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A Complementary Analysis for the Structural Safety Evaluation of the Spent
Nuclear Fuel Disposal Canister for the Pressurized Water Reactor
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Abstract

A structural model of the spent nuclear fuel disposal canister for the pressurized water reactor(PWR) for about 10,000 vears long
term deposition at a 500m deep granitic bedrock repository has been developed. However this developed structural model of the
spent nuclear fuel disposal canister is too heavy to handle without any structural safety problem. Hence a lighter structural model
of the spent nuclear fuel disposal canister which is easy to handle has been tried to develop very much. One of the reasons which
made the structural model heavy is considered to be due to the severe adaptation of the design conditions like external loads and
safety factor etc. to the canister design. Hence a complementary analysis to alleviate such severe design conditions is required for
the reduction of the canister weight. In this study, a complementary structural analysis for the spent nuclear fuel disposal canister
is carried out changing the design conditions such as external loads and safety factors to recalculate the design parameters like
diameter and thickness etc. of the canister. The complementary analysis results shows that the diameter of canister can be
shortened from 122cm to 102cm to reduce the weight of the spent nuclear fuel disposal canister.

Keywords : pressurized water reactor, spent nuclear fuel disposal canister, safety evaluation, repository,
complementary analysis
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Fig.1 Geometry and dimensions of the designed
spent nuclear fuel disposal canister for PWR



Table 1 Material property value of each canister com-
ponent part

M | Outer
ateria
shell,
Insert Lid & Fuel Bundle
Bottom
Froperties Cast iron | Copper | Coet T e
Young’s Modulus
E(GPa) 126.5 117 29.777
Pmssor;s ratio 0.95 0.3 03
Thermal expansion
coefficient 10.85 16.5 3.24
a(10%/)
Mass density
o(kg/m®) 8,000 8,900 2,000
Yield stress
o,(MPa) 200 64
Ultimate strength _
0.(MPa)} 1,400 200
Thermal
conductivity 52 386 0.135
k(W/mT)
Specific heat
C(J/ke) 504 383 2,640

B ALE 3 3ok w13 aF:dHrE oun o
d Atele] FAlE 15emolA 12.5cm, 10cm, 7.5¢m, 5em
2 47 AAANA f2E 33
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Fig. 2 Load condition during ground water
saturation(both fixed ends)
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Fig. 3 Uniform load condition after ground water
saturation
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Fig. 4 Nonuniform load condition after ground water
saturation
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Fig. 5 Numerical model of the PWR canister (1/2
model, D=107cm)

Table 2 Element and node number of the numerical
model(full model case)

PWR canister
102cm | 107cm | 112em | 117cm | 122c¢m
No. of element| 73,348 | 78,716 | 84,084 | 89,452 100,188
No. of node | 76,686 | 82,142 | 87,598 | 93,054 {104,958

Diameter
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Table 3 Structural analysis results(deformation and
stress occurred in the cast iron insert)

DEANINE AE719] T2 A Boh ng A

Diameter| ) o m|107em| 112¢m | 117cm | 122em
Max. von Mises
Strose(MPay | 84:89 | 79.54| 75.66 | 72.59 | 70.02
Load
Case Safet(ysfa“or 2.356 | 2.514 | 2.643 | 2.755 | 2.856
1
Max. Deformation\ o oo0 | 9 g76 | 2,679 | 2.683 | 2.688
(mm)
Max. von Mises
Strose(MPay | 6580 [62.24|61.74 | 61.41 | 57.36
Load
Case Safet(ysiacm 3.04 |3.213] 3.24 | 3.256 | 3.486
2
Max. Deformation| o oo | o ses| 957 | 2.575 | 2.58
(mm)

¥ Cast iron9 3833 gy = 200MPa,

ssa—"L S,.=1.5

max ,

TEMPERATURE
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(a) Top section view

TEMPERATURE

VIEW : 90.0
RANGE: 130.7318

.

DL s NP O W N

98.73
95.82
92.91
90.00

(b) Overall section view

Fig. 7 Temperature contour inside PWR canister
(D=107cm, gq=1,476.287975W/m®)
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VON-MISES STRESS
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Fig. 8 Stress contour inside PWR canister
(D=107cm, load case 1, half model view)
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Fig. 9 Stress contour inside PWR canister
(D=107cm, load case 2, half model view)
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