £0HEH
(215 { 75 B E[EEMEAS
HY, LLAYAR
BEREFR 2 BET B
BEL,
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No| B§ # B H

HOER o0 E K

P

4

r

5 AEL

C1IREEL 2~

OFREZELRI, B

xa AR E
@ ¢ B FE: 25mrem,h
@ RREER: Smremy
VEE S, HlRRE

SS(B80%) + H,O(20%)
HoE~1ImT03IMWey /m? kKt T& &
Do
D237 —F20m~20m

6 | fthed Component @
BE g h B

©® e e

Nermal Magnet 7
Diagnostics

Senser

NBI parts, RF parts

Ceramic Insulators

&)

Lo~nBirntste LTE
(1] La~0HEHEHIGS 2700, TELHHEH
B 10 LB TSR B A B
B~ RIS TR A

or

) HERNBOBMEL s ~OERL, REE
BEFHEEBL o~ ET B,
REEEITARE, Lo~ &R

or

(i) HERNBEOBEL »~OEML, DR
L s ~OEET B, |

BN S HDIIET S 5o

j— 16_
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3. HEHIGO4F xﬁﬁi“n’r*ﬁﬂﬁ%@%%

3.1 REREHOEW

11 M OE
(1) FBANTA—5 kg

WEFN 59 AERE Y T 5 4 — # %4 Table 3.1.1 -1 TR §. RF S RENT R 275
L, MEB | o4 7 @E2 4 vOEREES 30A mt &/ L x&, Fad Sy a4
DEGBHEE 10 TEE ESEs LD, FFREPBEEED /NSO (BHEEF 55 mITsH
ﬁﬁtbﬁmwxmmmﬂwﬁﬁmﬁﬁ(wi*um%@#ﬂ%&aokoﬁﬁﬁ%HF@
IRE & 20008 EMSEMEE AR L, hEf 7T v 2E RO IMWY nf 5 03MWY/
m? WD S RF SO GRIC L DB B0 v A BIHSRER O 10° BIFEEL, S 107 ~
104 e U, ALEERUBEE < 7 % v FOBEMSRENLEDEL -7,

(2) ¥ RF AKERR

Fig. 3.1.1- 1 FER 2 M+ A XBEERMD Vo 7BERH 2R, BhD b-J 2 HE
Fix 75 X AP LOCREEIN, B8 TI3vry b, ERE 40— (Fr7Y)3
5, MEE»OEAMNBERERTH L, 77 A~HYEER (77 X<-0AMER) BMIL
FAEEAREIETO TN, LROBEERESH 0L O OBEROEAHT TRREN 4.
FELUAT T ZvHEERAERT AL LT, BEEIA VD2 54 RS v b, T
pw A2 BT (DBERMBCIND ) 450, SOSKEAORON (INEKE, B
MR AR, FHIEE RO RE @t@)%ﬁﬁéodof77zvmgﬁﬁﬁi#mmﬁ%
WK AE LT b,

CHHD k- 5 AKETEAE, M R EE S o 2 A LDEITHIE LT 7 F i E
KNTV B b — 7 ABEERICITBEIEE, ~o -0k on, &F L IRBEERIC L Dis
aEns,

75 R EEEROAMIC N oA Sk Raf Fa A DB SE, b — 7 ABERD
M, SEEESOBSAASHE ol Y a4 vidh o4 Foea 4 LOAINTERE L T b, 3
A NFATRERT, 224 v RROESOLBOETESE (7 744255 b)) AL
T 5,

75 XA7EEFBRIIE, FEQRET~N- %V /T 28NEHMAINBMBBELETHS,
(FER Cid~—+ > 7IBE® 150°CIEE L T 5o

FEORBEERIEEMTIC, $5VIIESILE - THEICHA D S UFRRE BT 5.
Fad s n 4 VORI RDOE LT E T 5, PAEEDIE, Fig 3.11- HUR
kS HEFEOEE - BRMOEE SN b, ERERRMK, MAEE FHEE ~-F %
B RN F o AR, RBESTERE oA VBERFESSREE NS, CHOoDEE - R
WD LAE P EAKRERRNICHY 5N 5, PAKEBOMCE, EE HHERE =
ORI, 2 IR EIELGS, BEEmMLIERME, AHKERENEE I NS,

P75 X2, WPARROEERDRRICES 2% mal RO ERN L RELIEIT
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Table 3.1.1—1 59 FRE FER et FFE ¥ 5 4 — % « I8k

