JAERI-Tech
95-023

o83
NJFE A

Iy o

JMTRIESFBAT YL ABOREFANT N
ARRHIC LAY LAERERHEROGNRS

R NUEW] « AR » KB RAF » B

BERFIDHARMA
Japan Atomic Energy Research Institute




ALK — bz, BRETHMEHESPTEMIIAH L T AT HEE T,

AFEOREHEIL, BAE ORISR R EHER(T319-11 KR IR R
W) ST, BRLELIAESY, &8, ZOEMIMREEART ) ABRSER LY 7 -
(F319-11 MBI B HiAT B AT WS ATA) THEICLZEHFNEB I 25T
BHIT.

This report is issued irregularly.
Inquiries about availability ol the reports should be addressed to Information Division,

Department of Technical Informaiion. Japan Atomic Energy Research Institute, Tokai-

mura. Naka-gun. lbaraki-ken 319-11., Japan.

(© Japan Atomic Energy Research Institute, 1994
WERREAT BAREFHWNER
) =" R




JAERI-Tech 95-023

IMTRICBIHFDAF Y L AEOHHFAAY P VRBERIIZLS
) s R R ORI ET

H A B T- DR LA A SRR Fe AT b1 LB AP
BN OBE - NE S -RE OEFE B L#

(19954 2 H14A %)

#HELAE8IE ( JMTR : Japan Materials Testing Reactor, 50MWt ) {28115 pEF AT bV
BEEHI T S REHO—RE LT, —ERTR (dpa) ST B30T Y LARONY
AAEREEEE T AR EFER L, BEICH - T, ZTEBAPRTICL-TRZS
8N i (a, y) **Ni (n, a) °°F e FILFFALCH@ETI b0EL, WA FITLR
ORI & BT ATRE 2 B ) b T % 7 » b LcHEES, QFHEFARY VBT ERY
PICEREF S N A O RIS, G)PH T REN PHOGTHRANE s B e R
Y7, SHLOE xS #2000 M LAEE (2dpa), 304RAT L LAERONY T
LAERER, l4appm (BpPHTEH» FLAHS) Ph24appm (bt f MY
7)) OHPICEHBTE LI b ol, COEEADH e /dp a ORIHERIZ0.7-127T
5D, ZORFERSS, =9 r AR EUHEHINT ZRELRERRIILY, REDANTT A
T DA — 5 AYE SR, MREREBIEE VA T ARICER L BRI O
L, E ko7,

KRR | T311-13 KRS HUK A BE K ST 5L F T 5 3607



JAERI-Tech 95-023

Neutronics Analysis on Helium Production Control in Stainless Steel

by Neutron Spectral Tailoring in the JMTR
Satoshi SHIMAKAWA, Yoshihiro KOMORI, Yoshiharu NAGAO and Fumio SAKURAI

Department of JMTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received February 14, 1995)

With regard to development of neutron spectral tailoring irradiation technique
in the JMTR, helium production control range in 304 stainless steel was
calculated under constant neutron fluence represented in dpa. Using a technique
for enhancing helium production by ®Ni{n, ¥ )}®°Ni(n, « }°Fe reaction, following
three irradiation tests were surveyed to estimate helium production control
range ; (1)thermal neutron cut-off irradiation with cadmium absorber. (Z2)normal
irradiation without considering spectral tailoring, (3)thermal neutron trapping
irradiation with graphite moderator. For 200 day irradiation test, helium
production in 304 stainless steel is able to be controlled within 1.4-24 appm
(2 dpa, He-to-dpa ratio within 0.7-12). Based on the calculation results, it
was found that the improved irradiation tests to obtain irradiation data with
different helium production is feasible in the JMIR for studies on helium effects

in nickel-bearing materials.

Keywords : Neutron Spectral Tailoring, Helium Production, Irradiation Tests,
58Ni Two Step Reaction, Impurity Effect, JMTR, 304 Stainless Steel
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IIRHEE TH B, COLI AENHBEE (OB, BEOARY MV EMBRBIFOA N PR
Srhh, BEHERYOOOF— & S ELNE LD R EGFRBHNOZELERLLEFH D, IO L
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B BRETFLILH A & L7z

AN TIMTR&EL 1 O0OH A2 VFLER—ALALEE (Fig. 2.128)
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HEEt s v+ TR VN OREEE O A v AR BERD LD IEHT BT ARS FVIL, BB F
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Table 3.2.1 Neutron Energy Group Structure of MGCL

