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A Structural Analysis of the Spent Nuclear Fuel Disposal Canister with the Spent
Nuclear Fuel Basket Array 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 of which 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 best is not determinable yet, because the SNF disposal canister with this parallel array has a limitation
in shortening the diameter for the weight reduction due to the shortest distance between the outer corner of the square section and
the outer shell. Therefore, the structural safety evaluation of the SNF disposal canister with the rotated basket array which is also
symmetric with respect to the canister center planes is very necessary. Even though such a canister model has not been found as
yet in the literature, the structural analysis of the canister with the rotated basket array for the PWR is required for the comparative
study of the structural safety of canister models. Hence, the structural analysis of the canister with the rotated basket array in which
each basket is rotated with a certain amount of degrees around the center of the basket itself and 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 the rotated
basket array in which the SNF disposal basket is rotated as 30~35 degrees around the center of the basket itself 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, parallel basket array, rotated basket array
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Fig. 1 Structural geometry and dimensions of the
canister with rotated basket array
(0°<6<85°, unit : cm)

Table 1 Material property values of composing parts

Material Outer shell,
atenall - pgert Lid & Fuel Bundle
Bottom
+ —,
Properties Cast iron Copper Fue? Zry=4 tube
(equivalent value)
Young's Modulus
F(GPa) 126.5 117.0 29.7774
Polssori,s ratio 0.95 03 0.3
Thermal
expansion 10.85 16.5 3.24
coefficient
a(10°/0)
Mass density
8,000 8,900 2,000
p(kg/m’)
Yield stress
oy(MPa) 200 64
Tensile strength B
ou(MPa) 1400 200
Thermal
conductivity 52 386 0.135
k(W/mT)
Specific heat
C(J/kgC) 504 383 2,640
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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
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Table 2 Node and element number of the numerical
model used for the analysis

PSR (PWR)I S DEAA7 & ~

Rotating Load case 1 Load case 2
angle (half model) (quarter model)
(©) Node no. | Element no.| Node no. |Element no.
0° 70832 66048 69495 64488
5° 67599 62928 66969 62070
10° 65250 60552 71264 66288
15° 65001 60744 68641 63708
20° 69215 64632 68971 63966
25° 78229 72744 75548 70242
30° 79205 73704 76646 71322
35° 75814 70440 78684 73320
40° 80608 74904 67360 62388
45° 65503 61032 77508 71796
50° 71883 66936 67360 62388
55° 75823 70800 78684 73320
60° 64513 59904 76646 71322
65° 70649 65808 75548 70242
70° 65647 61008 68971 63966
75° 65001 60744 68641 63708
80° 67538 62808 71264 66288
85° 67599 62928 66969 62070
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