75 Xw KEREDNER (m) 52112
75 X=REME 15
WA 4 VIRE (KeV) 10
Fg7 5 X<BWE (m™*) 1.32 x 10%°
73 X=Fik (MA) 57
boA Fd RS (T) 5.3
RSt 7T (MW) 385
P FREE A (MW, m?) 088
i f 7 v v 2 (MWY/ m?) 0.3
iz — F #ER (RFEHY B+ OHE MR, FAR
MRgEERRE (R 2000
At 4 ST R FAN— S
75 A= EMBEOMW . F % RF (ICRF, LHRF)
f#=% NBI
WEE~ 7% b WD aEEIEEIA
# $#: NbsSn (TF 24, PFI A
b A SRR 2 A4 LB 12
FoA SRR v T (%) 075 BI'F
77V oy b Le~ETT va s PRU

k) F LT R BT A -

_ 18_
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3L2 4TS A
LT 7 XY DB DRE LT ORROBEREFRFHCRB S 2720010, F— 5~ — AOFHE
#4170, FEROBL 77 X~ BRHCHT BEARN GEAHEWSHIC Lize N7 5 — 5 OREI
H1o» TR FEROHWAEZERT & 5RRIC, 77 X<t RE o/, TEIEHHNEEREL,
N5 A — 4 OEELEE - fo. REEFFICEA Lz RF BHERE) % A filE UroEs v 7 Y
+ORIAED S & & i, REERIBHOT 24072, REMHETRICRY, 777 ¢ — &
S5 e DREBI S0 TR AT 120 75 X OFH: » THRBIN DO CRRARE T
HHE KT - BB RO 88 10D TOF LR IR L o, RRABIEINT Tl 5 1
— ST E KT T X< & OFGETT » 1o MERIE, 74 27 7Y 2 VRIIC OV TE TS
X DEMAEE TS C ETHIETEAME I DT 20 THEIT L, BTFEEURREFENT
Do
(1) 79 A<st0&EZLY
T Xw AT A LTAR—RLEAEAEAIC D OTER - RO 7T ¥ ~— AEFHEL,
75 AT ORAN B EI T ERSHIC L, BT ERTERER T
2 A E LCH = — FICAS T BHADBEAE 505 b0 & UE L, ~
=S OCTEBE, RH - BRTHONTO 22 7 —VRIBEIC 15 fEWESNE L LE
HiF LT, “ef, FHEEECAGKEESTLIHEAD v FA 76k~ ~25, ~L1b
£ Ut, REOBHBHOEREFHL, (EHETO RFERES > 7 ) 4 & BERI AL
TEE L, T 5 X7 OGP A EIET 512 35T & LT 500 ~1000s HNEFEST
5B EHET LA, EE - BRE S A/~ 5 EASMBEO TEE Lk, EMEOERE LT
RF (ICRF ~ LHRF ) M#4ERL, NBl Sw 2 7 o7 d7 v avd Ui
(2] 75 K= e s¥5 A — 5 DBE
LTS5 X252 — 8 —DFEFEIT Hic - TE A 4 v £ F3ovF —F UADELH T iR
BT i+ ~FUABAIL INTOR /Alcator AR V7t ~— 7 EIRSROEREMRL,
N— 2= fI(331p (MA) almlB, [ T ICHEONAMED 144 EEKEL, HRE
LT 456 %D ~—#{EABTH 5D,

PREEHARE (R 10 KeV & L, BRI 2000s & L7z, EEREERY ) A4 EEER L
Z&ps, OHa4 MO KEENBOREAEELBBEHE PO 77 I BRMEFHCH O, Lb
D MBS FIRET & 5o

75 A= FHEL, Fiew s Ry OB, BERREOERE X FOEE L ORHRE
POHRE 2T B, RIFTHEEE S ( VORAHMHE, BREEEZSDICE » TERRED
FLxEED, TR Y- W FET I v o 2 ERRL THAEEREEZEC LN — 7 ZAHID
TR SOABE LT, BRELT, 75 A-EFES2m, 77 Xv/¥EL12m, 77
Z2BEHRSTMA bo4 F Bl RS 53T, HFreT — 385 MW, ik B84 0.88 MW, /m’
%157,

