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Abstract

In this paper, the thermal stress analysis of spent nuclear fuel disposal canister in a deep repository at 500 m
underground is carried out for the basic design of the canister. Since the nuclear fuel disposal usually emits much
heat, a long term safe repository at a deep bedrock is used. Under this situation, the canister experiences the
thermal load due to the heat generation of spent nuclear fuels in the basket. Hence, in this paper the thermal stress
analysis 1s executed using the finite element method. The finite element code for the analysis is not written directly,
but a commercial code, NISA, is used because of the complexity of the structure and the large number of elements
required for the analysis. The analysis result shows that even though the thermal stress is added to the stress
generated by the hydrostatic underground water pressure and the swelling pressure of the bentonite buffer, the total
stress is still smaller than the yield stress of the cast iron. Hence, the canister is still structurally safe when the
thermal loads are included in the external loads applied on the canister.

Keywords : spent nuclear fuel, disposal carister, thermal stress, Pressurized Water Reactor(PWR), underground
water pressure, swelling pressure, cast iron insert, bentonite buffer, outer shell, finite element method
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Fig. 1 The canister geometry(PWR canister) (unit : cm)
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Table 1 Material Properties

Zry-4
Cast .
. copper| (equivalent
1iron .
material value)
Young’s modulus
E(GPa) 126.5 117 33.44(PWR)
Thermal expansion
coefficient 10.85 16.50 3.24
e (10E-6/TC)
Poisson’'s ratio 0.95 0.30 0.30
v
Mass density
.9 2,

» (ka/m) 7,400 | 8,900 000
Thermal 0.14
conductivity 52 386 (150C)

k(W/mK)
Specific heat
C(J/ke K) 420 383 2,640
2.3 948=1
gge guBAM FANY AzDL LT}

K=y

(1) ALY nl2Al WE7F 57 B2 2 AYA dxn
Ay exzAdoa slAe AL
7V AFE(PWR)E HEE7] URe & Fd3t 3

o, HEL7] 4 EALEI} 93TY v WA
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Fig. 4 Temperature distribution of canister for PWR
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Table 3 Thermal stress analysis results for PWR canister structure(cast iron insert, D=122cm)

Results Load case Specific load conditions Case 1 Case 2

hydrostatic pressure+swelling constant temperature condition 77.40 95.71

Maximum pressure+thermal stress(filled basket) heat generation condition 59 .85 92 .35
von-Mises stress

(6 mas. MPa) hydrostatic pressure+swelling pressure(empty basket) 39.06 79.60

hydrostatic pressure+swelling pressure(filled basket) 10.25 68.38

hydrostatic pressure +swelling constant temperature condition 0.2429 0.2589

Maximum deflection | Pressure+thermal stress(filled basket) heat generation condition 0.2622 0.2801

(Umax, cm) hydrostatic pressure-+swelling pressure(empty basket) 0.0336 0.1060

hydrostatic pressure+swelling pressure(filled basket) 0.0187 0.0957

Table 4 Thermal stress analysis results for diameter variation(PWR type canister with filled basket, case 2
foad condition)

Diameter(cm)] 112 122 132 142 152 162
Lid 0 max{MPa) 102.4 105.2 107.1 108.5 109.5 110.3
1
Umax (cm) 0.2746 0.2757 0.2770 0.2783 0.2797 0.2812
0 max(MPa) 100.5 103.0 104.5 1054 106.1 106.6
Bottom

Umax () 0.2679 0.2690 0.2702 0.2715 0.2729 0.2743
0 max(MPa) 193.8 178.7 166.8 157.2 149 .4 142.9

Outer Shell
Umax (cm) 0.2705 0.2717 0.2730 0.2743 0.2757 0.2772
0 max{MPa) 104 .4 95.71 88.69 82.93 78.15 76.54

Cast Insert
Umax(cm) 0.2580 1 0.2589 0.2600 0.2611 0.2624 0.2637

Table 5 Thermal stress analysis results occurring in the cast iron insert for temperature variation(PWR
type canister, empty basket, D=122¢cm)

Ti| 93T |93.3T| 95T | 100T | 130T | 140T | 150T | 170T | 200T | 250T | 300T
omax(MPa) | 53.94| 53.85| 53.35| 51.91| 51.42| 60.96| 73.39| 100.6| 142.3| 212.7| 2834
umax{cm) | 0.2522) 0.2525) 0.2543| 0.2595| 0.2907| 0.3011] 0.3124| 0.3387| 0.3738| 0.4442| 0.5102
omax(MPa) | 87.71| 87.53| 86.53| 83.61| 86.75| 92.74| 98.93| 111.8| 135.6/ 197.8| 268.9
umax(em) | 0.2694} 0.2697) 0.2715| 0.2766| 0.3077) 0.3181| 0.3313] 0.3575| 0.3969| 0.4627| 0.5286

Load case 1

Load case 2

(cast iron)@ T2 (Cu)9) E@HFASF 2719 Aol TG, vkl UlRe] AR Eo] A9 (heat source)
227t Frkete 2rlde d¥AASIT H & Fels o2 Z43te] gggo] BAsw Afdx 580l
H o3 9 Sjolg FAle WP ofdte] Wi 73 F718 3¥I F2¥E ZF(Table 3)E AEIH
AN Fgshe YEgEe] d¥F dAHezE 4 A EL-719 W FHAUYE (cast iron insert)e] &
A=) QEog Algdch Aete 23 gho] oA 100MPakt}t #omz &
e wlaAl o7k 150T 7 W 542 44 |7 9A 2RI E HAEES & 5 st
Bof TSI S8 o] A717) case 1, case 2 3FF kA Y57 SRR A9A ol Galsel FodE
25 100MPa B o2 dise A4 el Xy Fo sl (case 2 s B¢
ex Aol (W F vlAAl &% 93.3T, 92 ¥H &% oA ME-87] 29 W] nE 7T R 229
93TC) ¥ ofdeg f & 2% Aol ulaA 2% A3 (Table 4)F AESH, WFE FHIYUE(cast iron
150C, &1 4 FH 2% 930)dAM= HE87|= insert)ol WAShH= g2o =77} 2 ALl Zrto) ulek
SR F2E A E FAEE O g A 4eEol gle 7‘09)9} Zo) 2AaFE & 4 Sloh
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Fig. b Stress contour of canister structure(overall)(PWR canister, filled basket, constant temperature, case 2,

D=122cm)
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Fig. 6 Stress contour of canister structure(inside) (PWR, filled basket, heat generation, case 1. D=122cm)
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