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THREE-DIMENSIONAL ANALYSIS OF THE EFFECTS OF PENETRATIONS
ON RADIATION SHIELDING OF A TOKAMAK FUSION REACTOR

Takahiro IDE*, Yasushi SEKI and Hiromasa IIDA

Division of Thermonuclear Fusion Research, Tokai Research Establishment, JAERI

( Received October 4 L1977 )

Effects of neutron streaming through neutral beam injection ports
have been studied for the experimental fusion reactor designed in JAERI.
(TF) coils in the presence of
y three-

The radiation damage of toroidal field
cylindrical injection ports with 1.2 m diameter was estimated b
dimensional Monte Carlo calculation.

To protect the TF coils from neutron streaming, 0.8 m thicK shield

is sufficient. The presence of the injection ports,however,increases

substantially radiation damage of the TF coils.

Tokamak Fusion Reactor, Neutron Streaming, Injection Port,

Keywords;
Toroidal Field Coils, Radiation Damage, Three-dimensional Analysis
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Fig. 23 The representation of JXFR

calculation (X-Y plane)
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Table 21 One dimensional model for ANISN

Region
Radii{cm) " Number Material
0.0
Plasma
1500
Vacuum
1745 '
2 Carbon Coating
1750 .
4 5.8
1760
Li,0 (24%) (Pebble)
6 §.8. ( 9%)
He (27%)
19590
Li,O (72%) {Biock)
8 8.8. (17%)
He (11%)
2350
S5.8. (90%)
10
He (10%)
255.0
12 S.85.
2595 :
Vacuum
3350 °
Heavy Concrete (90%)
15
Borated Water (10%)
3350+t
18" Lead
3400+1 :
Air
4350
20 TFC1 3.8. (60%)
4400
22 TFC2 Cu (28%)
4450 .
24 TFC3 Nby,Sh ( 7%)
585.0

i o e e ol e S R
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Table 2 2 Region Number and Material for MORSE
(GQeometry
Region
Material
Number ateria
1 near port Carbon
2 "
3 near port 5.8.
4 "
5 near port Li, O (Pebble)
6 # #
7 near port " (Block)
8 " ¥
9 near port S.8.
10 P
11 near port "
12 "
13 near duct Heavy Concrete
14 near duct u "
15 o n
16 near duct Lead
17 near duct #
1.8 "
19 near duct TFC1
20 ' o1
21 near duct no 2
22 52
23 near duct r 3
24 r 3

Wi ar o e = e |
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Table 2.3 22—Group Neutron Energy Group Structure

arid Displacement Cross Section for Copper.