(3) BEEFERF A

il L 7okfic, SOEDORF 75 A~BRBHEGRCHERO SELEREHE 2, (SEiEK

# (LHRF) BREKE) i £ 20 EEAS Z OREER v+ V4 & L1
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EEHETE V) A0ESNE Fig 3. L2—1itxd, 2Oy + ) 4Tk, RFEHESEH
VB CEIT & DS - F1E RO ORI LS L D, R v ABRICHE L
TACO RO, PF a4 VEREFECKEBGEAOFELEN A Y » PHERGFTE 2,

TR PP RUERSHICHLTE, 7x v 71—« 77 o 5EL - DEARER - WXTR
RAEMAH1- ORLRFBERBEFEF = 7 w2 WAL, 79 AEE - BHTE « EEMEI
B4 A LIRS TR RIC b & D ERAMIRM A BE L, F A DCEBEEMICANLI ©F
WHEBR LEREDLEBATOTORYEAED L, COEFTVER NS LERY EFRT
FEARERERS FERAED 15~ 25 &5 2, CRARMLTEY 7 X<BE « BEMNSIT
LOERT AT LEARTED, SERFMHCRIT 2,

— 7, BT A ML TR FUARED T - N—REGLHILEFHINE LT, Bk
HAR~NS A —sOBEE - BE (n, T) FE Lo -HS5RIMEHNE, b5, F
SO FEAE FERICHEM Uz = # X UADBE ARl E UCINTOR BIZ B 0ok
A FLAHOEE T - DETBESHER, n~08x10" m?, T~TKeVT #a%HD,
AL E ST BB INE Y T - R P s A ¥ O RAMEDEE S Hid, TOBEEE S A
J=y vz ¥ e 77O FHNADBENLEELE B, G%, PFaA vEREIOBUE LD
D, SR VFNVAOREL, REAPLELLSD,
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{(4) NE « SRR ERE]
AR UEBEDER T — vy 2 i, BeoKRicsn CGEMAR BRI E IcHd 2@ ]
et Ama L, OBTFv 4 7 ob oy (ECRF) &, @EEERE (LHRF ) In& KU SR

YA 5710 Lz, ECRF BEic 75 X=4ER & A 1EE, LHRF (3 N# & EiE),
ICRF RUPNBI W EEucH| B¢ %5, FEROEEHEE v 4 ) 4 2 RS 31, BHERD
RN EE AR T ALNENS Y, REE 75X v &R e LIcBERREE S L TE LHRF A
HLETH B, Xk, LHRF @EMBICEFIATE 2708, NEARUERBEF O LHRF &
07 vF+—577 A AR TENE, FREOHZ(LOATHINTS 5, ZOILH
57%%@W%@%ﬁﬁbﬁ%%,%ﬁﬁ@%®%é%%®ﬁTﬁ%%&ﬁéC&ﬁbﬁcm
At AT VT —AEBRTHICR, 5V F - —HONKBY AMH O EANE, BFF
DhS O L 2B EREHLEELRETH 5,

(5) 75 X7y « HRHEIH

N OEICH L TR VEAEAE —FicHilEd 277 A3 R 2@t L. =
A VEEHE I, Bp, EERUEOMET AR E JUERBHEORIEHE TERTE S, T
DEMADEREFAVE &, &3 1 WORBRES SRS EEATOEEATT 7 X8t
AR AT AR, Bp IWIHE T AT HEIMFAEE L LT ENTE &0

BENBARTICNS X VEAMBESHIC D WTR, KERIAOEESEAMUNEL, EE
FENE 7 5 2w MEBEILOFH 1,2 ThHLAHES R E /o, KEFMOEMNBRBICREET S
e DT LE, FRRK— A vF o 7 AEEALTRN . | cmDKEHFMOD T 7 X &
Rrid, FEE AR OREEESRR T 2 ICANESMARTEE #10G) £RET S, TFTERDEH
&, & Bp e LT (n, K) OMA&ERZLERRICA- TOLODT, BFERELHH I 1
WAT £ BEESARAIRTH b,

