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1.3 U & K&

FLtFEE A G E LBl OB ORI B L OBEENEOEREIWEE L, S8 d &
DS T EORAENURERNERINDDH B, i, BA, KE, v, 21— ~ »EEAH
OEBH/CLD, BEATEIRIEROABENIREFVEFELI SN THED ~TRINCES F 7 =
s RIAAIFDOFESR % B Lz INTOR il Phase — 1 1CHE LB TH B, N 5HOES
HEEE LT, SAEEEERT 2/ ABERYEY, TEWEEEOHEHIThh, EdIFE
MORER & RECHEP DEFWN T 225 5,

D ~T#BEEEASFE CHT 2 EKOERE, D-TRIETRETE 1 A Me Vi FoOYEER
EENTH - TRET SN Y HOMBEBERABETLETHE, BEOHFTROTLTH B b
ARTIPTENTE, 777y b, —RERETCRPORDEEFLSL R » MBS FEL,
TORMIZRIIBD THEMTH B, N OWCMA THESEREREPEE TS T &, AR RO
£ D ICIRE SR O T RM ISR ER RS BER S NE T &, SR BE TS HENG
BEEO 1 4Me VIRTTHS L LB EDED S, REROMNEF DEREHTIFEROE,, &
BESFOERFTORB I HTFEINS,

FO, ERIIAZICENT, BEREFEICHT 5ERMEDC IR L ORELEEREST ~, OA
JETFEa e Dl Tl | TTAEFIERSMIcRE s i IR FER] v -7 -7
DHNERT, F& LTXRBEEERE4E L THRASFRROIIR L PIESORS « BHEAT- TS
foo KI2HMEZE L CHRGH ORI BEE T 5 XEOFAR LT, ST iTRe 5
DEAMEFPRUOERESEREEOMEEME, R EELEE L, BERFEITEOBS» SR
A%fT o1, bbb, CULHAM MKII ' () , SPTR” (HA) , TFTR' CkE) |
STARFIRE" CGkE) , INTOR—US A" CRE) o5 @HOBIFIAEE L1, 715 INTOR
(Phase — 1) 4 3WLIEIRE Fmic & & -5 ERARITAS INTOR — US A ¢ BAN I Ei
LHichAEMEFTREE L. N SDIHITHWO THERIT RO BRAEIR T 2855 6, WALE
Hie, 7RISR, PHRF AR U T OO SRR ISRt ORI AT - 7, REEEL, BRS
FEROSROWHARELRTAT L2 H0BRE LTERATAIEEENELTELDLLDTHE,

2 X HBR(FE 1 #E )

%

1) Morrisen, C. A. :"Shielding Studies for the Culham Conceptual
Tokamak Reactor MKII', paper at the symposium on Fusion
Technology, Oxford, Sept. 15-19, 1980.

2) Seki, Y., et al. :"Neutronics Design of the Next Tokamak
(Swimming Pool Typel)’, 3rd IAEA Technical Committee Meeting

and Workshop on Fusion Reactor Design and Technology (1981).
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Ku, L. P. :"Nuclear Radiation Analysis For TFTR®, PPPL-1711
{1980).

Baker, €. C., et al, :"STARFIRE - A Commercial Tokamak Fusion
Power Plant Study’, ANL/FPP-80-1, Argonne National Lab.
(1980).

"USA Conceptual Design Contribution to the INTOR Phase-One
Workshop, Rept. INTOR/81-1, Georgia Institute of Technology,
Atlanta, GA (1980).

"INTERNATIONAL TOKAMAK REACTOR Phase One’, Rept. of the
international Tokamak Reactor workshop held in seven
sessions in Vienna during 1980 and 1981, International

Atomic Energy Agency, Vienna, 1982.
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2. CULHAM MKII FFoERg&

21 B ¥R
CCTR—II (Culham Conceptual Tokamak Reactor MK IIB)

22 B W

EHARBROBBSRBSEMNRE LT, o SVlE a4 v OREEIBE 20 </ o 7 kot
BEE AP 65T &, RUHHIFASAOL S IHHAUNIL KRS 7 + OFELHHET L &,

2.3 mEtas
(1) HBEHCHOSNTOSE AT ¥ L RMAOBEARPYETFRE 5 4.2 X1 0 P necmr®e s
2} HEE R o P ORGERIEE &R 1.8 7 x 10 " dpa
3 ARERM ~OPIT, THRAHIREROREKM 05X 10° Rade hr?
4) EEE TS5y PRITORKBHFHRERER 34 X 10 " Ween?®
2.4 EREE

2.4.1 7 — ¢ RUINERE
(1} ZHWmH
dEf 0 10 0B, 7#2 08,
R R U A RTERE CEURLI B &0 fEk.
TAELERET RS  UKNDL &9 AMPX®D SMUG £V 2 = AROTIERK,
2) #Hd displacement WTEE
ENDF /B—-N®F—#% & Lindhard =& VFSEEF NV, RUNRT =700 Ek.
B AR I AR E R _
fHEF cENDF /B ~NH5MACK — N = — FARVTIENK.
THEURLIB2Z 0 BOEKMREOBAEA,
(4] RIPEH
PHEF S ENDF /B —-NEHYMACK — NV TER
vEE S EH transfer ENmE LD EEIER,

2.4,2 8 ERREELT
1) it
MEETn, S, CTANISN T, PETH, REGRIEE, S8 RONHEAREOKE

_3_
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AEE, dAEEFLE Fig, 2.1 @Rd. FEERE Table 2. 1R, AMRMERAEEEUAL
HoTWhh,

2) =rFAhvoitE

3T —F MCBEND 2@/, FiELZ, Combinatorial Geometry/l—F YiTX %o
SEm#EEE splitting , Russian roulette XU —KJt Adjeoint FEICLZA vH—%
VAN TN v IRERHER, v Ry FORAIEAHCERTN S cm OERTOLETTRERE
Table 2.2 ©€RTo —RILHREET 779 —2~5 T8I Do

