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CHAPTER I - Description of Nuclear Fuel Package 

I-A. Purposes and Requirements 

(1) Application 
The nuclear fuel package configured with a type GP-01 transport packaging is designed to be 

used for domestic and international transport of pellets of uranium oxides or pellets of uranium 
oxides mixed with gadolinium, enriched to 5 weight percent or less for use in light water reactors . 

(2) Type designation of packaging: 

(3) Category of package: 

(4) Limit to number of packages: 

GP-01 

Type "A" fissile package 

No limit 

(5) Geometrical arrangement required for transport: Arbitrary 

(6) Transport index: 

(7) Criticality safety index: 

I-B . Type of Package 
Type "A" fissile package 

I-C. Packaging 

(1) Gross weight: 
- Gross weight of packaging: 
- Gross weight of package: 

(2) Structural materials 

0.3 

0 

'.S 730 kg 
'.S 1300 kg 

The type GP-01 packaging consists of an outer receptacle and an inner receptacle which can be 
retrieved from the outer receptacle without being dismantled. Essentially, the outer receptacle 
consists of structural elements including stainless steel frames, inner plates and outer plates . 
These structural elements are provided with heat insulating material made of ceramic fiber and 
spacers made of rubber. The inner receptacle consists of stainless steel plates provided with 
rubber spacers and an O-ring. Table I-1 shows details of the structural elements . 

(3) Neutron absorbers 
The boronic stainless steel plates installed inside the inner receptacle serve as neutron absorbers . 

Table I-1 shows these neutron absorbers with detailed structural elements . 

(4) Neutron moderators 
Not applicable. 

(5) Shielding material 
Not applicable. 
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(6) Dimensions and constructions of main parts 
(a) General 

Fig. I-1 shows a general view of the package considered. The package resembles a nested box 
and consists of an outer receptacle and an inner receptacle which can be retrieved from the outer 
receptacle without being dismantled . 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 blocks of a heat insulating material to ensure heat resistance. 
Aluminum honeycomb elements are attached to the inner surfaces of the outer receptacle and its 
lid to attenuate any external shock against the inner receptacle. A fusible plug is installed at an 
appropriate location on each of the outer faces of the outer receptacle. 
The lid of the outer receptacle has the same structure as that of the main body of the outer 

receptacle. The top surface of the lid has six (6) recesses which mate with six legs of another 
outer receptacle when a package/ packaging is placed in stack on another as required . These six 
recesses can be used for positioning the upper package/ packaging. Four of the six recesses at the 
four corners of the receptacle have a hole to which a hook or a shackle can be hitched for lifting 
the entire package. The lid of the outer receptacle is firmly joined to the body of the outer 
receptacle by means of twenty (20) rod bolts with nuts on the flange. The flange has two seal 
fixing holes at symmetrical locations . 
The body and of inner receptacle as well as the lid of the inner receptacle has a single-caisson-

shaped structure composed of thick stainless steel plates . An O-ring is provided for sealing the 
receptacle 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 sixteen (16) rod bolts . Six boronic stainless steel 
plates are installed: one on each of the four narrower lateral sides and one on each of the two 
wider lateral sides; one boronic stainless steel plate is installed as partition between two pellet 
storage box assemblies (contents of package). 

(b) Structure 
I. Body of outer receptacle 

Fig. I-2 shows the multi-caisson-shaped structure of the body of the outer receptacle in detail. 
The body of the outer receptacle consists of 5-mm thick stainless steel channel skeleton 
elements formed as multiple caissons on which 3 mm thick stainless steel outer plates and 2 
mm thick stainless steel inner plates are welded. The body of the outer receptacle has a length 
of 1134 mm, a width (breadth) of 820 mm and a height of 894 mm (from leg bottom to flange). 

Stainless steel rods 10 mm in thickness and 66 mm in width are welded on the flange. The 
flange has a shape with an internal portion which is so elevated that rainwater (for example) is 
prevented from entering the outer receptacle through any gap accidentally created between the 
body and the lid. Rod bolt seats are provided on the entire lateral sides of the body 
immediately under the flange . These seats are sufficiently offset from the general surfaces of 
the outer plates to stay behind them. 

Pieces of blanket-like ceramic fiber insulator, cut in appropriate dimensions, are inserted into 
the gap between the inner plates and the outer plates. Aluminum honeycomb elements are 
installed on the inner surfaces of the lateral sides and the bottom and are covered and fixed 
with a 1.5 mm thick aluminum cover. Square pipes (40 mm x 40 mm) of stainless steel are 
welded on the inner surfaces of the body to protect the inner receptacle flange from external 
shock in the event of accidental drop . Silicone rubber spacers 5 mm in thickness are applied to 
the flange . A positioning pin 16 mm in diameter of stainless steel is installed at each of the two 
diagonally-located corners of the body. Two pieces of 3 mm thick stainless steel are welded on 
the lowermost portions and bottom of the receptacle to form guards against damage that could 
potentially be caused by transport devices such as forklifts and pallet trucks during transport. 

I-2 



II . Lid of outer receptacle 
Fig. I-3 shows the structure of the lid of the outer receptacle. Like the body of the outer 

receptacle, the lid of the outer receptacle consists of 5 mm thick stainless steel channel skeleton 
elements formed as multiple caissons on which stainless steel 3 mm thick outer plates and 2 
mm thick stainless steel inner plates are welded. Stainless steel plates 2 mm in thickness are 
welded on the entire lateral sides of the lid, and stainless steel rods 10 mm in thickness and 63 
mm in width are welded on the lower ends of the plates to form a flange . The lid has a length 
of 1144 mm, a width (breadth) of 830 mm and a height of 166 mm (external dimensions 
excluding inner honeycomb elements). Channel elements 3 mm in thickness are welded on the 
upper surface of the flange on the entire lateral sides of the lid to achieve the required strength 
of the flange. Pieces of 10 mm thick stainless steel plate are welded to form lifting attachments . 

Pieces of blanket-like ceramic fiber insulator, cut in the appropriate dimensions, are inserted 
into the gap between the inner plates and the outer plates and in the void of the channel on the 
lateral sides . Aluminum honeycomb elements are attached to the inner/ bottom surface of the 
lid and are covered and fixed with a 1.5 mm thick aluminum honeycomb cover. Pieces of fire-
resistant rubber 3 mm in thickness are applied to the inner sides of the flange. These rubber 
pieces have the capability of expanding in accidental fire conditions to block up the gaps 
between the elements . 

III. Body of inner receptacle 
Fig. I-4 shows the structure of the body of the inner receptacle. The body consists of pieces 

of 6 mm thick and 8 mm thick stainless steel plates welded onto each other to form a multi-
caisson-shaped construction. Stainless steel rods 12 mm in thickness and 45 or 47 mm in width 
are machined and welded on the top of the body of the inner receptacle to form a flange . To 
increase the strength of the flange, rod bolt seats are provided at sixteen (16) points on the 
entire lateral sides of the body. The flange has a 13 mm wide groove into which an O-ring of 
silicone rubber 10 mm in diameter is engaged. Silicone rubber spacers 5 mm in thickness are 
applied to the entire flat surface of the flange. A positioning pin 12 mm in diameter of stainless 
steel is installed at each of the two diagonally-located corners of the body. The boronic 
stainless steel plates applied to the entire inner surface of the body with an inorganic adhesive 
serve as neutron absorbers . The stainless steel partition in the center is boronic, too . 