X EME, EAEESLOSAEAELLT, o KLU A viBl T 38E
S oaie, BRI AIREL 7 A AR S Q&I TE, nEONHEIFRA SR TR, HifE
BEICHOEDTH S,

(6) Al
@D A= G ERO T 7 e RO T OIS RICINEH 1 Bz e —va v, #E

LI 5 4 23— 5 BB T B ELR PR FICERET 5 O B O hICE - TE7S

AAEE R TR AN AEE LS 1Bt o— Y v, BAMEHEL, SahchklLis,
@ S A= 77 AeOBFAEC PGB TORESTEMORKE, F1 /551

W, BEEAD 7 LBERGEE A L, REREICRER L
@ X775 XvOMFRUET 2 vE—F UADEEE ¥4 -5 B oEREBEE £ L,

i/ 7 X O PHEOMIC L - TR UADRHEN € - FERERITIEER LI, L

T Yo — VIIEGRRE - NBI MEBRETOHE—F, LE-FOEBLWIETALLDTHY,

Doublet M. PBX OHEREEMINCHHETS 5,

(7) BT X<
—fric, 10 keV @ BB RBNIC ALE L TESCH D, BREEMESEL0DITH,
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MHD7 7 74 &5 4 SRS HAZT LW L, 74— K5y JEBEBLEET 5,
WTFEELTHE, Ny YITHEDHEDT, OR-7HERRERE /Yy Y7EEE, @ e
A FUVERO ) v TEBR Oy YT EBOET o — Fosy SHIE, @BEEEI ZLH 8,
@WBES « BiRIck 251, SMHEZLONTVBD, TOLNMELAE - T 5, AFE
B « IR K AHIEERLEY, TRETSRETAE Lo, FEEAR= 10 on O RS « B
RETHEAEA S~ 600 eV OREE/icH UTHETEEEZEA OGNS T &, ~10cm/ 05
sec BEDEH « ETHOE, NEFNHBSHERIZ~ 60 MVAREILE 3% 5RHENS
BT EEEBh ST,

8) F4RIT eV _

FuRTT Vs VEOMRBHEIZY 7T YT Y OENE SEESECOT, REERE
DY b— e YERATG Y, BT OBRESR,

O 7IiX=oEfEAEEL, MEAFEOBRIK &S TLmicE, ~ 17xX10' MVA 0%
ERMBARKLVES L, FEENTD 3,

@ HEHE ST — L~ (D100 MVA) BITiciZ Bk, #Ifl2 4 voBE YT 3 v b %
+20VIKERETHE, T3 XvOMBAGETCLETET, THEEHROEMEE~
30 cm (FTFASHEIEE Cu v vH0) D o~—-35cm (Cu v = vEL)iTETH, %71z,
FFRBHBARO v v s EREF A ROEMEMA ZHREBEEDRE 0,

@ FTFHEMAHLRCE FERLFAOEMICHELTV ETARICOANECENT S, 20108,
FEBRHEOFENERETE TS, L TARNOEEREINT T I X=25nTLES Ak
BHd, COMBADEEDRENLH 7 v 7k, 77 X2EHO HONREZDO LT
FEAFRES EFRNTH 5.
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313 WFARKEEE A LG

@ EAKEI A . SIS FERIFAKST O/, 807 7 X<icBld 5 (BEH
Bt FORH, S 181o—Ya voy( -7 EENOBERR) #REEBICEEHR
HiciEM L, BRGS0 BoaIMbARD, REMOFRESMS O e ML LT
ETH Do _

@ RIEEEI S BROBEIT TF 24 ud 0 o ZTAgM (075%) o BRSNA2EL
e K ECBSICE B ERE, S 5 ORERBEEN 15 (112 ~— 2 2 0E) EkR
VHERIEARIC L O AlE & B D RBEOEHREA SN SIKd b,

@ EOHEE A OSSR HICY - TE TR HERD S s MEHT &AL
L, B ROEHCBE L CHSEEET -7,

« FFREME RN EOREEE - ol
et R T X ERHMAZE Y - vHREE T AHE
» T3 A MAH EBEER - BE
c BUG T, BRE o L TRBe AR L, BFEICE ATIRIE

@ EAKSEES : Fig 3 13— 1~Fig 313 -3ICFER 7 V7w F, HkrmEK, ~—
5 A MEEREASR AR Y., Table 313~ 1 i AREREH %7,

AL, BBEAE TS U BRERK, EEERA Y-8, CHSENERT ST T
X EHEREBECHERENL -7 A EEEE, -7 2ARBERKORADKREL b A S
WRHED A, Ko FARERE a4 VRTINS ENRT S 74425 v PHEZRES,
BTk — 7 AEEKE 0 A VR EHT ARE T THRIREN S,

G 77 AvHEEREE . 75 ACHAERE, 122ryichEsh, BERERAENLT
EEE LML S N B, SR, FhFh~o—ZXENEsd, 15— VRAOHER L
Nl s RO Y — LA R L T0 A,
BHEGROBEENEDIL, 574 75— 58557 P ERB LA 12 rOZHT, THKR
EXEESN 5,

