B e e e e e i

JAERI-M
6783

BEG~7 Xy b OERKFTORT (10)
(R A RIBRIF R AT

1976 F 11 H

B #-mE E-FF RS

B & & F H W & M

Japan Atomic Energy Research Institute



I AHEEE, BAELCAMEES JAERIM L H—F & LT, AEMIFETL T 5
PRacdsE T, AF, @i rosHebEl, ARBEFHMEREITERET CGHRE
WA R r) ST, BRLIL (28,

JAERI-M reports, issued irregularly, describe the results of research works carried out
in JAERIL Inquiries about the availability of reports and their reproduction should be
addressed tc Division of Technical Information, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, [barzki-ken, japan.




JAERI-M 6783

BEH< /% v F OERZE ORI
( X G EBRIF R ERET )

AARF HFEFREH RIS AL
B - HiH BE-AF BHRT

{19764 10H1 88%H)

BERTTHNRBAERFOE | R FHRCENT, 8BH <7 % v F ORSHRICHT B8Rk
B EIT oo FHRIICTED L ERBLEBLTLTORIBESH L SNE L ST,

BEF 4w P OERRSICHT S 1 REH BT vOEAKERIIL, AT AELTY
2l ET Lo SAKEREHERHNL2ZmOESOARI Y7 U — F £ 2REKER L TN
+a3TchiZ LERLIa

* K EH




JAERI-M 6783

Evaluation of Shielding Design for Superconducting Magnets(III)

(Shielding Design of the Experimental Fusion Reactor)

*
Yasushi SEKI, Hiromasa IIDA and Takahiro IDE

Division of Thermonuclear Fusion Research, Tokai, JAERI
(Received October 18, 1976)

Shield for superconducting magnets in the experimental
fusion reactor being designed in JAERI has been evaluated.
The preliminary shield design was modified so as to meet

the design criteria.

Applicability of the one-dimensional calculation model
for shielding design of the superconducting magnets was
studied; the cylindrical model is found to be appropriate.
As for the biological shield, a concrete layer of thickness

2m is sufficient for the secondary biological shield.

*On leave from Sumitomo Heavy Industries Ltd., Tokyo, Japan
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2. ERCERETHERE

BEE<S 5 b (SCMIOHERIC & 58812, #B%R Fluence iR ) ERBRE (Flux R NcAS]
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HHN A LS - Tatedt, BBHOBERTORE T — 2 2IKRE LTRELTNEEEDLNT
0, 2 BEARY L BEEEHELULENERE SRS I RTAN LICEXRELE X
T, GERHEMENEBEAETALOF -2 L EETH B,
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* TEPR; Tokamak Experimental Power Reactor
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Table 3,1 Mean free path and mesh-width for the innmer blanket model

—

Mesh I

Region Region Total cros—s-—section Mean free path Mesh width
m(lg)er name L (k) (cm!) 2 (cm) Ay (em) Number
1 Plasma 1.30i -11 7.69 +10 150.0 (1)
2 Vacuum 1.329 -1l 7.53 +10 24.5 (l)
3 Carbon 2.618 -1 3.82 0.25 (2)
4 5.5. 5.203 -1 1.92 0.5 (2)
5 Helium 1.370 -4 7300 5.0 (L
6 5.5. 5.226 -1 1.91 0.5 (2)
7 §.5.(90%) 4,661 -1 2,15 0.9 (10)
8 g’hgggéﬁ; 3.887 -1 2.57 1.0 (24)
9 S5.5. 5.131 -1 1.95 1.0 (4)
10 Vacuum 1.259 -11 7.95 +10 46 .0 (1)
11 e 6206 -1 1.61 0.75  (40)
12 Lead 3.252 -1 3.08 1.25 (8)
13 Vacuum 1.468 -11 6.81 +10 10.0 (D
14 Insulator 6.273 -2 15.94 5.0 (2)
15 SCM 5.604 -1 1.78 1.0 (90)
16 Insulator 7.213 -2 13.86 5.0 {2)

Ak B N b L L e
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Table 3.2 Mean free path and mesh-width for the inner blanket model