2.4.3 A by —3 IR

il T ASR AR LAER 1m0y 7 FOEE4E MCBEND TEtR L7, stE® 7V EF ig.
2.21CHT, b O FUHET A AVESOPHFRCEBT DR TE 3R ERICEFALLI,
Blzig, Hag4sgwagin, FFYAOI—F, Ay ) - VERELEBZOHTSHS, 77 I
HERELOESX 2.5 cm DR 7 v LAMET, BETs o S vliE I A vohEEES AT
%, ez, boagsvafucl MCBEND® “ target region” #4722 YEHOVT
30,000E2F)—DHERITE -7, sIEERE Table 2.31007 . SHOBRMPBBEIRRL
KAEDEY T MEEDIAVOFIE TH D RIS BT ORI DAHRS L, L
ST, ROBRY S FOR MY —3 v 73, 3HROCHBERTRISLEFT S,

2.5 f5icER

ot T D B — 45 4 VIGERE NG 2LEPHE S,

ox VFHNVOEEOMBEDIYS, F7 A ) -3 Y IEEBRBLIA VR - YRARHERD D
WHEISEH 5,

o BRI T, MK & EE B L CORBILIKHETH S,

z £ X B &E 2 &)

1} Morrison, C. A, , " Shielding Studies for the Culham Conceptual
Tokamak Reactor MK II” , paper at the Symposium on Fusion Technology ,
Oxford—September 1 5~19, 1980,
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Table 2.1 ANISH results at inner surface of magnet

Neutron flux

Peak neutron heating

gamma heating

total heating

Copper displacement rate
Insulator neutron dose rate
gamma dose rate

total dose rate

{nem~25~1) 6.04
(dpa yr“l) 6.61
(Rad he~'y  2.15
(Rad hr™!)  3.19
(Rad hr™!)  2.47
(W en™?) 7.62
W em=7) 7.32
(¥ cm~?) 8.09

108
10-%
10}
102
10°
1077
to~®
10-8

MoOoMH O OK M oM M oM %

Table 2.2 MCBEND results (without duct)} at near-plasma edge of

outer and inner magnet regions

{Standard deviation in brackets}

Neutron Flux

Copper displacement rate

Insulater neutron dose rate
garma dose rate

total dose rate

Peak neutron heating
gatma heating

total heating

(nem=?s7')
(dpa yr™')
(Rad hr™!)
(Rad hr~!')

(Rad hr™1)

W ex?)
W em~?)

N em™?)

Cuter

1.78 x 10°
{247}

3.55 «
{197}

8.63 x
{242}

.43 x
{227}

1.01 %
{247}
3.70 x
{272}

3.45 x §0-*®
{247}

3.82 x
{237}

1p7%

10~7

1078

Inner

4.15 x 10°
{327}

5.18 x
{187}

1.35 x
{327} -

2.37 x 10°
{327}
i.59 x
{327)
4.83 %
{257}

5.30 x 10-°
{317}

5.78 x 1077
{317}

10°°

10!

10"

107¢

Table 2.3 variation of copper displacement rate (dpa yr™') with position

Distance
above
horizontal
nid-plane

(cm)

Distance from front face of coil {cm)

Distance from front face of coil (cm)

0 5 115 120 0 5 115 120
4,04 x 1073%1.18 x 10~*1.15 x 10-? 3.81 x 107%9.51 x 10=%]1.01 x 10~?
{247} {227} {212} {247} {237} {317}
350
2,15 x 10-2{7.79 x 10~%]9.,33 x 10™? 1.71 x 107*[4.91 x 10~*l5.52 x 107
{277} {227} {247} {251} {257} {247}
200
4.54 x 101,26 x 1073114 x 10”2 2.70 x 10%|5.76 x 10-16.54 x 10~}
{317} {217} {207} {232} {33z} {387}
100
6.27 x 10°2|1.89 x 1072|1.23 x 10~ % 3,59 x 10~2%(6.88 x 10-%7.21 x 107?
{252} {197} {197} {227} {247} {232}
]
{(a) in the half of the coil facing {b) in the half of the coil facing
towards duct away from duct




Height above horizontal mid-plane {cm)
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!

1475

Roof at 3500
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S plasma source
1200 B blanket (2 layers}
1140 —— H hot shield
1020 D duct space
; o \\“\\\\ € cold shield
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L L
o a e v Qg © g n cn < o Py P
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Fig.2.2 MCBEND 3-D model for CCIR IT B



JAERI-M 8Z2-216

3. SPTR & @ "

31 F &

SPTR{a Swimming Pool Type Tokamak Reactor J/3 JT- 60 i iHIEE —
FER (Fusion Experimental Reactor ) QUL DDBRMIPEME L THEIHC S W TRFSAT
©WBS S PTRE M=/ PRI OFSES LCFEIMMEEORES £ BRS¢ 5 2B L
TRESN/26DT, KE@E/ LT —vACEE (EEFGPIIVE) 2RETLEHINTH S,
Fig., 3.1 whHoOMSNERT, $HFE 54 -5% Table 3. 11TRT,

S P T R Ol scrrit FORr & LT,

(1) KEEBELERA S LSS (TUDLERGEEEYEFEDTE) o

2) HEBEFLEKPESTHD UKEHOWLTERESZE/ITIZN)

(3) Akl GREOEE, A% PEESNLIFENESES L,

FRHEZ N Do

3.2 EREFTOEM

S P T R @kt 0 BRI,

(1) BEE-~w 73 v MTHT 2 ERDROFHE

(2) FHEMSHTEOE (Fr@EEEORETM

3 HAERORET

4) EAflcBH AR ) —3 v IUNBORBEH
ThHb, SPTR DOBFRIHACEGHETHTH Y, REMUTBERELREINTORLOT, k3L
HicowTEC VRIGSTEIC X OIT T8 o720 A M — 3 V7RO TRVFHCIT DT
2TV Lid 3OO EASE T L TRHME L 72,

3.3 FRETEE

WA L TidlEEs Ay P (FZ b A5 va4 0 TFCY @9 56D & EERE
HECHTEEDENE D, L LEHER oW THBETLREELZbDERM L, INTORY,
IXFRIZE0HFBMESHTRHEE/TSH 2,

3.3.1 TF Cioud Hisraie

(1) SHEEMOREES 5% 107°dpa year

(2) #=ZH (Nb,Sn) DEARBHE (En>01MeV) 2x10'® ncnf
{3) TFC ORAFHEAE 1x107°*Wnt

4) THEFHBGMORKEHER  3xX10° rad

_7_
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3.3.2 {EEWEERCHT HRIMEE

[NTOR wHOTRIEg#ELHCPEETE 2L CT aicw, FEL1THRICENT,
AT 2.5 mrem/ hr &L BHEERRE LTV %, 72 L COMERIEHENES, DREES
T L DMMEN BREBDTH D, FLERBENRLELS SPTROMRERCH L TELT L b8
MEniive,

