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1. Introduction 

The document describes the results of prototype drop tests carried out on the Type GP-01 transport 

packaging developed by Nuclear Fuel Industries, Ltd. for transporting pellets of uranium oxides or pellets of 

uranium oxides mixed with gadolinium, enriched to 5 weight percent or less. Two prototype packagings were 

subjected to a consequent series of drop tests: 1.2-meter free drop tests and penetration tests under normal 

conditions of transport to be carried out on type ''N' packages, 9-meter drop tests under accident conditions 

of transport to be carried out on fissile packages, and 1-meter target tests. 

2. Description of Transport Packaging 

(1) Designation: Type GP-01 

(2) Category of package: Type ''N' fissile package 

(3) Maximum enrichment: 5.0 weight% 

(4) Contents: Two pellet storage box assemblies of category either ''N' or "B" 

(5) Limitations on content loading: 

- When two pellet storage box assemblies ' 'N' are installed: 264 kg or less of U02 

- When two pellet storage box assemblies "B" are installed: 200 kg or less o f U02. 

(6) D imensions: 

- Width: 830 mm 

- Length: 1144 mm 

- Height: 1060 mm. 

Note: These values of dimension take into account the legs and the portions of the lifting attachments which 

protrude from the flush surfaces of the packaging. 

(7) Weight 

- Gross weight of a packaging: 730 kg or less 

- Gross weight o f a package (packaging+ contents) : 1300 kg. or less 

(8) Principal materials 

- Structural material: Stainless steel 

- Heat insulators: Ceramic fiber 

- Neutron absorbers : Boronic stainless steel 

- Shock absorbers (honeycomb element) : Aluminum 

- Rod bolts: Chrome molybdenum steel 
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- Nuts : Stainless steel 

- Spacers and skids: Silicone rubber, neoprene rubber, urethane rubber. 

(9) General Characteristics 

Fig. II-A.App1-1 shows a general view of the package. The transport packaging consists of an outer 

receptacle and an inner receptacle which can be retrieved from the outer receptacle. The outer receptacle has a 

multi-caisson-shaped double structure composed of frames, inner plates, and outer plates. The voids between 

the inner plates and the outer plates are filled with a heat insulating material. The lid of the outer receptacle 

has the same structure as that of the body of the outer receptacle. The lid of the outer receptacle is firmly 

joined to the body of the outer receptacle by means of rod bolts. 

The body of the inner receptacle as well as the lid of the inner receptacle has a caisson-shaped single structure 

composed of thick stainless steel plates. An O-ring is provided for sealing on the flange surface. Like the outer 

receptacle, the lid of the inner receptacle is joined to the body of the inner receptacle by means of rod bolts. 

One o f the boronic stainless steel plates is installed as partition between two pellet storage box assemblies 

(contents). 

The packaging is designed to contain two assemblies of pellet storage boxes which contain pellets (minimum 

elements of nuclear fuel) . To construct an assembly, pellet storage boxes are stacked alternately with partitions 

which are penetrated by six pillars. The stacks of pellet storage boxes are fixed with nuts at the threaded tops 

of the pillars. All the partitions except for the uppermost and lowermost ones are boronic stainless steel plates 

which serve as neutron absorbers. 

Two configurations can be selectively adopted for the pellet storage box assembly depending on the type of 

the pellet storage box: assembly ''N' consisting of twelve (12) pellet storage boxes which can contain up to 11 

kg of UO2 per box, and assembly "B" consisting of five (5) pellet storage boxes. One pellet storage box has a 

capacity of 20 kg of UO2. Thus, an assembly ''N' is capable of containing up to 132 kg of UO2, and an 

assembly "B" up to 100 kg of UO2. 
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Fig. II-A.App1-1: General View of Type GP-01 Transport Package 
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3. Tests 

3.1. Prototypes 

Prototypes No. 1 and No. 2 were prepared. Prototype No. 1 was mainly used for examining and verifying 

orientations of the package to be adopted for the 1.2-meter free drop tests and 9-meter drop tests and for 

checking the outcomes of the penetration tests and 1-meter target tests. Prototype No. 2 was used in the main 

part of the tests. In the package orientations determined in the preliminary tests with Prototype No. 1, both 

prototypes were subjected to a consecutive series of free drop tests, 1-meter drop tests and 1-meter target 

tests. In the main tests, the prototypes were released for drop in the same orientation to strike consecutively 

the steel plate of the test target or the penetrating bar with the same impact point in order to achieve an effect 

of superposition. 

Essentially, the prototype packagings were constructed by the same processes and have the same structure as a 

production mode of Type GP-01 transport packaging. However, for the purpose of drop tests, these 

prototypes have been designed with several features. The differences from a production packaging are 

described in the following paragraphs. Two pellet storage box assemblies ''N' were used as the contents of the 

package because of the greater loading capacity of the type of assembly. 

Photos A.App1-1 through A.App1-4 show general views of the prototype packaging. 

(1) Dummy contents 

The prototypes to be subjected to the drop test contain lead rods (dummy pellets) instead of real pellets of 

uranium oxides since packagings containing real pellets of uranium oxides cannot be subjected to physical 

tests. The total weight of the dummy pellets was simulated but adjusted to become greater than the maximum 

loadable weight of real pellets in the pellet storage boxes. Each of the specimens contains dummy pellets 

which are at least 2 weight percent or at least five kilograms heavier than the weight of actual contents. This 

excess of weight was expected to have a conservative effect on the behaviors of the contents during the drop 

tests. 

(2) Addition of gross weight adjusting material 

Even fully loaded with dummy pellets of lead, the gross weight of the package does not reach the nominal 

maximum weight (1300 kg) . To make the prototype packages exceed the nominal maximum weight, lead plates 

were attached to the top and bottom surface of the pellet storage box assemblies in the inner receptacle. This 

weight adjustment carried out for the interior of the inner receptacle was expected to act effectively on the 

behaviors of the inner and outer receptacle during the drop tests. Photos A.App1-5 and A.App1-6 show the 

weight adjusting materials attached. 

(3) Attachment of accelerometers 

Three-axis accelerometers were installed at points not facing downward on the lateral sides of the outer and 

inner receptacle to measure drop impact accelerations. Each of the accelerometers was fixed onto a dedicated 

bracket welded firmly on the package with two screws as recommended by the manufacturer of the 

instrument. These screws were treated with an adhesive to prevent easy loosening by vibration duringthe 
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transport and drop tests. The accelerometers and cables were protected with epoxy resin. Cable guides which 

serve as cable protectors were welded near the accelerometer brackets. As protecting materials, adhesive tapes 

and other packing materials were applied to the accelerometers shortly before the start of the tests. 

These measures would represent only a very small portion of the gross weight of the prototype packaging. 

Nevertheless, they contributed to increasing it. Photos A.App1-7 and A.App1-8 show the accelerometers 

attached to the package. 

(4) Slight modifications of the packaging for attaching accelerometers 

A small portion of the honeycomb elements was removed to ensure space for the accelerometers and to 

protect them and the cables. A hole was made in the outer receptacle to make cabling space for the 

accelerometer installed on the inner receptacle. This cabling hole has an inner diameter of 30 mm. The 

insulator concerned was removed and a steel pipe was welded on the hole. As Prototype No. 1 was to be 

subjected to drop tests in various orientations, the cabling hole had to be made on the narrower lateral side 

which would be least affected by any of the drop tests. For Prototype No. 2, for which only one orientation 

was to be chosen for drop tests, a cabling hole was created on the bottom surface where the legs would serve 

as guards for the cables (described later in detail). Fig. II-A.App1-2 shows the positions of the cabling holes. 

Photos A.App1-9 and A.App1-10 show the cabling holes on Prototypes No. 1 and No. 2. 

These machining processes were completed before adjusting the gross weight of the package and did not 

offset the excess weight achieved over the nominal maximum gross weight of the prototype packaging. 

Penetration hole in 
Prototype No. 1 

Penetration hole in 
Prototype No. 2 

Inner Receptacle 

Fig. II-A.App1-2: Positions of Cabling Holes for Accelerometers 

(5) Dummy neutron absorbers 

Stainless steel plates were used instead of the real neutron absorbers consisting of boronic stainless steel 

plates in the inner receptacle and pellet storage box assemblies. These dummy neutron absorbers have the 

same dimensions as those of the real ones. Neutron absorbers are not considered as part of the guarantee 

conditions of the mechanical strengths of the transport packaging. 
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(6) Differences of prototype packaging from production model of packaging 

The characteristics of a definitive production model of packaging will be determined once improvements in 

features and handling operations have been identified and after the completion of manufacture of these 

prototype packagings or completion of all the tests described in this document have been taken into account. 

Table II-A.App1-1 shows modifications in the prototype packaging which have thus been adopted. These 

modifications do not cause reduction in strength or increase in weight of the packaging, which would lead to 

reduction of the margin of safety for the characteristics of the packaging. 

II - A.Appl - 7 



...... 
'IJ ...... 

► 
► '"O 

'"O ...... 

Element 
Outer receptacle flange 
spacer 

Lifting attachment 

Outer receptacle 
positioning pin 
Process of attaching 
outer receptacle 
positioning pin 

Aluminum honeycomb 
element 

Urethane rubber guide 

Lid of outer receptacle 

Flange 

Leg 

Dimensions of skid 

Table II-A.Appl -1: Modifications of Prototype Packaging for Definitive Production Model 
Modifications Improvements Consequences of Modifications 

Spacer width was reduced to allow the spacer to Adhesiveness during The element concerned does not contribute to 
avoid the uneven weld surface on the flange. construction was improved. safety. 
The dimensions around the rod bolts were Interference was eliminated for 
increased. better workability. 
Sharp portions on the bottom end of the Operational safety was This modification does not affect the strength. 
corners were chamfered additionally. improved. 
Additional machining for better flatness. Workability during tightening The element concerned does not contribute to 

was improved. safety. 
Nuts were welded on the back surface of the Machinability during The element concerned does not contribute to 
flange: portions of the flange were threaded construction was improved. safety. 
additionally. 

Honeycomb elements were no longer fixed Maintainability was improved. The characteristics of the honeycomb element 
with an adhesive, but with a dedicated cover Repairability was improved. were not modified. This modification will not 
and screws. affect results of drop tests. 
Fixing process was changed to eliminate the Possibility of entry of foreign 
gaps between blocks matter into the gaps was 

eliminated. 
Fixing method for the aluminum plate cover on Maintainability was improved. 
the honeycomb plates was modified to avoid Repairability was improved. 
use of adhesive agent. 
The width of honeycomb for the narrower Non-functioning zones were The zones concerned do not work. The 
lateral side was changed. removed. modification does not affect test results. 
MC nylon was applied to the tip of the Slidability during The element concerned does not contribute to 
urethane rubber guide. introduction/ retrieval of inner safety. 

receptacle was improved. 
Internal frame gaps were modified and Strength under severe service The strength of the outer receptacle frame is 
reinforcing plates were added. Spacing for conditions was enhanced. enhanced. 
ventilation holes was modified. 
Flange clearance was reviewed. Machinability during Strength is not affected. 

construction was improved. 
Workability was improved. 