Upper Energy Upper Energy Upper Energy
Group [eV] Group [eV] Group [eV]
1 1.65E+07 51 3.18E+04 101 6.83E-01
p 1.46E+07 52 2.81E+04 102 6.02E-01
3 1.28E+07 53 2.48E+04 103 5.32E-01
4 1.13E407 54 2.19E+04 104 4.69E-01
5 1.00E+07 55 1.93E+04 105 4.13E-01
6 8.83E+06 56 1.70E+04 106 3.89E-01
7 7.79E+06 57 1.50E+04 107 3.65E-01
8 6.87E+06 58 1.17E+04 108 3.42E-01
9 6.07E+06 59 9.12E+03 109 3.20E-01
10 5.35E+06 60 7.10E+03 110 2.98E-01
11 4.72E+06 61 5.53E+03 111 2.77E-01
12 4.17E+06 62 4.31E+03 112 2.57E-01
13 3.68E+06 63 3.35E+03 113 2.37E-01
14 3.25E+06 64 2.61E+03 114 2.19E-01
15 2.87E+06 65 2.03E+03 115 2.01E-01
16 2.53E+08 66 1.58E+03 116 1.84E-01
17 2.23E+06 67 1.23E+03 117 1.67E-01
18 1.97E+06 68 9.61E+02 118 1.52E-01
19 1.74E+06 69 7.49E+02 119 1.37E-01
20 1.53E+06 70 5.83E+02 120 1.23E-01
21 1.35E+06 71 4.54E+02 121 1.10E-01
22 1.19E+06 72 3.54E4+02 122 9.71E-02
23 1.05E+06 73 2.75E+02 123 8.53E-02
24 9.30E+05 74 2.14E+02 124 7.43E-02
25 8.21E+05 75 1.67E+02 125 6.40E-02
26 7.24E+05 76 1.30E+02 126 5.45E-02
27 6.39E+05 77 1.01E+02 127 4.58E-02
28 5.64E+05 78 7.89E+01 128 3.78E-02
29 4.98E+05 79 6. 14E+01 129 3.06E-02
30 4.39E+05 80 4.79E+01 130 2.42E-02
31 3.88&+05 81 3.73E+01 131 1.85E-02
32 3.42E+05 82 2.90E+01 132 1.35E-02
33 3.02E+05 83 2.26E+01 133 9.88E-03
34 2.66E+05 84 1.76E+01 134 5.98E-03
35 2.35E+05 85 1.37E+01 135 3.34E-03
36 2.08E+05 86 1.07E+01 136 1.47E-03
37 1.83E+05 87 8.32E+00 137 3.52E-04
38 1.62E+(Q5 88 6.4BE+00 138 3.31E-05
39 1.43E+05 89 5.04E+00
40 1.26E+05 a0 3.93E+00
41 1.11E+05 91 3.06E+00
42 9.80E+04 92 2.38E+00
43 8.65E+04 93 1.86E+00
44 7.64E+04 g4 1.64E+00
45 6.74E+04 g5 1.45E+00
48 5.95E+04 96 1.28E+00
47| 5.25E+04 97 1.13E+00
48 4.63E+04 g8 9.93E-01
49 4.09E+04 99 8.76E-01
50 3.61E+04 100 7.73E-01
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_ Core Calculation _ _ _.
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Model of
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Fig 3.1.1 Flow of Neutronics Calculations
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Fig. 3.1.2 Neutron Current into Irradiation Capsule
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Fig. 3.1.3 Combination of Neutron Spectra Calculations
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Fig. 3.3.1
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Thermal Neutron Flux (Arbitrary unit, En<0.68eV)

JAERI-Tech 95023

1010 -0~ Thermal Trapping Capusule
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Fig. 4.1.1 Radial Distribution of Thermal Flux
in Spectrum Tailored Capsule
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neutron

*

12.5day after| burn-up 45.8% 7.7%

1.6% 0.6%

0.29mm X (0.458+0.077+0.016)

=0.16mm

Value of 113Cd

J

burn-up=n/no=exp(- #

One Group X-section
(from137 energy groups)

£

Fig. 4.1.2 Rough Estimation on Requited Thickness
of Cadmium for 200-Day Irradiation
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200day irradialion ( about 2.0dpa)

Helium F’roduction (appm)

i

Fig. 4.2.1 Helium Production in 304 Stainless Steel