Group : Lower Energy Displacement
Number Boundaries Cross Section{(barn)
1 1372 MeV 35869
2 11.48 36022
3 9.314 35989
4 7.328 30984
5 5757 ' 25985
6 4516 22833
7 3162 17223
8 1871 999.7
9 1.058 7363
10 566 6127
11 0.283 4633
12 0.141 3223
13 4 6.5 KeV 1695
14 100 96.8
15 215 279
16 4650 eV 115
17 1000 . 1.10
18 215 0.43
19 465 0.6 6
20 1.00 210
21 0215 : 461
22 0.001 1630
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Table 3.1 Total neutron flux ratios (@, /@, )
calculated by ANISN as varied with
heavy concrete thickness t
Region .
Material t=15cm t=35cm t=55bc¢cm t=75c¢cm
Number -
20 TFC1 673 2425 3240 3537
22 TFC2 893 2598 32990 3565
24 TFC3 1245 2788 3357 3604
Table 3.2 Atomic displacement ratios (dpay/dpa,)
calculated by ANISN as varied with
heavy concrete thickness 1
l:fegxon Material t=15c¢cm 1t=35c¢cm t=55¢cm t=75¢cm
Numbe r '
20 TFC1 1545 2944 3419 3641
22 TFC2 1534 2029 3414 3640
24 TFC3 1566 2932 3415 3645
Table 3.3 Region averaged total neutron fluxes
calculated by ANISN for set
Region Case 2 Case 4 Case 6 Case 8
Number =75cm t=55cm t=35cm t=15cm
2 7.08(13) 7.08(13) 7.08(13) 7.08(13)
4 6.73(13) 673(13) 673(13) 673(13)
6 538(13) 538{(13> 538(13: 538(13)
8 1.75013) 1.75(13) 1750137 1.75(13)
10 254(12) 254012) 254(12) 2540127
12 6.25(11) 6.25011) 625011 625011
15 234010 324(10) 523010 1.23(11)
18 434 (6 449 (73 573 (8) 207010
20 300 (6D 305 (7)) 364 (8) 1.07¢10)
22 211 (62 213 (7) 243 (8) 585 (9)
24 176 (3) .77 (86) 192 (72 362 (8)
x Read as 7.08x10%necm™%es ™!
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Tabie 3.4 Region averaged total! neutron fluxes
calculated by ANISN for set B
Region Case 3 Case 5 Case 7 Case 9
Number t=75cm t=55cm t=35c¢cm t=15¢cm
15 324(12) 4520127 7.19(12) 149013
18 1.52(10) 1.42(11) 1.27(12) 1.02(13)
20 1.06(10) 989010 883(11) 7180127
22 751 (9) 7.02010) 6.30(11) 523{(12)
24 634 (8) 593 (9) 535010 451(11)
Table 3.5 Region averaged displacement rates
(dpa per year} for set A
Region Case 2 Case 4 Case 6 Case 8
Number t=75cm t=55¢cm t=35cm t=15cm
20 343(—8)> 342(~7) 360(—6) 592(—5)
22 222(—8) 222(-7) 235(—6) 3.84(—5)
24 1.37(—-9) 1.38(—8) 1.45(~7) 233(—6)
Table 3.6 Region averaged displacement rates
(dpa per year) for set B
Region Case 3 Case 5 Case 7 Case 9
Number =75cm t=55¢cm t=35cm t=15cm
20 1.25(—4) 117(—3) 1.06(—2) 914(—2)
22 808(—5) 7.58(—4) 6.87(—3) 590(—2)
24 501(—6) - 470(—5} 426 (—4) 364(—37>
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Comparison of total neutron fluxes as

Table 3.7
calculated by ANISN and MORSE
(t=15cm)

Nampes  Materis Gesez  Cwsern (T
2 Carbon 7.08(13) 669(13) (0.02)
4 S.8. 6.73(13) 652(13) (0,03)
6 Li, O (Pebble) 538(13) 512(13) (002)
8 n (Block) 1.74¢(13) 1.70(13) - (0.02)
10 S.8. 254(12) 2220123 (006
12 Y 6.24(11) 607(11) (012)
15 Heavy Concrete 1.22(11) 1.00¢11) (011)
18 Lead 206(10) 1.13C10) (0.19)
20 TFC1 1.06(10) 860 (9) (0.33)
22 v 2 585 (9) 593 (9) (0.51)
24 v 3 362 (8) 103 (9) (0.48)

' Tablé 3.8 Comparison of atomic displacement rates

. (dpa,year) in copper stabilizer as
calculated by ANISN and MORSE
(t=15cm)

i{ii;:’; Material ‘éilesgl Iggisfo (fos.0)
20 TFC1 591(—5) 6.95(—5) (0.35)
22 r 2 384(—5) 402(—5) (045)
24 # 3 2.32(—6) 6.18(—6) (0.44)
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Table 3.9 Comparison of total neutron fluxes
calculated by MORSE (t=15¢cm)
Region Case 10 Case 11
Material . .
Numbe r 24000 histories (f.s.d) 5x10° histories (f.s.d)
13 Heavy Concrete 3.44(11) (017) 1.65(11) (003)
14 # 344(11) (010) 1.79011) (003>
16 Lead 818(10) (0.29) 513010) (0.09)
17 » 6.33010) (023) 663(C .9) (0.12)
19 TFC1 6.25(10) (0.39) 540(10) (0.19)
21 r 2 478(10) (0.63) 3870109 (017)
23 "3 201(10) (0.65) 844(C 9) (0.13)
Table 310 Comparison of atomic displacement
rates in copper stabilizer
calculated by MORSE (t=15cm)
Region Case 10 Case 11
Material
Number - 24000 histories (f.s.d) 5X10° histories (f.s.d)
19 TFC1 932(—4) (0475 850{(~—4) (016)
21 "2 368(—4) (0.49) 456 (—4) (0.14)
3 1.46 (—4). (0.64) 9.61(—5) (0.09)