IV. Lid of inner receptacle 
Fig. I-5 shows the structure of the lid of the inner receptacle. The lid is made of 10 mm thick 

stainless steel plates . Three 15 mm thick stainless steel bars are welded on the top of the lid to 
work as reinforcing elements and lifting attachments at the same time. The border of the lid is 
machined (spot-faced) to serve as the seat into which a fixing nut is engaged. Twelve (1 2) anti-
interference spacers of neoprene rubber 10 mm in thickness are applied to the reverse side of 
the lid as protecting and fixing materials for the pillars of the pellet storage box assemblies. 

V . Neutron absorbers 
Fig. I-6 shows the positions of the neutron absorbers . These are 3 mm thick boronic 

(concentration: one weight percent) stainless steel plates fixed with an inorganic adhesive, one 
on each of the two narrower internal lateral sides and two in parallel on each of the two 
internal wider lateral sides at positions which correspond to the pellet storage box assemblies 
(six absorbers in total). Neutron absorbers are also provided like a "partition" between the two 
pellet storage box assemblies. This consists of two joined 3 mm thick boronic stainless steel 
plates and is fixed with countersunk screws by two upper point and two lower points on the 
fixing blocks welded onto the body of the inner receptacle. 

Stainless steel guides are welded onto the inner surfaces of the inner receptacle to avoid 
accidental friction / collision between materials during loading of the pellet storage box 
assemblies into the inner receptacle. The three fixing blocks on top of the central neutron 
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absorber installed in the receptacle center have the shape of a guide. Spacers of neoprene 
rubber 3 mm in thickness are applied to the surfaces of all the neutron absorbers to prevent 
friction wear during operation. 

VI. Rod bolts 
The rod bolts used for the bodies of the inner and outer receptacles are of type M16 and 

identical for both receptacles . These rod bolts are manufactured by forging and machining 
SCM435 steel. Rod bolts are fixed on the 5 mm thick bolt seats welded onto the body of the 
inner receptacle or outer receptacle, with hinge pins. 

Rod bolts with stainless steel flat washer and stainless steel disk spring are joined to the lid of 
the receptacle by tightening a stainless steel nut with a wrench. 

VII. Legs and skids 
The leg is manufactured by forming a 4 mm thick stainless steel plate into a 125 x 125 mm 

square. Legs are welded at six points on the bottom of the body of the outer receptacle. The 
skid consists of a 5 mm thick stainless steel plate into which a 10 mm thick urethane rubber 
plate is burnt. The skid is fixed on the bottom surface of each leg with M12 screws. 

VIII. Fusible plugs 
Fig. I-7 shows the structure of the fusible plug. The fusible plug consists of a machined 

stainless steel rod 31.5 mm in diameter into which solder is cast and which is screwed into a 
base manufactured from a stainless steel rod 40 mm in diameter. This base is welded in the 
hole created on the outer plate of the body of the outer receptacle. A fusible plug is installed in 
the center of each face of the outer receptacle (six pieces in total). 

IX. Ancillary elements 
Two urethane rubber guides are provided on each of the four faces of the body of the inner 

receptacle to protect the honeycomb elements from damage that could be caused by contact 
with the bottom edge of an inner receptacle during loading of the latter into an outer 
receptacle. An MC nylon of high sliding capability is attached to the tip of the guide. 

Twelve (12) 8 mm thick anti-vibration rubber plates are applied to the upper surface of the 
aluminum honeycomb elements on the bottom of the body of the outer receptacle to attenuate 
potential component of vibration during transport which may be transmitted to the inner 
receptacle. 

(7) Welding 
Tig welding is adopted for all the elements of the packaging to be welded. 
The welds on the frames of the body of the outer receptacle have various shapes: butt welds on 

flat plates in "I-shape" or "inclined-V-shape," "fillet" on right-angled portions, "single flange" on 
bent portions, and "discontinued fillet" along the frame between frame and outer plate. Plug 
welding is selected for a frame to be welded on an inner plate. The flange of the outer receptacle 
is welded in inclined-V-shape and fillet on the entire perimeter. The outer plates are welded in 
inclined-V. 

The frame of the outer receptacle lid is welded in I-shape or inclined-V-shape on the butt welds 
of flat plates, as fillet on joints at right angles, and as single flange on bent welds . The frames and 
outer plates are welded as discontinuous fillet along the frame . Plug welding is adopted for the 
frames and inner plates . The welds on the flange of outer receptacle lid are in inclined-V shape 
with the ends of the outer plates, as fillet with reinforcing channel steel, in I-shape with the ends 
of the outer plates, and as fillet on the split level portions of the lifting attachments . 
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The lateral plates of the body of the inner receptacle and the bottom plate are welded in 
inclined-V-shape, the flange is welded in inclined-V-shape and as fillet. 

The reinforcing bars on the inner receptacle lid, which also serve as lifting attachments, are 
welded as fillets. 

(8) Heat extraction 
No special systems or mechanisms are provided for the packaging since it is designed for 

containing unirradiated pellets of uranium oxides or unirradiated pellets of uranium oxides mixed 
with gadolinium, whose calorific values are negligible. 

(9) Coolant 
No coolant is used in or for the packaging since it is designed for containing unirradiated pellets 

of uranium oxides or unirradiated pellets of uranium oxides mixed with gadolinium, whose 
calorific values are negligible. 

(10) Valves 
Openings for valves, openings for collecting partial samples of unirradiated pellets of uranium 

oxides or unirradiated pellets of uranium oxides mixed with gadolinium, or pipes or tubes are not 
provided in the inner receptacle, which is designed to form a containment boundary of the 
packaging. 

(11) Protruding portions inside and outside the packaging 
The only protruding portions are the legs welded on the bottom of the outer receptacle. The 

lifting attachments and the rod bolts designed for joining a body of outer receptacle to its lid are 
installed in recesses created on the receptacle and lid, and therefore have no protruding portions . 

The urethane rubber guides are protruding parts inside the outer receptacle. The aluminum 
honeycomb elements installed on the entire surfaces of the outer receptacle present a certain level 
difference. No other protruding elements are installed in the outer receptacle. 

The body of the inner receptacle has a flange and rod bolts which protrude from the general 
surface of the body. The boronic stainless steel plates, the neoprene rubber spacers on these and 
the anti-interference guides present level differences on the inner surfaces of the inner receptacle. 

(12) Lifting devices 
The holed attachments on the four corners of the lid of the outer receptacle constitute a set of 

lifting devices in the packaging. Hoisting tools such as shackles or hooks can be connected to the 
holes of these lifting attachments, and a crane/ chain block can be employed to lift the resulting 
packaging/ tools assembly in an easy and safe manner. The packaging is also designed to be 
transported on vehicles such as forklifts and pallet trucks. In such cases, the positions between 
the legs on the bottom of the body of outer receptacle are supported on a transport vehicle for 
easy and safe handling. 

By design, the inner receptacle can be retrieved from the outer receptacle without being 
dismantled. The bars which serve as both reinforcing element for the lid of the inner receptacle 
and lifting point constitute a lifting device. Hoisting tools such as shackles or hooks can be 
connected to the bar for easy and safe lifting. Like the outer receptacle, the inner receptacle is 
designed to be transported on vehicles such as forklifts and pallet trucks . 

(13) Tie-down system 
The packaging is not equipped with a tie-down system. A packaging to be transported should be 

tied down with steel wires or dedicated tie-down attachments on a vehicle or a transport 
container. 
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(14) Pressure relief valve 
The outer receptacle of the packaging is not leaktight and is therefore not equipped with a 

pressure relief valve to be activated when the inner pressure rises excessively. The inner 
receptacle has a leaktight structure capable of enduring a certain level of excessive pressures and 
is not equipped with pressure relief valves . 

