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A Structural Analysis of the SNF(Spent Nuclear Fuel) Disposal Canister with the
SNF Basket Section Shape Change for the Pressurized Water Reactor(PWR)
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Abstract

A structural model of the SNF(spent nuclear fuel) disposal canister for the PWR(pressurized water reactor) for about 10,000 years
long term deposition at a 500m deep granitic bedrock repository has been developed through various structural safety evaluations.
The SNF disposal baskets of this canister model have the array type whose four square cross section baskets stand parallel to each
other and symmetrically with respect to the center of the canister section. However, whether this developed structural model of the
SNF disposal canister is optimal is not determinable yet. Especially, there is still a problem in weight-reduction of the canister. The
cross section shape of the SNF basket should be changed to solve this problem. There are two ways in changing the cross section
shape of the SNF basket; the one is to rotate the cross section itself and the other is to change the cross section shape as other
shape different from the square cross section. The previous study shows that the canister with 30~35° rotated basket array is
structurally more stable than the canister with un-rotated parallel basket array. However, whether this canister with rotated basket
array is optimal is not either determinable as yet, because it is not revealed that the canister with other cross section different from
the square cross section is structurally more stable than other canisters. Therefore, the structural analysis of the SNF disposal canister
with other cross section shape which is also symmetric with respect to the canister center planes is very necessary. The structural
analysis of the canister with various cross section shape basket array in which each basket is arrayed symmetrically with respect
to the center planes is carried out in this paper. The structural analysis result shows that the SNF disposal canister with circular
cross section shape baskets located symmetrically with respect to the center of the canister section is structurally more stable than
the previously developed SNF disposal canister with the parallel basket array.

Keywords - pressurized water reactor, spent nuclear fuel disposal canister, safety evaluation, spent nuclear fuel
basket, square cross section shape basket, cross section shape change
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Fig. 1 Structural geometry and dimensions of the canister
with various basket cross sections(unit : cm)

Table 1 Material property values of composing parts

Material Outer shell,
Insert Lid & Fuel Bundle
Bottom
Cast Copper Fuel+Zry-4 tube
Properties iron bp (equivalent value)
Young's Modulus
#(GPa) 126.5 117.0 29.7774
Poisson’s ratio » | 0.25 0.3 0.3
Thermal expansion
coefficient 10.85 16.5 3.24
a(10°%/0)
Mass density
8.000 8,900 2,000
p(kg/m?)
Yield stress
2 4 -
o, (MPa) 00 6
Tensile strength B
+.(MPa) 1,400 200
Thermal
conductivity 52 386 0.135
kE(W/mT)
Specific heat
c(J/keC) 504 383 2,640
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Fig. 2 Load condition during the ground water
saturation(both fixed ends)
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Fig. 3 Load condition after ground water saturation
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Fig. 4 Finite element model of the PWR canister with
circular basket cross section(diameter(D)=102cm)
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Table 2 Node and element numbers of the finite element
model used for the analysis

Load case 1 Load case 2

Cross section

Shape(ID No.) Node |Element| Node |Element
no. no. no. no.
2017 | 486725 | 466000 | 460878 | 439916
Rectangle ?:2]0(;)3 515551 | 495492 | 446746 | 427212
(Quadrilateral, |~
a a:éb(g;l 499717 | 480140 | 434808 | 415526
b a‘b=>5 5
-4(4) 38009 | 517808 | 433387 | 414314
a‘b=6
5(5) 566151 | 545376 | 433387 | 414314
Square(6) 521438 | 501148 | 453523 | 433534

Regular pentagon(7) | 556603 | 534629 | 430709 | 410522

Regular hexagon(8) | 552565 | 530704 | 447797 | 427854

Regular heptagon(9) | 590910 | 567352 | 438943 | 418218

Regular octagon(10) | 569948 | 547364 | 429121 | 409270

Circle(11) 595932 | 573220 | 441301 | 422198

uy=0

/ Uy =Uy=Uz=0
T %

Fig. b External loads and boundary conditions for
load case 1(half model, circular cross section)
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(a) Isometric view

(b) Top view

Fig. 6 External loads and boundary conditions for load
case 2(quarter model, circular cross section)
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Maximum von Mises Stress(MPa)

(a) Maximum von Mises stress variation vs. element no.

Maximum Shear Stress(MPa)
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(c) Stress variation

Fig. 7. Maximum stresses variations
(D=102cm, load case 1)
(2.0<S(safety factor)=0,/0,,,
von Mises vield criterion, o,=yield stress)
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Fig. 8 Maximum stresses variations
(D=102cm, load case 2)
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Fig. 11 Temperature distribution inside
(top section view)
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Fig. 10 Maximum temperature variation
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(b) Circular cross section

Fig. 12 Temperature distribution inside PWR canister

(top section view)
(D=102cm, load case 2, ¢=943.3W/m?®, unit:C)
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(b) Circular cross section

Fig. 13 Maximum von Mises stress contour inside PWR
canister(cast iron insert)
(D=102cm, load case 1, half view, unit: MPa)
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Fig. 14 Maximum von Mises stress contour inside PWR

canister(cast iron insert)

(D=102cm, load case 2, quarter view, unit: MPa)
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