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Free Drop Test for CASTOR/KN-12 Radioactive Material
Transportation Cask
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Abstract

Spent nuclear fuel transportation cask called CASTOR/KN-12 is developed due to
the saturation of spent fuel storage pool in some PWR nuclear power plants.
Transportation contents of this cask 1s 12 spent nuclear fuel assemblies considering
high burn-up and high enrichment. Free drop impact tests were performed according
to the test requirements of domestic MOST notice and IAEA ST-1. Structural safety
were evaluated by means of dropping a 1/3 scaled model of this cask from 9 m
height to unyielding surface or from 1 m height to pin. The verification data for
computer calculation were produced by measuring the displacements, accelerations and
strains and the structural behavior during the drop impact moment was evaluated by
experimental method.
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KxEVxMxG

ST @ Strain ( upe)

S : Sensitivity( £ V/ V/ pe)

MV : Measured voltage on amplifier (V)

EV : Excitation voltage on amplifier (V)

M : Multiplier on amplifier

G @ Gain on amplifier

K : Gage factor of strain gauge

N : Bridge constant = 1 if quarter bridge
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AC : Acceleration (g)
S @ Sensitivity (mV/g)
MV : Measured voltage on amplifier (V)
M : Multiplier on amplifier
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Table 1. Data Aquisition System for

Strain and Acceleration

Kinds Equipment Model Specification
. . CEA-06-125UW-350| Uni-axial strain gauge
Strain Strain gauge
acquisition CEA-06-125WT-350| Two axial (90 degree) strain gauge
Signal amplifier M&M 2120A Range +2000~6000 pe
Acceleration | Accelerometer PCB 350 BO4 Max. range 50009
acquisition Voltage amplifier PCB 494A Output range 1~10V
Low pass filter Krohn-Hite 3382 Channel number - 2
Data Channél number - 16
Data recorder TEAC RD-200T
treatment (at freq. Band 2kHz)
A/D converter DT 2821V A/D Module - DT5712-PGH
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. actual height of drop (m)

H

H : nomial height of drop (I m or 9 m)

G : Mass of drop object with shock absorbers

G’ : Actual mass of drop object
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20.44

-149.97
374.05
-58.59
126.10
35.16
-149.37
-1219.94

Drop No. 7

D1
D3a
D3u

D4
D7u

D10a
D10u
D12u

-403.17
590.10

Drop No. 5

D1
D4

32.65
-193.19
27.85
-47.43
14.74
-205.74
71.81
-170.36

Drop No. 4

D2a"
D2u
D3a
D3u
D3a

D3u*
D7a

D8u"

-41.02

406.21
-113.65
34.27
-133.98
59.67
-1064.48
-1076.67

Drop No. 3

D5a
D5u
D7a
D7u
D9a
D10u
D12

Location |Strain (ue)| Location |Strain (ue)| Location |Strain (ue)| Location |Strain (ue)
D13

Table 2. Peak Vaues of Strain (300 Hz)




160.49
174.81
37241
303.12

Drop No. 7

B4
B7
B8

Location | Accel. (g)
B3

284.02
275.99
278.25
281.72

Drop No. 5

B2
B9
B10

Location | Accel. (Q)
Bl

69.56
181.60
65.19

Drop No. 4

B4
B11

Location | Accel. (g)
B3

288.59
300.42

Drop No. 3

B11

Location | Accel. (g)
B4

Table 3. Peak Vaues of Acceleration (300Hz)
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Safety

A7, #e7)eKaA] #12001-23

"Regulations for the Safe Transport of Radioactive Material”,

, 2001.9.18.

2) IAEA,
Radioactive Material”, Safety Series No. 37, 1973.

4) ASME, "Test Uncertainty”, ASME PTC-19.1, 1998.

Standards Series No. TS-R-1, 2000.
3) TAEA, "Advisory Material for the IAEA Regulations for the Safe Transport of

<
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Figure 1. 1/3 Scale Model

Crane Adapter ™ Wire Rope
e \( j
w7
B Lid
H Lid | O
=)
o T Z
Impact Limiter B1
L2 "
Trunnion L4
Test No. 3 Test No. 5
! Lid |
T
[ |
Impact Limiter O ]
B3 g

Test No. 6

Gravity
Center

1603

Test No. 1

Test No. 7

10 ton
Hoist

Strain
Gauge

Signal
Conditioning|
Amplifier
Data
Recorder
Voltage
Amplifier

Accelerometer

A/D
Low | /] convert
Pass
Filter Signal
|Analyzer]

Figure 2. Data Aquisition System and Drop Facility.
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Figure 3. 9 m Free Drop Positions of 1/3 Scale Figure 4. 1 m Puncture Drop Positions of 1/3
Scale Model
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Figure 5. Deformed Shape of Both
Shock Absorbers on
Drop Test No. 7

Figure 6. 9 m Horizontal Free Drop Figure 7. 1 m Horizontal Puncture
Test Drop Test
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Figure 8. 9 m Vertical Free Drop Test Figure 9. 9 m Corner Free Drop Test
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Figure 11. Strain Gauges and Accelero
-meters Location on Drop 4.

Strain D5a of Drop No.3 (300 Hz)
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Figure 12. Strain and Acceleration Time History on Drop 3.

Strain D2a/u of Drop No.4 (300Hz)
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Figure 13. Strain and Acceleration Time History on Drop 4.
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Figure 14. Strain Gauges and Accelero

-meters Location on Drop 5.

Stain D1 & D4 of Drop No.5 (300 Hz)
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Figure 15. Strain Gauges and Accelero

-meters Location on Drop 7.
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Figure 16. Strain and Acceleration Time History on Drop 5.
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Figure 17. Strain and Acceleration Time History on
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