(15) Gasket 
The silicone rubber 0-ring 10 mm in diameter on the flange of the body of the inner receptacle 

serves as a gasket. This 0-ring is installed (engaged) in the groove 13 mm in width and 7 mm in 
depth. Rod bolts are tightened to press the lid of the inner receptacle having a flat surface in 
contact with the 0-ring against the 0-ring and the body of the receptacle. The 0-ring changes its 
shape and transmits the pressing force of the rod bolts onto the body of the inner receptacle. 
Thus, the 0-ring serves as a sealing device for the inner receptacle. 

(16) Containment boundary 
The inner receptacle forms a containment boundary. The body of the inner receptacle is open 

on its entire top before receiving the intended contents . Once the contents are loaded in place in 
the inner receptacle, the rod bolts are tightened on the lid composed of one single 10 mm thick 
stainless steel plate to close the lid. Thus, the inner receptacle forms its portion of an actual 
containment boundary, in contact with the 0-ring under load of the tightened rod bolts . 
Moreover, continuous welding is adopted for all the joints of the stainless steel lateral plates 6 
mm and 8 mm in thickness, the stainless steel bottom plate and the stainless steel flange to 
complete the desired containment boundary. 

(17) Water in-leakage zone 
Leaktightness is guaranteed for the interior of the inner receptacle which actually forms a 

containment boundary. The packaging is evaluated in the criticality analysis on the assumption 
that the fuel zone is exposed to water under normal conditions and under accident conditions. 

(18) Containment system 
The inner receptacle of the packaging forms a perfect containment boundary when all the 

following processes are complete: loading the contents, welding the receptacle constituent 
elements and tightening the rod bolts to press the lid / 0-ring against the body of the inner 
receptacle to bring these two elements into tight contact. Therefore, the packaging has no special 
sealing or containing mechanisms or devices. 

I-D . Contents of Packaging 
The packaging is designed to contain two assemblies of pellet storage boxes which contain 

pellets of uranium oxides or pellets of uranium oxides mixed with gadolinium. A complete pellet 
storage box assembly consists of pellet storage boxes stacked alternately with partitions which are 
penetrated by six pillars . The stacks of the pellet storage boxes are fixed with nuts at the threaded 
top of the pillars . 

Each assembly has a capacity of containing up to 132 kg of U02 pellets of up to 5 weight 
percent enrichment. The packaging is designed for use with pellets 8 mm to 10 mm in diameter 
for fuel assemblies for any types of boiling light water reactors or pressurized light water reactors. 
In some cases of loading, pellet storage boxes are assembled together with pillar and eye nuts 

before being placed into the inner receptacle, and in other cases, they are first conveyed into the 
inner receptacle and assembled together with pillars and nuts. Also, to unload pellet storage boxes 
from the inner receptacle, one of two procedures can be adopted: either " first unload and then 
disassemble outside the inner receptacle" or " first disassemble inside the inner receptacle and 
then unload." The cover for the pellet storage box assembly can be attached to the assembly 
before or after the storing procedure. 
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Two configurations can be selectively adopted for the pellet storage box assembly depending on 
the type of the pellet storage box: assembly "A" consisting of twelve (12) pellet storage boxes 
which can store up to 11 kg of U02 per box and assembly "B" consisting of five (5) pellet storage 
boxes which can store up to 20 kg of U02 per box. An assembly "A" has a maximum capacity of 
132 kg of U02 and an assembly "B" has a maximum capacity of 100 kg of U02. 

(1) Major nuclides and their radioactivities 

-------- 232u 234U 23su 236U 238U 99Tc Total 

Radioactivities 
l.34 X 108 2.70 X 1010 l.87 X 109 l.40 X 108 8.26 X 109 l.46 X 106 3.75 X lQlO 

(Bq) 

(2) Physical conditions of package 
Pellets of uranium oxides (or pellets of uranium oxides mixed with gadolinium) are cylindrical 

ceramic solids of uranium oxides (or uranium oxides mixed with gadolinium) which are prepared 
by press-forming and sintering powder of uranium oxides (or uranium oxides mixed with 
gadolinium) . 

These pellets are lined up in neat arrangements on stainless steel corrugated plates in the 
stainless steel pellet storage box. Such pellets on corrugated plates are piled on each other in the 
box. Spacers of an organic polymeric material (neoprene rubber or urethane foam) are inserted 
between corrugated plates as required to minimize the adverse effect of vibration during 
transport. Pellet storage boxes are sometimes sealed in a plastic (polyethylene) bag for reasons of 
operation specific to the local site. In such cases, plastic bags are welded by means of a sealer or 
are protected with pieces of polyvinyl chloride adhesive tape. Fig. I-8 shows a general view of a 
pellet storage box. 
To construct an assembly, pellet storage boxes are stacked alternately with partitions on the 

lowermost partition. These partitions are penetrated by six pillars . The stack of pellet storage 
boxes is fixed with nuts at the threaded top of the pillars . Positioning blocks of neoprene rubber 
are fixed with supports for positioning blocks on all the partitions except for the uppermost one. 
Spacers of an organic polymeric material (neoprene rubber or urethane foam) are inserted 
between corrugated plates as required before constructing a pellet storage box assembly. Spacer 
blocks of neoprene rubber are attached to the bottom surfaces of all the partitions in the 
assembly "B" except for the lowermost one. Fig. I-9 shows a general view of a pellet storage box 
assembly. 
The pellet storage box assembly is made of stainless steel except for the central partition and a 

few rubber parts . The central partition is constructed with boronic stainless steel plates . The 
central partition for assembly "A" consists of a 3-mm thick boronic stainless steel plate and that 
for assembly "B" consists of four 3-mm thick laminated boronic stainless steel plates . All the 
boronic stainless steel plates are of ASTMA887-89, 304B4 grade B. The boron concentration is 
within the range 1.0 to 1.24 weight percent. The partitions are spaced at a constant definite 
distance from each other by fixing blocks provided at the locations where the pillars penetrate. 
Fig. I-10 and Fig. I-11 show the structure of pellet storage box assembly "A" and that of pellet 
storage box assembly "B," respectively. 

As integral parts of the packaging, eye nut holders for storing eye nuts for lifting pellet storage 
box assembly are attached to the top surface of the uppermost partition. 

(3) Chemical properties 
Pellets of uranium oxides and pellets of uranium oxides mixed with gadolinium are chemically 

stable. They do not react with other materials contained in the packaging and do not provoke 
chemical reactions in such materials. They will not present risks of corrosion. If these pellets 
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come into contact with other materials in the packaging, no electric potential differences will 
occur and thus will not cause electro-chemical reactions in any materials. 

Stainless steel, boronic stainless steel and neoprene rubber have chemically stable properties and 
do not react with each other in the packaging. These m aterials also will not give rise to corrosion 
problems. If these materials come into contact with other materials, no electric potential 
differences will occur and thus will not cause electro-chemical reactions in any materials. 

Organic polymeric materials (polyethylene, polyvinyl chloride and urethane) also are chemically 
stable. They do not react with each other in the packaging and do not provoke chemical reactions . 
Thus, they will not present risks of corrosion. If these pellets come into contact with such 
materials, no electric potential differences will occur and thus there will be no risk of electro-
chemical reactions in any materials . 

(4) Densities 
- Pellet: 
- Stainless steel: 
- Boronic stainless steel: 
- Neoprene rubber (chloroprene rubber): 

(5) Containment (closure) for contents 

8 to 11 g/cm3 
7.9 g/cm3 
7.8 g/cm3 
1.15 to 1.25 g/cm3. 