3.4 EHRETE
3.4.1 EFETFE

EEREE 1 TR EE (Sy) 27— F ANISN 280 Py — S R E DT -7z, (&
MBS GICX 4 0% (hiE T4 28, #Hr=f2 18) 2M0r. $ BB L PE IR
DH v EREROHE I THIDA z—FyrxFacinERLI,

3.4.2 TFCioxd bRk

b -5 2 ONEERS EAMIES A NB E, Ty NESPKEBOES R TARSE A
B E DL ORERESN B, LA TTF Cientd 2ERTTEIR Fig, 3.2 ORTEIUN
= Foic gt U TR ST T 7 1 4Me VT, 0.1MeV 2L LOhHT, £BPET,
B BONFREOMNTE Fig, 3.3 €, HRGHRRES M4 Fig. 3.4 WRT, TFC Y
F BB A T RS & 417 Table 3.2 107 T, FEMEVINOIER GRHEL FE-TH b,
Lt T E LRAEESES 10 cm DS 5T ELTRETH LY, £H5H5LETFC OBFAEH
BAsae UL EM OB HIFREB /IS8T 5 2 Licilb,

3.4.3 FHEKIEE
2%@®@ﬁﬁ&®%%¢blHﬁﬁbk%ﬁf@h—izﬂﬂ%ﬁ@ﬁyvﬁﬁ%%%ﬁ%Fm.
35T, B 1BNATEX10°® rem/h, BEZEFRABTLOC rem’h Tdhb, Lichh-7T
Ty RS Ny EOSREER ERARBRIEEET 5. L5 OHBRAVIO RO
T%,&E§34w®ﬁa4wNwﬂwWM@@1OOrWVEwﬁ—ﬁ—Tﬁb,1%H%@Lf
L2 0 BRE Lo LS, Lis > TAMOEEEARTETHS 2. 7 744~y 2 VOWRRIE
M, Ta3=0sif#gs, ~1oLBELETFC KT EH v wEOT 7 0F—A2 7 F%EF g,
3B ITT, N TABED *Co ®0.811MeV, WEHD **NaD1.369MeVEL2754
MeVODH Y=, L0511 MeVDHRY ¥ vBROE—7BHUDT LS,

344 AAER

1 BRI S W TERER DR 2171 - oo EEEPICBNTHEAERRO LI T mDK
EASHNE 25 mrem/h ASEER S, BROKIFES 37 —wkbk sh, PERVEE L7dh
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SblEidAE, APY—3IvFickD 1 4Me V BHETHRITERAMITH 1 0 0 5EMT 5, £/25
7 P BOETEERORBERIZN 1 0EENT 50 TIOHMCIIRAHBEINELZRS, 2
M- 3 v 2Tk B R OBEIMIER AN R OB EY OBFHMEPTF C DRSHBEL NS5
B, ERAEREEO SR EMC L5EE IR, $4TF C OEMANROEM &FFEFRMNT
b5

DO LT HRRO [ NTOR - J i LT ENTHV 5, SPTR OBE&ENBI A
DELODOH 5 BEMHPRTEINT 5 BBILERPANRCERLE NS,

(31, 4}, GoMBEcELTsRITSNLY, WTFhDEE b7 - WwKSEWTEETERE S >T
WBT EMSMD, BREETEATDERILT 5,
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1) Seki , Y., et al., Neutronics Design of the Next Tokamak (Swimming Pootl
Type ), 3rd TAEA Technical Committee meeting and Workshop on Fusion
Reactor Design and Technology (198 1)

2) Sako, K.,et al., Preliminary Study of a Swimming Pool Type Tokamak
Reactor (SPTR) ,Japan Atomic Energy Research Institute Rep. JAERI —M
9050 {1980 (in Japanese )

3) Sako, K.,et al., A Proposal of Swimming Pool Type Tokamak Reactor

(SPTR), submitted to J.Nucl. Sci, Technol.
4) International Atomic Energy Agency , INTOR Zero Phase Report, Vienna
(1980)

5) Sako, K., et al,, First Preliminary Design of an Experimental Fusion
Reactor , JAERI-M7300 (1977)

6) Seki , Y., lida ,H., Coupled 42—Group Neutron and 21—Group Camma
Ray Cross Section Set for Fusion Reactor Calculations , Japan Atomic
Energy Research Institute Rep. JAERI-M8818 (1980)

7) Tida , H., Igarashi , M., THIDA—Code System for Calculation of the
Exposure Dose Rate Around a Fusion Device—, Japan Atomic Energy Research
Institute Rep. JAERI-M 8019 (1978) { in Japanese )

8) Seki , Y., Iida, H., Santoro ,R.T., Kawasaki , H., Yamauchi ,[ M, ,

_9_
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Radiation Streaming Calculations for INTOR—J, submitted to Nucl.

Technol, / Fusion
9) Mori ,S.. Seki, Y., Kawasaki , H., Proc, Fall Meeting of Atomic
Energy Society of Japan (1981)E 54 {in Japanese)

Table 3.1 Main Parameters of SPTR (1881)

Fusion Power (MW ) 440
Major Radius (m )} 5.5
Minor Radius (m) 1.1
Elongation 1.5
Average Neutron Wall Load (MW.//m") 1.0
Burn Time (sec) 100
Duty Cycle (%) 8~50
Availability (%) . 25

Table 3.2 IRRADIATION CONDITIONS AT THE INBOARD SURFACE
OF THE TOROIDAL FIELD COIL

*
Items Design criteria Calculated values
3 : _st -
Maximum dpa in copper 5 x 10 5 6.8 x 10 &
(dpa/year)
Maximum neutron (Ep > 0.1 MeV) 18 17
fluence for superconductor (n/cm?) 2 x 10 1.6 x 10
Maximum nuclear heating -3 -5
(Watt /cm®) 1 x 10 2.2 x 10
Maximum epoxy dose (rad) 3 x 10° 2.7 x 10°

Availability and reactor lifetime are assumed to be 50%Z and 10 years,

respectively.