Bottom corner was chamfered. Positioning for two-stage The element concerned does not contribute to 
stacking was facilitated. safety. 

Skid was shortened. Positioning for two-stage The element concerned does not contribute to 
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stacking was facilitated. safety. 
Process of attaching a Nut was no longer welded on the leg, but a Maintainability was improved. The element concerned does not contribute to 
skid threaded boss was imbedded. Repairabilitv was improved. safety. 
Edge of lid of the Additional chamfering was carried out. Workability was improved. This modification does not affect the strength. 
inner receptacle and lid Operational safety was 
bar enhanced. 
External surface of Mirror finishing is no longer carried out. Maintainability was improved. This modification does not affect the strength. 
inner receptacle 
Spacing between rod Modification as a result of the modification of Interference during collision is This modification does not affect the strength. 
bolts for inner frame gaps of the lid of the outer receptacle prevented. 
receptacle 
Rod bolt seat on inner Rod bolt seat was designed as a longer hole. Workability was improved. This modification does not affect the strength. 
receptacle 
Threaded portion of Threaded portion was made longer. Dimensions after tightening This modification does not affect the strength 
pillar for pellet storage were optimized. of the assembly. 
box assembly 
Process of fixing pillar Welding was replaced by a detachable structure. Maintainability was improved. This modification does not affect the strength 
for pellet storage box Repairability was improved. of the assembly. 
assembly 
Process of lifting pellet "Insert an eye bolt into the threaded hole" was Design was simplified. This modification does not affect the strength 
storage box assembly replaced by ''Attach an eye nut to the pillar." of the assembly. 
Eye nut holder Eye nut holders were added on the top surface Workability was improved. This addition of elements does not affect the 

of the pellet storage box assembly gross weight of the package. 
Rubber block for Lugs were added at both ends. Workability was improved. This modification does not affect the storage 
positioning pellet box's pellet retaining capability. 
storage boxes 
Pellet storage box The width of the handle was reduced. Workability was improved. The element concerned does not contribute to 
assembly cover safety. 

Note: Since the sum of these modifications does not add to the package gross weight (1300 kg), the validity of the test results is maintained. 



3.2. Drop test facility 

(1) Test target 

The test target used for the drop tests was that permanently installed in the premises of Takasago Facility of 

Kobe Steel Limited. Fig. II-A.App1-3 shows the general configuration of the test target. Photos A.App1-11 

and A.App1-12 show the test target. 

[Test Target] ---------

Support rope 

Test Target 

'JJ;l-7 "/ 
(lmx !m) 

ig. II-A.App1-3: Test Facility for Drop Tests 

Support wire Main wire cutting point Instrument cable Wire cutter 

Power supply Measuring booth Specimen? Guide rope (2) Remote control switches 

Crane Backboard Guide rope (1) Camera 

Target plate Camera pit (1 X 1 X 0 .7 m) 

Near the test target, a pit for high-speed camera and a backboard with checkered pattern are provided. To 

carry out a drop test, the walking crane is maneuvered to raise the specimen to the specified height, and a wire 

cutter is maneuvered to cut the lifting wire to release the specimen. Fig. II-A.App1-4 shows a plan of the test 

target. 

II - A.Appl - 10 
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ditch 

17m 
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Measurin booth 
-----------------~ 

Plan of Test target 

I 
I T------------------

T------------------

Note: The test target, which is 100 mm high from ground level, has a steel plate mounted on it. 

Fig. II-A.App 1-4: Plan of D rop Target 

The test target consists of a 5 m x 3.5 m steel plate 42 mm in thickness mounted on a 100-ton concrete mass 

which has an underground height of 2.5 meters. Specimens of up to 10 tons can be tested on this facility. For 

details of the construction of the test facility, refer to Fig. II-A.App1 -5. 

Steel plate 5 m x 3.5 m Concrete mass 

2.5 m Steel plate 

Notes: The steel plate is level. The reinforcing bars are spaced with 50-cm pitches. 

Fig. II-A.App1 -5: Construction of D rop Test Target 
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(2) Steel rod for penetration test 

The steel rod to be used for the penetration test must have the characteristics specified by the regulations: 

- Weight: 6 kg 

- Size: 3.2 cm in diameter 

- Shape: Rod with hemispherical tip. 

The steel rod prepared for the tests of the Type GP-01 transport packaging has the following characteristics: 

- Weight: 6.3 kg (measured value) 

- Size: 

- Shape: 

- Material: 

- Surface: 

- Appearance: 

R16 

3.2 cm in diameter, 101.6 cm in length 

Rod with hemispherical tip (radius of hemisphere: 1.6 cm) 

SS400; yield strength: 234 to 260 MPa 

Material exposed, no coating 

See Fig. II-A.App1-6. 

1016 ~ I 
l,--( --~i __ J; 

/ t </)32 

M16, depth 25 

Unit: mm 

Fig. II-A.App1-6: Steel Rod for Penetration Test 
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(3) Penetrating bar for 1-meter drop tests 

The penetrating bar to be used for 1-meter drop onto penetrating bar tests must have the characteristics 

specified by the regulations: 

- Installation: 

- Material: 

- Size: 

- Shape: 

Vertically fixed 

Mild steel 

15 cm in diameter, 20 cm in length 

Rod with round section, the top surface of which is horizontal, flat and smooth. 

The penetrating bar prepared for the tests of the Type GP-01 transport packaging has the following 

characteristics: 

- Installation: 

- Shape: 

- Material: 

- Length: 

Vertically welded and fixed on the steel plate of the drop test target 

Rod with round section, the top surface of which is horizontal, flat and smooth 

SS400; yield strength: 234 to 260 MPa 

45 cm, length which would allow the rod to penetrate a thickness of 24.5 cm from the 

package leg side: the length of the leg (14 cm) plus the distance from outer plate to inner plate of the outer 

receptacle (10 .5 cm) if it is not strong enough 

- Surface: 

- Appearance: 

Painted yellow all over so that races of rod contact may be left on the package 

Refer to Fig. II-A.App1-7. 

0 
0 

25 350 

150 

0 

C- 10 

R6 

0 
N 

Unit: mm 

Fig. II-A.App1-7: Penetrating Bar for Drop Test 
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3.3. Test Event Cases 

Preliminary examinations were carried out to determine the test event cases to be adopted for testing two 

prototypes of Type GP-01 transport packaging under normal conditions and accident conditions. We decided 

to use Prototype No . 1 mainly for finding the orientations for causing maximum damage to the specimen, and 

Prototype No . 2 was reserved for the main tests only. The Regulations stipulate that specimens should be 

subjected to drop tests so that they are damaged as much as possible during the thermal tests which should 

follow the drop tests. The package has a box-like shape. The edges and corners of the package which 

constitute the joints of surfaces are most liable to deformation under the concentrated energy of the drop. 

Therefore, if the package is so positioned that a corner of the package strikes the test target (or the penetrating 

bar) first in the drop tests, it will suffer most significant damage. Furthermore, , the outer receptacle and inner 

receptacle have flanges on their upper portion, and these flanges will be more affected by flames during the 

thermal test than the other portions. For these reasons, adopting the package orientation that will cause most 

significant damage to the upper corner was regarded as justifiable in the regulatory idea that the package 

should be damaged as much as possible in the drop tests as well as in the thermal tests which follow the drop 

tests . Thus, the thermal effects will be most visible on the package during the subsequent thermal test. 

To determine possible considerations to be taken in relation to the subsequent criticality analysis, Prototype 

No . 1 was examined in several orientations in which the effects under test conditions were supposed to appear 

most visibly and in a composite manner, and the results of the examination will be utilized for the criticality 

evaluation. 

Prototype No. 1 was subjected to examination tests in which it was dropped in various orientations to check 

that orientations with the corner facing downward cause maximum damage to the package. Prototype No. 2 

was subjected to the main drop tests, solely with its corner facing downward. 

In the preliminary examinations with Prototype No. 1, we decided to omit cases whose outcomes were not 

needed in terms of package performance and those which might be included by other more demanding cases. 

Table II-A.App1-2 shows the adopted cases. 
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Table II-A.App1 -2: Examined Cases of Events for Prototype Packaging 
<U <U 
0... 0... 
b--: b"l 

Test I tem 0 0 0 0 Remarks oZ oZ 
'" '" P. P. 

Water spraying 
Effect of water spraying on the outer plates of stainless steel was 

X X 
regarded as negligible. 

Lid • X Effect on the lid of the inner receptacle was checked. 

c:: 
Effect on the flange of the inner receptacle was regarded as negligible 

0 because of the location and buffering effect of the legs. Located over ·p 
o:! Bottom X X skeletons, the legs are not likely to be dented. Even if they should be t1 -~ dented, causing cracks on the outer plate, the ceramic fiber insulator 

~ '" 
<t:: 0 will not be lost. ..., el 
'" t1 Narrower 0 Effect on the inner receptacle flange and the contents was checked. 0... 0 • X 
(/) -~ Side c:: '" o:! 1.2 0 This case was omitted because no visible consequence will appear and b ::r:: 

...... m Wider Side X X the case with the narrower lateral side facing downward is more 0 
(/) demanding (9 meter test is feasible). c:: 
0 0 

Narrower This case was omitted because no visible consequence of rebound will ·p 0 ;.a "' X X 
c:: ~ Side appear (9 meter test is feasible) . 
0 'lj u <U This case was omitted because no visible consequence will appear and 

el c:: s ~ Wider Side X X the case with the narrower lateral side facing downward is more u 
'" c:: 
0 H demanding z 

Corner • • This is the orientation of the package in which the flange of the outer 
receptacle is expected to be most affected. 
Compressive stresses 1n main steel elements are evaluated by 

5 X Load X X 
calculation. 
Several zones which appear most vulnerable were chosen on the 

Steel rod penetration • X lateral sides and top surface, and tests were carried out with these 
zones facing downward. 

Lid • X Effects on the inner receptacle were checked. 
Effect on the flange of the inner receptacle was regarded as negligible 

c:: because of the location and buffering effect of the legs. Located over 
0 

~ ·p Bottom X X skeletons, the legs are not likely to be dented. Even if they should be ..., o:! 

