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Fvaluation of Shielding Design for
superconducting Magnets (1IT)
{study on the Deep Penetration Problem)

*
vasushi SEKI, Hiromasa TIDA -and Takahiro IDE

pDivision of Thermonuclear Fusion Research, Tokai, JAERI

(Received April 20, 1976)

Effect of the calculational conditions on accuracy of
the shielding design for superconducting magnets in the
fusion reactor designed in JAFRI has been studied by one-
dimensional discrete-ordinate calculations.

The accuracy is found to be highly sensitive to the
mesh interval spacing chosen. To meet the mesh spacing
requirement in the calculation of the deeply penetrated
neutrons, a method of connecting the neutron fluxes of two

adjacent systems using a shell source is shown to be

useful.

* On leave from Sumitomo Heavy Industry Co. Ltd., Tokyo, Japan
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Fig.2.1 1D cylindrical model of the plasma and blanket

Table 2.1 Nuclide densities jn the plasma and blanket
, Nuclide Densitiy (atoms/cm?® x1074)
Region g 6. 7 T s
' He | Mo Li Li o C
| -1 | ! ‘
1. Plasma L0 o o
! "ol .
2. Vacuum o™ |
3. Protection Wall ~ 10.06403 |
‘4. Vacuum 107" g
5. First Wall | 0.06403
6. Header 1000030
. : 1
7. Separation Wall 0.06403
8. Li,O Region ?o.oooosé 0.0051220.002655/ 0.03313 ' 0.01789 -
9. Reflector 10.00009 ; 0.002561 005610
10. End Wall | 0.06403
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Table 2.2 47-group neutron energy group structure
Group Energy Limits Mid - Point Energy
1 15.000 — 13.720 Mev 14.360 MeV
2 13,720 — 12549 13.135
3 12.549 - 11,478 12.014
4 11.478 — 10.200 10.989
5 10.500 - 9314 9.907
6 9.314 — B261 B8.788
7 8261 — 7.328 7.795
8 7.328 — 6.500 6.914
9 6.500 - 5,757 6.129
10 5757 — 5.099 5.428
1 5099 — 4516 4.808
12 4516 — 4000 4,258
13 4000 — 3.162 3.581
14 3.162 - 2.500 2.831
15 2.500 — .87 2.186
16 1.871 — 1.400 1.636
17 1.400 — 1.058 1.229
18 1.058 - 0.800 0.929
19 0.800 - (0566 0.683
20 0566 — 0.400 0.483
21 0400 — 0.283 0.342
22 0283 — 0200 0.242
23 0200 - 0.141 0.171
24 0141 — Q100 0.121
25 1000 — 465 KeV 7325 KeVv
26 46.5 -215 34.0
27 21.5 - 10.0 15.75
28 10.0 -~ 465 7.325
29 465 - 215 3.40
30 2.15 — 1.00 1.575
31 .00 - 0465 0.733
32 0465 — 0215 0.340
33 0215 - 0100 0:158
34 100.0 — 465 eV 73.25 eV
35 46,5 —-21.5 34.0
36 21.5 - 100 15.75
37 10.0 — 4.65 7325
28 465 - 2.15 3.40
39 2.15 - 100 1.58
40 1.00 - 0.465 C.733
41 0.465 — 0215 0.240
42 0215 — Q.001 0.108
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THHTFREMET S AENE SN TV, BREBNTSRMRELTHABICHT 24 THh
FETHD, ¥y 0" EnE@H inner iteration DERRIOKRIEIMETH L. ¢ D2ARE
FIE O it EsE 5 D TWANL — ANI SNICB O TREEKE F 2BHA&VEL I REFD
inner iteration Tl T4, EEICHETLEHNEGOEOMERS{; 2, '

) hLOBEOLWE JAERT-M 5590 1 pmmr,



JAERI—M 6540
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Fig. 31 icgiiodRs LtgEaF0 1R TAEHEE T vERT. 77 v v P ETOERM
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j s A o SUPER =
[»] I 4
2 |le| Lip0 = E weavy <) e
=R e to - £ CONDUCTING  |=
2 VACUUM QICON T <
PLASMA | 2 ||| reGiON g CONCRETE S| MAGNET |3
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Fig.3.1 1D cylindrical model of the fusion reactor