Room temperature annealing of the TFC once every 2 years is assumed.
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INNER BLAKKET 4
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Fig.3.7 Vertical cross segtion view of a reactor module of the SPTR
which consists of the inner and outer blankets, divertor plates,
vacuum vessel and support structures, Water is filled in the
space between the reactor module and the toroidal field coils
placed around the reactor module.
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Tabie 4.2 ZRExFLTOD —TRECH TS
HEME GEIERNETOM)
= 7 o (i) (i) {if) (i)
o F O B x
2.3+5 1.2+ 5 9.2+ 4 7.2 + 4
(mrempulse )
Ny v BEERE
55+ 3 2.8+ 3 2.6 +3 2.0 +3
{mr./ pulse )
x 23+5:23x10°
Table 4.4 BEEFLTOD —DEBICHT 3
HEE FEERNT TOE)
= F (i) {ii) (i)
tHT RE 1.9+5 7.0 + 4 8RR+ 4
{mrem,/ pulse )
T e RBER
6.1 +2 3.0+ 2 3.8+ 2

{(mr” pulse )
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Table 4.3

BIOLOGICAL DOSE (mr/pulse) AT VARIOUS LOCATIONS IN TFTR SITE, 20 MW DT

Location R(m) Direct Skyshine _ Total Others
O
Test Cell 25 0.32 oVes 0.366 Pg.or nriyr
West* (2)
5 mr/yr
Test Cell Cormer, 33 0.18 0.019 0.199
Mock~up Room Center
Mock-up Room 42 0.11 0.014 0.124
North
Electrical Station 47 0.05 0.007  0.057 P12 mr/yr
North-East
Hot Cell 44 — 0.003 0.003 B3 pjyr
East (5) -
N.5.P.C. Bldg, 54 0.034 0.011 0.195(8) (70,15 mr/puls
East-South (3)10 er/yr
F.C.P.C. Bldg. Ceater 71 0.040 0.008 0.088 (730.04 mr/puls
West-South
Capacitor Yard 87 0.016 0.006 0.022
South
Site Boundary 125 0.006 0.006 0.011  Po.1mr/yr
West
Note:
* Reference north: perpendicular to the test cell north wall.
1. Activation dose, assume 1000 consecutive pulses shot early in a year,
igloo remained in place afterwards.
2. Activation dose, assume 1000 consecutive pulses shot early in a year,
igloo removed afterwards.
3. Activation dose, assume 1000 consecutive pulses shot early in a year,
major activated objects moved into hot cell afterwards.
4. Shielding provided by the &' hot cell north (or south) wall censidered..
5. Shielding provided by the 3' hot cell east wall considered.
6. Dose from activated water flowiﬁg through chiller included.
7. Dose from activation TF coil cooling water flowing through chiller in
water processing building.
8. No allowance has been made for radiation shielding provided by the walls

or roofs of the Mock-up Assembly room, Neutral Beam Power Conversion
building and the Field Coil Power Conversion.building. All objects in-
side these buildings and the equipment in the Field Coil and Neutral
Beam Power Conversion yards are ignored.
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Table 5.1 Toroidal Field Magrnet, Inboard Shield, and Inner Blanket
Neutronic Parameters for STARFIRE Reference Design

Radius (cm)

Thickness
From To {cm) Mixture or Element per Zone
236 243 7 Type 304 stainless steel
243 313 70 Low-field portion NbTi mixture®
313 366 53 High-field portion Nbs3Sn mixture?
366 373 7 Type 304 stainless steel
373 378 5 Thermal insulator
378 381 3 Fe-1422
381 3383 2 Vacuum
383 385 2 Fe~1422
385 392.5 7.5 Boron carbide mixture®
392.5 400 7.5 Tungsten mixture®
400 407.5 7.5 Boron carbide mixture®
407.5 415 7.5 Tungsten mixture®
415 422,5 7.5 Tungsten mixture®
422,5 430 7.5 Boron carbide mixture”
430 437.5 7.5 Tungsten mixture®
437.5 445 7.5 Tungsten mixture®
445 447 2 Fe-1422
447 449 2 Vacuum
449 451 2 PCA steel
451 479 28 Tritium breeding
479 480 Second wall
480 485 Neutron multiplief
485 486 First wall
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Table 5.2 Material Composition by Volume for Each Mixture
Used in STARFIRE Inboard Reference Design

Density
Mixture Composition by Volume Percent Factor
Tungsten 80% tungsten 0.95
10% TFe-1422 1.0
10% H,0 1.0
Boron carbide 80% BLC 0.95
10% TFe-1422 1.0
10% H,0 1.0
NbTi mixture 2% superconductor NbTi 1.0
32% copper 1.0
38% Type 304 stainless steel structure 1.0
247 thelium 1.0
4% dnsulator 1.0
Nb4Sn mixture 4% superconductor Nb3Sn 1.0
35% copper 1.0
30% Type 304 stainless steel structure 1.0
27% helium 1.0
1.0

6%

insulator
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Table 3.3 Maximum Nuclear Heating Rates in the Inboard Section
5>f the Toreidal Field Coils (MW/m3)

Component Neutron Gamma Total
Vacuum tank 6.50 x 106 4,11 x 10°° .76 x 1079~
Helium tank 4,20 x 10~ 2.76 x 10~3 3,18 x 1073

Superconductor 2.20 x 10~ 1,32 x 10~° 1.54 x 10-5

Table 5.4 Maximum Insulator Dose After 40 yr of Operation
at 0,75 Avallability Factor (Gy)

Component Neutron Gamma Total

Dielectric break (in the shield, 6.24 x 107 1,17 = 107 7.41 x 107
5 cm from the back) ‘

Thermal insulator 2.10 x 107  0.29 x 167  2.39 x 107
Electrical insulator 1,06 x 107 0.16 x 107 1.22 x 107

Table 5.5 Maximum Irradiation Damage in the Copper Stabilizer

Maximum fast neutron fluence (E > 0.1 MeV) 1.87 x 102! n/m?
after 40-yr ocperation '
Maximum radiation-induced resistivity 1.44 x 10-10 g

after 10-yr operation

Maximum atomic displacement rate 1.34 x 10~% dpa
after 10-yr operation
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(a)