'" t1 dented, causing cracks on the outer plate, the ceramic fiber insulator 0 
0... -~ 
(/) '" will not be lost. c:: 0 o:! 

b el Narrower 
...... t1 • X Effect on the inner receptacle flange and the contents was checked. 
0 0 Side 
(/) -~ c:: '" The case with the narrower lateral side facing downward is more 0 9 0 

·p ::r:: demanding, but the orientation of the pellet storage boxes differs ;.a Wider Side • X c:: m 
0 from the orientation of those located close to the narrower lateral 
u sides . ..., 

(/) 
<U Effect on the outer receptacle flange was checked. The specimen used E--< ..., 0 

Narrower for this test was not that used for the test with horizontal lid facing c:: 0 
<U "' • X :Q ~ Side downward. This test was carried out with a corner at the opposite side u 
u 'lj facing downward. <t:: <U .s 

This case was omitted since the case with the narrower lateral side u Wider Side c:: X X 
H facing downward is more demanding. 

Corner • • Effect on the outer receptacle flange was checked. 
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0 Near lid ·p 
o:! lifting attach. c5 -~ Center of "" 0 

el wider side 
c5 
0 -~ Near leg 
"" 0 
~ 

Center of 
"" o:! wider side .:0 
bl.) 
C1 Near lifting ·p 
o:! ,-0 attach. on "" µ Q.) 
Q.) C1 C1 ~ wider side Q.) u p.., C1 Flange on H 

wider side 

Corner of 
narrower side 

Corner 

Thermal test 

0.9-m water immersion 

• : Tested for examination 

X : Not tested. 

• X 

X X 

• X 

• X 

• X 

• X 

X X 

X • 

X • 

X X 

The impact point adopted for this test is located near the weld of a 
lifting attachment. 
This case was omitted since a test with the package inclined is more 
demanding. 
This test was carried out to check whether or not the zone around the 
weld of the legs suffered cracking. (The presence of the legs made it 
impossible for the package to take an inclined orientation.) 
Damage caused by the edge of the penetrating bar to the lifting 
attachment was checked. This case was regarded as most suitable for 
producing the largest deformation in the outer plates. 

Damage caused by the edge of the penetrating bar to the zone near 
the lifting attachment on the lid was checked. 

Deformation in the flange was checked. 

This case was omitted because the impact point was located directly 
on the frames so that large deformations or large cracks were not 
likely to occur. 
The impact point was located directly on the skeleton so that large 
deformations or large cracks were not likely to occur, but this 
orientation of package is optimal for damaging the flange . This case 
was adopted to check the effect of superposition. 
Prototype No. 2 was used since larger amounts of heat were likely to 
enter the packaging. The definitive evaluation was made in the thermal 
analyses using a model. 
This case was not necessary since the criticality evaluation will take 
water immersion into account. 
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For the 9-meter drop tests using Prototype No. 1, "inclined" package orientations other than "horizontal" and 

"corner facing downward" were adopted as well. These inclined orientations were adopted to check specific 

behavior of the package: rebounding following the first impact. Such behavior cannot be predicted exactly and 

it is difficult to find a suitable inclination for the specimen. As described in chapter " II-A. Structural 

Analyses," section ''A.2. Weights and Center of Gravity," the center of gravity of the package is located almost 

in its geometrical center. Inclined drop tests are carried out with the package lid facing practically downward 

(refer to Fig. II-A.App1-8) . Larger inclinations (00) are regarded as more demanding conditions. However, too 

large an inclination may involve absorption of impact energy by the deforming edge of the package. As 

shown in Fig. II-A.App1-8, when the package is inclined 45° in relation to the horizontal, the angle of the 

center of gravity exceeds 80° or becomes close to the vertical. For this reason, we decided to adopt an 

inclination of 30° (0=68°) for the package orientation examination tests. 

1134 

446 ! e --~~----~ 
Horizontal Inclined at 30° Inclined at 45° 

Fig. II-A.App1-8: Examination of Package Inclinations 

For the 1-meter drop onto penetrating bar tests, the IAEA document of Regulations for the Safe Transport of 

Radioactive Material, under the code TS-G-1.1, states that a tilted package may suffer greater damage in the 1-

meter drop-onto-penetrating-bar test and recommends an inclination of 20° to 30° for the package. Long 

packages such as those consisting of a transport packaging for unirradiated nuclear fuel assembly are 

considered likely to present a behavior of inflection at the impact point under drop impact energy of both 

ends of the package after the collision onto the penetrating bar. Thus, smaller inclinations are expected to 

correspond to a more demanding drop condition because both ends strike the test target plate (or the 

penetrating bar) tardily. On the other hand, with box-shaped packages such as those consisting of the Type 

GP-01 transport packaging considered, greater inclinations are supposed to correspond to a more demanding 

drop condition: most of the drop impact energy is concentrated on the impact point. Thus, in our 1-meter 

penetrating bar tests, we decided to test the specimens in an inclined orientation (30°) in addition to horizontal 

orientation. 
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Table II-A.App1-3 shows the sequence of the drop tests. To reduce the overall time for drop test processes, 

deformations were measured after all the tests were completed in four cases of 1.2-meter drop and steel rod 

drop. 

Table II-A.App1 -3: Sequence of Drop Tests 
Time Zone Specimen Case Designation Remarks 

1 
1.2-m drop in horizontal orientation with 
the lid facing downward 

AM 2 
1.2-m drop in horizontal orientation with 
the narrower lateral side facing downward 

3 
1.2-m drop with the corner facing 
downward ("1 .2-m corner drop") 

4 Steel rod penetration 
Center of lateral 

:>-. side, fusible plug 
o:! 

Q Visual appearance check, geometrical ..., -
V) measurements '"' ~ 9-m drop in horizontal orientation with the 

5 
PM 

lid facing downward 
Visual appearance check, geometrical 

-
measurements 

6 
9-m drop in horizontal orientation with the 
narrower lateral side facing downward 
Visual appearance check, geometrical 

-
measurements 

Prototype 7 
9-m drop in horizontal orientation with the 
wider lateral side facing downward 

No.1 
Visual appearance check, geometrical 

-
measurements 
9-m drop in inclined orientation with the Orientation 

AM 
8 

narrower lateral side facing downward inclined at 30° 
Visual appearance check, geometrical 

-
measurements 

:>-. 9 9-m drop with the corner facing downward 
o:! 

Q Visual appearance check, geometrical 
"O -

C1 measurements 
0 u 1-m drop in horizontal orientation with a Q.) 

[/J 

10 point near lifting attachment on the lid 
onto the penetrating bar 

11 
1-m drop in horizontal orientation with a 

PM 
point near leg onto the penetrating bar 
1-m drop in inclined orientation with a Orientation 

12 point near lifting attachment on the wider inclined at 30° 
lateral side onto the penetrating bar 
Visual appearance check, geometrical 

-
measurements 

13 
1.2-m drop with the corner facing 

"O downward (or other orientations) .;::j :>-. Prototype o:! AM ...c: Q r< No. 2 Visual appearance check, geometrical 
-

measurements 
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14 
9-m drop with the corner facing downward 
(or other orientations) 
Visual appearance check, geometrical 

-
measurements 
1-m drop in inclined orientation with the Orientation 

15 center of the wider lateral side onto the inclined at 30° 
P rototype penetrating bar 

No. 1 1-m drop in inclined orientation with Orientation 
16 flange on the wider lateral side onto the inclined at 30° 

PM 
penetrating bar 

P rototype 
1-m drop in inclined orientation (or other 

17 orientations) with the corner onto the 
No. 2 

penetrating bar 
P rototypes 

Visual appearance check, geometrical 
Prototypes No. 1 

No. 1 and - and No. 2 were 
No. 2 

measurements 
inspected togeth er. 

Note: Geometrical measurements for the three 1.2-m drop tests of P rototype No. 1 were carried out 

together after all these three tests were completed. 

3.4. Test Results 

(1) 1.2-m drop in horizontal orientation with the lid facing downward (case 1) (Photos A.App1 -13 and 

A.Appl -14) 

The specimen, inverted upside down, was dropped , struck the test target and rebounded once, keeping its 

horizontal orientation. The specimen supported the impact load almost uniformly on its lid top. No local 

deformation occurred. 

Checking the impact surface revealed no significant deformations. The geometrical measurements of the first 

three 1.2-meter drop tests revealed changes in dimensions of only 1 millimeter. No dents that might contain a 

10-cm cube were generated on the package. 

Table II-A.App1 -4 shows the highest accelerations generated. The direction Y + corresponding to the highest 

acceleration is identical to the package orientation. These data show that high accelerations did not occur in 

any of the other directions and that the specimens struck the test target with uniform impact energy. 

Table II-A.App1 -4: H ighest Accelerations during 1.2-m D rop in H orizontal Orientation with Lid Facing 

D ownward ( case 1) 

(Unit: G) 
Inner Receptacle Outer Receptacle 

D irection D irection D irection D irection D irection D irection 
X y z X y z 

+ 26 202 33 53 430 53 
- -23 -95 -48 -107 -126 -46 

nG~ 
ij C B 

Z+ Z-
~ X+ X/1' Y-

i Y+ 

~ 
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(2) 1.2-m drop in horizontal orientation with th e narrower lateral side facing downward (case 2) (Photos 

A.App1 -15 and A.Appl -16) 

The specimen did not keep its initial orientations until touchdown, and the lid-side portion rotated slightly so 

that it struck the test target with its edge CD first. P robably because of the insufficient drop height, the 

measurements revealed no significant deformations on the lid that might have been generated by the drop. 

D eformations of 1 mm were observed on the body (all elements except for the lid) of the package. No dents 

that might contain a 10-cm cube were generated on the package. 

Table II-A.App1 -5 shows the highest accelerations generated . The highest acceleration (317 G) occurred in 

the drop (vertical) direction (Z+) in the outer receptacle. Upon occurrence of a high acceleration (183 G) in 

the direction Y+, a similar degree of acceleration (160 G) occurred in the opposite direction (Y-). Since the 

acceleration in direction Y- occurred with similar timing to that in the direction Z -, the former can probably 

be attributed to the vibration caused by the touchdown of the leg side opposite to the lid side which struck 

the test target first . 

In the inner receptacle, a high acceleration (83 G) was recorded in the drop direction (Z+) . The highest value 

(157 G) was observed for the direction Y+. Since the inner receptacle was not fixed in the outer receptacle, 

the mass of the inner receptacle swung in the direction Y + and struck the inner wall of the outer receptacle 

hard after the lid-side portion struck the test target. 