The kinds of pellets to be contained in the packaging are ceramic solids prepared by press-
forming and sintering powder of uranium oxides. Therefore, they do not disperse in the 
surrounding atmosphere like powder. The pellet storage box and the pellet storage box assembly 
are constructed without gaps between materials and between the interior and the exterior of the 
assembly which contains the nuclear fuel in sealed conditions. The packaging comprises no 
special materials or devices (seal or sealant) designed for ensuring liquid or gas leaktightness. The 
required containment or closure is guaranteed by the containment boundary formed by the inner 
receptacle, which can be retrieved from the outer receptacle without being dismantled. 

(6) Maximum quantity of decay heat 
The packaging is designed to contain unirradiated pellets of uranium oxides or pellets of 

uranium oxides mixed with gadolinium. The quantity of decay heat of these contents is negligible. 

(7) Maximum pressure in the containment system 
The packaging is loaded with the designed contents at normal or ambient temperatures and 

under normal pressures. Therefore, the containment system established in the packaging is not 
pressurized. 

(8) Limitations on content loading 
i) Enrichment 

It must be equal to or lower than 5.0 weight percent of the contents . 
ii) Maximum storage 
- When two pellet storage box assemblies "A" are installed: 264 kg of UO2 
- When two pellet storage box "B" assemblies are installed: 200 kg of UO2. 

Note: Assembly "A" (or "B") is not mixed with assembly "B" (or "A") in one packaging. 
iii) Kinds of enriched uranium 

Kinds of enriched uranium (other than regenerated enriched uranium) which meet the 
requirements of the American Society for Testing and Materials standard ASTM C996-04 ECGU: 

232U ~ 0.0001 µg/ gU 

234U ~ 10X103 µg/g235U 

236U ~ 250 µg/ gU 
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99'fc ~ 0.01 µg/gU 
Note: When the condition 236U < 125 µg/ gU is present, these criteria do not apply to 232U and 

99Tc. 
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Components 
Outer plate 
Inner plate 

Frame 
Flange 

Lifting attachment 
Spacer 

Shock absorber 
Insulator 

Outer plate 
Inner plate 

Frame 

Flange 
Flange Spacer 

Protective square pipe 

Leg 
Skid 

Rod bolt 

Nut 

Insulator 
Shock absorber 

Table I-1: Major Materials for the Packaging Components (1/2) 

Material(s) Applicable Standard(s) Dimensions (mm) Remarks 
Stainless steel TIS G 4304 or TIS G 4305 t 3 and t 2 
Stainless steel Ditto t2 
Stainless steel Ditto t 5 
Stainless steel Ditto t 10 
Stainless steel Ditto t10 

Fire-resistant rubber - t 3 Manufacturer's specifications 
Aluminum honeycomb - t 25.1 and t 35.1 Manufacturer's specifications 

Ceramic fiber - t 125 ( as ins tailed) 
Stainless steel TIS G 4304 or TIS G 4305 t 3 
Stainless steel Ditto t2 

t 5 and JIS G 4317,JIS G 4304 or Stainless steel JIS G 4305 L SOX SOX t 5 
Stainless steel JIS G 4304 or JIS G 4305 t10 

Silicone rubber - t 5 
JIS G 3459,JIS G 3446, Stainless steel 0 40Xt4 TIS G 4304 or TIS G 4305 

Stainless steel Ditto 0 125 X t 4 
Urethane rubber - t 10 

Chrome molybdenum steel JIS G 4052 M 16 

Stainless steel JIS G 4303, JIS G 4308, M 16 JIS G 4315 orJIS G 4318 
Ceramic fiber - t 100 (as installed) Manufacturer's specifications 

Aluminum honeycomb - t 25.1 and t 35.1 Manufacturer's specifications 
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Components 
Guide 

Guide end 

Anti-vibration rubber 

Casing 
Seat 

Fusible material 
Lid plate 

Lid bar (lifting 
attachment) 

An ti-interference 
spacer 

Lateral plate, bottom 
plate 

Flange 
Flange Spacer 

O-ring 
Rod bolt 

Neutron absorber 

An ti-interference 
spacer 

Table I-1: Major Materials for the Packaging Components (2/2) 

Material(s) Applicable Standard(s) Dimensions (mm) Remarks 
Urethane rubber - w75 

MC nylon w 75 Commonly referred to as "nylon 
-

6" 
Neoprene rubber t 8 Manufacturer's specifications (chloroprene rubber) 

-

Stainless steel JIS G 4303 <j> 31.5 
Stainless steel Ditto <j> 40 

Solder JIS Z 3282 -

Stainless steel TIS G 4304 or TIS G 4305 t10 

Stainless steel Ditto t 15 

Neoprene rubber t 10 (chloroprene rubber) 
-

Stainless steel JIS G 4304 or JIS G 4305 t 6 and t 8 

Stainless steel Ditto t12 
Silicone rubber - t 3 
Silicone rubber - <j> 10 

Chrome molybdenum steel JIS G 4052 M 16 
Type 304B4 Grade B 

Boronic stainless steel ASTM A887-89 t 3 
Boron concentration ::=: 1 wt% 

Neoprene rubber t 3 (chloroprene rubber) 
-



Ld of Outer Receptacle 

Lid of Inner Receptacle 

Body of Outer Receptacle 

Body oflnner 
Receptacle 
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Fork guard 

Fusible plug 

Channel 
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Rod bolt for inner receptacle 

Flange spacer 
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Fig. I-1 : General View of Type GP-01 Package 

I - 12 



Flange 

Guide 

Protective square pipe 

Aluminum honeycomb eleme 

Fm.me 

Leg / 

Skid 

----B E]----

View From Above 

Anti-vibration 

rubber 

Guide 

Flange spacer 

Positioning pin 

@ Bolt seat 

~ 

Pos1t:1onrng pm 

~ lange spacer 

Anti-vibration 

rnbber 

Vertical Section 

Fig. I-2: Structure of Body of Outer Receptacle 

I - 13 

V 
Inner plate 



Lifting 

iiiF==$ ==-t---------,,------,j--,,------------f!c==="I"'=~ / attachment/ point 

Fire-resisting 

Insulator 

✓ 
/ 

! 

I Fusible plug 

i/ 
liil) --------------

1 

I 

I 

I 
Water drainage hole i 

~-~-77 

I 

I 

i 

View From Above 

Vertical Section 

Aluminum honeycomb element 

Fig. I-3: Structure of Lid of Outer Receptacle 

I - 14 

Fm.me 

Inner plate 



Positioning pin 

Flange 

I 

I 

I 

I 

I 

I 

I 

I 

View From Ab ove 

I 

I 

I 

I 

I 

I 

I 

I 

Neutronj absorber / Neutron jabsorber 

Vertical Section 

Fig. I-4: Structure of B d o y of Inner Receptacle 

I - 15 

O-ring 

Anti-interference spacer 

Flange spacer 

Anti-interference spacer 

Anti-interference spacer 



Ld bar (lifting point) 

Positioning hole 

View From Above 

c=;;J~, =~ii ~_._~=icj'==~~~ Lidbar /lifting point) 

/ 
Vertical Section 

A nti-interference so acer 

Fig. I-5: Structure of Lid of Inner Receptacle 

I - 16 



Neutron absorber 

Neutron absorber 

Neutron absorber 

Neutron absorber 

Neutron absorber fixi g block 

Neutron absorber fixing block 

Fig. I-6: Positions of Neutron Absorbers 

View From Above Vertical Section 
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Fig. I-9: General View of Pellet Storage Box Assembly ( example) 
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CHAPTER II - Safety Analysis of Nuclear Fuel Package 