® & 1B TEhERARES . TTERERAL, 77 X<flicEd IR B2 EEL,
& LAV SRR D E—EERO—HICEREO v 2 vBERET L TO 5,

TR EOBRILE VOB S 1 BEEERAD T 7 X<~mAEET S 1 GRS
ThHbH, X, v VBIKIECICREETAZMANBEAEZRET D b A EHEREICHRE
TAHE QRS | A S LR A B0, BRNRSIIREEZE I 5 EERIC LD FREH
INTHA,
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Table 3.1.3-1 Basic Philosophy for the Mechanical Configuration
Engineering Feasibility and Reliability

{1) Assembly/Maintengnce
Removable shield sectors

straight l1ine motion (radial direction)
access windows (between TF colls)
Divertor/shield sectors_
straight 1ine motion (radial direction)
gccess windows (between TF coils)
* with ripple-limited TFC bore

£2) Plgsmo vacuum boundary
Plasma vacuum vessel (combined type)
Access doors (between TF coils)

3) Impurity coptrol
Type : Single-null poloidal divertor
Null point : Lower region
Number of sectors 12 (for assembly/removal)

Exhaust ducts

nunber of ducts : 12
location + lower region between TF cofls

(5) FWBS

Removable shield (non-breeding blanket)
Integroted first wall
12 sectors (for assembly/removal)
Semi{-permanent shield
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Table 3.1.3-2 Design Parameters of First Wall

Type Integrated with Movable Shield/Shield Post
Form Ribbed Panel
Maﬁerial 5.5 316
Wall Thickness 20 mm (5 mm from coolant channel)
Cooling Channel
Cross section 10"m x Shmm
Pitch '15 mm
Coolant Pressurized Water

Flow Direction

Outboard Toroidal
Inboard Poleoidal
Inlet Pressure 1 MPa (Normal Operation)
Inlet/Outlet Temperature 50 °C/max.104°C
Velocity
Qutboard 2.46 m/s
Inboard 3.05 m/s
Pressure Loss
Outboard 0.25 Kg/cm2
Inboard 0.46 Kg/cm2

Table 3.1.3-3 Design Parameters of Shell Structure

Type Saddle Type (bullt in outboard Movable Shield)
Material ‘ Copper

Thickness 20 mm

Cooling Cooled by Thermal Conduction to Second Wall
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Table 3.1.3-4 Design Parameters of Movable Shield and Permanent Shield

Number of Sector

Thickness(including FW)
Outboard
Inboard

Material

Construction Ratio(Hzo/SS)
Outboard
Inboard

Internal Structure

Qutboard

Inboard

Coolant
Flow Direction
Qutboard
Inboard
Inlet Pressure

Inlet/Outlet Temperature

Movable Shield Permanent Shield

12 sectors

160 cm 145 cm
30 cm 30 cem
5.5 316 - HZO

5/95 5/95
5/95 30/70

Perpendicular-setting Blocked Shield Plates
with Cooling Channel

Parallel-setting Parallel-setting

Shield Plates Shield Plates

with Cooling Channel without Cooling Channel

Pressurized Water

Toroidal and Poloidal
Poloidal

1 MPa

50°C/K90°C
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Table 3.1.3-5 Design parameters of divertor plates

Basic structure
Configuration
Coolant direction

Supporting

Joint procedure of armor
tile to heat sink

Tnsulation between tubes

Inclination of plate
to separatrix

Inbeard
OQutboard

Maximum heat load
Normal operation

Disruption

Material
Armor
Heat sink

Support structure

Thickness
Armor

Heat sink

Coolant

Inlet/Qutlet temperature

Velocity

Cooling tube diameter

Inlet pressure

Pressure drop

Plate type with U-cooling tubes

Pploidal flow

Fixture of cooling tubes to support

frame with di-electric bolts
Brazing

Void gap and ceramic coating

18°
21°

2 MW/m2
270 J/cm2

Tungsten
OFHC Copper

316 stainless steel

6 mm

20 mm

Pressurized water
50/64 °C
7 m/sec
15 mm%1
15 atm
3.7 atm
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QUTROARD M. 34

SHIELD PLATE BLOCK (1)

m—ﬁﬂﬂl PLATE BLOCK (1T}

Movable Shield

R.F Shield

\V |
\\v/

Fig. 3.1.3-4 Configuration of Movable Shield.
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- Support frame

T-Support structure | beam )

