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Weibull Analysis of HT9 Fuel Cladding Rupture under Transient Conditions
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Abstract
The aobject of this study isto estimate the methods that are required to transient condition experiment data
analysis and to establish the probabilistic design limit of the cladding rupture. Cumulative damage
estimation and Weibull probability estimation of WPF (Whole Pin Furnace) transient condition
experiment data are performed. Probabilistic methods were derived with these analyses to determine the
effective thickness reduction due to eutectic penetration depth. In the results, it is found that 100%
cladding reduction of eutectic penetration depth is conservative. About 90% cladding reduction of the

eutectic penetration depth is favorable as a thickness of cladding.
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2.1 FCTT(Fuel Cladding Transient Tester) [3.4]

FCTT 370°C (hold temperature) 5.6°C/s
, 500°C 1050°C
1050°C 18.8 ~ 39.5 MPa , 500°C
486.7 — 517.7 MPa
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2.2 WPF(Whole Pin Furnace) [5.6,7]
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1. WPF

(a/o) °O) (min) (
%
FM1 3.0 1.0 820 67 " 64
FM2 3.0 1.0 820 112 67
FM3 2.2 1.4 820 146 f 65
FM4 11.4 15 770 68 " 24
FM5 11.4 15 ramp to 3 0
780, cool
FM6 11.3 1.0 670 2160 0
f
3.
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¢ dt
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4. Weibull [8,9]
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(failure rate curve shapes)
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5. WPF

WPF
(over-estimation)
1 , median
Weibull Fulton Findings
Weibull Smith [10].
5.1 WPF
(hold temperature), ,
(eutectic reaction)
, WPF (pre-transient)

dimension MACSIS(A Metallic Fuel Performance Analysis Code for
Simulating In-Reactor Behavior under Steady-State Conditions)
[2]. MASIS , EBR-II
, 1
(End of life) . 2 , ,

2 WPF (MASIS ) WPF ,

fission gas release

(MPa) (°C)
(a/o0) (cc at STP)
FM1 3.0 30.07 4.7218 820
FM2 3.0 30.07 4.7218 820
FM3 2.2 19.67 2.4077 820
FM4 11.4 136.47 12.7993 770
FM5 11.4 136.47 12.7993 770

FM6 11.3 135.27 14.4 517




WPF

, FM1~-FM3

(two phase region) Lanthanide

[11]
, (effective
thickness) , brittle
100% brittle 50% ,
50%
Fortran
, hoop stress
hoop stress
1 3
3 WPF

CDF 100%*  90%* 80%* 70%* 60%* 50%*

FM1 6.9551 3.4953 2.0353 1.3114 0.9091 0.6657

FM2  23.5477 10.0256 5.1770 3.0432 19603 1.3514

FM3 1.1236 0.5986 0.3623 0.2396 0.1690 0.1251

FM4 5.3616

FM6 1.2989

*cladding thinning of eutectic penetration depth
FM4 1

5.3616 , FM6 1
5.2

(uncertainty)

, (shape)



Weibull , b
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5.3 Weibull
WPF median rank
90%
4 WPF (90% )
CDF Rank Median Rank
FM3 0.5986 1 12.96
FM6 1.2989 suspended
FM1 3.4953 2.250 36.11
FM4 5.3616 3.667 59.26
FM2 10.0256 4.833 82.41

FM6 , Benard



(unreliability) . 5 median
rank
5 WPF median rank
100% ~ 60% ~
70%* 50%*
Median 12.96 12.96
Rank
36.11 31.48
59.26 56.17
82.41 80.86
*cladding thinning of eutectic penetration depth
WPF Weibull , rank
regression method '
MLE(Maximum Likelihood Estimation)
sample size 10 rank regression method
, WPF (sample size) 4 rank
regression method
6 Weibull
6 Weibull parameter
100%* 90%* 80%* 70%* 60%* 50%*
b 0.880 0.908 0.887 0.802 0.733 0.686
h 10.875 6.190 4.104 3.114 2771 2.305
Mean 11.59 6.48 4.35 3.52 3.36 2.98
Median 7.17 4.13 2.72 1.97 1.68 1.35
std. 13.21 7.15 4.92 4.43 4.67 4.46

Deviation
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7 10%

CDF 100%* 90%* 80%* 70%* 60%* 50%*
Confidence 0.1155 7.504" 107 4.403°1072 2.066°10% 1.177°10% 6.687°107°
90% ~ 6.1404 ~ 3.5895 ~ 2.3957 ~1.7137 ~ 1.4056 ~ 1.1205

*cladding thinning of eutectic penetration depth
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