Table II-A.App1 -5: H ighest Accelerations during 1.2-m D rop in Horizontal Orientation with Narrower 

Lateral Side Facing D ownward (Case 2) 
(Unit: G) 

Inner Receptacle Outer Receptacle 
D irection D irection D irection D irection D irection D irection 

X y z X y z 
+ 14 157 83 132 183 317 
- -14 -95 -32 -43 -160 -89 

B Y+ Y-
A ur n ,- x-

Z+ 

D H 
~ 

(3) 1.2-m drop with the corner facing downward ( case 3) (Photos A.App 1-17 to A.App 1-19) 

The specimen struck the test target, rebounded once and landed with the same corner for a second 

touchdown, and then fell down on its lid. Thus, all the energies were almost concentrated on the corner. A 

significant deformation was observed on the lifting attachment near the corner. No deformations were 

generated on the other portions including the rod bolts. D eformation that might have caused the flange to 

open did not occur. No dents that might contain a 10-cm cube were generated on the package. 

Table II-A.App1 -6 shows the highest accelerations generated No accelerations in the direction identical to the 
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drop direction were measured so that excessive accelerations did not occur in this case. Every simple sum of 

the accelerations in the three directions is smaller than 100 G and any o f those recorded in the preceding cases. 

This may be attributed to the deformed corner which absorbed much of the impact energy. 

Table II-A.App1 -6 : H ighest Accelerations during 1.2-m D rop with Corner Facing D ownward (Case 3) 

(Unit: G) 

Inner Receptacle Outer Receptacle 

Direction Direction Direction Direction Direction Direction 

X y z X y z 
+ 16 60 59 6 46 71 
- -42 -24 -26 -35 -14 -16 

Y- z 

Y+~¢\z+ 
G 

H 

Table II-A.App1 -7 shows the geometrical measurements of the package which underwent the first three 1.2-

meter drop tests. The deformations observed during these tests were insignificant (1 to 2 mm) in all the cases 

except those of "corner drop" or drop with the corner facing downward. 

The volume reduction was calculated by regarding the package (820 X 1134 X 920 mm) as a rectangular 

cuboid while the legs, the fusible plug, the fork guard and the portions of the lifting attachments which 

protrude from the flash surfaces of the packaging were ignored. On the assumption that the wider lateral side 

uniformly deformed by 2 mm, a 0.24 percent reduction was obtained in the volume of the entire package. 

In case 3 (1 .2-m drop with the corner facing downward), the stainless steel 

plates which comprise the lifting attachment were deformed, but only a small 

reduction was observed in the volume of the body of the packaging. In this 

case also, the package was regarded for calculation as a rectangular cuboid. On 

the assumption that the corner was crushed in such a way that a three-sided 

pyramid (whose triangular bottom is delimited by the roots of the lifting 

attachment and the flange corner) was lost in volume, a reduction of 0.14 

percent was obtained. 
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Table II-A.App1-7: Dimensional Measurements: 1.2-m Drop with Corner Facing D ownward (Case 3) 

(Unit: mm) 

Edge 
Before After 

D eformation Remarks 
Test Test 

AD 1142 1138 4 No deformations during 
" corner drops ,, and no 

Lid 
length BC 1143 1143 0 

significant effect during the 
drop with the narrower side 
facing downward 

Lid AB 828 828 0 
width CD 

No effect 
829 830 -1 

AE 1057 1058 -1 Only insignificant effects of 
BF 1059 1058 1 drops with the lid facing 

H eight CG 1061 1060 1 downward (deformations) . 
D eformations generated by a 

DH 1061 1055 6 drop with the corner facing 
downward 

AD 1132 1 Only insignificant effects of 
1133 

Body EH 1132 1 drops with the narrower side 
length BC 1133 1 facing downward 

1134 
(deformations) FG 1133 1 

AB 819 2 
821 Only insignificant effects of 

Body EF 820 1 
width CD 819 1 

the preceding tests 

GH 820 (deformations) 
820 0 

a - - 34 
b 40 

Lifting attachment deformed 
- -

17 
by a drop with the corner 

C - -
facing downward 

- d (93) 68 24 

C B 

D~ F 

H E 

B A 

v-,oe+•-1~ 
'Vb 

C ,f\ 

(4) Steel rod penetration (case 4) (Photos A.App1 -20 to A.Appl -22) 

A steel rod is released in the vertical orientation from a height of one meter onto several points on the 

package: the central zone (not supported by any part of the frames), a rod bolt, the fusible plug and several 

zones of different strengths. Small dents (1 to 2 mm in depth) were caused on the external surface, but no 

significant damage was observed. 

(5) 9-m drop in horizontal orientation with the lid facing downward (case 5) (Photos A.App1 -23 to A.Appl -

26) 

The specimen did not keep its initial orientation until touchdown so that it struck the test target plate with its 

edge CD first. The specimen rebounded once. After the first touchdown, the specimen did not rotate. This 

behavior was attributed to the lower rigidity of the edge of the lid which absorbed the touchdown impact of 
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the package on the test target plate. The high-speed camera recorded a deformation of a zone near the bolt 

seat on the external surface when the edge CD struck the test target. A visual check after the test revealed a 

bulge-like deformation on the external surface of this zone. Measurements of the "height" dimension of the 

package showed an effect of the non-horizontal touchdown of the package. Moreover, a slight deflection of 

up to 3 mm was observed on the external plate of the lid in this zone corresponding to a void between frames. 

None of the rod bolts became loose or fell off. Table II-A.App1 -8 shows the measurements of the package 

before and after the test. 

Table II-A.App1 -9 shows the highest accelerations generated in three directions of the inner and outer 

receptacle. The highest value (929 G) of these accelerations was recorded for the direction Y + or drop 

direction. A fairly high acceleration (186 G) occurred in the direction Z+ and can probably be attributed to 

the non-horizontal touchdown of the package. 

In the inner receptacle, the highest value (296 G) was recorded for the direction Y + which corresponded to 

the orientation of the package. No significant impact force was generated in the direction Z+ when the 

package struck the test target in the altered "horizontal" orientation. 

Table II-A.App1 -8: Dimensional Measurements: 9-m D rop in Horizontal Orientation With Lid Facing 

D ownward (Case 5) 

Edge 
Before 

Test 
AD 1138 

Lid length 
BC 1143 

AB 828 
Lid width 

CD 830 
AE 1058 
BF 1058 

H eight 
CG 1060 
DH 1055 
AD 1132 

Body EH 1132 
length BC 1133 

FG 1133 
AB 819 

Body EF 820 
width CD 819 

G H 820 
-

- a 

After 
D eformation 

Test 
1139 -1 

1144 -1 

828 0 
829 1 
1056 2 
1055 3 
1050 10 
1033 22 
1134 -2 
1134 -2 
1133 0 
1133 0 
820 -1 
819 1 
820 -1 
820 0 

- 12 

C B 

D~ F 

H E 
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(Unit: mm) 

Remarks 

Insignificant deformations 
attributed to the non-horizontal 
touchdown of the package 

No effect of drop 

Visible effects of the non-
horizontal touchdown 

Insignificant deformations 
attributed to the non-horizontal 
touchdown of the package 

No significant deformations. 

Bulge near the bolt seat on the 
external surface a cR t 

GWH 



Table II-A.App1-9: Highest Accelerations during 9-m Drop in Horizontal Orientation with Lid Facing 
Downward (Case 5) 

(Unit: G) 
Inner Receptacle Outer Receptacle 

Direction Direction Direction Direction Direction Direction 
X y z X y z 

+ 63 296 50 27 929 186 
- -1 8 -65 -48 -48 -300 -122 

il G~ LlA 
C B 

Z+ Z-
~ x+xl 1' Y-t Y+ 

~ 

(6) 9-m drop in horizontal orientation with the narrower lateral side facing downward (case 6) (Photos 

A.App1-27 to A.Appl-29) 

The specimen did not keep its initial orientations until touchdown so that it struck the test target with its edge 

CD first. Accordingly, the specimen behaved as if the packaging had been pushed aside in the horizontal 

direction on the test target plate. The high-speed camera recorded a slight deformation of the external plate 

of the p ackage at the touchdown. A visual check on the drop test revealed no excessive deformations. Only 

small bulges were observed on the lid and body. Geometrical measurements revealed deformations of 7 to 17 

mm of the length of the lid which struck first the test target and deformations of 5 to 6 mm of the body of 

the packaging in a location close to the lid. Table II-A.App1-10 shows geometrical measurements of the 

package before and after the test. 

A slight deflection or bulge was observed on the external plate of the lid at a location corresponding to a void 

between frames. None of the rod bolts became loose or fell off. No significant local deformation occurred. 

Table II-A.App1-11 shows the highest accelerations generated . The specimen struck the test target in a similar 

way to the 1.2-meter drop in the same orientation. Therefore, the accelerations recorded are comparable with 

those recorded in the 1.2-meter drops. The outer receptacle presented the highest value (635 G) for the 

direction Z+ and a high acceleration (535 G) for the direction Y + as well (another similarity to the 1.2-m 

drops in the same orientation) . The inner receptacle showed a far higher acceleration in the direction Y + than 

in the direction Z+ which was the drop direction. This difference can probably be attributed to the fact that 

the inner receptacle was not fixed in the outer receptacle. As a result, the mass of the inner receptacle struck 

the inner wall of the outer receptacle very hard at the moment of the non-horizontal touchdown of the 

package. 

II - A.Appl - 24 



Table II-A.Appl -10: Dimensional Measurements: 9-m D rop in Horizontal Orientation with Narrower Lateral 

Side Facing D ownward (Case 6) 

(Unit: mm) 

Edge 
Before After 

D eformation Remarks 
Test Test 

Lid 
AD 1139 11 32 7 Visible effects of the non-

length BC 1144 1127 17 
horizontal (lid first) 
touchdown 

Lid AB 828 829 -1 
width CD 829 829 0 

No effect of drops 

AE 1056 1056 0 
BF 1055 1057 -2 Insignificant bulges caused 

H eight 
CG 1050 1051 -1 probably by the drops 
DH 1033 1035 -2 
AD 1134 11 29 5 

Body E H 1134 11 33 1 Some effects of the non-
length BC 1133 1127 6 horizontal touchdown 

FG 1133 1132 1 
AB 820 820 0 

Body EF 819 820 -1 
width CD 820 820 0 

No significant deformation 

G H 820 820 0 

b 14 
Bulges on the lid top 

- - -
surface 

- C - - 12 Bulges provoked on the 

d 
external surface near the 

- - - 12 
bolt seats of the packaging 

C B 

D~ F 

H E 

Bu c-.J.,b A□D ~c 
ImQact surface 

Impact surface ~ 
F B d 

C t 

Table II-A.App1 -11 : Highest Accelerations during Drop in Horizontal Orientation with Narrower Lateral Side 

Facing D ownward (Case 6) 

(Unit: G) 
Inner Receptacle Outer Receptacle 

Direction Direction Direction Direction Direction Direction 
X y z X y z 

+ 62 422 225 102 535 635 
- -69 -100 -48 -69 -313 -154 

~ t- Z-
X-

Z+ 

D H 
~ 
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(7) 9-m drop in horizontal orientation with the wider lateral side facing downward (case 7) (Photo A.Appl -30) 

The high-speed camera recorded the drop behavior of the specimen keeping its initial horizontal orientation. 

