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Linear Static Structural Analysis of the Disposal Container for

Spent Pressurized Water Reactor and Canadian Deuterium and
Uranium Reactor Nuclear Fuels
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Abstract

In this paper results of a linear structural analysis for design and dimensioning of disposal containers for spent
pressurized water reactor nuclear fuel and spent Canadian deuterium and uranium reactor nuclear fuel are
presented. The container structure studied here is a solid structure with a cast insert and a corrosion resistant outer
shell, which is designed for the spent nuclear fuel disposal in a deep repository. An evenly distributed load of
hydrostatic pressure from the groundwater and large swelling pressure from the bentonite buffer are applied on the
container. Hence, the container must be designed to endure these large pressure loads. In this study, the array type
of inner baskets and thicknesses of outer shell and lid/bottom are attempted to be determined through a linear static
structural analysis.

Keywords : linear static structural analysis, disposal container, spent nuclear fuel, hydrostatic pressure, swelling
pressure, bentonite buffer
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Fig. 1 Container geomeatry for PWR fuel(unit : cm}
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Table 1 Material properties

Material | Container insert Outer shell, id & bottom
Properties Cast iron Copper High Ni atloy Stainless steel
Young's modulus E(GPa) 126.5 117 210 195
Poisson’s ratio v 0.25 0.3 0.31 0.3
Mass density o (kg/m?) 7.400 8.900 8,800 7,857
Yield stress o,{MPa) 200 64 624 700
Ultimate stress ¢,(MPa) 1,400 200 60 1.000
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(c) Model 3(PWR)

(d) Model 4(CANDU)

Fig. 2 Inner basket position variations of container structures for PWR and CANDU fuels
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Fig. 3 Finite element mesh of container structures for PWR and CANDU fuels
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Table 2 Structural analysis results for the array model variation(load cae 1, PWR container)

Array Model
Stress, Deflection Model 1 Model 2 Model 3
Maximum von-Mises stress(MPa) inside cast insert 7.46 7.50 7.72
Maximum deflection{cm) 0.00094 0.00100 0.00108

Table 3 Structural analysis results for the outer shell thickness variation(load case 1)

Shell thickness
Stress, Deflection bem 7.5em 10cm
Maximum von-Mises stress(MPa) PWR container 7.18 7.50 7.67
inside cast insert CANDU container 8.77 9.32 9.96
PWR container 0.00087 0.00094 0.00097
Maximum deflection{cm)
CANDU container 0.000884 0.00096 0.00099

Table 4 Structural analysis results for lid and bottom thickness variations(load case 1)

Lid and bottom thickness
Stress. Deflection 1.7cm 2.5cm 3.3cm
Maximum von-Mises stress(MPa) PWR container 7.87 7.18 7.87
inside cast insert CANDU container 12.35 8.77 12.38
. PWR container 0.00087 0.00094 0.00097
Maximum deflection(cm)
CANDU container 0.00088 0.00096 0.00099
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Table 5 Structural analysis results for the outer shell and lid/bottom material variation(load case 1)

Shell material High Ni Alloy | Copper (Cu) | Stainless Steel
Stress, Deflection
Maximum von-Mises stress(MPa) PWR container 7.42 8.77 7.57
inside cast insert CANDU container 6.17 7.17 6.26
PWR container 0.00075 0.00088 0.00077
Maximum deflection(cm) -
CANDU container 0.00072 0.00087 0.00073

Table 6 Synthesis of the structural analysis results for each case(load case 1~load case b)

Load cases load case 1 load case 2 load case 3
load load
Stress, Deflection Horizontal| Vertical |Horizontal| Vertical |Horizontal| Vertical | case 4 case 5
i i PWR 6.18 4.26 10.69 10.24 7.65 4.50 1.94 1.94
Maximum von-Mises container . . . . . . . R
stress(MPa) CANDU 7
inside cast insert . 7.42 6.89 13.12 6.45 36.81 24.27 2.46 2.56
container
PWR
. . 0.00072 | 0.00071 | 0.00206 | 0.00202 | 0.02130 | 0.00779| 0.00013 |{0.00013
Maximum deflection | container
(em)
CANPU 0.00075 | 0.00071 | 0.01480 | 0.00396 | 0.20600 |0.12500 | 0.00028 | 0.00030
container
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DISPLAY III - GEOMETRY MODELING SYSTEM (8.0.0) PRE/FOST MODULE
VON-MISES STRESS
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DISPLAY III - GEOMETRY MODELING SYSTEM (2,0,0) PRE/POST MODULE VON-MISES STRESS
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Fig. 4 Stress contour for the container structure(load case 4, PWR container)
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