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Thermal Stress Analysis of Spent Nuclear Fuel Disposal Canister

J. Y. Ha(Dept. of Mech. Design & Prod. Engr., Hongik Univ.), Y. J. Kwon(Dept. of Mecahno-Informatics
& Design Engr.. Hongik Univ.), J.W. Choi(KAERI)

ABSTRACT

In this paper, the thermal stress analysis of spent nuclear fuel disposal canister in a deep repository at 500m
underground is done for the underground pressure variation. Since the nuclear fuel disposal usually emits much heat
and radiation, its careful treatment is required. And so a long term safe repository at a deep bedrock is used. Under
this situation. the canister experiences some mechanical external loads such as hydrostatic pressure of underground
water, swelling pressure of bentonite buffer, and the thermal load due to the heat generation of spent nuclear fuel in
the basket etc.. Hence. the canister should be designed to withstand these loads. In this paper, the thermal stress
analysis is done using the finite element analysis code. NISA.

Key Words : Spent Nuclear Fuel Disposal, Canister, Thermal Stress, Pressurized Water Reactor{PWR), Swelling
Pressure, Cast Iron Insert, Bentonite Buffer
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Fig. 1 The canister geometry(PWR)
(unit: cm)
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Tauble 1 Matenial Properties

. Zry-4
Cast iron | copper
ppe teauivalent matertal value!

Young's modulus
£ (GPa)
Thermal expansion
coefficient 10.85 1645 224
« (H0E 6700

Poisson’s ratio

83-170 117 AARTPWERY

. 0.25 0.3 03
Mass density 7400 | 5000 2000
o (kgm')
Thermal
conductivily 32 36 Q.135 (1)
k(W mK)
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Fig. 2 Constraint conditions for boundary and
external force

3. 78k 24 &l M(Finite Element Analysis)
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A (node) S 2Hr {8 H 2 2 (hexagonal
)

clement)E AFR-E A cHTable 2 % Fig. 3%,

Table 2 Nodes and elements variations for
increased diameter(filled hasket)

Diameter

12 122 132 [ o2 152

PR . o _ e |
. o - 38200 | LT 45368 | 48,952 | 52536 | 56,120
(N0, of nndes)

LSRRIt

{Noo uf elements?

s

35520 1 39040 | 42560 1 26,080 | 490600 | 52,120

(a) empty basket (b) filled basket

Fig. 3 Finite element mesh of canister
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Table 3 Thermal stress analysis results
for PWR canister structure
(cast iron insert, D = 122 cm)

Load
case e . . .
Specific load conditions Case 1 | Case 2
Results
constant
Thydrostatic pressure|temperature| 77.40 9571
Maximum ||+ swelling pressure | _¢ondition
. + thermal stress heat
von-Mises ) (filled basket) | generation | 47.00 | 7541
stress condition

{0 max. MPa) || hydrostatic pressure + swelling

pressure{empty basket) 306 7950

hydrostatic pressure + swelling

pressurelfilled basket) 105 68.38

constant

hydrostatic pressure | temperature | 0.2429 | 0.2589

+ swelling pressure| condition
+ thermal stress heat

Maximum (filled baskel) | generation | 0.2872 | 0.3050
deflection condition
{Umax. €M) hydrostatic pressure + swelling 00336 0.1060
pressure(empty basket?
hyvdrostatic pressure + swelling 00187 0.0057

pressure(filled basket)

Table 4 Thermal stress analysis results for
temperature variationl PWR type canister,
empty basket, case 1 load condition, D=122cm)

Ti 1egv [e33¢| 95T | 100 | 130T | 140T | 150

S ) g06 | 1025 | 1021 | 1009 | 9409 | 92.08 | 9020
. (MPa)
Lid
\S:n 0.2665 | 0.2669 | 0.2686 | 0.2737 | 0.3046 | (13149 { 0.3252
(}’\I'",‘;” 8056 | 89.23 | 87.35 [ 81.86 | 5270 | 47.87 | 46.03
Botltom -
(”Lm) 0.2625 | 0.262% | 0.2646 { 0.2697 | 0.3005 | 0.3018 | 0.3211

T max . . e m= o o
83 y b 561 . 47.69
Outer (MPa 83.60 | 8337 | 8204 | 7314 | 5655 | 31.71 | 47.6

Shell Urn
tem)

02628 1 0.2631 1 0.2649 1 0.2700 | 0.3000 | 0.3113 ] 0.3216

& may -
Cast (Mbwy | 53:94 | 53.85 | 53.35 | 5191 | 51.42 | 60.96 | 73.39

Insert Urpae
tem)

0.2522 | 0.2525 1 0.2545 | 0.2595 ] 0.2907 [ 0.3011 | 0.3124
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Table 5 Thermal stress analysis results for
temperature variation
( PWR type canister, empty basket, case 2 load

condition, D=122cm)
Ti | 93T |933T| 95T |100T | 130T | 140T | 150T
T aion 17000 | 6916 | 6419 | 5054 | 4799 | 46.04
) (MPa)
Lid
Umax
02862 | 02865 | 0.28%3 | 0.20934 | 03242 | 03345 | 03448
{em)
P | caws | 7255 | 7072 | o589 | 5264 | 4044 | 4752
(MPa)
Bottom
Umax
o (02807 0798 | 02815 | 02866 | 0.3189 | 03276 | 0.3303
<m
O max
1745 | 1743 | 1732 | 1698 | 15 1436 | 1373
Outer apay | 1748 ‘ B9 | 1501 | 136
Sh -
ell ! 02843 | 0.2804 | 0.3203 | 0.3306 | 0.3409
{cm)
T gy 71| 87.53 | 86.53 | 83.61 | 86.75 | 92.74 | 98.93
Cast (M%)
Insert F) 02694 | 0.2607 | 0.2715 | 0.2766 | 0.3077 | 03181 | 03313
cm
(PWR canister, filled basket D=122cm ;
Teenter = 1671'
To = 93T, )
Fig. 4 Temperature distribution inside
canister(hirizontal section view)
5. 8 2 (Conclusions)
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(quarter overall section view)
Fig. 5 Stress contour of caniste structure{overail)
(PWR canister, filled basket, constant

temperature, case 1, D=122cm)
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