Region Region Total cross-section Mean free path Mesh width Mesh
number name Zt(k)(cm_l) Rk {cm) Ark {cm) number
(k)
1 Plasma 1.269 -11 7.88 +10 150.0 (1)
2 Vacuum 1.305 -11 7.67 +10 24.5 (1)
3 Carbon 2,388 -1 4.19 0.25 (2)
4 S.S. 5.318 -1 1.88 0.5 (2)
5 gfg?(%gég 8.808 -2 11.4 4.75 (4)
6 gfg?g;?g; 2.264 -1 4.42 2.0 (20)
7 S?S'Eigég 3.264 -1 3,06 1.25 (16)
8 S.S. 7.726 -1 1.29 0.45 (10)
9 Vacuum 9.341 -12 1.07 +11 55.5 (L
10 g;g'gggég 6.139 -1 1.63 0.8 (50)
11 Lead 3.327 -1 3.01 1.25 (8)
12 Vacuum 1.500 =1 6.67 +10 10.0 (1)
13 Insulator 6.309 -2 15.9 5.0 (2)
14 SCM 5.592 -1 1.79 1.29 (70)
15 Insulator 7.225 -2 13.8 5.0 (2)
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Table 3.3 Nuclide densities of the blanket in JXFR*(atoms/cm3x1024)

: S.S
S5 | rgc

Ni |9.848° 6.401°
__Cr_11.5757%1.024%
Mo _|1.255% 8 158%
Fe_ |5.9097 3.84i°
_B° | juisor?
c_ 4. 747>
_He . 1.900°

Le | ]
A

Q

MACUUM
or

CARBON

PEBBLE

Li20 i Li20

BLOCK bRAPHITE}

PLASMA

COATING

REGION
|8e17?
1.378°
| 098%

l2.700?

5.176%1.014

REFLECT-
REGION| or

-3 -3
11690 °1.1827°
2.703%1.890°°
2.154%11.506°
70971°

e
- 5760 °
1.067°1.920°
3.045°

3799 °

RN

20522 )

*IXFR stands for Japan Experimental Fusion Reactor

Table 3.4 Nuclide densities of the shield and

magnet in JXFR (atoms/cm3x]024)
Region
+Hp0{B) (20%) Insulation | Cu{28%),No(7%)

169 3,376%102

Nb 3.884x107°
Mo 7.530x10”"
Cr 9.450%x107
Ni 5.909x107°
Fe 2.823x1072 3 .545%107°
" 2.391x10°

10g 1.1202x10"%

Al 2.4251x107 1.801x107%

Cu 2.370x157°
b 3.2G6x1072

Ca l.9l49x10_3
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Table 4.1 JXFR inner shield survey

Case Case Region 8 Region 12 |Max.dpa in Radiation heating
number | name (24 cm) (10 cm) Cu per year | in SCM (kw)
{(50% L.F.)
S.5.(65%)
1 S-Pb |[BxC (16%) PH{(1007%) 8.025 =5 3.212
He (197%)
S.S8.(17%)
W (48%)
2 W-Pb |B4C (16%) PH (1007%) 4,812 -5 1.888
He (197%)
S.5.(17%)
- Ta (48%) P g, - 2-338
3 Ta-Pb Buc (1623 b (100%) 5.982 5
He (19%)
5.8.(40.5%)
4 SB-HC |B,C (40.5%) | H.C.(80%)| 5.233 -5 2.776
He (19%) H;0 (20%)
5.8.(65%)
5 S-HC |BsC (16%) H.C.(B0%Z)| 4.073 =5 2.297
He (19%) H:0 (20%)
5.5.(17%)
6 W-HC | W (64%) H.C.(80%)| 1.758 =5 1.306
He (19%) H;0 (20%)
$.5.(17%)
7 W-S W (64%) $.5.(90%)y! 2.153 -5 0.984
He (19%) He (10%)
S.5.(17%) S$.5.(40%)
8 W=SB | W (64%) B,C (40%)| 1.463 -5 0.982
He (19%) H.0 (20%)

.ﬁlg -
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Table 4.2

Displacement Cross Sections (barn)

13.720

12.549
11.478
10.500
.314
.261
.328
.500
.757
.099
.516
.000
.162
.500
.871
.400
.058
.800
.566
400
.283
.200
.141
.100
46.5

21.5

10.0

4.65

2,15
1.00
0.465
0
0

OO OOQOOFFEKFEFNMWPAEEWUU OO WY

.215
.100
46.5
21.5
10.0
4.65
2.15
1,00
0.465
0,215
0.001

MeV

KeV

eV

%
316 SS
2942.5

2848.9
2737.3
2610.0
2465.3
2292.2
2166.4
2069.3
1963.8
1871.7
1757.7
1642.0
1412.1
1177.2
865.3
677.6
436.1
351.9
380.7
362.9
244.4
219.6
241.6
129.5
110.2
101.1

N
S
. . . P

L]

L)

NPFWNFHEFODOOQOOOO WL
WP OOEHEWR~WWHHNW O

-

ot

LA~ W -~

*
Cu

3586.9
3577.5
3636.2
3655.9
3542.5
3253.6
2897.0
2648.9
2552.0
2367.2
2200.9
1973.3
1611.5
1236.1
882.0
782.5
697.9
665.6
584.5
516.1
419.1
349.5
276.5
205.9
152.0
115.2
65.7

=
(&)
o

AN WOHOQOOOOHWUWL

.

