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A Study on the Structural Integrity Evaluation of the Dual Purpose Casks for
the Spent Fuel Storage and Transport with HANARO Irradiation Impact Tests
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Abstract

This study is conducted in order to evaluate structural integrity of the dual propose casks
for the spent fuel storage and transport after 30 years storage. Charpy impact specimen was
manufactured and material irradiation test was performed using the HANARO. For the
irradiated and unirradiated Charpy impact specimen with v-notch, the impact test was
conducted, then the impact test results were applied in the impact analysis of the dual
propose casks for the spent fuel storage and transport. From the impact analysis results, we
confirmed that the structural integrity of the dual propose cask was maintained under original

and irradiation conditions.
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Fig. 1 The photograph of Charpy specimen for impact test



Table 1 Requirement conditions of specimen and results of the irradiation test

Specimen / | "Holder Neutron Fluence [n/cm’] Temperature [TC]
Holder LD. | position |Requirment Calculate Requirment |Measure
CS1(Charpy) |S2-No2-1 5.92E+19(5.48~6.35E+19)

CS2(Charpy) |S2-No2-2 717E+19(7.12~7.22E+19) 300
CSB((jharpy) S2-No3-1 5E19 5.87E+19(5.54~6.20E+19) _ 395410
CL1(Charpy)|S2-No3-2 7.29E+19(6.96~7.61E+19)
CL2(Charpy)|S2-No4-1 6.09E+19(5.78 ~6.40E+19) 350
CL3(Charpy)|S2-No4-2 7.34E+19(7.03~7.64E+19)

* . S(stage)-Number-Sequence.

2 AT A ] AT ] SA240 type 3049k SA350 LF2 F+ A5 7|A4 &4 X+ Table 2
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Table 2 Mechanical property of the cask materials for free drop impact analysis

Property SA240 type304 SA350 LF2
Young’'s modulus, GPa 195.1 207.0
Poisson’s ratio 0.3 0.3

Crush strength or

] 206.4 260.0
yvield strength, MPa
Ultimate strength, MPa 517.1 485.0
Density, kg/m’ 7913.0 7850.0
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Table 3 The Charpy impact test results for the unirradiated materials with various

thermal conditions

Test temperature Absorption energy [Joule]
[TC] SA240 type304 SA350 LF2
22.0 86.34 203.05
100.0 78.73 229.21
200.0 72.81 245.03

Table 4 The Charpy impact test results for the irradiated materials with various

thermal conditions

Test temperature Absorption energy [Joule]
[C] Irradiated Irradiated
SA240 type304 SA350 LE2
22.0 76.30 251.05
100.0 63.98 257.38
287.8 57.68 341.14
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Table 5 The analysis condition of unirradiated and irradiated materials

Unirradiation Irradiation
Materials Absorption | Analysis | Absorption | Analysis Remarks
Energy condition Energy condition
SA240 type304 86.4] 13.28m/s 57.7] 16.25m/s |"AE= +49.7%
SA350 LF2 203.1] 13.28m/s 341.1] 75lm/s | AE= -68.0%

* AE ! a change quantity of impact energy
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Fig. 8 Maximum stress and deflection contour for vertical drop of the cask

for SA240 type304 with unirradiation properties property by finite element analysis
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Table 6 Maximum stresses intensity for each drop of the storage and transport cask resulted

from finite element analysis before and after irradiation (Unit : MPa)

Unirradiated | Unirradiated Irradiated Irradiated

Drop conditions
SA240 type304| SA350 LF2 | SA240 type304 | SA350 LF2

Vertical drop bottom 151.3 153.2 173.8 113.2
Horizontal drop | bottom end 238.3 310 238.3 260.0
20 ° oblique drop| bottom end 238.3 300.2 238.3 300.1

Sy” 206.4 260 206.4 260.0
Allowable stress "
3.6 Sm (Su) 517.1 485 517.1 485.0

* Sy: yield strength
#% Su. ultimate strength

Sm: design stress intensity
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