N

Cooling chonnel

Divertor Plate

Divertor Shield

Supoort Structure
for Retraction

Fig. 3.1.3-5 Configuration of Pivertor Module.
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'84 FER Design Philosophy of Magnet Design

Design Philosohy

Critical Points & Design Parameters

New concepts
Single null divertor

Quasi-steady stote
operation

To optimize the inboord
radial bulld for the
new concepts reactor

To optimize the excito-
Eé?? scenario of PF

Reaosonagbie reactor
size

R=562m

Aggressive Approach
Forced flow cooling

High field and high
current density

New support struc-
ture for the
inboard region

t.12 m

Magnet parometers
12 T 30A/mm2 TFC
10 T 25A/mm2 PFC

High stlffness of
wind nT and reliable
electric insulation

Space saving

Reliabie support against
the centering force of
TFC and AC loss

reduction

Table 3.1.4-2

Summary of Design Parameters of FER Magnet System

Parameters TF Coll PF Coil
Number of Colls 12 19
Shape and Bore Size 2:2%0288.7m Eé?gtfgéé.Sm(I.D)
Magnetic Fleld on Plasma Axls 5,37 gt 5,2M —_—
Toroidal Field Ripple <075 % B—
Yolt-Second Capability 105 V.S
Total Ampere-Turns 138 MAT ~150 MAT
Maximum Fleld of Winding 12 7 10T
Current Density of Winding 30 A/mm? 25 A/mm?
Stored Energy ~23 GJ ~ 7 GJ
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Table 3.1.4-3 Main Characteristics of Toroidal Field Coil System

Bore Radius 8.68 m / 6.77 m

Number of Coils 12

Coaliﬁg Method Forced Cocling

Winding Concept Pancake Winding

Shape of Coil D-shape

Super Conductor (NbTi) 3Sn (Cable in Conduit
' Type Conductor)

Peak Field 127

Operating Current 30.7 KA

Average Current Density (in Winding}| 30 A /mm?

Winding Cavity 0.383 m®

Number of Turms 374

Number of Pancakes 22

Number of Grading No Grading

Material of Coil Case Stainless Steel 304LN

Magnetomotive Force 11.48 MAT/coil

Total Inductance 47,83 H

Stored Energy 22.5 GJ

Hoop Force 105,370 tons/coil

Centering Force ~30,380 tons/coll

Torcidal Field Ripple 0.75% (at plasma outer radius)

4“39 —_
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Table 3.1.4-4 Specifications of active position
control coils

Position | Case 1 Case 2
Items Quiside TF coil Inside TF coil bore
Recommendation | Close fo the plasma & | Within shield
to coil position | far from other PF coils
Ampere- Tum/oil 250 kAT 50 kAT
Voltoge / turn 200 W/ T 100 v/T7
AC AC
Wave form ~ |0 Hz ~ 0 Hz
duty ~ 1/5 duty ~ 1/5
_—
Rod;&?ion < 10% rod ~10° rad
Nuclear -6 -2
heating ~ 107 W/ce ~10° W/ce

LHANN FOR 1Rt AL 28

SUPPORT _ PLAT]

ACTIVE CONTROL Q01 IDIN

Fig. 3.1.4-3 Schematic view of the active control ring coil
within the semipermanent shield.
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Table 3.1.6-1 Parameters Related to Plasma Vertical Position
Contrel Plasma Parameters

Plasma current 4.3 MA 5.7 MA
Poloidal beta Bp 0.1 2.6
Vertical field 0198T 0465T
N- index -2.548 -1.272

k - index 1.3 0.52

Passive conductive components
Shell structure

Type Saddle type

Number of segmentation 12

Location In removable outboard shield
Material Cu (2cm thickness)

Width {m (front plate ),

075 m (side plate)
Movable shield
Semi - permanent shield
Vocuum  vessel

Material S.S. (10 cm thickness )

Thickness {0 cm

One-turn resistance 0.2 m0Y (12 bellows )
Stabilizing  effects .

I‘is (N (@) ) 37 2.7

Growth time (without Z- asymmetry ) 53 msec 204 ms
' {with Z - asymmetry ) 24 msec 156 ms

Active control coil Outside TF coil or on semi —
permanent shield

Disturbance field 10 Gouss (1 msec rise time )
oroi_;.li(normolized internal  inductance )
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Fig. 3.1.6-1 Location of control objects {(plasma, shell structure,

shield, wvacuum vessel, PF coils and control coils).