Table 5.8 Maximum Radiation Response Rates

in Outer TF Magnets

1. Neutron fluence, m=2 1.2 x 1019
2. Photon fluence, m™2 1.6 x 1018
3, Critical current density decrease in Nb3sn(b) negligible
4, Reslstivity increase in c0pper-stabilizer,(c) fl-m 3.8 x 10-13
5. Atomic displacement in copper stabilizer, dpa 2.2 x 107
6. Dose in insulator, Gy
Neutron 5.3 x 103
Photon 1.1 x 103
Total 6.5 x 103
7. Atomic displacement in Type 304 SS structure, dpa 1.4 x 1077
8. Nuclear heating, MW/m3
Stabilizer 1.4 x 1078
Superconductor 1.0 x 10-8
Structure 1.1 x 10~8
Insulator 9.6 x 10~?
9. Average heating in magnets, MW/m3 9.1 x 10-%
10. Total nuclear heating in outer magnets, MW 1.2 x 1078
{(a) Based omn:
Neutron wall load, MW/m?: 3.6
integral wall load, MW-yr/m?: 108
Plant lifetime, yr: 40
Plant availability: 0.75
(b) Based on Ref, 13.
(¢) Based on P = 3 x 1003 [1 - exp(-563 dpa)] * Q-m (Ref. 1).
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6. INTOR (US A) otk &at

]

6.1 &% INTOR (USA) Phase'

6.2 B

INTOR O#Efiz, a) FoO2avFE—% v FEREHREEE» S TFHCE, b) KL~ is
XAHTE, ) MEHEWRD SfEEBLARETFEILE, &) FORYT, BEHEFRCI LD
KA 2 BORIN A TITH T &, ZOEBAMET L LI CEkIts iz, INTORDERRE, 7
5 Uy b, ST SRR, BEER, TR — A v MER, BLUEREREEA L.

6.3 mETEIE

TF 24 ( Toroidal Field Coil Jitxtd 2RETHELLITDRED TH S,

1) TF 34 vhORAERBUTIEKW

(2} HHDED (6MW—vyr /m?) THEMDORKEF FHERIE 1 0'° rad.

(3) HoKD THREEHYE (Nb; SnPOBEATHT 7r—x¥2i3 100 cnf (E > 0.1
MeV)

4) FEHOKRD TIREEMM PN ORABEENIZ, 5x107° 2 —cm

6.4 MAERK

INTORDERINFT O - DREFLE Fig. 6.1 Rd. AT 7 47 » b B XUERIKIT
it, SUS 316, REM, Fe—1422, B,C, H,OD 5 EEDHEBMHEH S /e, Table
6.117, N LEREE LTHVWONAYEPALOFELMEE RS Fe—1422 3=y 7
IART, 2HDZ o, 2D OL, 1 4%DTF T LEEL, Table 6.2 (CHEBEERT
BAuwiz7 35 4y b OERkER T,

6.4.1 HE(LER

Wl 75 vy b /BRI AEMERSEEZR0.7 8mTHD, B 1BRREDIHDRFEH
WOBEZHERESIR 0.7 3mTH 5,

—RFEME T PGB LD BRI ERBEEBUE Lz, Table 6.3 R/ Y7 X —4 2717, fi#
FOER, B/IOmRML, 80%Fe—1422, 10%B,C, 10% H,ODEBELER S
BTHBT LW} 570 $12TF 24 VHDEBRERIRHAREDOSKWAET Fh-> T 5, mAH
MF7V—TvRE Fe—142208A057T~80%DBCRNT~6X10"'""n et 7Y,
Nb,; Sn BEEI /I VPOREHREBELXWELD & THEDLL, 77 ¥4y b EROEAD, 80
%Fe—1422, 10%B.C, 10% H,0DEEK, AZEIMIOFEFEN L LT dpa (3
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EAEARL, FNFNEGOKRDTA3I X107 *Q—cm, 3.4X10 " *dpa THD, £72, [
Rk DIBA T, BRERIEISNELD, RiEREPT2.8x10° rad , EXERIETTSE.8 X 10°
rad& 715,

DLLloERMsS, 80% Fe—1422, 10%B,C, 10%H.0 D#E S DEHEEEN
S, EEEHE N CREETH LI EMFERIT LN,

6.4.2 IEHHIRE

YR LR 12 O & D0 0TI E R O 21778 -7, Table 6.4 T B,C & Fe—1422
BoMoiEm AR L, Table 6.5 REBITCHVI 65 —ROEAETY . 74 v bREH
(dewar) DOABRMIEEORSLOMAL, Yy oHHERE LS, 6 MW -y of KL
DENPHT 70—V 2, AFEENE LT dpa BTN EEEEIIC LD ERT 5, (Table
8.6 =&BR) ,

5.4.3 HEHE

Table 6.7 (CBEZEITEEER T, Table 6.81F TF 74 N2 OREHR L AR RNT
A—=H %i—{@_o %k¢‘r¢%7ﬂl‘r’l »Z3L Nb 3Sﬂ ﬂ{igj A }UOJ&ET}%E{%{% L%L\{Ei@ % -
S, X, HEECHIORAFEEFAEZ1X107° Q—cm , REREDOEAERE
1.6 X10° rad £70, HIREEFE-TV5, BRE2 4 VPOBREBREAFZRIX107° WS
ent Th Y, TF 34 vDidt LRI b,

6.5 SMllERk

PBERGL 7 v A — R v b DRBEOMIT, ADFEANOEREFRIEL R0 o0, 2D
LS RO BREBHOERRIZFE %2 485 T2 5mrem/ hr DTEEIAZHLENRH S,
A B - O ERERETICE, vy RUSRER THETFRE T CERES €5 L,
AfiD v E—a v OBRABERTO 2RT Y vROFBEABNE S A BRI THT LB LH0,

6.5.1 EELER
ﬂ%ﬁﬁﬁ%@%¢liw¥—U—7@8O%Fe—l422,10%B4C,10%H20®¢

i LTE LN, COBPETIALVE—Y—23018eV,/DTnTHLo

6.5.2 FEETEET

SRR O F 9T, ATERE 1 1 OBICAESh, F05B508EE9 om ESD Feo—
142 2EAYWT, 3@E5 cm BX0O B CRAMTSH S, TOMIC 1.5 cm FEDHYI 7 v
RS2 b B, Table 6.9 L INLOBEAMOMKESA, WHOEFE Table 6.1 0 ZR7.
Table 6.1 1 IERUHEERRCHT 5 MUER» D20 F - =7 %R, Table
6. 1 2 (CIEIRI T A R s O ~F ik & A% % 7R o
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6.6 FEiBERk

iﬁi@i@?ﬁﬁ@fﬁ#i, NBI Bis& 4 N—#Fic>"T Monte Carlog 32— F MCNP® BT
3 RICRATMSIT b, BF—41& ENDF /B ~NVA&{ERLK,