II-A. Structural Analysis 

A.1. Structural Designing 
A.1.1 . General 
Fig. I-1 shows a general view of the package configured with a type GP-01 transport packaging. 
The packaging is designed to contain and transport unirradiated uranium oxides (or uranium 
oxides with gadolinium) prepared in the form of pellets . The packaging consists of an outer 
receptacle and an inner receptacle which can be retrieved from the outer receptacle without being 
dismantled . The inner receptacle is designed to contain two pellet storage box assemblies which 
contain pellets of uranium oxides . Stainless steel is used for the major structural elements of the 
model of packaging, including various plates and rods . 
The outer receptacle has a double structure composed of inner plates and outer plates . The voids 
between the inner plates and the outer plates are filled with blocks of a heat insulating material 
(ceramic fiber) to ensure heat resistance. A fusible plug is installed in the center of each of the 
outer faces of the outer receptacle. These fusible plugs are capable of preventing the inner pressure 
between the inner receptacle and the outer receptacle from rising at high temperatures . 
The lid of the outer receptacle is firmly joined with the main body of the outer receptacle by means 
of twenty (20) rod bolts on the flange. Aluminum honeycomb elements are attached to the inner 
surfaces of the outer receptacle and the lid of the outer receptacle to attenuate any accidental 
shock against the inner receptacle. The top surface of the lid has six (6) recesses which mate with 
six legs of another outer receptacle when a package/ packaging is placed in stack on another as 
required. These six recesses can be used for positioning the upper package/ packaging. Four of the 
six recesses at the four corner of the receptacle have a hole and can serve as a set of lifting devices . 
The inner receptacle has a caisson-shaped single structure. An O-ring is provided for sealing the 
receptacle on the flange surface. The lid of the inner receptacle is joined with the body of the inner 
receptacle by means of sixteen (16) rod bolts with nuts. Neutron absorbers consisting of boronic 
stainless steel plates are installed on the inner surfaces of the body of the inner receptacle. Fig. I-6 
shows the positions of these neutron absorbers installed. 
A pellet storage box assembly consists of pellet storage boxes, six pillars, and partitions. Pellet 
storage boxes are stacked alternately with partitions. Two configurations can be selectively adopted 
for the pellet storage box assembly depending on the type of the pellet storage box: assembly "A" 
and assembly "B." 

In some cases of loading, pellet storage boxes are assembled together with pillar and eye nuts 
before being loaded into the inner receptacle, and in others, they are first conveyed into the inner 
receptacle and assembled together with pillars and nuts . Also to unload pellet storage boxes from 

the inner receptacle, one of the two procedures can be adopted: either "first unload and then 
disassemble outside the inner receptacle" or "first disassemble inside the inner receptacle and then 
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unload." The cover for pellet storage box assembly can be attached to the assembly before or after 

storing process . 

A.1 .2. Applicable Design Standards 
This analysis was carried out to evaluate the structure of the Type A fissile package under the 
normal conditions and under the accident conditions as defined in the "Regulations for transport 
of nuclear fuel materials outside the industrial facility and premises" (Ordinance No. 57 of the 
General Administrative Agency of the Cabinet of December 28, 1978; last revised in the decree No. 
3 of the Ministry of Economy, Trade and Industry of April 15, 2008) (hereinafter referred to as 
"the Regulations") and in the Public Notice on particulars relative to the technical requirements 
for transport of nuclear fuel materials outside the industrial facility and premises" (Public Notice 
No. 5 of the Science and Technology Agency of November 28, 1990; last revised in the Public 
Notice No. 1 of the Ministry of Economy, Trade and Industry of December 26, 2006) (hereinafter 
referred to as "the Public Notice") to prove that it meets the applicable technical standards . 

Results of the analysis were examined and interpreted with the "margin of safety" to check that the 
package has a margin of safety of at least 1: 
Margin of safety = Analytical criteria / Analytical value. 
Table II-A-1 presents first the analysis items including reference drawings, materials used, design 
temperatures, and design loads on the portions concerned. Table II-A-1 also presents the analysis 
methods (equations and techniques used) and analytical criteria. The analytical criteria used include 
yield stress as tensile stress, yield stress multiplied by 1 /✓3 as shear stress, and tensile stress or 
shear stress multiplied by 0.61 for the weld. 
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Analysis Items Reference 
Drawings 

1. Chemical and electrical 
reactions -

(1) Chemical reactions 
-

(2) E lectrical reactions 

2. Low temperature 
strength 

(1) Structural elements -

(2) Shock absorbers -

(3) Spacers and O-ring -

( 4) Insulators -

(5) Rod bolts -

3. Containment system Fig. I-4 

Table II-A-1: D esi_g_n Criteria for Structural Analysis (1/ 5) 
Analysis Conditions 

Design D esign Loads 
Material Temperatures Category Load Items Factor 

Ambient 
- temperatures Corrosion - Reactivity 

- Ambient Corrosion - Potential 
temperatures 

SUS 304 - 40°C Lowest - Low-temp. 
temperature strength 

Aluminum - 40°C Lowest - Low-temp. 
honeycomb temperature strength 

Silicone rubber - 40°C Lowest - Performance 
temperature deterioration 

Ceramic fiber - 40°C Lowest - Performance 
temperature deterioration 

SCM 435 H - 40°C Lowest - Low-temp. 
temperature strength 

- - - - Operational 
error 

Analysis Methods Remark 
Applied Equations and Criteria s 

E lements 

No chemical 
Presence of reactivity eaction occurs. 

Presence of electrical N o electrical 
potential difference between potential 
diffe rent materials difference is 

present between 
different 
materials. 

Performance deterioration -

Performance deterioration -

Performance deterioration -

Performance deterioration -

Performance deterioration -

Any operational 
Fail-safe mechanism rror does no t 

open the 
ontainment 

system. 
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4. Lifting devices 
(1) Outer receptacle, 
lifting attachments, "A" -
section 

(2) Outer receptacle, 
lifting attachments, 
"B" -section 

(3) Outer receptacle, 
lifting attachments, 
caisson-shaped 
zones, welds 

Fig. II-A-4 SUS 304 Ambient Weight of 3 
temperatures package 

Fig. II-A-5 SUS 304 Ambient Weight of 3 
temperatures package 

Fig. II -A-6 SUS 304 Ambient Weight of 3 
temperatures package 

Tensile stress OAT= Fz/ AA · ex -
Shear stress TAX= Fx/AA -

Shear stress TAy= Fy/AA -

Bending stress 0AB= Fy LIZA -

Combined a AC = .JaAT 2 + a ,1./ - a A.Ta AB + 3r ,(X 2 + 3rA/ 0y 
stress 

Tensile stress 0BT=Fx/ AB. ex -

Shear stress TBz=Fz/AB -
Shear stress TBy=Fy/AB -

Combined 
J 2 2 2 

CY BC =CY BT + 3r BZ + 3r BY 0y 
stress 

Shear stress ,,= Fz/A, 0.352oy 
(= 1 /✓3 · 0.61) 



...... ...... 

