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Creep Analysis for the Pressurized Water Reactor Spent
Nuclear Fuel Disposal Canister
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Abstract

In this paper, a structural analysis for the pressurized water reactor(PWR) spent nuclear fuel disposal canister which is
deposited under the 500m deep underground is carried out to predict the creep deformation of the canister while the
underground water and swelling bentonite pressure are applied on the canister. Usually the creep deformation may be
caused due to the pressure and the high heat applied to the canister even though additional external loads are not applied
to the canister. These creep deformations depend on the time. In this paper, only the underground water and bentonite
swelling pressure are considered for the creep deformation analysis of the canister, because the heat distribution inside
canister due the spent fuel is not simple and depends on time. A proper creep function is adopted for the creep analysis.
The creep analysis is carried out during 10® seconds. The creep analysis results show that the creep strains are very small
and these strains occur usually in the lid and bottom of the canister not in the cast iron insert. A much smaller strain is
found in the cast iron insert. Hence, the creep deformation doesn’t affect the structural safety of the canister, and also the
creep stress which shows the stress relaxation phenomenon doesn’t affect the structural safety of the canister.

keywords : spent nuclear fuel disposal canister, underground water and swelling pressure, creep deformation,
creep function, stress relaxation phenomenon
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J2 1 Geometry of the PWR canister{unit: cm)

iron insert)® &% 4(outer shell) Z #olzh @7
(lid & bottom)& FA= vk & 4 4 gofy
YlE T8l (copper) & ool i, AEE&7]9 W
ANELE FH(cast iron)E AYA U} ‘—H‘j’\‘o‘%gl
B2 Bl A Aot 7Hgeth. o] AHd dg &
A BB g F 1o veh} gl

2 58"

E 1 Material properties??

Cast iron Copper
Young's modulus
E (GPa) 126.5 i
. , .
Imssonvs ratio 0.25 03
Mass density 7 400 8.900
(kg/ m?) ' '

o2 % 2 9ol GrlE= T2l (copper) AR R o] Fo]
719 - A8 FH(cast iron) &
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a2 9

(Pettersson 1991)'"& el

{a) Creep function for copper
e=1.58x 107" oM  0;< 130 MPa
7|14, o0;= von Mises stresses in MPa

¢ = rate of creep strain (1./s)

(b) Creep function for cast iron

e= 1.58x 107" &%* o,< 130 MPu
97|, o,= von Mises stresses in MPa

¢ = rate of creep strain (1/s)

t
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3. 7ol §iM
3.1 §g84 vds

A 8719 2y S
A (node) & Ze WA 24 (hexahedron element)
& AT
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whole mesh of PWR

Y

cast iron model of PWR
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( load condition )

inner section mesh of PWR

(empty basket model)
2] 2 Finite element model for the analysis
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12l 4 Maximum creep deformation change for the time
(PWR type canister, empty basket, D=122cm)

E 2 Creep analysis results{maximum stress and deformation) (PWR type canister., empty basket, D = 122cm)
Time(sec) 1 10 1000 | 10000 | 100000 | 10° 107 10°
Results
Max. von-Mises stress(MPa) 31.16 31.17 31.22 31.41 30.73 25.88 21.36 16.33 15.09
Max. deformation (cm) 0.0184 | 0.0184 | 0.0184 | 0.0193 | 0.0206 | 0.0238 | 0.0409 | 0.15514{0.83515

E 3 Creep analysis results(maximum strains) (PWR canister, empty basket, elastic & creep strain. D=122cm)

&
TIME

Exx Cxx Evyy Cyy Ez

Exy Cxy Evz Cyz Ezx Cox

1 0.0154 {0.571x10%{ 0.0154 | 0.571x10°

0.0117 {62.19x10° | 0.0347 | 10.69x10°] 0.0247 |19.32x10°

0.0247 |19.32x10°

10 ]0.0154 |3.951x10°

0.0154 | 3.951x10° | 0.0117 | 13.94x10™

0.0347 | 28.65x10°| 0.0247 |52.11x107 | 0.0247 | 52.11x10°

100 | 0.0154 |3.735x10 | 0.0154 | 3.735%10*| 0.0117 | 86.62x10| 0.0347 |17.24x10*| 0.0247 |33.22x10™| 0.0247 |33.22x10"

1000 | 0.0159 | 0.0021 |0.0159 | 0.0021 |0.0252| 0.0227 | 0.0356 | 0.0064 | 0.0260 | 0.0115 | 0.0260 { 0.0115
10 [0.0183| 0.0059 |0.0183| 0.0059 |0.0393 | 0.0397 | 0.0399 | 0.0149 | 0.0303 | 0.0138 | 0.0303 | 0.0138
10 10.0377| 0.0295 |0.0377| 0.0295 |0.0638 | 0.0643 | 0.0714 | 0.0483 | 0.0558 | 0.0475 | 0.0558 | 0.0475
10 }0.1615| 0.1542 |0.1615| 0.1542 |0.1505| 0.1534 | 0.3376 | 0.3153 | 0.2385 | 0.2184 | 0.2385 | 0.2184
10 07129 0.7028 |0.7129| 0.7028 {0.5475| 0.5528 | 1.429 1.415 1.636 1.620 1.636 1.620
10" 1.654 1.657 1.654 1.657 1.185 1.208 2.971 2.988 0.1347 | 0.1982 |} 0.1347 | 0.1982
Time(sec), Strain(1E-02). E ; : Elastic strain, C; @ Creep strain
SRHMMTETEE =28 MI17H X4s(2004.12; 417
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a2l 6 Maximum von Mises stress change for the time
(PWR type canister, empty basket, D=122cm)

a8l 5 Maximum strain change for the time
(PWR type canister, empty basket, D=122cm)
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712 11 Stress distribution in the outer shell
[after 1,000,000sec) Copper shell, half overall
section view)
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