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Comparative Study of Finite Element Analysis for Stresses
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Canister due to the Accidental Drop and Impact on to the Ground
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Abstract

Stresses occur in the spent nuclear fuel disposal canister due to the impulsive forces incurred in the accidental drop and impact
event from the transportation vehicle onto the ground during deposition in the repository. In this paper, the comparative study of
finite element analysis for stresses occurring in various models of the spent nuclear fuel disposal canister due to these impulsive
forces is presented as one of design processes for the structural integrity of the canister. The main content of the study is about the
design of the structurally safe canister through this comparative study. The impulsive forces applied to the canister subjected to the
accidental drop and impact event from the transportation vehicle onto the ground in the repository are obtained using the commercial
rigid body dynamic analysis computer code, RecurDyn. Stresses and deformations occurring due to these impulsive forces are
obtained using the commercial finite element analysis computer code, NISA. The study for the structurally safe canister is carried
out thru comparing and reviewing these values. The study results show that stresses become larger as the wall encompassing the
spent nuclear fuel bundles inside the canister becomes thicker or as the diameter of the canister becomes larger. However, the
impulsive force applied to the canister also becomes larger as the canister diameter becomes larger. Nonetheless, the deformation
value per unit impulsive force decreases as the canister diameter increases. Therefore, conclusively the canister is structurally safe as
the diameter increases.

Keywords ' spent nuclear fuel disposal canister, finite element analysis, structural safety design, accidental drop

and impact event, impulsive force, commercial computer code
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Fig. 1 Korean spent nuclear fuel(SNF) Disposal
Canister(KDC) and coordinate system
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Table 1 Computed volume and mass of canisters for
various canister diameters

Diameter(cm) | Volume(m®) | Mass(kg) | Density(kg/m®)
102 3.9169 26,581 6,786.3
107 4.3098 29,765 6,906.4
112 4.7215 33,100 7,010.5
117 5.1519 36,585 7,101.3
122 5.6011 40,221 7.180.9
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Fig. 2 Repository transportation vehicle for a SNF
disposal canister
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(a)Beginning state of drop impact event

(b) Middle state of drop impact event

(c) Collision state onto the ground

Fig, 4 Process of drop and impact event of the spent
nuclear fuel disposal canister
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Table 2 Computed impulsive force(impulse) and impact point
Diameter . Comp~ Drop type 1 Drop type 2
Variable - - - - - - Drop type 3
(cm) onent First impact Second impact First impact Second impact
Impulsive F, 0.1463 0.31645 0.15119 0.26502 0.519056
force(F) F, 0.01275 0.002861 0.02741 -0.0000728 0.199635
109 (MN) F. -0.00970 0.013306 0.02163 -0.0200963 -0.000129
Impact x -0.50987 -0.50362 -0.50194 -0.50643 -0.4755619
point(r) y -0.00946 0.0782985 -0.09031 -0.05887 -0.1842301
(m) z 4.83 0.0 0.0 4.83 2.39
Impulsive F, 0.162746 0.3325736 0.17086156 0.2925279 not observed
force(F) F, -0.034893 -0.1095637 -0.00448607 -0.0606428 not observed
107 (MN) F. -0.0094222 0.01247108 0.02270879 -0.0209757 not observed
Impact p -0.53104 -0.47424 -0.53478 -0.53265 not observed
point(r) y 0.06448 0.24702 0.01537 0.04864 not observed
(m) z 4.83 0.0 0.0 4.83 not observed
Impulsive F, 0.183725 0.3223253 0.2200159 0.2691721 not observed
force(F) F, 0.056017 0.0422944 0.0402399 -0.0796084 not observed
119 (MN) F, -0.024982 0.0229219 0.0807869 -0.0629704 not observed
Impact x -0.53599 -0.54610 -0.55083 -0.5369 not observed
point(r) y -0.16222 -0.12362 -0.10092 0.15918 not observed
(m) z 4.83 0.0 0.0 4.83 not observed
Impulsive F, 0.1534399 0.3223198 0.1755777 0.3399765 0.5915589
force(F) F, 0.1310183 0.2240077 0.1269978 0.1953176 0.3836330
117 (MN) F, -0.0134421 0.0149430 0.01870432 -0.0209348 0.0039131
Impact P -0.41997 -0.52007 -0.48252 -0.46761 -0.46846
point(r) y -0.40721 -0.26751 -0.33075 -0.35127 -0.35028
(m) z 4.83 0.0 0.0 4.83 2.39
Impulsive F, 0.1465773 0.3229589 0.1536302 0.2835814 0.7091882
force(F) F, 0.1754746 0.3317943 0.2152337 0.2028065 0.4797525
129 (MN) F, -0.0106216 0.0124514 0.0750677 -0.0583142 0.0151379
Impact P -0.3489 -0.47933 -0.35204 -0.49606 -0.5507
point(r) y -0.50031 -0.37703 -0.49816 -0.355 -0.26191
(m) z 4.83 0.0 0.0 4.83 2.39
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Table 3 Material property values of composing parts
of the SNF disposal canister