6.6.1 FREFN

Fig. 6.2~6.9iC, FOFK ¥ -2 ¥ D3RR EFIVERT, Table 6.1 2 1RBF/Y
A —HETT, S5 Table 6.1 3L 6.1 4ILEFNFNT 57 o b ENVITERORESEY
A 572 %, Table 6.1 5, NB FI) 7 +Fa—7, NBH 7 ARVPF A ~— 5 RIFEOHE
W E R AT G, BBDFAF—13210 cm EDSUS TH5B,

6.6.2 T
i FREATRRIRRO LS wEkbEN 3,
N(r,Z,E) =S (r, Z)+«N(E)
zZ7T, S (r, Z) 3ZMaH,
N(E) Hxiaa¥F—a2axs b ThHb,
NG BN EFEEZRBIC LTBY, ROXIICERIND,
S(r,2)ex"1-(r/ 1p¥ )¢
LT, rerpit Fig. 6.1 0IRT LIRS 2w b SDOERETH S,
Z = a,K sint
p=R,+ta, cos(t+0.27 sint)
zzTw, (p, 2) B75x=HREOA,
tid0~180° Thd,
as, K, Ry EFNFH Table6.16 ZHBEhni,
14Me VI TOIZVE—ZRY P VB HT ZAQHIEE > TEDENS,

E—b z
n( E) = exp[—(a) ]

22T, b=1405TMeV,
a=0.3359MeV

ThH5Hoe

6.6.3 H7F—sBIUHEFHE

WF—51a#A Y I7AXT, ENDF /B ~-Np ol -7 bD% @B Lz, dEFi32.2x107°
~15MeV, tFR001~15MeV FTOHEEAEZEEL /0
HEa—FRersArvoa—-FMCNP T, 98EREE LT, R7Y 974 ¥, 7977
WLy b, BEFEIZA A b T e 79T yen—Ly b EFHL SRR CDC 7600
ThHdo
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6.6.4 EEREW

T B LU 2R Y <BDEYFHLaETIRT 0° BOD —TolFAFRIREE LTRESH
Fro TF a4 AThO#EGEE, BHEEDSAMBEKWIHLT, BIKWTH ko TNIREMEE
HEAS 0 cm LT, ThiE1 5 em SSICELTAERMREE~AKWEL S, kT
KD 7 hFarTRONBHEy 2 AEMTOMRERET 7 X vl LRI THEAEERT NBF
W 7 AHDBELRY T TE~3KW, F4 3 —shDHEER Y7 TEREVL —BE5 2 MERD DI
CIKWORRATSHL, $HEEFAF—TOLERRIBERNHNIFEEES5X10-° W e’ ©
WHLT202kWTh3, ZIRTEFTESALTHTFREPHER T FY 725 2 — 7OMKEUD
ET-RICHEMEL BT 02~10° K&,

6.7 MHBEHRR
BEEBEOMITE, F1 AT v 752 1 RLEFNVT, B2AFT v 7 A 3RILETNTITE -7,

6.7.1  AMAI S v 2 ERLD HURAL

W@ iE ANIS N ok 0B UAEBOTITN »7te 7 —4513 RACCXLIB &
RACCDILIB® »53IfA L b0% M0, HEHLIE D — F RACC®™ %8 > THMLE & i
Ky < BOFREETE 57,

M= whud Fe—~1422%805&, FiEbi%2 4 M TORBHRRCRADIFSETSH°°Co
(TV3=71M%+%mﬁwéﬁéc&ﬁfééocQ@SSM(Tbé=100yM DHRE
bEAFT B, —H, Fe—14223=v#vE £{&E7H **Mn (T ,=26h), **Mn
(T, =3.7X10° yr), 5%@(34=312d)m%m¢5ﬁ,”Mn@ﬁ%¢&24%%
TOESEALTEETH, **Mn OEPBISHIBEOZESE “*Fe € GRTAREF L £/
S Mn AR BAHEREDIICDTRETSE b,

6.7.2 ZIKIUHEHT

PR 2 4 BERT oL 2 RO ET CTHEF < 2.5 mrem h £IEHICFHEYT 4 72910 =K
TCRRET A FTE 70 SIRTTHMTEERIC S E ST RACC 3 — FROA Y w@EMSBESH, TOM
FABOCH Y vHRETEET -/, HHOEE, TF a4 v HFRTRAHER6 8.3 rem /h
AR Utce COBEEHERFF) 7 Fa—7HETD43.6 rem h LD EREN,
BENOHERRA 2 5mrem,/h KFHvicid, —RuoEhricd T s ERES %
90cm—105cm iLATHENE SV, —F, ZRERITCENEIT O &S WERE & 1344
BTHDBLEDT 7,

a) TR FFY 7 rF2—7OES%100 cm

b)) FU7FFa—-7RELANBI ¥y 2 2KEET 5 cmE

¢) MONB YRFLETAN—=5 57 v 8R4 ~<XT5 0 cmE
Ed b,
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(1) P35 & ORI
BB ORE, 80%Fe—1422, 10% B.C, 10% H, ODRETH -,
2 FEBHRNOEERIEFORTTIE25mren 3 BA TS, ZIRTE VT AN OEINIC
FNIFRDE S HEBREPLETH S,
{a) HEFF Y7+ Fa—7DOEXE 100 cmiZ ¥ 3,
b) FUZ7+Fa—7@HELANBI Ky 7 20OER% 75 cmBiTt 3,
(¢} MODONB YRFLESAN—5 50 MEL2TE 0 cmBiILd 3,
* 1, —oustREIR LN,
(d) N7 EROEXA2G0cm 5105 cm KM Z, .
PLED XSRS ONT N ED, COEICHOOTRLUMOFTEDL S F T L
FEEICEWT, #HELATEE > T 5,
3) FMELER TIZ 0. TMe VL EORMHT = 2 v+ —OREAEET, CHFFELR 2 480
HEHRBEOI 0% EE 505, %EE **Co WAET, 5 0%LLEELED 2,

2 £ X B (GB6FE)

{1) "INTOR Design Specifications for Use in Preconceptual Design Phase bR
(October 1980, January 1981).