Measurements of the major dimensions of the package revealed deformations on the lid and a portion of the 

body near the lid, and no deformation on the remaining portions of the package. These results suggest that 

the package struck the test target with its lid side first (though the pictures taken do not show the behavior of 

the package clearly because of its location) . None of the rod bolts became loose or fell off. No significant 

local deformation occurred. Several bulges were produced on the external surface of the lid. Table II-A.App1-

12 shows geometrical measurements of the package before and after the test. 

Table II-A.App1 -13 shows the highest accelerations generated . In the outer receptacle, the highest value (937 

G) was recorded for the drop direction (X +) but this acceleration was accompanied by another (193 G) in the 

direction Y +. These phenomena suggest that the package struck the test target with its lid side first. In the 

inner receptacle, the highest value (301 G) was recorded for the drop direction (X +). 

Table II-A.Appl -12: D imensional Measurements: 9-m D rop in Horizontal Orientation with Wider Lateral 

Side Facing D ownward (Case 7) 

(Unit: mm) 

Edge 
Before After 

D eformation Remarks 
Test Test 

AD 1132 1132 0 The deformations 

Lid 
generated during the 

length BC 1127 1132 -5 
preceding narrower lateral 
side horizontal orientation 
drop were partly canceled. 

Lid AB 829 820 9 Larger deformation than in 
width CD 829 823 6 the body of package 

AE 1056 1057 -1 
BF 1057 1057 0 

H eight 
CG 1051 1052 -1 

No significant deformation 

DH 1035 1034 1 
AD 1129 1129 0 The deformations 

Body 
EH 1133 1134 -1 generated during the 
BC 1127 1130 -3 preceding narrower lateral 

length 
side horizontal orientation 

FG 1132 1133 -1 drop were partly canceled. 
AB 820 816 4 

Body EF 820 820 0 D eformation in the lid-side 
width CD 820 817 3 portion of the body 

G H 820 820 0 
- e - - 15 
- f - - 10 Bulges on the lid surface 
- g - - 12 

C B 

D~F 

H E 
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Table II-A.Appl: Highest Accelerations during 9-m Drop in Horizontal Orientation with Wider Lateral Side 

Facing Downward (Case 7) 

(Unit: G) 
Inner Receptacle Outer Receptacle 

Direction Direction Direction Direction Direction Direction 
X y z X y z 

+ 301 119 101 937 193 80 
- -56 -47 -106 -1 77 -110 -197 

n~ 
~B 
G F 
~ 

Z+ Z-~t X-Y-Jt?' 
X+ 

(8) 9-m drop in inclined o rientation with the narrower lateral side facing downward (case 8) (Photos A.App1 -

31 to A.Appl-34) 

This test was carried out to check the consequences of a rebound after touchdown of the package in which it 

kept its initial inclined orientation. Since the edge of the packaging lid had only low rigidity, the edge AB 

absorbed part of the impact force while deforming to a certain degree. Thus, the package showed the 

behavior of sliding aside on the test target plate, and the rebound was not so strong as expected. Results of 

the dimensional measurements revealed that the deformation of the corner B was larger than that of the 

corner A. The pictures taken with the high-speed camera showed a simultaneous touchdown of both corners. 

It was supposed that a part of the honeycomb elements behind the plane BCGF had already been deformed 

in such a way that a void was created in the preceding test (9-m drop in horizontal orientation with the wider 

lateral side facing downward) . Thus, the inner receptacle moved in the outer receptacle and produced a larger 

load on the corner B than on the corner A at touchdown of the package, thus increasing the deformation in 

the corner B. Cracking occurred in the joint between the lifting attachment at the corner B and the external 

surface so that the insulator was exposed but not lost. None of the rod bolts became loose or fell off. Table 

II-A.App1-14 shows measurements o f the major dimensions of the package before and after the test. 

Table II-A.App1-15 shows the highest accelerations generated. In the outer receptacle, an acceleration of 290 

G occurred in the direction Y + and an acceleration of -1 81 Gin the direction Z- at the moment of the first 

touchdown of the package. At the second touchdown (0 .03 seconds after the first) , an acceleration of -154 G 

occurred in the direction Y- and an acceleration of 217 Gin the direction Z+. The rebound did not appear to 

be so hard in the pictures taken with the camera but was found to have produced a hard impact due to the 

accelerations in the outer receptacle. In the inner receptacle, an acceleration of 269 G occurred in the 

direction Y + and an acceleration o f -1 70 Gin the direction Z- at the first touchdown. At the second 

touchdown, high accelerations occurred though the outer receptacle presented a slightly delayed behavior. 
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Table II-A.Appl -14: Dimensional Measurements: 9-m D rop in Inclined Orientation with Narrower Lateral 

Side Facing D ownward (Case 8) 

Edge 
Before 

Test 

Lid 
AD 1132 

length BC 1132 

Lid 
AB 820 

width CD 823 

AE 1057 
BF 1057 

H eight 
CG 1052 
DH 1034 
AD 1130 

Body EH 1133 
length BC 1129 

FG 1134 
AB 817 

Body EF 820 
width CD 816 

GH 820 
- h 
- 1 

- J (1060) 

- k 

- 1 
- m (93) 
- n 

C B 

D~ F 

H E 

After 
D eformation 

Test 
1134 -2 

1131 1 

831 -1 1 

823 0 

1049 8 
1000 57 
1044 8 
1034 0 
1129 0 
1133 1 
1130 0 
1133 0 
817 -1 
821 -1 
818 -1 
820 0 
1041 -

1030 -

1012 -

1071 -

83 10 
76 17 
35 58 
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(Unit: mm) 

Remarks 

D eformations of the edge 
caused small increase or 
decrease in dimension. 
T he lid edge was crushed 
and expanded in the radial 
direction. 

D eformations which 
suggest concentration of 
load on the corner B 

Serious deformations 
occurred in the lid. No 
significant changes in the 
body. 

H eights o f the affected 
lateral sides after 
deformation of the edge 
AB 
H eight of the central zone 
of the package deformed 

Lid edge crushed 

View 
la ternl side 

l ~ n 
,1\ 



Table II-A.Appl-15: Highest Accelerations during 9-m Drop in Inclined Orientation with Narrower Lateral 

Side Facing Downward (Case 8) 

Inner Receptacle 
Direction Direction Direction 

X y z 
+ 97 269 114 
- -65 -59 -170 

H 

(Unit: G) 
Outer Receptacle 

Direction 
X 
61 
-57 

Z+ 
~ Z-

X-X~ , Y-
Y+ 

Direction Direction 
y z 

290 217 
-154 -1 81 

(9) 9-m drop with the corner facing downward (case 9) (Photos A.App1-35 to A.Appl-37) 

To generate an effect of superposition, the specimen was released for this test in the orientation adopted for 

the preceding 1.2-meter drop tests with the corner facing downward to strike consecutively the steel plate with 

the same impact point (its corner D). The specimen struck the test target, rebounded and landed on its 

opposite corner C for a second touchdown, and then fell down on its side. 

A deformation was observed in the flange. However, no openings that might form routes for entry of flames 

were generated in the package. This deformation affected the bolt seat, but none of the rod bolts fell off or 

were broken. 

Small cracks were found on the weld on the corner joint of outer plates under the flange near the deformation, 

but no portions of the insulator were lost. Cracking occurred in the weld between the deformed lifting 

attachment and the outer plate of the lid to the extent that the insulator became exposed, but no portions of 

the insulator were lost. Table II-A.App1-16 shows measurements of the package before and after the test. 

Table II-A.App1-17 shows the highest accelerations generated. Accelerations were measured for the three 

directions of the inner and outer receptacle. No measurement was carried out for the direction identical to the 

drop direction. This decision is justified since the highest accelerations recorded in the outer receptacle and 

the inner receptacle for the three directions were facing practically downward. The inner receptacle presented 

higher accelerations than the outer receptacle. This was probably not because the honeycomb elements lost 

their buffering capability in the course of repeated drop tests, but because the inner receptacle, which is not 

fixed in the outer receptacle, struck the interior of outer receptacle hard. This supposition is supported by the 

fact that during the 9-meter drop with the corner facing downward test, Prototype No. 2 (the buffering 

capability of which is supposed to remain intact) presented higher accelerations in the inner receptacle than in 

the outer receptacle (described later) . 
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Table II-A.Appl-1 6: Dimensional Measurements: 9-m D rop with Corner Facing D ownward (Case 9) 

(Unit: mm) 

Edge 
Before After 

D eformation Remarks 
Test Test 

Lid AD 1134 - -
-

length BC 11 31 - -

Lid AB 831 - -
-

width CD 823 - -

AE 1049 1049 0 
BF 1000 1000 0 

H eight D eformation of the corner 
CG 1044 1049 -5 
DH 1034 969 65 
AD 1130 1153 -24 

Body EH 1133 1134 -1 
length BC 1129 1130 0 

FG 1133 1133 0 
Bulge on the packaging 

AB 818 817 0 
body caused by the 
deformation of the corner 

Body EF 820 819 2 
width CD 817 845 -27 

GH 821 820 0 
- 0 - - 300 
- p - - 260 D eformation in the corner 
- q - - 220 
- s - - 18 
- t - - 22 

Bulge on the packaging 

- - - 20 
body 

u 

B 0 A s 

'r:!t" ➔ 1 ~ 'V t 
If\ D A ·· .... JD If\ 

View 
E from 

B abow> C 
G H 

Table II-A.Appl -1 7: Highest Accelerations during 9-m Drop with Corner Facing D ownward (Case 9) 

(Unit: G) 
Inner Receptacle Outer Receptacle 

Direction Direction Direction Direction Direction Direction 
X y z X y z 

+ 10 259 147 30 107 167 
- -1 52 -29 -45 -181 -48 -49 
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(10) 1-m drops in various orientations onto penetrating bar (cases 10, 11, 12, 15, and 16) (Photos A.App1-38 

to A.Appl-44, A.App1-52 to A.Appl-55) 

The top end o f the penetrating bar used for these tests is flat as specified by the Regulations. The specimen 

was released in its horizontal orientation and an inclined (30 degrees) orientation in order to allow sufficient 

penetration of the bar into the package. The minimum required height for the bar was 200 mm. To increase 

potential damage to the contents, 450 mm was adopted . 

