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A Viscoelastic Analysis for Spent Pressurized Water
Reactor Nuclear Fuel Disposal Canister

Y.J. Kwon, J.Y. Ha

Abstract

In this paper, a viscoelastic structural analysis for the spent pressurized water reactor(PWR) nuclear
fuel disposal canister is carried out to predict the collapse of the canister while the canister is stored in a
deep repository for long time. There may exist some subterranean heat in a deep repository while the
nuclear fuel disposal canister is stored for long time. Then, a time-dependent viscoelastic structural
deformation may occur in the canister due to the subterranean heat. Hence, the viscoelastic stress
variation according to time should be computed to predict the structural strength of the canister. A
viscoelastic material model is adopted. Analysis results show that even though some subterranean heat
may exist for quite a long time, the canister structure still endures stresses below the yield strength of
the canister. Hence, some subterranean heat cannot seriously affect the structural strength of the canister.

Key Words : nuclear fuel disposal canister, subterranean heat, viscoelastic structural analysis, structural

strength, yield strength
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Fig. 1 The canister geometry
(PWR canister, unit : cm)
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Table 1 Material properties

Cast iron | Copper
Young'’s modulus B
E (GPa) 83-170 117
Poisson Vs ratio 095 03
Mass density
8,900
p (kgl m¥ 7400 ’

Oge B dFdA At Fel(copper)t F8(cast
iron)e) WA Zd(Pettersson 1991)¥E Jehjm ¢
=2

(a) Viscoelastic model for copper
e = 1.58x107Y o3, ¢, < 130 MPa
o714, o¢;= von-Mises stresses in MPa

&= rate of viscoelastic strain (1)

(b) Viscoelastic model for cast iron
e = 1.58x107% ¢34, g, < 130 MPa
&}7]A, o;= von-Mises stresses in MPa

€= rate of viscoelastic strain (1,”s)

AE 2719 99F 4 2 Sopd DAE Tel(copper)
AR SFA9 BEH(I0MPa)T A 3HUEMPa)S
A&Hoz et s H4sAn 4EANE
UolE)e] q3z402 QA3 A4YstF Hae 13}
7 stk

A 4o QoM FEl(copper)®] A HMPFLS
1,000,000 Z(sec)7HA%F EAHOAE Aoz 7MY
= ole AFH Y o] 48] B2 AlE 4]
&7] di-olct,

1 Z(sec)7H] BE 4 31Fo] &8st o] 4Hst
Z& A g3 AEA 1,000000 Z(sec)7HA X&H o
2 zZg3dn 7Rt 1~100 Z(sec)oiX e HeA
Aol HEHA 3 100 Z(sec)o] FHE 1,000,000 =
(sec)7HA A A& HEA A
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whole mesh of cast iron model
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Fig. 2 Finite element mesh of canister for PWR
type(empty basket model)
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a. load condition

b. constraint conditions applied on the canister

Fig. 3 Conditions for boundary and external force

A AEE7) 4 A & ot Pl HEAel
A% YL v S Hd SY2 FagjuiYgr HWygH A
BES AS I7HEe ¢ Jed, 7MY
4717 Bty AneRy 1082717 29 A¥Fe
2 F43 B Hof WFEo] 03% A= =2 FHol
g1 d&HE F ok 7Y &4 HFELS 02%2
B 03%4 = MPES FHo mgsirlde FE3
24 HYER 438d B2F £ dNdMe ¢EeE
o] A& dAsHA AEdte Ao FPAPAIT WEY
OJE(EF WAL HBaAE HEY Azl o8
TAHEE YT Fa2 AT $d 9FE 2
Hehd £ =89 AN AREoE 4A Q% &
o] Zobd Aolztm Azdct. mebA Heol A% ¥
HEE AE8VY 723 AN 2A AL A

< RoE Azgd EF A T4} 29 59
A ¥ 24 AAEL ASHeA @n o YA
Zto] Aoy Fole £2E Ho] JFHEZR o] 72t
Foll TS vlag AR BIE B A8

N
A
3



TEH Ao & ZA7 HA4 4& Aoz Alsd
It

Table 2 Viscoelastic analysis results for PWR
canister(empty basket, D = 122¢m)

Time(sec)
Results
=
Max. von-Mises

1 10 | 1000 | 10000 [ 10000G{ 10000 | 1000000

31.16|31.16  31.16 | 31.41 | 30.74 | 25.89 | 21.36

e ALDAY
Max. deformation
(em)

0.018]0.018 0018 0.019( 0.021 § 0.024 | 0.041

Fig. 4 Stress contour of canister after 1,000,000sec
{quarter overall section view)
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