[
W 00w

.

» .
w~lwo o~ bilw oL

—

* The effective displacement energies used are 40 eV

for 316 SS and 31.7 eV for Cu.



JAERI—M 6783

Table 4 3 Nuclide densities of new mixtures
(atoms / cuf X 10%*)

Regions
Nuclide S.S, (17%) 5.8, (40%) Li,0(17%). Li, 0 (72%)
W (84%) B,C (40%) S,S. (9%) S.S, (17%)
He (19%) H, O(B)(20%) He (27%) He (11%)
L 1.243-3 5.264~3
T Li ' 1551-2 6.568-2
¢ 1.185-2
g , : 6.630~3 8374-3 3547-2
He 1.900-5 2700-5 1.100-5
Mo 2.154-4 5.020-4 1.098—4 2.154-4
Cr 2.703-5 6300-3 1.378-3 2.703-3
Ni 1.690-3 3939-3 8617-4 1.690-3
Fe 1.014-2 2.364-2 5170-3 1.014-2
H 1.326-2
ug 3.764-2
182y 1.066~-2
183y 5766-3
1w 1.226-2
188w 1.137-2
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-2 S0 AND CU DISPLACEMENT DRMGGE
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Fig. 4.3a Stainless steel and copper displacement damage rates
for the shielding schemes S-Pb, W-Pb and Ta-Pb
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5.2 ANL—TEPR OERBRHLOLE

w8047 (JXFR ) ® SCMOERZIHORE%, ANL-TEPR 02" &5l 2T Table 5.1
tiT. JXFRELTIRF—9 ADRMIO SCMEARD SCMORERL TH 5o FHUIO SCM
oBEEE, PHEAFARLLEEE BELTOPHTFRA N — I vV AEET A E&HIZ20~5 05L&

%o, TEPR & JXFR OBREEIL SIS0 HBEREL TS5 BEETTIIATH 20 2 MW, /m* T
BZOIHLEZR01TMWV,/ m> Thd. CORKBOTIS, ERMEREDRRELT S 2BIC,
lMW'Lﬁﬁ@%@%ﬁﬁﬁﬁwﬁﬁ6%%ﬁ%ﬂEﬁﬁbfbéu

JXFR @ Aflo SCMicxtd 2 EREOEHNFE XIH80emTHL, TEPRD 1 Ocm & 0
200m§ﬁﬁw®u.SCMK%U%H%%BUE%1%@5%(@01D%uCﬂ&@ﬁCﬁﬁg
$5160cmb s 3A4HDSCMTI, u"O$waw5C%ﬁ#bafIEPR@H%ﬁ%;Oéz
Hlu_t{-&<7’&f)f(r‘éo SCMADKEBIC L ARRBHREBEOEMNSDR, JXFR TRHAITT 7 ¥
oy MSET Iy FEIC S BB AN E DB TH D, (Fig 4.6 BF)

SCMicH 13 5 stisg s X3, JXFR ofiil, TEPR, JXFR oRMONNICA: <Y, ZDE

13T 2HTIE LHITH 5o CCD%*%J:WE(%%?%& 173 £ 115~30cmmf‘é@ﬁﬁﬁlﬁ ZED 1 KD
ﬁ@%éct@@méo

Table 5.1 Radiation characteristics of the superconducting
Magnets of ANL-TEPR and JXFR

Items ANL-TEPR JXFR JXFR*
(inner SCM) {(outer SCM}
Maximum dpa in copper 1.5%x107° 1.7x107" 6.8x107°

[dpa/(MW.y/m?)]

Total neutron fluence 4.7x10'%  2,2x10'7 2.0 x10'*
[n/cm®/ (MW .y /) ]

Maximum dose in Mylar 4 x 107 8 x 108 4 % 10°
[rad/(MW.y/mz)]

Maximum nuclear heating 5x%x107°8 g x10 ® 1x10"2
w/em®]

Total nuclear heating 256 982

in SCM [W]

% To take the effect of neutron streaming through the injection ports,

the values for outer SCM should be multiplied by 20~50.
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FEh b,

(3 #gde LT}, 47 -REFEORHNTHELOHTFEINLOTI A+ VRN EL 0T
HHEERBEOLOEFEA LTSN S0,
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5] SCMADHHBERACHT IARENZL KWERTHO TN E,
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mrem-h EBETHOREZCHT2EAREENUTEN L. BLIHETARANEDOSCM D
MBRI-SFEBABLL0T, EEHEISIRIN5, '