Five cases were implemented. Adopted as impact points were the zone near the lifting attachment (case 10) 

and the zone near a leg (case 11) in horizontal o rientations to check cracking in the welds, the central zone on 

a wider side ( case 15) in an inclined orientation that was supposed to concentrate the impact load and provoke 

the deepest penetration into the specimen, and the zone near the lifting attachment on a wider side (case 12) 

and the flange on a wider side (case 16) in inclined orientations to check the openability of the lid. 

In each case, the penetrating bar did not penetrate the outer plate of the outer receptacle. The deepest dent 

was caused in the central zone on a wider side during a drop in an inclined orientation (case 15), but no 

penetration occurred in this case either. In the case 12, the weld on the edge of the lid presented cracking 

resulting from a deformation. Nevertheless, no portion of the insulator was lost since this impact zone was 

not filled with insulator. Table II-A.App1-18 shows alterations in dimension suffered by the package tested. 

Table II-A.App1-19 shows measured accelerations as informative data. 

Table II-A.Appl-18: Deformations during 1-m Drop onto Penetrating Bar 

(Unit: mm) 
Deformation Remarks 

Zone near lifting 
14 

attachment on the lid 
Zone near a leg 28 

Zone near lifting 14 
attachment on wider 

side 
Central zone on wider 55 

side 
Flange on wider side 11 Depth of dent on the 

flange: 4 mm 
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Table II-A.Appl -19: Highest Accelerations during 1-m Drop Onto Penetrating Bar 

(Unit: G) 
Inner Receptacle Outer Receptacle 

Case Direction Direction Direction Direction Direction Direction 
X y z X y z 

1-m drop in horizontal + 16 202 40 5 91 1 
orientation with a point 
near lifting attachment on - -46 -78 -41 -19 -8 -23 lid onto the penetrating bar 
(case 10) 
1-m drop in horizontal + 17 29 45 15 36 3 
orientation with a point 
near leg onto the - -10 -64 -33 -1 -56 -5 
penetrating bar (case 11) 
1-m drop in inclined + 28 17 35 18 11 3 
orientation with a point 
near lifting attachment on - -47 -42 -67 -17 -18 -12 wider lateral side onto the 
penetrating bar (case 12) 
1-m drop in inclined + 3 20 20 3 9 2 
orientation with the center 
of wider lateral side onto - -25 -15 -22 -37 -4 -5 the penetrating bar (case 
15) 
1-m drop in inclined + 14 42 58 32 44 20 
orientation with flange on 
wider lateral side on to - -78 -39 -48 -116 -33 -41 
penetrating bar (case 16) 

Note: The accelerations shown in this table were recorded as informative data. 

(11) 1.2-m drop with the corner facing downward ( case 13) (Photos A.App 1-45 and A.App 1-46) 

Prototype No. 2 was subjected to this test. The behavior of the specimen was similar to that of Prototype No. 

1: it rebounded slightly after its first touchdown and struck the test target again on its corner and ceased to 

move on its lid. The lifting attachment on the corner showed significant deformation, but no deformation 

occurred in the other elements (including the rod bolts) of the package and no opening was produced in the 

flange. A difference from the outcome of Prototype No. 1 in other tests was that Prototype No. 2 suffered 

smaller deformation. Table II-A.App1 -20 shows measurements of the package before and after the test. 

The stainless steel plates comprising the lifting attachment were deformed 

(similar results to case 3) . Only a small reduction was observed in the package 

volume. For the purpose of calculation, the package was regarded as a 

rectangular cuboid. On the assumption that the corner was crushed in such a 

way that a three-sided pyramid (whose triangular bottom is delimited by the 

roots of the lifting attachment and the flange corner) was lost in volume, a 

reduction of 0 .13 percent was obtained. 

160 

~ LJ,/0 
(mm) 

Table II-A.App1 -21 shows the highest accelerations generated. As no measurement was carried out for the 

direction identical to the drop direction, the values recorded were not excessive. Similarly to Prototype No. 1 

in this case, the specimen presented lower accelerations in the three directions than in the other two cases. 

This was probably because the corner was deformed while absorbing much of the impact energy. 
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Table II-A.Appl -20: Dimensional Measurements: 1.2-m Drop with Corner Facing Downward 

(Unit: mm) 

Edge 

Lid AD 
length BC 

Lid AB 
width CD 

AE 

H eight 
BF 
CG 
D H 
AD 

Body E H 
length BC 

FG 
AB 

Body EF 
width CD 

G H 
- a 
- b 
- C 

- d 

Before After 
Test Test 
1142 1142 
1143 1105 
828 829 
829 820 
1058 1057 
1058 1056 
1059 1040 
1061 1057 

1131 
1132 
1133 

1132 
1133 
1133 
820 

819 
820 

820 
819 
820 

- -

- -

- -

93 77 

C B 

D~ F 

H E 

Deformation 

0 
38 
-1 
9 
0 
3 

21 
4 
1 
0 
1 
1 
1 
1 
1 
0 

24 
36 
20 
26 

B,-----,A 

Remarks 

D eformation of the corner 

D eformations are not 
significant. 

D eformations of the lifting 
attachment 

d~ :c 
View 

from the 
side 

Table II-A.App 1-21: Highest Accelerations during 1.2-m Drop with Corner Facing D ownward 

(Unit: G) 
Inner Receptacle Outer Receptacle 

Direction Direction Direction Direction Direction Direction 
X y z X y z 

+ 40 43 75 23 40 46 
- -8 -16 -16 -6 -8 -5 
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(12) 9-m drop with the corner facing downward (case 14) (Photos A.App1-47 to A.Appl-49) 

The specimen (Prototype No. 2) was released from a height of 9 meters to strike the test target with its corner 

C first in order to produce an effect of superposition. Following the first touchdown, the specimen rotated 

slightly to strike the test target with its corner B and then rotated again and ceased to move on its face behind 

which accelerometers were installed. Deformation affected the flange . However, no openings that might form 

routes for entry of flames were generated in the package. This deformation affected the bolt seat, but none of 

the rod bolts fell off or were broken. 

Similarly to Prototype No. 1, cracking occurred in the weld of the deformed lifting attachment on the outer 

plate to the extent that the insulator became exposed, and no portions of the insulator were lost. Table II-

A.App1-22 shows measurements of the p ackage before and after the test. 

Table II-A.App1-23 shows the highest accelerations generated No measurement was carried out for the 

direction identical to the drop direction. This decision is justified since the highest accelerations recorded in 

the outer receptacle and the inner receptacle for the three directions were facing practically downward. 

Similarly to Prototype No. 1, the inner receptacle of Prototype No. 2 presented higher accelerations than the 

outer receptacle. These measurements suggest that the inner receptacle struck the interior of the outer 

receptacle hard. 

The waveforms recorded show that a peak of acceleration produced at the same moment in the three 

directions in the outer receptacle was followed by a short reduction in acceleration and another series of high 

accelerations. The similar behavior observed in Prototypes No. 2 and No. 1 may be attributed to a buffering 

effect of the crushed co rner zone of the package. 
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Table II-A.Appl -22: Dimensional Measurements: 9-m Drop with Corner Facing Downward 

(Unit: mm) 

Edge 
Before 

Test 
Lid AD 1142 

length BC 1105 
Lid AB 829 

width CD 820 
AE 1057 
BF 1056 

Height 
CG 1040 
DH 1057 
AD 1132 

Body EH 1133 
length BC 1133 

FG 1133 
AB 820 

Body EF 820 
width CD 819 

GH 820 
- e -

- f -

- g -

- h -

- 1 -

C B 

D~ F 

H E 

After 
Deformation 

Test 
1142 0 
1040 65 
829 0 
770 50 

1055 2 
1055 1 
966 74 

1058 -1 
1132 0 
1133 0 
1130 3 
1132 1 
820 0 
820 0 
818 1 
820 0 

- 220 
- 300 
- 180 
- 12 
- 18 
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Deformation of the corner 

Deformations are not 
significant. 
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Table II-A.Appl -23: Highest Accelerations during 9-m D rop with Corner Facing Downward 

(Unit: G) 

+ 
-

Inner Receptacle Outer Receptacle 
Direction D irection Direction D irection D irection D irection 

X y 

80 104 
-9 -9 

z X 
152 78 
-39 -23 

ZJ.x~~ Y+ 
z+ Jt" x+ 

E 

B 

C 
~ 

y z 
68 107 
-16 -6 

(13) 1-m drop with the corner facing downward onto penetrating bar (case 17) (Photos A.Appl -SO and 

A.Appl -51) 

The specimen was released from a height o f one meter to strike the penetrating bar with its corner C first in 

order to produce an effect of superposition. Following the first touchdown, the specimen rotated smoothly 

and slightly, and then ceased to move on its face behind which accelerometers were installed. 

This test was carried out after the specimen suffered impact loads during the 1.2-meter and 9-meter drop tests 

on its same impact point. No deep dents were produced. The cumulative dents on the affected zone measured 

4 to 7 mm. 

Table II-A.App1 -24 shows the highest accelerations generated . In this test, accelerations were measured for 

informative purposes. The highest values of acceleration were generally high despite the drop height (refer to 

the measurements recorded during the preceding 9-meter drop test) . This was probably because the zone had 

been deformed during the preceding two test cases and had lost much of its buffering capability. 

Table II-A.Appl -24: Highest Accelerations during 1-m D rop with Corner onto Penetrating Bar 

(Unit: G) 
Inner Receptacle Outer Receptacle 

D irection Direction D irection D irection D irection D irection 
X y z X y z 

+ 38 92 101 30 141 85 
- -27 -43 -17 -26 -37 -26 

B ZJ.x~~ Y+ 

z+Jt" x+ 
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4. Inspections after Tests 

When these tests had been completed, Prototypes No. 1 and No. 2 were opened at the facility of Sakaguchi, 

Manufacturing, the manufacturing company of these prototypes, and at the facility of NFI Kumatori Branch 

to inspect their interiors. 

4.1. Prototype No. 1 

(1) The honeycomb elements on the back of the lid of the outer receptacle were deformed and totally 

separated from the lid. Many of the honeycomb elements on the lateral sides of the outer receptacle were 

separated from their neighboring components of the packaging. Some of the aluminum plates on the 

honeycomb elements had also peeled off, or almost so, from the elements. Some solidified fragments of the 

adhesive for honeycomb element had been scattered around on the inner receptacle (Photos A.App1-56 to 

A.Appl-58) . 