JAERT—M 85— 1786

3.7 BIHE AR

EELE 2R v ) AKX T B, YEHED FERA/ARFTHY, 10sec FEEE TR
W o 4 RADY L ST TFER TN 5 e ERERRE BUHREREEV RSP,
PR 0 A UREERO AC B R A3~ 100 KW,/ 44 KB A, - THEROZEE 471 60~100
MW %8 L7z,

AIER FER (4 RF SIS ic A MEES S L/ D, BRBHICHRD S v+ U A4 LOELRY
i3, 7 X BRI B S~ 100 sec, @EV L I T RER] 15 ~55 sec GRIRAD %,
K EEOTLAD B DM - TNB L ETH D, O PF 2 4 VER &M H B ITED
ﬁ%&ﬁ,I*wﬁﬁéwﬁgawm@ﬁﬁ%ﬁ(AC74/)@kéﬂELT<5OLﬁ@%
WEAKT A, RETOERR,

@ Pro VERESE, BHEAEEAR (N, PF o ov) O, BEL BT/ LT

FEERcd 53 A UG v A ARG THREHAS 21T T L.

@ JELEEOS bATERBEEMERHE 2 1 VERERAT S L,

® FRoRitERES IUhOBECZEROMELSH TEREHEEIERT 5T L
iTHh b,

PR 4 VEF, NEBLEEEREERBIUSELNNES, RO AIFORE EX
L, &% Table 31.7—1, Table 31.7—21z, £-ZERERMKKEF1g 31711 T

it OF BEREE TIIIR .

@ BT Ed T TSRO ELEER,D, 25sec BESEHREZALELLSND,

@ PF o4 VBEEMEBEEIIG 1000 MW &, /v R4AD 2500 MW O ST &7
$H TS e T L— s F Y OEEERED L e SIAELH L4 &85,

@ PFaALEERHA)VRIBETHLHNFEFEC, FONBERBEREEPERT
5. CAEBEC b 4 ) A Sk ALY 3 B, 2 BHRtR S L, ®05 2T
Bt o NEEASICHERERBE T EIHL LIS

@ 77X wBR LT HEF®- D (~100sec) LTVEID, EXEE /D 774 R A —
AT T Z TR (MGF) ~T 2 L EHEHBIET, %045 MGF O KRl FTE = 4 v+ 8 %
F BT EWTE,

& PFo 4 EEES © FRESR S LT, ARALREESER LIEET, L o Wrds
S TERIC L DR R EE L, oY RIPTRERED A Yo — 5 ERRIT K OMGF
L r A LKA T AEEE G- TEYD, JRARELBEEIFAETH -1,

® BEELGEE20MWERD, SN REOEEIC L 0/% oty CRREELTE
FBE T D AC O R DRI L BBEBIORMNCLE D TH S,

&) mEAEHE 24 VBRI 20T a4 vETE I vDOHE, PAEDBEI D0 TR
L, ABHRTE, BEHREEOTHERE 150 Hz, H77120 MVA E0HIEERS L
T AXHEMEELE, NBAROHMWL SAVOFNTEPWMA v—7 HE T HAr EY
WCARET & %o



JAERI - M 85— 176

ro ¥t / VAW 008~ 00¥%

(D 66/ VAR 00% ¢ AYHT)
9 1°¢/ VAR 04T & d40T

Humsshﬂm Jojeaauad I0710K

(?UTT V)
*s+d wo3sds Surieoy

(19339AUT 1015TILAY7 £q 49K

01 oeq povl LSidud) M o9/M Zn aourlsysai/randnizazul
uorioejzoxd youan)d .
ZXMH ST 7 x MH 07 Iojoul SuTATI]
8398 Zx (MM § / VAR OOOthv. §398 Tx (ID T°¢ / VAW 60T) TooymATy x03BIOUAE I1030K -
M) S T M3 CET0 a93dnixojur 3TNOITO O(
MR 00SZ v MW 9T0T IDIIDAUOD JOISTAAYL
A1ddns zomod TTOD 44
(494 €8,) 1030®91

J012€91 uoTjexaoado 2sTndg

uotieiado aje3s Apeeis-Isend

OTIBUIDG

Arddng z2mod waisdg Furieoy pue [I0d g4 Fo uwostaedwon orarusvg  [—/°T°¢ STIR]



Table 3.1.7-2

JAERI—M 85 — 176

Power Supply from Grid Line

Quasi-steady state
operation reactor

Pulgse operation
reactor ('83 FER)