D AEICHT S 2RERE LTI, 2mOBESOEED Y2 U - LD FREBRT AR,

PlLEDERREINCE TR, PHETFARLASOEH-FR P -3 v 72BBUTH T 10HER
ZHELFe LOLEHMS, 75307y P EBO_EROMBAZEL TOR MY - » 7 HRE, #Y
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Botie ECTRREZON T SCMAOKERBHRICET 2HEBELEREDOES LA TV
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i 7Ivry V\BEROSER[AEBLTODEFR M) - 3 v IHROFME BLUIRILHE
LByl TF 2 M) - 1 v IHROFHLEOBER ELBLETEH D,

i) 3RTHBEILIO RO A FAREI 4 L0 SCMEB LMo KEHRBESMHBEL L5 R
— v b (ETHEr S, PR TARRE, SRS OERETRRAERE S,
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Table A.l1 Calculated 14 MeV neutron flux in the inner blanket model

(Em) Cylind$§(g§de1 Annul;;(:;éei Slagg?;§31 ' ¢?(R)/¢§(R) ¢?(R)/¢?(R)
300.0 [ 8.033 +3 1,195  +4 7.475 43 1.488 1.599
360.0 1.527 +8 1,546 +8 1.320 +8 1.012 1,171
390.0 5,928 +8 5.194 +3 4.689 +8 | 0.876 1,108
460.0 4,812 +10 3.325 +10 3.273 +10 0.691 1.016
500.0 1,322 +13 1.331 +13 1.994 +13 1,007 0.668
850.0 1.322 +13 1,722 +13 1.994 +13 1.303 0.864
890.0 4,812 +10 4.558. +10 3.273 +10 - 0.947 1.393
960.0 5.928 48 6.131 +8 4,689 +8 1.034 1.308
990.0 1.527 48 1.676 +8 1.320 +8 1.068 1.270
1050.0] B.033 +3 9.234 43 7.475 43 1.150 1.235

Table A.2 Calculated total meutron

flux in the inner blanket model

(2m) Cylind;g(g?del Annul;g(g;del Slag%?ggel .¢§(R)/¢E(R) ¢i(R)/¢§(R)
302.5 1.714 +8 2,100 +8 1.721 +8 1.225 1,220
362.5 1.543 +10 1.592 +10 1.450 +10 1.032 1.098
391.0 2.141 +10 2.085 +10 1.970 +10 0.974 1.058
461.5 2.541 +12 2.371 +;2 2.516 +12 0.933 0.942
500,1 9,641 +13 1,052 +14 1.183 +14 1.091 0.889
849.9 9.641 +13 1.127 +14 1.183 +14 1.169 0.953
889.0 2.541 +12 2.816 +12 2,516 +12 1,108 1.119
359.0 2.141 +10 _2.434 +10 1.970 +10. 1.137 1.236
987.5 | 1.543 +10 1.784 +10 1.450 +14 1.156 1.230
1047.5 | 1.714  +8 2.074 48 1.721 +8 1.210 1.205

— 47“..
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Table A.3 Calculated neutron heating rate {(MeV/DT ﬁeutron) in

the inner blanket model

| R Cylinder model| Annulus model | Slab model |H3(R) /.c HE(R) /g
(em) HG(R) HE(R) HE(R) Mg R S /RR®)
302.5! 1.887 -8 2,355 -8 {1.919 -8 | 1.248 1.227
357.5) 5.674 -6 5.804 -6 |5.196 -6 1.023 - 1.117
391.0| 1.222 -4 1.183 -4 |1.117 -4 | ©0.968 1.059
461.0| 1.375 =2 1.369 -2 [ 1.440 -2 | 0.996 0.951
483.0] 1.966 -1 2.027 -1 |2.140 -1| 1.031 0.947
'867.01 1.966 -1 2.254 -1 |2.,140 -1| 1.146 1.053
889.0| 1.375 -2 1.610 -2 [1.440 -2} 1.171 1.118
959.0| 1.222 -4 1.382 -4 | 1.117 =4 | 1.131 ©1.237
992.5} 5.674 -6 6.464 -6 |5.196 -6 | 1.139 1.244
1047.5| 1.887 -8 2.314 -8 {1.919 -8 | 1.226 1.206
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107} ¢ (14MeV)
10%F
105 -
104
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100 I H i | L |
00 2000 4000 6000 8000 12000

DISTANCE FROM THE TORUS AXIS (cm)

Fig. A.1 Distributiens of neutron and gamma-ray fluxes in JXFR represented
by the one dimensional annulus model
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7 1.47(—1) 28 5.42(—-3)
8 1.47(—1) 29 542(—3)
9 1.47(—1) 30 542 (—-3)
10 L47{-1) 3 542 (—3)
11 1L47(—-1) 32 542(—-3)
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