(2) The back of the outer receptacle presents dents and penetration holes which were probably produced by 

the same rod bolts during collisions in different test cases. 

(3) Penetration holes were found mainly along the edges AB and DA. The penetration holes and dents along 

the edge AB suggest that rod bolts had struck the back of the lid of the outer receptacle hard. The drop with 

the horizontal narrower side CDHG facing downward caused dents that were somewhat closer to this side. 

The honeycomb elements which peeled off have no penetration holes and the surface to which these 

honeycomb elements had been applied suffered penetration holes. An interpretation of all these results 

suggests that these holes were probably created after the honeycomb elements on the back of the lid of the 

outer receptacle were separated from the lid and the honeycomb elements on the face CDHG were deformed 

under compressive load: after the drop in horizontal orientation with the narrower side facing downward 

(Photos A.App1-59 to A.Appl-62) . 

Narrower side which was made r\ 
to strike the penetrating bar in L( 

its horizontal orientation 

Ld of outer receptacle 

(4) A dent was produced at the corner on the back of the lid of the outer receptacle, probably resulting from 

a collision with the flange of the inner receptacle during "corner drop" tests. The deformations during the 

"corner drop" tests did not affect the package so deeply as estimated from outside. As a result of crushing, 

the edge of the lid of the outer receptacle must have increased the buffering capability of the packaging 

(Photo A.App 1-62) . 

Judging from their locations, other dents were obviously created during the tests in which the narrower and 

wider sides were made to suffer the impact force first . There are no significant traces indicating that they 

occurred during drop tests inn the horizontal orientation with lid facing downward. 
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(5) Scratches were found on the back of the lid of the outer receptacle, close to the surface CDHG. They may 

have been caused by some o f the rod bolts during the drop with the ho rizontal narrower side facing 

downward. Impact damage which can be attributed to a collision with the frame of the lid of the outer 

receptacle was found on the heads of the rod bolts in the inner receptacle (Photos A.App1-63 to A.Appl-65) . 

(6) An effect of superposition of the various consecutive 9-meter drop tests contributed in some degree to 

the dents and penetration holes caused by rod bolts on the back o f the lid of the outer receptacle. In an 

individual (independent) case of event, such damage would not have occurred or would have been less serious 

thanks to the buffering capability of the honeycomb elements on the back of the lid. 

(7) The original distance (175 .6 mm) from the surface of the honeycomb elements to the external surface of 

the outer receptacle was reduced to 136 mm on the wider side of the package and 129 mm on the narrower 

side. This dimensional reduction is a result of the deformation in the inner surface of the outer receptacle, the 

protective rectangular pipe for inner receptacle flange and the honeycomb elements. The distance includes a 6 

mm portion of the deformed honeycomb element and the aluminum plate on the rectangular pipe. Thus, 

since some portions of the honeycomb elements peeled off, the shortest distance from the external surface of 

the outer receptacle to the external surface of the inner receptacle is 130 mm on the wider side and 123 mm 

on the narrower side (Photo A.Appl-66) . 

H oneycomb element 
Rectangular pipe 

Before Tests 

Oute 
recept cl c=:; 

After Tests 

~ re~+r ~---r 
(8) A drop with the horizontal lateral side facing downward caused deformation in the protective rectangular 

pipe for inner receptacle flange on the inner surface of the lateral side of the outer receptacle (more visible 

deformation on the narrower side) and left traces of collision of the inner receptacle flange on the inner 

surface of the outer receptacle. The flange of the inner receptacle suffered some dents but underwent no 

significant deformations that might have been caused by a collision with the inner surface of a lateral side o f 

the outer receptacle. 

Some traces of collision with the heads of the rod bolts were found on the upper zone of a lateral side of the 

outer receptacle. None of the rod bolts were broken during this collision (Photos A.App1-67 to A.Appl-69) . 

(9) The inner receptacle lid bar presents traces of a collision with the frames of the outer receptacle lid which 

might have occurred during a drop with the narrower side facing downward or during a drop in inclined 

orientation (Photo A.Appl -70) . 

(10) The inner receptacle lid bar presents a waveform deformation which was probably produced during a 

drop with the horizontal or inclined lid facing downward. The central zone of the lid of the inner receptacle 
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swelled. The heads of several rod bolts located near the lid center were bent as if they had been drawn by the 

deformation (Photo A.App 1-71) . 

(11) The corner of the inner receptacle that was made to suffer the impact force first in a drop test presented 

a slightly bent shape. This was because during the preceding tests, the honeycomb elements and the flange 

protection pipe had lost their buffering capability (Photo A.Appl-69). 

(12) The bolt seat struck the inner surface of the frame in the outer receptacle and was drawn and enlarged. 

This deformation was probably caused during a drop test with the package corner facing downward. The rod 

bolt remained in place (Photo A.App 1-72) . 

(13) The narrower side of the inner receptacle which was made to suffer the impact force first in the 

horizontal orientation showed swelling of its lower zone 6 mm in height (Photo A.Appl-73) . 

(14) The plates simulating the boronic stainless steel plates on the inner surfaces of the inner receptacle 

remained in their initial orientations and suffered no significant damage or deformation. Regardless of the 

surface of the package selected for first touchdown in the drop tests, these plates are installed in the very 

limited space between the pellet storage box assemblies and the inner receptacle. Therefore, even if they 

should be separated from their specified orientations, they would not leave their effective zones (Photo 

A.Appl-74). 

(15) All the fixing blocks were broken on the plate simulating the double boronic stainless steel plate located 

between two pellet storage box assemblies in the center of the inner receptacle. One of the halves of the plate 

rose 8 mm from the other half. This was not a significant displacement and no significant displacement 

occurred in the double plate. The broken fixing blocks caused some deformation in the plate. Both ends of 

the plate were bent slightly under the compressive force of the pellet storage box assemblies. No cracking 

occurred. Thus, the package maintained its integrity (Photos A.App 1-7 5 to A.App 1-77) . 

(16) The pellet storage box assembly 1 located near the surface CDHG facing 

downward in "horizontal drop" and "corner drop" tests did not keep its integrity: 

After being retrieved from the inner receptacle, it stands in slightly inclined posture. 

Deformation occurred but there was no cracking or fracture in any of the uppermost, 

intermediate or lowermost partitions which simulate boronic stainless steel plates. 

The inclination of the posture can be attributed to the deformed partitions. Far less 

serious deformations occurred in the other pellet storage box assembly and in the 

partitions (Photos A.App1-78 and A.Appl-79) . 

Assembly 1 Assembly 2 

rFtF(l 
L:ddd) n~: 

H E 

(17) The pellet storage boxes stacked in the assemblies present no opening resulting from damage. They kept 

their shape and capabilities. The lead rods simulating the weight of fuel did not come out and were not 

exposed (Photos A.App 1-78 and A.App 1-79) . 
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(18) The set of partitions (thickness : 3 mm) in assembly 1 presents a deflection, probably because of an 

impact from beneath. The fourth (counted from top) partition presents the largest deflection (13 mm). The 

uppermost and lowermost partition 5 mm in thickness present smaller changes of shape. Larger deformations 

were found rather on the side of the surface CDHG. None of the partitions was broken (Photo A.Appl-78). 

(19) A set of partitions of the pellet storage box assembly 1 showed slight swelling on its top. This 

deformation is smaller than that observed in the assembly 1 (Photo A.Appl-79) . 

(20) None of the nuts on the pillars of the pellet storage box assemblies became loose. However, despite the 

sound appearance, the nuts could not be manually loosened for removal. They must have been deformed 

under an impact load of the lid of the inner receptacle at the moment of hard touchdown of the package on 

the test target and/ or the penetrating bar. 

(21) The pellet storage box assemblies were dismantled and all the partitions were inspected. No deformations 

or cracks that might have reduced the effective surfaces of boronic stainless steel plates were found (Photo 

A.App 1-80) . 

(22) The rubber blocks for positioning pellet storage boxes were not broken. No significant deformations 

were found in the rod bolts which had fixed these rubber blocks (Photo A.Appl-SO). 

(23) The pellet storage boxes were inspected. Some of them were slightly deformed under the load of the 

deformations in the partitions. No fracture, crack or cleft was produced in the boxes which well retained the 

entire contents (lead rods) (Photos A.App1-81 to A.Appl-83). 

(24) The interiors of the pellet storage boxes were inspected. None of the lead rods simulating the weight of 

fuel elements was separated from the waveform plates. The positioning bosses for the waveform plates at the 

four corners of the storage box were considerably deformed (obviously during a drop in horizontal 

orientation with the wider side facing downward) (Photos A.App1-84 to A.Appl-87). 

(25) The heads of the pillars in the pellet storage box assembly were deformed so that the nuts could not be 

loosened for removal. However, no significant deformations were caused. No significant deformations or 

fractures were produced in the fixing blocks for retaining the partitions in place. The required space between 

two partitions was maintained (Photos A.App1-78 and A.Appl-79). 

(26) The drop with the corner facing downward was the last case for Prototype No. 1. Therefore, this 

prototype was supposed to have already suffered deformations in the honeycomb elements and protective 

pipe for the inner receptacle flange before the last test. The inner receptacle of Prototype No. 2 suffered no 

deformation. 
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4.2. Prototype No. 2 

(1) The rod bolts in the outer receptacle were not broken in the course of the tests. Since the outer receptacle 

was deformed, some of the rod bolts could not be loosened for removal. Some bolts and nuts were loosened 

and removed in the normal way and some affected bolts were cut to open the lid of the outer receptacle. 

(2) One (the lower on the inner receptacle side) of the two stages of honeycomb elements on the back of the 

outer receptacle lid was separated from the lid completely. It was probably pushed hard by the bar on the lid 

of the inner receptacle. The other honeycomb elements were not separated from their respective zones of the 

outer receptacle. Some fragments of the solidified adhesive were found scattered around on the surface of the 

inner receptacle (Photos A.Appl-88, A.App1-90 and A.Appl-91) . 

(3) The honeycomb elements on the back of the outer receptacle were slightly deformed under the bars (on 

both sides and center) on the lid of the inner receptacle (Photo A.Appl-89) . 

(4) No penetration holes or dents such as those left by rod bolts of the inner receptacle of Prototype No. 1 

were produced on the back of the outer receptacle lid of Prototype No. 2 (Photo A.Appl-89). 

(5) The zone on the back of the lid of the outer receptacle, which corresponds to the corner facing downward 

during the drop tests to suffer the impact force first, was less deformed than estimated from outside (similarly 

to Prototype No. 1) . No trace of collision with the inner receptacle was found (Photo A.Appl-92) . 