ﬁ@ﬁﬁmbt@%ﬁ%ﬁ*ﬁfhme21mﬁbt$@.ﬁﬁ§&ﬁ%§v¢iwbfsmpmg
AR OE THEE 4 Table 3 1R, Table 3 2KEAKICET 2T OEEHEHTR 4 &
B, T AHEEATHOABERD A v ¥ 2 AT, $RT e P F0FESH mfr A EEo | 8
LM ERONE L LTEE L, T7Hibb,

o Sdvi & Zf(k} ¢F : (5
Sd vy g(ﬁg ) :

Table 32X 75w FET(EI~FLOHER) CEOTEAr ZL, D12 LD &N,
L LA oE B ERBIEEOTIE, Ary > L4y EH-Tha. TS OMBTIRAr i1 £
D2 HEMETH B, , | |

CONETHEREREZ THERLHEE 22T, Table 3.2 s v v MOHEARICE
ST, WEESRDRTERLABAPHFRFER (MFD) £2x107 BTF&ELT, P—Saifilic
THoNEHERRETREL T, L ERESMBRELELTIEEL LT, SOM oRlEA (7
5 XD LED S OHEE R~ 495 0an ) SAROREAN (R=600cm ) B A5 I B (14
MeV) hiEFHEEAPEFROMELEAN . CARSCMOXIMITEOTIE, SOM hid 5 i
BESEATHD T EORHERBLEBRICENDT, SCMOERST HFCHEER O DHEF R
BERINELDTH Do BREDEGIMENT 51F 2 DHETHIZERERZE B & O HR R %
froLTcaol@yr -2 L1045,

*) T L5 ARHEET M OBEPEFROHEMEC LT ST APPEND I X TR 4,

- T =
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| Table 3.1 Nuclide densities in the shield and magnet
Huclide Denaity (atomss x 10%)
‘ Reston Mo Ha | Or Ni Fa B 0 wy AL | ca Pb cu NG
11, Vacuum 1041 .
12, Berated Water 0.0025 0.00515|000197| 0.01182{005304(002652 0ooo04s
13, Heavy Concrete [].02825‘&02405 003382 0.00243 | 0.6019 1
14, Borated Water p.oc2s 000315|000197| 0.01182[ 005304) 0.02852 0.00.045 i
15. Lead ! 003296
14 Insulator l‘ 001801
17 8CM 000063 Q00788| 0.00493| 0.02955 0.03385| 000277
18 Insulator 001801 !
Table 3.2 Mean free path and mesh-width for the regions
Region Total cross-section |Mean free path | Mesh-width
n%ﬁ§er Region zt(k) (cm“IJ lk(cm) Ark(cm)
1 Plasma 1.583 -11 6.317 +10 25.0
2 Vacuum 1.652 -11 6.053 +10 6.25
3 Protect. wall 4.238 -1 2.360 0.125
4 Vacuum 1.686  -11 5.931 +10 1.125
% 5 First wall 4,313 -1 2.319 0,20
6 Header 4.980 -4 2.008 + 3 3.325 |
7 Separation wall 4,385 -1 2.281 0.125
8 Li,0 1.475 -1 6.780 1.25
9 Graphite 2.665 -1 3.752 1.3
10 End wall 4531 -1 2.207 1.0
11 Vacuum 1.134 -11- B.818 +10 6.5
12 Borated water 1.118 8.950 -1 1.25
i 13 Heavy concrete 6.274 -1 1.594 2.5
14 Borated water g§.02z2 -1 1.247 1.2
15 | Lead 2.700 -1 3.704 0.853
16 Insulator 6.297 -2 1.588 + 1 2.5
17 SCM. 5.350 -1 1.870 5.0
18 Insulator 7.056 -2 1.417 + 1 2.5
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3.1 HEH

ETete kS EEH BB TIAMFD e =2x107 DUTFE T 2MNERHAE M o € &
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AUNBENEEFELEOE L 1 AMe VIR FE T2 THTH O 2HHTHIZIBLITEL -
T de LIEDERLD S, AGIAEIE 10 BLAOBRET Sy L% A ROBEOhETRES £
BCEOEEIND. HESyONINS VSR, a0+~ B8O ddTHE SBEE A X 1
D E B ST, '

3.3 ZERAvLaM

Sy EEIEA RN FEEEZ 2/-nilil, IEEFLVOEREA v v 2 RN TE £ 72
Sl EELT TR LNEERRTO Y, DRREBOIRTOFEBEHTEOEND b DO
L2RFICA w2l dRl 5 BERLTHE, LOLENOSERBREECE T AEROBH
THEE IROFRTEHLZEFITRQXOREELTDA » ¥ 2 ATHITREDIKIREARL A vz
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Table 3.3 Change of neutron flux with point flux convergence
criterion
Convergence | j14.MeV Neutron Flux Total Neutron Flux
Criterion
() ¢1(495 cm) ¢1(600 cm) ¢t(495 cm) ¢t(600 cm)