► 
u, 

t: 
0 
0... 
"' c:: 
"' .... 

f--< 
<.--, 
0 

"' c:: 
0 

·.;::i 
:.a c:: 
0 u 
Cl) 
c:: 

·.;::i 
::, 
0 
~ 

Analysis Items 

(4) Outer receptacle, 
welds between 
lifting attachments 
and lid 

(5) Outer receptacle, rod 
bolts 

( 6) Inner receptacle, 
lifting attachments, 
"A" -section 

(7) Inner receptackle, 
lifting attachments, 
"B" -section 

(8) Inner receptacle, 
lifting attachments, 
welds 

(9) Inner receptacle, rod 
bolts 

5. Tie-down system 

Reference 
Drawings 

Fig. II-A-7 

Fig. I-1 

Fig. II-A-8 

Fig. II-A-9 

Fig. II-A-10 

Fig. I-1 

-

Table II-A-1: D esi_g_n Criteria for Structural Analysis (2/5) 
Analysis Conditions 

Design Design Loads 
Materials Temperatures Category Load Item Factor 
SUS 304 Ambient Weight of 3 Tensile stress 

temperatures package 

SCM435H Ambient Weight of 3 Tensile stress 
temperatures package 

SUS 304 Ambient Weight of 3 Tensile stress 
temperatures package Shear stress 

Shear stress 
Bending stress 

Combined 
stress 

SUS 304 Ambient Weight of 3 Tensile stress 
temperatures package Shear stress 

Shear stress 

Combined 
stress 

SUS 304 Ambient Weight of 3 Tensile stress 
temperatures package Shear stress 

Bending stress 

Combined 
stress 

SCM435H Ambient Weight of 3 Tensile stress 
temperatures package 

- - - - -

Analysis Methods Remark 

Category Criteria s 

oL=Fz/AL 0.61oy 

OR= Fz/ (nAR)+T / (KdAR) 0y 

0AT=Fz/ AA· rJ. -

TAX=Fx!AA -

TAy=Fy/AA -

0AB= FyL/ZA -

(J' AC = ✓ (J' AT 
2 + (J' AB 

2 
- (J' A.T a AB + 3r AX 

2 + 3r ,ff 
2 0y 

0By=Fy/ AB ' rJ. -

TBz=Fz/ AB -

TBx=Fx/ AB -

✓ 2 2 2 a BC =a BT + 3r BZ + 3r BX 0y 

ay=Fz/ A· r:t. -

,x=Fx/A -

OB= FyL/Z -

J 2 2 2 (j C =CY T + (j B - (j T (j B + 3T X 0.61ay 

OR=Fz/ (nAR)+T / (K.dAR) 0y 

- - NIA 
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6. 

7. 

Annlysis Items Reference 
Drawings 

Pressures 
(1) Inner receptacle -

narrower lateral 
sides -

(2) Inner receptacle -

wider laterals sides 
-

(3) Inner receptacle 
bottom -

(4) Inner receptacle top 
surface 

(5) Inner receptacle rod 
bolts 

Vibration -

Table II-A-1: Desi_g_n Criteria for Structural Analysis (3/5) 
Analysis Conditions 

Design Loads Analysis Methods Remark 
Materials Design Load Applied Equations and Temperatures Category Facto Item Criteria 

s 
Elements r 

SUS 304 Ambient Inner pressure 1 Bending stress CT max = ppa2 /h2 CTy 
temp era tures 

SUS 304 Ambient Inner pressure 1 Bending stress CTmax =Ppa2/h2 CTy 
temp era tures 

SUS 304 Ambient Inner pressure 1 Bending stress CT max = ppa2 /h2 CTy 
temp era tures 

SUS 304 Ambient 
temp era tures Inner pressure 1 Bending stress CT max = ppa2 /h2 CTy 

SCM 435 H Ambient Inner pressure 1 Tensile stress CTR= F / (nAR)+T I (KdAR) CTy 
temp era tures 

- - Vibration - Deformationor - Damage to 
fracture package 

Damage to 
contents 
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Annlysis Items Reference 
Drawings 

1. Pressures 
(1) Inner receptacle, -

Narrower lateral sides 
(2) Inner receptacle, wider -

laterial sides 
(3) Inner receptacle, -

bottom surface 
(4) Inner receptacle, top -

surface 
(5) Inner receptacle, rod -

bolts 

2. Water spray -

3. Free drop -

Horiz. lid facing downward 
Horiz. narr. side facing 

downward 
Corner facing downward 
4. Stacking Fig. II-A-11 

5. Penetration -

Table II-A-1: Desi_g_n Criteria for Structural Analysis (4/5) 
Analysis Conditions 

Design Design Load Analysis Methods Remark 
Materials Temperature Category Load Item Applied Equations and Criteria s 

s Facto1 Elements 

SUS 304 75°C Inner pressure 1 Bending stress CT max= ~pa2 /h2 a y 

SUS 304 75°C Inner pressure 1 Bending stress CT max= ~pa2 /h2 a y 

SUS 304 75°C Inner pressure 1 Bending stress CT max= ~pa2 /h2 a y 

SUS 304 75°C Inner pressure 1 Bending stress CT max= ~pa2 /h2 a y 

SCM 435 H 75°C Inner pressure 1 Tensile stress CTR= F/(nAR)+T/(KdAR) a y 

- Ambient Water spray - Infiltration of - Deterioration 
temperatures water of quality 

Internal water 
in-leakage 

SUS 304 Ambient Drop from a 1 Mechanical Prototype packaging test Deformation, 
temperatures height of 1.2 effect fracture 

m Leakage of 
contents 

SUS 304 Ambient Weight of 5 Buckling load 
W = Aa-c(l - ~,1,2

) 
Buckling load 

temperatures package 4n1l'2E 

SUS 304 Ambient Drop of a 1 Mechanical Prototype packaging test Penetration 
temperatures cylindrical effect 

rod from a 
height of 1 m 
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Annlysis I terns Reference 
Drawings 

1. Drop I -

Horiz. lid facing downward 
Horiz. narrower side facing 

downward 
Horiz.wider side facing 

downward 
Inclined narrower side 
Corner facing downward 

2. Drop II -
Horiz. lid facing downward 
Horiz. near leg onto p . bar 
Incl. wider side lifting 

attachment onto p. bar 
Incl. wider side center 
Incl. wider side flange 
3. Thermal test -

4. Water immersion test -

Table II-A-1: Design Criteria for Structural Analysis (5/5) 
Analysis Conditions 

Temperature Design Load 
Materials Load Category Item s Factor 
SUS 304 Ambient Drop from a 1 Mechanica 

temperature height of 9 m 1 effect 
s 

SUS 304 Ambient Drop from a 1 Mechanica 
temperature height of 1 m 1 effect 

s onto the p . bat 

SUS 304 38°C 38°C solar 1 Thermal 
800°C radiation effect 

800°C, 30 min. 

- - - - -

Analysis Methods Remark 
Applied Equations and Criteria s 

Elements 
Prototype packaging test Deformation, 

fracture 
Contents 
affected 

Prototype packaging test Deformation, 
fracture 

Contents 
affected 

Prototype packaging test Deformation, 
Analytical model fracture 

Contents 
affected 

- - Water 
1mmers 
!On lS 

taken 
into 

account 
m 

criticali 
ty 

analysis 



A.2. Weights and Center of Gravity 
Table II-A-2 shows the weights of the package and major components of the package. Fig. II-A-1 shows the 
location of the center of gravity of the package. 

Table II-A-2: Weight of Package (maximum) 

(Unit: kg) 

Package :S: 730 

Outer receptacle body (393) 

Outer receptacle lid (147) 

Inner receptacle body (150) 

Inner receptacle lid (40) 

Contents (pellet storage box :S: 570 

assemblies) 

Gross Weight :S: 1300 

Our analytical calculation assumes that the maximum weight of the package weighs 1300 kg. 