(2) "Kobe Steel's Non-magnetie Steel Place: NONMAGNE 30," Kobe Steel, Ltd.,
Japan, No. A-78B20 (1979). '

{3) LASL Group X-6, ""MCNP-A general Monte Carlo code for neutron and photon
transport," Los Alamos National Laboratory, LA-7396-M (November 1979-Rev.).

{4) Engle, W. W., Jr., "A user's manual for ANISN," Qak Ridge Natiomal
Laboratory Gaseous Diffusion Plant, K-1693 (1967).

{5)  Jung, J., "Multigroup neutron activation cross section library RACCXLIB
and decay data library, RACCDLIB for the radioactivity calculation code,
RACC," to be issued (1981).

(6] Jung, J, "Theory and use of the radioactivity code, RACC," Argonne
National Laboratory, ANL/FPP/TM-122 (1979).
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Table 6.1 DENSITY OF THE DIFFERENT MATERIALS USZD IN

INTOR DESIGN FOR SHIELDING ANALYSIS

Vaterial Densityvy Atomic density
. (gm/cm?) (atom/ecm? x 10
Carbon 1.6 C 8.023-22
Type 316 stainless steel 7.86 C 2.286-4

N 2.366-5

Si 7.752-4

P 3.974-5

S 1.624-5

Ti 3.953-5

Cr 1.520-2

Mn 1.232-3

Fe 5.462-2

Co 2.410-3

Ni 1.121-2

Cu 4,470-5

Mo 1.401-3

Lead 11.34 Pb 3.348-2
Li, 510, 2.393 i 4,810-2
Si 1.203-2

0 4,810-2

H,0 - 1.0 B 6.700-2
0] 3.350-2

CB,C - 2,52 B 1.098-1
C 2,745-2

' Borated water (H3BO3) 1.05 B 6.846-2
0 3.496-2

- 4,850-4

Fe-1422 _ . 7.94 C 2.309-3
N 6.487-

si 3.916-4

P 2.316-5

S 2.983-6

Cr 1.848-3

Mn 1.21%-2

Fe 6.933-2

Ni 1.380-3

Epoxy (C10H1302) 1.147 H &4 ,745~2

C 3.650-2

0 7.300-3

Nb;sSa 9 Nb 4,093-2

Sn 1.364=-2

Cu 8,96 Cu 8.493-2

023-2 = 0.08Q23
—59—
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BULK SHIELDING ANALYSIS FOR THE INTOR DESIGN

BREEDING BLANKET PARAMETERS USED IN THE ONE-DIMENSIONAL

Zone descriptionm

Zone thickness

Zone compositiom and

(em) volume percent
First wall armor 1 100 Type 316 S8
First wall 1 50 Type 316 S8
50 Water (H,0)
Neutron multiplier 7.5 100 Ph
Second wall 1 50 Type 316 SS
50 Water (H,0)
Tritium breeder 39.5 45  Li,S510,
10 Type 316 SS
10 Water (H,0)
35 He purge stream

Tablf 6.3 DIMENSIONS AND MATERIAL CQMPOSITION OF THE INTOR INBOARD
BLANKZT, SHIELD, AND TF COILS USED IN THE ONE~DIMENSIONAL HOMOGENEOUS

MODEL
Major radius . : ;
Component (cm) Density Composicion
factor volume percentage
From To
TF case 190 200 1 100% Type 316 S5
TF superconductor 200 270 1 2.6% Nb3Sn
' 1 24% Cu
1 37.7% ype 316 535
1 28.5% He
1 7.2% epoxy .
TF case 270 280 1 1007 Type 316 SS
Thermal insulator 280 290 0.01 100% epoxy
TF dewar 290 295 1 100% Type 316 S5
Vacuunm gap 295 299 0 Vacuum
Shield 299 374 1 x% Fe-1422
0.90 yZ B,C
1 (100-x-v) % H.0
First wall 374 375 1 50% Type 316 SS
50% H,0
First wall armor 375 390 1 100% C
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Table 6.6 THE MAXIMUM VALUES FOR THE NEUTRON FLUENCE IN
SUPERCONDUCTOR, COPPER-INDUCED RESISTIVITY, AND ATCMIC

DISPLACEMENT IN COPPER AFTER 6 MW-yr/m? NEUTRON EXPOSURE
FOR DIFFERENT MATERIAL ARRANGEMENTS

Neutron

fluence

Induced resistivity

Case E > 0.1 MW (n/cmz) (th—cm) DPA
I 3,88 x 10%7 3,14 x 1078 2.54 x 104
I 4.15 = 10'7 3.57 x 1078 2.69 x 104
ITI 4.45 = 1017 3,77 x 1078 2.86 x 104
v 4,73 x 10'7 4,00 x 1078 3,01 x 10%
v 5.36 x 107 4,26 x 1078 3.36 x 104
VI 3.98 x 10!7 3,29 x 1078 2.71 x 104
Homogeneous 5.41 x 1017 4,29 x 108 3,39 x 104

Table 6.7 INBOARD BLANKET AND SHIELD DESIGN

Zone description

Zone thickness

Zone composition

(em) percentage by volume

First wall armor 2 5 (1.5 100% C (% Type 316 8§S)
First wall 1 50% Type 316 S5

50% H,0
Blanket and shield(a) 12.5 907 Type 316 5SS

10% H,0
Jacket 1.5 100% Type 316 58
Vacuum gap 3 Vacuum
Jacket 1.5 100% Fe-1422
Blanket and shield(B) 45 90% Fe-1422

107%Z Hy0
Blanket and shield(C) 10 72% ByC (0.9 D.F.)