23




s mmsmm—rT

JAERI-M 7360

Table 311 Comparison of total neutron fluxes
calculated by MORSE as varied with
heavy concrete thickness t
Case 11 Case 12 Case 13
Region t=1bcm t=3bcm t=5bcm
5x10° 9x10° 1.35x10°
Number histories histories histories
(f.s.d) (f.s.d) (f.s.d)
13 165 (11) (003) 733 (10) (003) 388 (10) (002)
14_ .79 (117 {0035 .01 (112 (0.03) 729 (10) (002)
16 513 (10) (0.09) 948 ( 9) (011> 608 ( 9) (014)
17 663 ( 9) (012> 797 ( 9) (0.18) 1.03 ( 92 (0.36)
19 540 (10) (019 371 ( 93 (018) .08 ( 9) (G42).
21 387 (10) (017> 321 ( 93 (0.29) 854 ( 8) (052)
23 844 ( 9) (0.13) 1.05 ( 9) (0.31) 658 ( 7)Yy (055)
Table 312 Comparison of atomic displacement
rates calculated by MORSE as
varied with heavy concrete thickness
1
Case 11 Case 12 Case 13
Region t=15cm t=35cm 1=55c¢cm
5x10° 9x10° 1.35x10°
Numbe r histories " histories histories
L (f.s.d) (f.s.d) (f.s.d)
19 850 (—4) (016> 457 (—5) (019 1.05 (—5H) £0.38)
21 456 (~4) - (014> 282 (—5) (0.26) 442 (—86) ({0.40)
23 961 (—5) (009) 105 (—5) (019> 849 (=7) (0.28)
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23/24

Table 313 Comparison of MORSE/ANISN ratio
(total fluxes) as varied with heavy
concrete thickness t
Region .
Material t=15cm t=35cm t=55¢cm
Number
13/15 H.C. 13 1.4 1.2
1415 H.C. 1.5 19 2.3
1618 Lead 2.5 16.5 1355
17718 - Lead 0.3 139 230
1920 TFC1 5.1 102 354
21,722 2 6.6 133 40.1
23/24 " 3 233 547 373
Table 314 Comparison of MORSE,ANISN ratio
(dpa) as var.ied with heavy concrete
thickness t
Region .
Materal t=15cm t=35cm t=55cm
Number
19720 TFC1 144 127 307
21722 r 2 119 120 19.9
"3 41.4 7 2.7 617
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SUBROUTINE RELCOL

COMMON /PDET/ ND.NNE.NE.NT.NA-NRESP.NEx.NExND.NEND.NDNR.NTNR.NTNE.
1 NANE»NTNDNR-NTNEND-NANEND-LOCRSP:LOCXD‘LOC[B-LOCCO.LOCT.LOCUD.
2 LOCSD-LOC@E.LocmT.LOC@TE.LOC@AE.LMAx.EFIRST.EGTOP

COMMON  /NUTRON/ NAME s NAMEX + ]G+ ]GO +NMEC «MEDOLD «+NREG YUV oW UOLD»VOLD
1 QWOLD!X‘Y-Z!xOLquOLDtZOLDVWATElOLDWT|WTBC!BLZNT.BLZON‘AGE.OLDAGE
COMMON /JUSER/ AGSTRT.wTSTRT.XSTRTcYSTRT.zSTRT|DFF|EBoTN.EBOYG.

1 TCUT.IO.Il-xADJM.NGp®T1.Nopmrz.NGP@Ta.NGP@TG.NGP@TN.NlTs.NLAST.

2 NLEFT'NMGP«NMTG«NSTRT

COMMON BC(1)

COMMON /JDR1/ NTAPENNBAT.JWRTE

COMMON/ VOLUME/ VOL(60)

DIMENSION NLC(1) -

EQUIVALENCE (BCC1)NLC1DD

NR=NREG

CALL NSIGTA(IGO-NMED-TSIG.PNAB)

cON=WTBC/TSIG/VOL(NREG)