0 
'T 

1134 

Fig. II-A-1: Center of Gravity of the Package 
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A.3. Mechanical Properties of Materials of Packaging 

Table II-A-3 shows the mechanical properties of the major materials which comprise the packaging 

II-A-10 



>-< >-< 

:>-
....... 
....... 

Material 

Stainless steel 

Chrome-

molybdenum 

steel 

Category 

Plates SUS 304 

SUS 304TP 
Pipes 

SUS 304 

Rods SUS 304 

Angles SUS 304 

Rods SCM435H 

Table II-A-3: Mechanical Properties of Major Structural Materials 

Density Yield Stress Tensile Strength 
Elongat Young's 

10n Modulus 
(kg/m3) (MPa) (MPa) 

(%) (MPa) 

20°c 20°c 75°c 170°c 20 °C 75°c 170°c 20°c 20°c 

7930 205 183 151 520 466 414 40 1.93 · 105 

7930 205 183 151 520 466 414 35 1.93 · 105 

7930 205 183 151 520 466 414 40 1.93 · 105 

7930 205 183 151 520 466 414 40 1.93 · 105 

7930 205 183 151 520 466 414 40 1.93 · 105 

7830 785 712 643 930 847 847 15 2.05 · 105 



A.4. Requirements for P ackage 
A.4.1. Chemical and E lectrical Reactions 
Table II-A -4 lists the kinds of p ackaging materials which stay in contact with each oth er or with p arts of the 
contents . None of the contact combinations for these materials produce hazardous chemical or electrical 
reactions . 

Table II-A-4: Contact Combinations for D ifferent Kinds of Materials 

Contact Combination for Materials Relevant E lements of P ackaging 

Stainless steel + Chrome molybdenum steel Outer receptacle + Rod bolt 

Inner receptacle + Rod bolt 

Stainless steel + Ceramic fiber Outer receptacle + Insulator 

Stainless steel + Aluminum Outer receptacle + Shock absorber 

Stainless steel + Urethane rubber Outer receptacle + Skid 

Outer receptacle + Guide 

Stainless steel + Silicone rubber Outer receptacle + Flange spacer 

Inner receptacle+ Flange spacer/ O -ring 

Stainless steel + Neoprene rubber Outer receptacle + Fusible plug O -ring 

Inner receptacle + Spacer 

Inner receptacle + Antivibration rubber 

Stainless steel + Ethylene propylene rubber Outer receptacle + Fire resisting rubber 

Stainless steel + Solder Fusible plug casing + Fusible plug fusible zone 

Stainless steel + Boronic stainless steel Inner receptacle + Neutron absorber 

Boronic stainless steel + Neoprene rubber Neutron absorber+ Spacer 

Aluminum+ Neoprene rubber Shock absorber + Antivibration rubber 

Shock absorber + Spacer 

Urethane rubber+ MC nylon Guide main p art + Guide tip 

MC nylon + Stainless steel Inner receptacle + Guide tip 
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A.4.2. Low-temperature Strength 

Metallic materials for the packaging include austenite stainless (equivalent to SUS 304), chrome molybdenum 

steel (equivalent to SCM 435) and aluminum alloy. All these materials do not lose their strength or their 

capabilities in an environment kept at-40°C (see Appendix 2 to Chapter II-A) . 

Neoprene rubber and silicone rubber are the materials used for the O-ring and spacers of the packaging. The 

neoprene rubber has brittle temperatures of around -55 to -35°C. This material is not taken into account in 

our structural evaluations and its embrittlement is regarded non-relevant to the structural risks of the 

packaging. The silicone rubber used to form the required containment boundary has a brittle temperature of -

50°C or even lower and will not lose part of its capabilities at low temperatures. 

The insulator for the packaging is made of a ceramic fiber. The insulator, not designed for application in an 

environment at -40°C, will not give birth to any issues relative to deterioration of insulating capability at low 

temperatures. Besides, this material will not deteriorate at -40°C. 

A.4.3. Containment System 

As containment system is regarded the inner receptacle of the packaging. The inner receptacle consists of a 

body and a lid. An O-ring is installed along the groove on the inner receptacle flange. Sixteen (16) rod bolts 

are tightened with nuts and spring lock washers to press the lid of the inner receptacle against the O-ring on 

the body of the inner receptacle, thus ensuring the required containment in the inner receptacle. These bolts 

will not loosen during transport. 

The inner receptacle is installed in the outer receptacle. The lid of the outer receptacle is firmly joined with the 

body of the outer receptacle by means of twenty (20) rod bolts on the flange. These bolts will not loosen 

during transport. 

Common tools such as wrenches are required to loosen and remove the tightened rod bolts. A crane is 

required to open the lid of the outer receptacle which weighs more than 100 kg. To transport the package, the 

lid of the outer receptacle should be tied down with suitable means on the transport vehicle (truck, transport 

container, etc.) to prevent the package from rattling moving up and down on the vehicle. 

Thus , once the package is correctly prepared, the containment system cannot be opened erroneously without 

express intention to do so . 
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A.4.4. Lifting Devices 

Lifting devices are the lifting attachments on the outer receptacle shown in Fig. I-3 and the lifting attachments 

on the inner receptacle shown in Fig. I-5. All these lifting attachments are made of stainless steel. Those of the 

outer receptacle are welded on the frames and those of the inner receptacle on the lid. The lifting devices have 

a structure designed to support a load three times the overall weight of package. They will endure jerky lifting 

operation of the package. 

The lifting attachments on the inner and outer receptacle were evaluated to check that stresses which may 

occur in the thick portions of the plates, welds and rod bolts will remain in the specified ranges . 

The lifting operation for both receptacles required four steel wires shown in Fig. II-A-2 and Fig. II-A-3. 

Stresses generated on the lifting attachments as lifting devices were determined. 

At the lifting wire angles shown these figures, the load (stress) on one of the lifting attachments is determined 

as follows: 

F =Iwc 
z 4 

Fx = F
0 

I tan(90 - 0x) 

where 

Fz: vertical component of the load acting on the lifting attachment [NJ 
Fx: horizontal longitudinal component of the load acting on the attachment [NJ 

Fy: horizontal transversal component of the load acting on the lifting attachment [NJ 
W : gross weight of the package 

Outer receptacle: 1300 kg 

Inner receptacle: 760 kg 

G: gravitational acceleration = 9 .80665 m / s 

6 x : angle formed by the wire and the vertical line on the longitudinal plane 

Outer receptacle: 32.3° 

Inner receptacle: 19.8° 

6 Y : angle formed by the wire and the vertical line on the transversal plane 

Outer receptacle: 28.0° 

Inner receptacle: 8.5° . 

Thus, the load components in the outer receptacle are: 

Fz = 9562 [NJ 

Fx = 6039 [NJ 

Fy = 5084 [NJ 

And the load components in the inner receptacle are: 

Fz = 5590 [NJ 

Fx = 2010 [NJ 

Fy = 840 [NJ. 
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A.4.4.1. Stresses on "A" -section of the outer receptacle lifting attachment 

The lifting attachment is a box-shaped part composed of five stainless steel plates welded with 

each other. While the packaging is lifted, the overall load is distributed to these five plates. In our 

analysis, stresses produced during lifting operation are determined conservatively on the 

assumption that the entire load is concentrated on one of the plates . 

"A'' -section (see Fig. II-A-4) is exposed to a tensile stress resulting from the vertical load 

component, a shear stress resulting from the longitudinal load on cross-section and a bending 

stress resulting from the transversal load on cross-section. 