18% Fe-1422
Jacket 1.5 1007% Fe-1422

aCarbon is used only in the backup design.
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Table 6.8 RADIATION RESPONSE PARAMETERS IN THE INBOARD PORTION
OF THE TOROIDAL FIELD COILS BASED ON 1.3 MW/m? NEUTRON WALL LOADING
AND 6 MW-yr/m? NEUTRON EXPOSURE

Maximum neutron fluence in the superconductor, E > 0.1 MW (n/cm?) 3.88 x 1017
Maximum induced resistivity in the copper stabilizer (f-cm) 3,1 x 10-8
Maximum atomic displacement in the copper stabilizer (dPa) 2.54 x 1074

Maximum nuclear heating in the superconductor (W/em?)

Neutron 0.92 x 10~°
Gamma 8,24 x 1073
Total 9,16 x 10-3

Nuclear heating in the superconductor and the TF case (W/cm)

Neutron 0.35
Gamma 6.86
Total 7.21

Nuclear heating in the superconductor, TF case, and dewar (W/cm)

Neutron 0.62

Gamma 16,10

Total 16,72
Dose in the thermal insulator (rads)

Neutron 1.6 x 10°

Gamma 0.9 x 10°

Total 2.5 x 109
Dose in the electrical insulator (rads}

Neutron 5.1 x 108

Gamma 1.7 x 108

Total _ 6.8 x 10°
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Table 6.11 LEAKAGE PARAMETERS FROM THE OUTBOARD SHIELD FOR
DIFFERENT MATERIAL ARRANGEMENTS

Energy leakage (eV/DTn) n leakage Gamma
leakage
Case n/DTn hoton /DT
Neutron Gamma Total photon n
I 0.15 0.91 1.06 1.03-7% 4.27-7
II 0.16 0.39 0.55 1.45=7 2.02-7
I1I 0.17 0.48 0,65 1.71-8 2.43=7
v 0.17 0.42 0.59 1.52-7 2.16-7
v D.16 0.40 0.56 1.35-7 2.04=7
Vi 0.17 0.44 g.61 1.64-7 2.29-7
Homogeneous 0.13 0.17 0.35 1.94-7 9.61-8
Final design 2,07 0,15 1.92 1.08-7 6.57-7
a -7
1103-7 = 1003 x 10
Table 6.12 OUTBOARD SHIELD DESIGN
Zone description Zone thickness Zone compesition
{cm) percentage by volume
Shield jacket 1.5 1007 Fe-1422
Fe~1422 shield 68 997 Fe-1422
1Z H,0
B,C shield 15 65% Ho0
10% Fe-1422
22.5% B,C
2.5% void
Shield jacket 1.5 1007 Fe-1422
Pb-shield 4 100% Pb
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Table 6.13 THE REACTOR PARAMETERS USED IN THE THREE-DIMENSIONAL
SHIELDING ANALYSIS ¥FOR THE INTOR DESIGN

Reactor chamber

Chamber major radius {(m) 5.2

Plasma major radius, Rg (m) 5.3

Plasma chamber radius (m) 1.4

Plasma radius, ag (m) 1.2

Plasma elongation, K 1.6
Toroidal field coils

Number 12

Conductor material Nb3Sn

Stabilizer material Cu

Structural material Type 316 SS
Neutral beam injectors

Number 6

Port size {mx m) 1.2 < 1.0
Divertor system

Single null poloidal divertor,

with chamber at the bottom

No. of divertor ducts 12

Divertor duct dimension (m % m) 0.5 x 1.3
Power

Average neutron wall loading (MW /m?) 1.3

Fusion neutron power (MW) 494
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Table 6.14 [NBOARD BLANKET AND SHIELD PARAMETERS USED IN THE
THREE-DIMENSIONAL SHIELDING ANALYSIS FOR THE INTOR DESIGN

Zone z el
Zoune description thickness one composition
(em) percentage by volume
First wall armor 5 100% Carbon
First wall 1 707 Type 316 S8
302 H,0
Blanket material 12,5 30% Fe-1422 alloy
10% Hp0
Blanket jacket 1.5 100% Type 316 SS
Vacuum 3 Void
Shield jacket 1.5 100% Type 316 58
Fe shield 45 90% Fe-~1422
10% HaO
B,C shield 10 18% Fe-1422
10% Ho0
64.37% B,C
7.2% Void
Shield jacket 1.5 100% Type 316 §S
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Table 6.15 QUTBOARD BLANKET (TRITIUM BREEDING BLANKET) AND
SHIELD PARAMETERS USED IN THE THREE-DIMENSIONAL SHIELDING
ANALYSIS FOR THE INTOR DESIGN

Zone 7 1e1
Zone description thickness one composition
(cm) percentage by volume
First wall armor 1 1002 Type 316 S5
First wall 1 0% Type 316 SS
307 Ho0
Neutron multiplier 5 100% Pb
Second wall 1 507 Type 316 S$
50% H,0
Tritium breeder 40.5 10% Type 316 SS
20% H,0
427 Liy 8104
28% He
Blanket jacket 1.5 100% Type 316 SS§
Vacuum 3 Void
Shield jacket 1.5 100% Type 316 SS
Fe shield 63 907 Fe-1422 alloy
107 H,0
Boron shield 20 207% Fe-1422 alloy
407% H;0
367% ByC
4% Void
Pb shield b 100% Pb
Shield jacket 1.5 100% Type 316 SS
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Fig.6.1 Midplane INTOR geometry for shielding analysis.
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Fig.6.2 vertical cross section of the three-dimensional
geometrical model used for the shielding analysis between
two toroidal field colls showing the blanket, shield, neutral
beam, and divertor.
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Fig.6.3 Vertical cross section of the three-dimensional
geometrical model used for the shielding analysis showing
the blanket, bulk shield, and one torvidal fileld coil.

Fig.6.4 Section A-A of the three-dimensional geometrical
medel used for the shielding analysis.
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3

Fig.6.5 section B~B of the three-dimensional geometrical
model used for the shielding analysis.

L

[l

Fig.6.6 Saction C-C of the three~dimensional geometrical
model used for the shielding analysis.



JAERI—M 82-216

— !

Fig.6.7 Ssection D=D of the three~dimensicnai geometrical
model used for the shielding analysis.

geometrical model used for the shielding analysis.

] ﬂl Fig.6.8 Section E-E of the three—dimensional

=
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Fig.6.9 Section F-F of the three-
dimensional gecmetrical model used
for the shielding analysis,

|

gim)

-‘—-—-——-R'SSO——-—-{
g ————— Ry = 5.45 ————~———*-{

Fig.6.10 Plasma boundary.
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