WRITE(6,100) NREG«WTRBCTS]G+CON

FORMAT(lHOc'NREG"|l3|'WT8C='!E12|5!'TSIG"0E12¢50'C0N"|E12.5)
CALL FLUXST(NR IlGOlCON!AGE!O'O)

RETURN

END

SUBROUTINE [NSCOR

COMMON /PDET/ ND «NNE «NE s HT o NA «NRESP yNEX yNEXND «MEND s NDNR « NTNR y NTME +
1 NAME-NTNDNR.NTNEND.NANFND.LOCRSP.LOCxD.Locla.Locco.LocT.Locuo.
5 LOCSDsLOCRE +LOCET (LOCGTE «LOCRAE +LMAXEF [RSTEGTOP

COMMON /USER/ AGSTRT+WTSTRT4XSTRTYSTRT+ZSTRT+DFF1EBOTN1EBOTG
1 TCUTVI0 11 [ADJM NGPET1 NGPAT2 NGPET3NGPOTGNGPWTNINITS (NLAST
2 NLEFT«NMGP NMTGINSTRT

COMMON /vOLUME/ VOL (60)

THIS ROUTINE 1S ADDED FOR DEFINITION OF REGION VOLUME w*x¥
WRITE(6,1000)

READCI1.1100) (VOL (1) 1=14KNDD

DO 10 I=1,4ND

TF(VOLCTIY.LE,0.0) vOoL(1)=1.,0

WRITE(H.1200) [+VOLLI)

CONT INUE

FORMAT (5X+*REG]ON VOLUME")

FORMATC(TELQ, 4)

FORMAT(5X+ 135X s 1PEL0, 402X+ ' CM¥#3%)

RETURN

END
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FURCTION DIREC(XX?Z
THIS FUNCTION PROVIDES ThE DOT PRODUCT OF THE NEUTRON DiRECTION
VECTOR AND THE DIRECTION VECTOR TO BE BIASED,

1CPT =1 BIlASING TOWARD OLD DIRECTION
=2 BIASING TOWARD X=DIRECTION
=3 BIASING TOWARD Y=DIRECTION
a4 BJASING TOWARD Z-DIRECTION
u% BIASING TOWARD A POINT (XD«YD+ZDD

LAMDA STRECTCHING DIKECTION
IF LAMDA IS LESS THAN OR EQAUL TO ZERO»
PATH=LENGTH |5 STRETCHING TOWARD POSITIVE
DIRECTICN OR A POINT,
IF LAMDA IS5 GREATER THAN ZERO.
PATH=LENGTH 15 STRETCHING TOWARD NEGATIVE
DIRECTION OR AwAY FROM A PQOINT,

XD x=COUDINATE, ENTER IF [OPT=5%
YU Y=COOD INATEs ENTER IF [OPT=5
n 7=COODINATEs ENTER [F IOPT=5

COMMON /NUTRON/ NAME « NAMEX v [ G+ 1 GOvNMED ¢ MEDOLD WNREG U VW4 UOLDWVOLD

1 sWOLDXsY+Z v XOLD s YOLD o ZOLD +WATE ¢OLDWT »WTBCsBLINT +BLZONVAGE +OLDAGE

INFUT FARAMETER ##%

1OPT=5
LLAMDA =+]
X0=0,0
Yb=0,0
2b=0,0

e s s 2 R L2 2R S E 2 Lkl bl

10
20

30

40

50

IF(LAMDA.LE.0) XLAMDA==-1,0 N
{FCLAMDA,GT . Q) X_AMDA=+]1,0

GO TO (1042030440450 10PT
DIREC==XLAMDA
RETURMN
DIREC=(=XLAMDA) #UOLD
RETURN
DIREC=(=XLAMDA)#VOLD
RETURN
DIREC=(=~XLAMDA) #wOLD
RETURN

R1eUOLD* (XOLD=XD) + VOLD#({YOLD=YD}) + wOLD®*(ZOLD=-ZD)
AeaULD=XD
B=YOLD=YD
C=Z0LD=2D
SD=A®A + B#B + C#(
RZ2eSORT (S0
[F(R2=1.0E=06) TO+T70+60
CO5=R1/R2

DIREC=XL AMDA#COS

{FLRL) 10041104110
DIREC®0.0

RETURN

D]REC“loO

RETURN

DIREC=L1,0

HETURN

END
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