2 x 10'3 1.9323 -11 | 4.9750 -18 | 2.4763 -9 6.9866 -13
. (1.000) (1.002) (1.000) {(1.047)
2x10°%  !1.9323 -11 | 4.9648 -18 | 2.4760 -9 | 6.6750 -15
2 x107%  |1.9323 -11 | 4.9644 -18 | 2.4770 -9 | 6.6710 -13

(1.000) {1.000) (1.000) (0.999)
Table 3.4 Change of neutron flux with SN approximation
SN 14-MeV Neutron Flux Total Neutron Flux
Approxima-
tion ¢1(495 cm) ¢1(600 cm) ¢t(495‘cm) ¢t(600 cm)
S4 1.5074 -11 | 3,5150 -18 2.1718 -9 7.7560 -13
(0.780) (0.708) | (0.877) (1.162) |
Sg 1.9323 -11 | 4.9648 -18 | 2.4760 -9 6.6750 -13
S12 1.9997 -11 | 5.2931 -18 [ 2.5282 -9 6.8606 -13
(1.034) (1.066) . (1.021) (1.028) ;
. i { |
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Table 3.5 Mesh numbers for each modei

Regions
Case
Name Plasma | Blanket | Vacuum | Shield Magnet
(225 cm} (115 cm) | (65 cm) | (75 cm) | (120 cm)
B+ 8 12 . 98 10 42 30
(ar)
B+ 5 6 49 5 21 15
{2xAr) ' '
B+ 5 12 98 20 84 60
(3<tr)
B+ S 14 98 20 84 120
(%*Ar)
*
S — 24 10 42 30
B 12 98 —_—

* Only 30 cm of blanket is included

Table 3.6 Change of neutron flux with spafial mesh-width

14-MeV Neutron Flux Total Neutron Flux
Mesh-Width 1y (495 cm) [ 0, (600 cm) 6, (495 cm) | ¢, (600 cm)
2 xpr 1.6153 -11 | 2.2002 -15 | 1.7303 -9 | 5.0397 -12
(0.836) (443.1) (0.699) (7.550)
Ar 1.9323 -11  4.9648 -18 | 2.4760 -9 | 6.6750 -13
L. 2.0032 -11 [ 9.3387 -18 { 2.7789 -9 | 3.9819 -13
3 *or (1.037) (1.881) (1.122) (0.596)
L xae 2.0034 -11 | 1.0700 -17 | 2.9096 -9 | 3.3593 -13
(1.037) (2.155) (1.175) (0.503)

...11 —_
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XAr 0BG OhET I, R=600 cm L BOTHERROHITH L TR S SEBR SN R
ESOMADA v ¥ 2 W KRR 2& Uiz XA OBE0HRTRIIR =495 cmi BT 10
%R, R—600mICENTTO~00 BOEBHD, wXAr DHEEOHHTHE SOMAD £ v
=R BEEERRD T & Lz IxAr 0BEOPTREFBANSE R=600cmicEH 3 IHEFH O
EEHHBREL I ->TOT XA ThA v ¥ 2 MAREBEE B0,

P FEOHBEEZ (ArEBICBOTIRA » v 2afERBLE SCMICE T RS EBfTRREE~
THRXGEELAPICEHFRICZ 100 FRENBENS 2 C LHRENT. Tl Ay Va B2l
154 EBEHEHFED SEEICLEOE, PHTHO Ay ¥ o hick 5k 10 BUTITET
e EAFEEN, THEBTRICE SN T » Y 2ME@nE TRESROCEML-ED L.

3- 4 HERHEEETER

[N tE, SyRMUE, A vy aMmeZ e SEiBAnEciEsh/z FACOM 230775 I
ARSI L AR S % Table 3 TIRT. EROHEICRIDWUARSE LTRORL
7 EOMIC S 5 50kilo words BEXLETH L.