(6) The corner of the body o f the outer receptacle, which was made to suffer the impact force first during the 

drop tests, was slightly compressed (Photo A.Appl-93) . 

(7) No deformation occurred in the protective rectangular pipe on the inner receptacle flange inside the outer 

receptacle (Photos A.App1-90 and A.Appl-91) . 

(8) No deformation or other damage was found in the corner zone of the inner receptacle which was made to 

suffer the impact force first. No damage, bulge or other deformation was observed on the inner receptacle 

(Photos A.App1-94 to A.Appl-96) . 

(9) None of the rod bolts in the inner receptacle was damaged, loosened or removed. No dent or other 

deformations were found on the bolt seats (Photos A.App1-94 to A.Appl-96) . 

(10) On the plate simulating the double boronic stainless steel plate located between two pellet storage box 

assemblies in the center of the inner receptacle, the two fixing blocks on top were slightly deformed and one 

of the two flat head screws was broken. However, the double plate simulating boronic plate was not broken or 

cleft. Of the fixing blocks on the lower level, one flat head screw was broken, releasing the dummy boronic 

plate toward the pellet storage box assembly 1, but this was still within its effective zone. The effectiveness of 

the dummy neutron absorber was not lost because it remained in a limited space similarly to the lateral dummy 
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boronic plate (Photos A.App1-97 to A.Appl-102). 

(11) Regardless of the side of the package selected for first touchdown in the drop tests, the plates simulating 

boronic plates did not leave their effective zones since they are installed in a very limited space between the 

pellet storage box assemblies and the inner receptacle. Thus, even if they should be separated from their 

specified positions, no significant deformation or damage would occur (Photos A.Appl-103 and A.Appl-104) . 

(12) No significant deformation occurred in the pellet storage box assemblies. The partitions, the rubber 

blocks for positioning the boxes, the pillars and the fixing blocks for maintaining the space between partitions 

were not damaged or deformed (Photos A.Appl-105 to A.Appl-109) . 

(13) No significant deformation occurred in the pellet storage boxes. The contents were retained and were not 

scattered around in the inner receptacle. 

4.3. Conclusion 

4.3.1. 1.2-m drop tests 

The outer receptacle was not seriously deformed in any of the cases except that of the drop with the corner 

facing downward to suffer the impact force first. Its appearance does not show significant deformations and 

none of the rod bolts became loose or were significantly damaged. The inner elements of Prototype No. 1 

were inspected after tests were completed in all the cases. Despite very demanding conditions, the inner 

receptacle was not seriously deformed, the rod bolts were not broken and the lid remained fixed in place. The 

pellet storage box assemblies (contents) were deformed, but maintained their shape and capabilities. No 

openings that might release pellets of uranium oxides were created in any of the pellet storage boxes. The 

stainless steel plates simulating neutron absorbers in the inner receptacle as well as the partitions in the pellet 

storage box assemblies were slightly deformed and did not lose their required capabilities even partially. The 

aluminum honeycomb elements in Prototyope No. 2 were partially and slightly deformed but the inner 

receptacle did not suffer conspicuous damage. No deformation was found in the pellet storage box assemblies. 

Thus, radioactive materials will not leak from the packaging, and no diffusion or movement of the nuclear fuel 

zone that should be taken into account in a criticality evaluation will occur in the packaging. No dents that 

might contain a 10-cm cube will be generated. 

The subsequent shielding evaluation will assume conservatively that deformations have uniformly occurred in 

the outer receptacle and that the inner receptacle can move in the outer receptacle in which aluminum 

honeycomb elements are assumed not to have been installed. In addition, to simplify the model, we will 

assume that only uranium oxides are distributed homogeneously in the inner receptacle. 

4.3.2. Penetration tests 

Only shallow dents were produced on the external surfaces of the package. Such dents will not affect the 

integrity of the package at all. 
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4.3.3 . 9-m drop tests 

(1) Prototype No. 1 

(a) Exterior of outer receptacle 

Subjected to consecutive tests in different cases, Prototype No. 1 presents deformations which can reasonably 

be predicted . Nevertheless, it did not suffer any cracks, fractures or penetration holes that might affect the 

contents. No packaging elements fell off. No opening was produced in the flange . None of the rod bolts 

became loose, fell off or were broken. 

The lid of the outer receptacle did not leave its initial required position. The lid of the outer receptacle 

presents larger deformations than the body of the outer receptacle since its edges have been designed with 

lower mechanical strength so as to absorb accidental impact load. These deformations are larger than those 

observed in the body but only local. Therefore, we will assume conservatively in the criticality evaluation that 

the outer receptacle has been deformed uniformly on its body and lid. 

During a drop with the corner facing downward which produced deformation in the flange, the specimen 

suffered slight cracking in its weld but lost no portions of the ceramic fiber insulator. Each entire insulator 

block has been cut precisely to the dimensions of the compartment in the receptacle. No portion of the 

insulator will be separated and lost. Both Prototype No. 1 and Prototype No. 2 have the same construction. 

Thus, our thermal analysis will assume that no portion of the insulator has been lost. 

(b) Inner receptacle and interior of outer receptacle 

The inner elements of the outer receptacle also were deformed accordingly during the tests in various cases. 

The honeycomb element located just behind the impact zone of the outer receptacle presents large 

deformations, and some portions were separated from the structural elements of the receptacle. The lateral 

sides of the receptacle and protective pipes for the inner receptacle flange attached to these surfaces were 

deformed. Therefore, these outcomes will be taken into account in our conservative assumption for our 

subsequent evaluations: the space in which the inner receptacle can move increases. 

No openings that might form routes for leakage of the contents were produced in the lid of the inner 

receptacle. The body of the inner receptacle only presents bulges on its lateral sides and no cracks or clefts, 

especially in the weld. Some of the rod bolts caused dents and penetration holes on the back of the lid of the 

outer receptacle several times during the consecutive 9-meter drop tests. Some of these rod bolts themselves 

were deformed but were not broken. These events will be prevented from occurring in one single case by the 

effective honeycomb elements designed for restraining movement of the inner receptacle in the outer 

receptacle. 

(c) Interior of inner receptacle 

The stainless steel plates simulating neutron absorbers on the inner surface of the inner receptacle were not 

separated from their initial required locations. These plates were not deformed or damaged. The double 

stainless steel plate simulating neutron absorber between the two pellet storage box assemblies (contents) has 

lost all the fixing blocks and suffered small deformations in the portions on which these blocks should have 

remained. However, these deformations are not significant, and no cracks or other flaws were produced in or 

on the dummy neutron absorber. Thus, it remained in its effective position between the pellet storage box 
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assemblies and the inner receptacle. These fixing blocks had been attached to the dummy boronic plate with a 

reduced fixing force to protect the plate from damage under excessive impact loads during the tests. This 

measure can be seen to have made sense since the plate was not broken. The neutron absorber between the 

two pellet storage box assemblies is composed of two thin stainless steel plates to avoid cracking under 

bending stresses. Our criticality evaluation will assume that neutron absorbers will remain in their initial 

effective positions and zones without being damaged. 

The contents of the package, pellet storage box assemblies, were deformed but maintained their initial shape 

and capabilities. The pillars and the fixing nuts remained intact and the spacing for the partitions as neutron 

absorbers was maintained. No cracks were produced in the partitions which were somewhat deformed 

without leaving their effective positions. The rubber blocks for positioning pellet storage boxes and the fixing 

screws were not broken. The pellet storage boxes were held in their initial positions. No openings that might 

form routes for leakage of radioactive materials were produced in the pellet storage boxes since they were 

firmly tightened with the partitions along the vertical line of the package. Our criticality evaluation will assume 

that the fuel areas remain in the initial zones of the pellet storage boxes. 

The bulges on the inner receptacle and the deformations in the pellet storage box assemblies which were 

observed on the specimen will be ignored conservatively in the criticality evaluation because such mechanical 

consequences are factors which increase the spacing between fuel areas. 

(2) Prototype No. 2 

(a) Exterior of outer receptacle 

Before being subjected to thermal tests, Prototype No. 2 had to be made to drop in the same position with the 

same corner facing downward in the 1.2-meter drop, 9-meter drop and 1-meter drop onto penetrating bar 

tests to provide an effect of superposition on the flange, thus making the specimen more vulnerable during 

thermal tests. Prototype No. 2 presents similar deformations as those observed in Prototype No. 1 upon a 9-

meter drop onto penetrating bar test: the deformation affected the flange. Nevertheless, no openings were 

created in the flange, and none of the rod bolts were broken or separated from their required positions, so 

that the lid of the outer receptacle remained in its initial required position. A portion of the insulator was 

exposed through a crack in the weld, but no portions of it were lost. 

(b) Interiors of inner and outer receptacle 

The aluminum honeycomb elements were partially deformed. No dents such as those observed on Prototype 

No. 1 were created by rod bolts on the back of the lid of the outer receptacle. The urethane rubber guides 

maintained their integrity and practically retained the inner receptacle in its initial position. Deformation of 

the corner of the inner receptacle behind the corner of the outer receptacle was less serious than estimated 

from outside. The inner receptacle presents no significant deformations and the rod bolts were not released 

from their required positions, were not broken, and were not deformed. 

The stainless steel plates simulating neutron absorbers on the inner surfaces of the inner receptacle were not 

separated from their initial required positions, were not deformed and were not broken. Some of the fixing 

blocks on the dummy boronic plate between the two pellet storage box assemblies were broken, but the 
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dummy plate did not suffer significant deformations or fracture and remained in its effective zone. 

The pellet storage box assemblies were slightly deformed but maintained their initial shape and capabilities. 

The pellet storage boxes and positioning rubber blocks were not deformed or damaged. 

4.3.4. 1-m drop onto penetrating bar tests 

The 1-meter drop onto penetrating bar test with the wider lateral side of the specimen inclined but facing 

downward produced a dent of 55 mm (maximum depth) . No cracking or penetration occurred on the external 

surfaces of the outer receptacle in any of the other cases o f orientation. During the 1-meter drop onto 

penetrating bar tests, the outer receptacle suffered small local deformations but no bulges on its inner surfaces. 

5. Conclusion 

Two prototype packages were subjected to a consecutive series of drop tests: 1.2-meter drop, steel rod 

penetration, 9-meter drop and 1-meter drop onto penetrating bars. The packagings were sufficiently rigid to 

demonstrate the expected capabilities. Our subsequent evaluations will take into account the data on the 

deformations and fractures recorded during these tests, combined with additional conservative assumptions in 

view of the uncertainty of reproducibility of the prototype tests. 
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