1) Cooling pump system v 23 Mk 15 MW
2} Vacuum pump system N2 MY 2 MW
3) SC coil refrigaration
3 150 MW
system {(including LN3) 6 M "
4) PF coil system a0 MW 30 MW
5) TF coil system 6 MW v2 MW
ICRF : 14 MW
6) H i ] H
) e s and current (LHRF ; 37.5 MW) ~ 80 MH
ystem THCD ; 67 MW
7) Miscellaneous equipment 4 *
0 "
and Building load. v A0 M 40 M
Total 228 MW w319 MW
© (250)

* estimated value
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Table 3.1.9-1

Shielding Design Criteria and Calculated

Response Parameters for FER (Calculated
values are normalized to the average
neutron wall load, 0.88 MW /m? and the
fusion power, 385 MW.)

Calculated FER

Criteri
L Response Values

Maximum enutron fluence
(E>0.1 MeV) in the super-

conductor (n/cmz/lifetime(l))

<2 x108 3.49 x 1017

Maximum atomic displacement
in the Copper Stabilizer
(dpa/lifetime)

<4 x 10~ 1.29 x 107"

Maximum dose in the Insulator
(rad/lifetime)

< 3x10° 2,95 x 108

Maximum nuclear heating in
the TF coil
(W/em?)

<1%x107% 3.25 x 10~*

Total nuclear heating in the
TF coils and He can
(kW)

<15 B8.62

Bilogical Dose Rate 24 hrs
after Reactor Shutdown at the
Quter Surface of Outboard
Shield

{mrem/hour)

<2.5(2) 1.27

Population Dose Rate on Site
Boundary (500 m from Reactor)
(mrem/year)

*\5(3) <l(l+)

(1)
(2)

(3)
(4)

work weeks

Lifetime fluence of FER is 0.3 Mw-y/m2
Specified from 5 rem/year (restricted by law) and 40 hour

Goal established by Atomic Energy Commission of Japan
100%-availability is assumed

i65,
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Heating system

e

X
]

ol wm | U

(1) Cut the lip seal welds, disengage the clamps and jack down
the rollers on the rails.

Heating syslem

"’ _ '

7w | e

(2) Set the divertor transfer vehicle under the heating system.

Heotlng system

e ® T

{(3) Set the telescopic jack to the divertor.

Heoling system

Awwﬂmzézgﬁg
5 b
e

e 4 ;j i " 4
Tyt ——iy xiz

(4) Withdraw the divertor on the divertor transfer vehicle.

Fig. 3.1.11-1 Removal Procedure of Divertor.
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(1) Remove the divertor.

Semi- permanent shield - Cryo-stat
/  Removoble shield

(o r—
| B —
)

—d

Trons{er vehicle

\b; ] 14:;3 It:jﬁl<$—*_a ' B .
11‘

v a X - 4 = 4 r = 4 T g =

(2) Insert the shield plug into the divertor access port.

Semi- permanent shield . Cryo-siol
// Removable shield
5
//1-———”"_7§

(3) Withdraw the duct shield.

Fig. 3.1.11-2 Removal Procedure of Removable Shield (1/2).
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SECTION A

LIETIHG _ JACK

Fig. 3.1.11-4

Removable shield Transfer Machine.
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Table 3.2.1-2 Major Design Parameters of Tritium Producing Blanket
(Batch Tritium Recovery)

Blanket type
First wall configuration
Structural material
maximum wall temperature
Coolant
inlet pressure
inlet/outlet temperature

Breeder

operating temperature range
Shell conductor
Tritium breeding ratio

net TBR

local TBR

Tritium recovery
purge gas
heat-up
recovery time

tritium inventory

Tube-in-shell (BOT)

Ribbed pannel, integrated with blanket
Titanium-modified stainless steel

400 °C during normal cperation

Helium

4 MPa

100/300 °C

Homogeneously mixed composition

of 1iy,0 (25 v/o) and Be (75 v/o) pebbles
100-600 °C

Copper alloy {(Cu-Be-Ni), 30 mm

0.61 (breeding region: outboard and top)
1.56 (without Cu alloy)

0.95 (with Cu alloy)

Discontinuous (after plasma shutdown)
He, 0.1 MPa

up to 450 °C by He coolant

1 day

2.3 kg
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Table 3.22 — 1 FER-SOFBET 7 X237 A -5 —
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S A A v RE : (KeV) 18
~— 2 {A { %) 5.1
i taup] (MW) 346
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TR 26
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Q f@ 35
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