Table 3.7 Computation time and Tequired core storage

for each cases

*
Convergence Sy Mesh-width | Computation Core Storage
criterion Approx. | (Mesh No.) ! Time (sec) (Kile words)
(e) ")
2 x 107° Sg(24) | 8r(192) 1482 145
2 x 103 _ 1275 145
Sg(24) Ar (192) _
2 x 107° . 1931 145
§,(8) 634 126
2 x 1074 ar (192)
S,(48) 2806 174
2xbr (96) 643 78
2 x 107° Sg(24) 3xor (274) 2368 203
jxbr (376) 2600 245
+) MM = N(N+4 ; Number of angular points

%) CPU time by FACOM-230/75
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A, Ll t8(310)V&8(340) mERBiZLANiOBEZLSEINELONENEEL LG b,
Table 4 1 # B A& S—model @ 14MeVHETH G, idshell source ANMEC L 01
FLLTOEETHELILZ B+S—model ORETHREZHBHEL THE 2 L0054, B—model DR
=340emiClBNT G MILLBREHEMID B~ E bbb ST, S(340) TR
RS S S s 14MeVIRPREMA N THT o, BEEFEEL R LTS,
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W EmS, overlap region (1T FIC S—model ¥ R=340emb oA HicihiIBC &
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_ Table 4.1 14 MeV neutron fluxes in the blanket and shield

calculated by using shell sources

14-MeV Neutron Flux, ¢1(R cm)
Calculation-
¢1(310) ¢1(326.9) ¢l(340) ¢1(495) ¢1(600)
al Model
B 2.1218 -6 | 6.4386 -7 | 1.7537 -7
(1.000) {1.000) {0.996)
B + 8 2.1218 6.4392 -7 | 1.7612 -7 (1.9323 -11| 4,9648 -18
S(310) 2.1218 -6 | 6.4392 -7 | 1.7612 -7 | 1.9323 -11; 4.9635 -18
{1.000) {1.000) {1.000) {1.000) (1.000)
S(326.9) 6.4431 -7 |1.7614 -7 {1.9324 -11| 4.9650 -18
(1.001) (1.000) (1.000) (1.000)
S${340) 1.9324 -11] 4.9650 -18
(1.000) (1.000)

Ratios of 14 MeV neutron flux to that of

are shown in the parentheses.

B + S - model

Table 4.2 Total neutron fluxes in the blanket and shield calcu-
lated by using shell sources
Calculation- Total Neutron Flux, ¢t{R cm)
al Model ¢t(310.65) ¢t(327.55) ¢t(343.25) ¢£(497.5) ¢t(598.75)
B 5.5565 -4 2.1419 -4
(0.998} (0.980)
B+ S 5.5655 -4 2.1864 -4 3.5058 -5 2.4760 -9 | 6,6750 -13 .
S(310) 5.5622 -4 2.1854 -4 3.5066 -5 24716 -9 | 7.1020 -13!
(0,999) (1.000) (1.000) (0.998) ¢ (1.064)
5(326.9) 5.9265 -4 7.1990 -5 2.4938 -9 | 6.7102 -13%
- (2.711) (2.053) (1.007) ; (1.005) i
$(340) 3.5022 -5 | 2.4795 -9 | 7.2525 4133
(0.999) {1.002) (1.087)

Ratios of total neutron flux to that of B + S - model are

shown in the parentheses.
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Table A.1 Neutron heating per DT neutron in the blanket .

Neutron Heating, Hn (MeV)

3 difference

Nuclide
homogeneous model | heterogeneous model
SLi 4.8931 4.9098 0.34
L4 3.5081 3.7543 7.02
C 8,3438 -2 8.3539 -2 0.12
0 1.5322 1.6400 6.97
Mo 2.6516 -1 2.4629 -1 -8.5

g
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Table .A.Z Ratic of neutron flux calculated by homogeneous model
to that by heterogeneous model at the outer boundary

of the blanket

i
I
Group g Group g |
Q,lﬁEEEIQL Reference ¢=(hetero) Reference
No. (g) ¢g(homo) No.(g) | +8 (homo)
1 0.994 23 0.996
2 0.998 24 1.005
3 0.998 25 1.009 3
4 1.000 26 1.010 ,
‘Mo -
5 1.003 27 1.010 ‘resonance
.capture
6 1.006 28 1.007
7 1.004 20 | 1.021  J
8 1.007 30 0.997
En v 1 keV
9 1.006 31 0.997
10 1.006 32 0.996
11 1.005 33 0.997
12 1.005 34 1.000
13 1.004 35 1.000-
14 1.006 36 1.005
15 1.006 . 37 1.008
16 1.004 38 1,010
17 1.001 39 1.012
En ~ 1 eV
18 1.000 En~ 1 MeV 40 1.013
19 1.001 41 1.014
20 0.997 | _ 42 1.015
' ‘Li-giant
21 0.996 ; Z¢g(hetero)
: i resonance A = 1,003
22 0.995 / étbg(homo)
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