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Analysis of Irradiation-induced Stresses in Coating Layers of
Coated Fuel Particles for the High Temperature Engineering

Test Reactor (HTTR)

Kimio HAYASHI+, Sadao SATO, Junji TOYOTA, Shusaku SHTOZAWA
Kazuhirc SAWA, Satoru KASHIMURAK, Teruo KIKUCHI++ and
Kousaku FUKUDA+

Departﬁent of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received June 11, 1991)

Irradiation-induced stresses in coating layers of coated fuel
particles were analyzed by the MICROS-2 code for the fuels of the High
Temperature Engineering Test Reactor (HTTR) under its operating
conditions. The analyses were made on the standard core fuel {A-type) and
the test fuels comprising the advanced SiC-coated particle fuel (B-1 type)
and the ZrC-coated particle fuel (B-2 type).

For the B-1 type fuel, the stresses were relieved due teo the thicker
buffer and SiC layers than for the A type fuel. The slightly decreased
thickness of the fourth laver for the B-1 type than for the A type fuel
had no significant effect on the stresses. As for the B-2 type fuel,
almost the same results as for the B-1 type were obtained under an
assumption that the ZrC layer as well as the 5iC layer undergoes
negligible dimension change within the analysis conditions. The

obtained results indicated that the B-1 and B-2Z type fuels are better
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than the A type fuel in terms of integrity against the irradiation-induced

stresses.,

Finally, research subjects for development of the analysis code on

the fuel behavior are discussed.

Keywords : Coated Fuel Particle, Irradiation, Stress, Safety Assessment,
Dimensional Change, Pyrocarbon, Silicon Carbide, Zirconium

Carbide, Failure, HTTR, HTGR
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Table 1 Major input data used in analysis of irradiation-induced
stresses in coating layers of coated fuel particles of
A type fuel assembly.

LS e8I
ol -4 10.41 g/ cm®
AR 005
HAEEE FmAR 0.3 atom. fissicn
E Dt 0.1 atom.” fission
H 2 B ER 100%

EFREMSRRFE G 18

w OE 1.1 g./cm?
LR 0.5
SEEHo R (B2, 48)
w K 1.85 g7cm?®
fotirel B . 0.04 W cm°C
HIGEES 6.0x107¢°C
o 5.8 x10% kg ~om’
FT L 0.2
BT ZELR Fig.1
EEs N -TEK 2% 107°% (kg em®)™ {10¥ n em?®)!
EE ) - 7T 4>x107% (kg ~cm?)™ (1020 cm?®)™!
2N —-FETY L 0.4
AL VWERE (FE3E
w OE 3.20 g/cm®
B g 0.10W./ cm°C
BB IR IR §.5x107°°C™!
T 4.2 % 105 kg cm?
BTV I 0.2
BE TR HMETaHETE
RIS
BBEE & 1340°C
AEE D 0 kg~ cm?
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irradiated in 78F-4A capsule.

Table A3.1 Dimensional change of SiC layer of coated fuel particles

7IMC 5 (Disk No M—20) T90PC 1 (Disk No. F—18)
Yo Diameter («m )| Change («m) @) No Diameter (#m ) | Change (gm) &)
(a) ib) {e)={bl—la) | {chTalx 100 ) {a) {b) (cl=(bl~tal | lc)Talx 100
i 803 804 1 0.12 1 808 809 1 0.12
2 827 329 2 0.24 2l 869 266 —3 — (.35
3 7490 790 0 0 3 81] 813 2 0.25
4 835 835 0 0 4 765 765 0 0
5 887 886 1 0.11 5 238 8236 — 2 —0.24
6 844 846 2 0.24 6 223 824 1 0.1z
7 830 831 1 0.12 7 808 807 — 1 - {0.12
8 810 812 2 0.25 8 824 824 0 0
9 817 818 1 0.12 9 B27 828 1 0.12
10 840 840 0 0 10 B12 812 0 0
11 819 818 —1 —0.12 11 811 809 — 2 —0.25
12 819 820 1 012 12 809 808 —1 —0.12
13 799 7097 —2 — 0.25 13 809 811 2 0.25
14 825 826 1 0.12 14 830 832 Z 0.24
15 802 801 — 1 —{0.12 15 209 806 -3 —0.37
16 789 788 —1 —0.13 16 818 814 —4 — (.49
17 839 839 0 0 17 754 752 -2 —0.27
18 832 833 1 0.12 18 806 305 —1 —0.12
19 841 843 2 0.24 19 860 858 —2 -~ 0.23
20 228 828 0 0 20 831 830 —1 —0.12
21 799 799 ¢ 0 21 803 803 0 4
22 833 831 -2 — .24 22 779 781 2 0.26
23 845 845 0 0 23 762 759 -3 —0.39
24 859 861 2 0.23 24 792 794 A 0.25
25 819 820 1 0.12 25 824 823 —1 —0.12
26 827 828 1 0.12 26 816 813 -3 —0.37
27 838 837 — 1 - 012 27 808 807 —1 —0.12
28 832 832 0 0 28 863 861 —Z —0.23
29 834 834 0 0 29 809 805 —4 —0.49
30 815 819 0 0 30 792 794 Z 0.25
31 857 8h8 ! 0.17 31 817 816 —1 —{0.12
32 802 803 1 012 32 839 836 —3 —0.36
33 834 832 —2 -~ (.24 33 795 793 — 2 —0.25
34 828 829 1 0.12 34 780 780 0 0
35 833 832 -1 —0.12 35 821 519 -2 —0.24
36 820 820 0 0 36 836 828 —1 —0.12
37 805 806 1 0.12 37 810 811 1 0.12
38 806 809 0 0 38 805 503 —2 —0.25
39 313 813 ] 4] 39 829 826 -3 — (.36
40 857 ®h9 -2 —0.23 40 824 823 — 1 —0.12
41 812 314 2 0.25 41 B28 826 -2 —0.24
42 830 830 0 0 42 809 207 -2 — (.25
43 815 815 0 0 43 779 776 —3 —0.39
S 44 847 841 -1 —0.12 44 807 804 —3 — (.37
45 840 840 0 0 45 801 789 -2 —0.25
46 857 854 — 2 —(0.23 46 811 811 0 0
47 833 832 —1 —0.12 47 791 743 pA 0.25
48 833 840 2 0.24

(a): Before irradiation.
(b} After irradiation.
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