. Outer shell,
Material| Insert Lid & Bottom Fuel Bundle
Fuel +Zry-4
Cast iron Copper tgbe
. (equivalent
Properties
value)
Young's Modulus
2(GPa) 126.5 117.0 29.7774
Poisson's ratio 0.25 03 03
14
Thermal expansion
coefficjent 10.85 16.5 3.24
a(107°/C)
Mass density
: 8,000 8,900 2,000
p(kg/m”)
Yield stress
o, (MPa) 200 64
Tensile strength B
». (MPa) 1,400 200
Thermal
conductivity 52 386 0.135
k(W/mC)
Specific heat
0(J/kgC) 504 383 2,640
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Fig. 5 Finite element model of PWR spent nuclear
fuel disposal canister(D=102cm)

Table 4 Number of elements and nodes for F.E. models

Diameter
(cm)

102

107

112

Number of elements

5944

8008

8008

Number of nodes

28249

37913

37913
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Fig. 6 Impact force applied to the canister at the
collision impact point(arrow is the impact force)
(D=102cm, drop type 1, first impact)

Fig. 7 Constrained boundary condition(u, =u, =u, =0)
on the bottom surface(z=0) of the canister
(D=102cm, drop type 1, first impact)

Table 5 Computed maximum von Mises stress and deformation occurring in the SNF disposal canister due to the

impulsive forces incurred in the event of the accidental drop impact

Diameter Variables Parts Drop type 1 Drop type 2 Drop type 3
(cm) First impact Second impact First impact Second impact
. Whole
Maximum | o 750.6 873.4 441.0 1338.0 43.72
von Mises Cast iron
stress(MPa) as 8.037 47.98 23.92 14.03 43.72
insert
102 Whel
Maximum vhote 1.218 2.586 1.236 2.195 0.1601
. structure
deformation Cast i
(mm) ast iron 0.9805 2.238 1.069 1.769 0.9344
insert
. Whole B
Maximum | o 813.4 929.7 606.1 1676.0
von Mises Cast |
stress(MPa) ast on 9.504 33.65 15.85 17.05 -
insert
107 Whole
Maximum | o 1.188 2.454 1.199 2.133 -
deformation Cast |
(mm) ast iron 0.9219 2.069 0.9930 1.652 -
insert
. Whole B
Max1mum structure 841.5 411.3 259.9 1124.0
von Mises Cast |
stress(MPa) ast on 10.63 27.75 18.27 15.17 -
insert
112 Whole
Maximum | o o 1.137 1.797 1.157 1.609 -
deformation Cast |
(mm) ast iron 0.8591 1.573 1.027 1.235 -
insert
Maxi Whole 811.6 968.7 512.7 1589.0 1188
ax1mpm structure : . ) ) :
von Mises Cast iron
stress(MPa) as 11.93 38.9 21.17 23.67 37.26
insert
117 Whel
Maximum vhote 1.041 2.008 1.092 2.023 0.1994
. structure
deformation Cast |
(mm) ast iron 0.7585 1.602 0.8762 1.478 0.1071
insert
. Whole
Maximum | o 891.2 1143.0 552.2 1292.0 143.5
von Mises Cast iron
stress(MPa) as 13.75 44.83 25.81 20.85 45.95
insert
122 Whel
Maximum vhote 1.038 2.058 1.094 1.522 0.2257
. structure
deformation Cast |
(mm) ?flseft"“ 0.7243 1.603 0.8706 1.079 0.1125

¥ —! not observed
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Fig. 8 von Mises stress contour occurring in the
canister for the impulsive force(impulse)
Fig. 9 von Mises stress contour occurring in the
canister for the impulsive force(impulse)
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Table 6 Ratios of von Mises stress and deformation
per unit impulsive force(drop type 1, first impact)

Ratio per

Dia- Computed unit iﬁpﬁlseige
meter | Variables | Parts b impulsive p
(cm) value force forc5e
(x109) | 10N

Maximpm V.Vhole» 750.6 510.0
von Mises|structure
stress  |Cast iron
(MPa) insert 8.037 5.46
102 1.471763
Maximum| Whole 1218

0.8276
deforma- | structure
tion Cast iron 0.9805 0.6662

(mm) insert

Maximpm V.Vhole» 813.4 487 9
von Mises|structure
stress  |Cast iron
(MPa) insert 9.504 5.70
107 1.667111
Maximum| Whole 1,188

0.7126
deforma- | structure
tion Cast iron 0.9219 0.5530

(mm) insert

Maximpm Whole’ 841 5 4345
von Mises|structure

stress  |Cast iron
(MPa) insert 10.63 5.4881

112 - " 1.936928
Maximum| Whole 1137

0.5870
deforma- | structure
tion Cast iron 0.8591 0.4435

(mm) insert

Maximpm Whole’ 3116 401.4
von Mises|structure

stress  |Cast iron
(MPa) insert 11.93 5.90
117 2.022135
Maximum| Whole 1.041

0.1764
deforma- | structure
tion Cast iron 0.7585 0.3751

(mm) insert

Maximpm Whole’ 891 2 389 3
von Mises|structure

stress  |Cast iron
(MPa) insert 13.75 6.01
122 2.288865
Maximum| Whole 1038

0.4534
deforma- | structure
tion Cast iron 0.7943 0.3164

(mm) insert
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