Fz 
Fz 

Fx Fy 

Fig. II-A-4: "A" -section of the outer receptacle lifting attachment 

(1) Vertical tensile stress 
The tensile stress is represented by: 

F_ 
c;AT =-- xa 

AA 
where 
GAT: tensile stress generated on "A" -section [MPa] 
F z : vertical component of the load acting on the outer receptacle lifting attachment = 

9562 [NJ 
AA: area of "A" -section= 1470 [mm2] 

cc stress concentration factor (for steel strip having a round hole) = 2.6 . 
These values are assigned: 

9562 
c;AT =--x2.6=17.0 [MPa] 

1470 
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(2) Horizontal longitudinal shear stress 
This shear stress is represented as follows: 

Fx r =-
AX A 

A 

where 
LAX: horizontal longitudinal shear stress on "A" -section [MPa] 
F x : longitudinal component of the load acting on the outer receptacle lifting attachment = 

6039 [NJ 
AA: area of"A"-section = 1470 [mm2] . 

These values are assigned: 

r = 6039 = 4.4 [MPa] 
AX 1470 

(3) Horizontal transversal shear stress 
This shear stress is represented as follows : 

FY 
'AY =-AA 
where 
LAY: horizontal transversal shear stress generated on "A" -section [MPa] 
F Y: transversal component of the load acting on the outer receptacle lifting attachment = 

5084 [NJ 
AA: area of"A"-section = 1470 [mm2] . 

These values are assigned: 

r = 
5084 

= 3.5 [MPa] 
AY 1470 

(4) Horizontal transversal bending stress 
This bending stress is represented as follows: 

FYL 
(TAB=--

ZA 
where 
GAB: bending stress generated on "A''-section [MPa] 
F Y: transversal component of the load acting on the outer receptacle lifting attachment = 

5084 [NJ 
ZA: section modulus of "A" -section [mm2] 

ZA=(147 · 102)/ 6=2450 [mm2] 

L: distance from "A''-section to the point of load application = 31 [mm] . 
These values are assigned: 

CT = 5084 X 31 = 64.4 [MPa] 
AB 2450 

(5) Combined stress 
The combined stress while a vertical stress and a shear stress simultaneously occur is represented 
as follows: 

/ 2 2 2 2 
CT AC = "\f CT AT + CT AB - CT ATC, AB + 3, AX + 3, AY 

where 
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GAc: combined stress generated on "A" -section [MPa] 
GAT: tensile stress generated on "A" -section = 17 .0 [MP a] 
GAB: bending stress generated on "A" -section = 64.4 [MPa] 
LAX: horizontal longitudinal shear stress generated on "A'' -section = 4.4 [MPa] 
LAY: horizontal transversal shear stress generated on "A" -section= 3.5 [MPa] . 

These values are assigned: 
er Ac = ..J~i 7 ___ 0_2 _+_6_4_.4_2 ___ 1_7-.0-x-64 ___ 4_+_3_x_4 ___ 4_2 _+_3_x_3-.5-2 = 58. 7 [MPa] 

Thus, the overall stress generated on "A" -section of the outer receptacle lifting attachment is lower 
than 205 MPa, the allowable tensile stress for the stainless steel. The margin of safety is : 

. f C 205 Margm o sa1ety = -- = 3 .4 
58.7 

A.4.4.2. Stresses on "B" -section of the outer receptacle lifting attachment 

The lifting attachment is a box-shaped part composed of five stainless steel plates welded with 

each other. While the packaging is lifted, the overall load is distributed to these five plates. In our 

analysis, stresses produced during lifting operation are determined conservatively on the 

assumption that the entire load is concentrated on one of the plates . 

"B"-section (see Fig. II-A-5) is exposed to a tensile stress resulting from the horizontal 

longitudinal load on cross-section, a shear stress resulting from the vertical load on cross-section 

and a shear stress resulting from the transversal load on cross-section. 

Fz 
Fz 

Fx 

Fig. II-A-5: "B" -section of the outer receptacle Lifting Attachment 

(1) Horizontal longitudinal tensile stress 
This tensile stress is represented as follows: 
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Fx 
CTBT =-xa 

AB 
where 
GBT: tensile stress generated on "B" -section [MPaJ 
F x: horizontal longitudinal component of the load generated on outer receptacle lifting 

attachment = 6039 [NJ 
AB: area of "B" -section = 320 [mm2J 
cc stress concentration factor (for steel strip having a round hole) = 2.2. 

These values are assigned: 
6039 

CTBT = --X 2.2 = 41.6 [MPaJ 
320 

(2) Vertical shear stress 
This shear stress is represented as follows : 

F_ 
'Bz =--

AB 
where 
cBz: vertical shear stress generated on "B" -section [MPaJ 
F z : vertical component of the load generated on the outer receptacle lifting attachment = 

9562 [NJ 
AB area of "B" -section = 160 [mm2J ( only the round-hole side is taken into account) . 

These values are assigned: 

r = 
9562 

= 59.8 [MPaJ 
BZ 160 

(3) Horizontal transversal shear stress 
This shear stress is represented as follows : 

FY 
'BY=--

AB 
where 
1BY: horizontal transversal shear stress generated on "B" -section [MPaJ 
F Y: transversal component of the load acting on outer receptacle lifting attachment 

5084 [NJ 
AB: area of "B"-section = 320 [mm2J. 

These values are assigned: 
5084 

r BY = -- = 15.9 [MPaJ 
320 

(4) Combined stress 
The combined stress while a vertical stress and a shear stress simultaneously occur is represented 
as follows: 

I 2 2 2 
C,BC = 'JCTBT +3,BZ +3,BY 

where 
GBc: combined stress produced on "B" -section [MPaJ 
GBT: tensile stress produced on "B" -section = 41.6 [MPaJ 
cBz: horizontal longitudinal shear stress produced on "B" -section= 59.8 [MPaJ 
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1BY: horizontal transversal shear stress produced on "B" -section = 15. 9 [MP a]. 

These values are assigned: 

CTsc = ✓41.6 2 +3 x59.8 2 +3 xl5.9 2 =115.0 [MPa] 

Thus, the overall stress generated on "B" -section of the outer receptacle lifting attachment is lower 
than 205 MPa, the allowable tensile stress for the stainless steel. The margin of safety is : 

. f C 205 Margm o sa1ety = --= 1. 7 
115.0 

A.4.4.3. Stresses on welds of box-shaped attachment on outer receptacle lifting attachment 

The lifting attachment is a box-shaped attachment composed of five stainless steel plates welded 

with each other. This attachment is continuously welded on eight (8) mating points on the outer 

receptacle. In our analysis, stresses produced during lifting operation are determined conservatively 

on the assumption that the entire load is concentrated on the welds on both sides of the holed 

plate. 

The welds indicated in Fig. II-A-6 are exposed to a shear stress resulting from the vertical load on 

cross-section. 

Fz 

Fx 

Fig. II-A-6: Lateral Welds of Box-shaped Attachment 

The shear stress is represented as follows : 
F_ 

r =--
s A 

s 

where 
1,: vertical shear stress generated on the section of the weld on the side [MPa] 
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F z : vertical component of the load acting on the outer receptacle lifting attachment = 
9562 [NJ 

A s : effective sectional area of the lateral weld = 233.3 [mm2] (throat thickness X weld 
length). 
These value are assigned: 

' s = 9562 = 41.0 [MPa] 
233.3 

Thus, the stress generated on the section of the weld on the box-shaped lifting attachment is lower 
than 72 MPa (0.6h), value obtained by deducting the amount corresponding to a reduction in 
strength caused by fillet welding joint from the allowable shear stress, 118 MPa (1=a/ ✓ 3). The 
margin of safety is : 

. f C 72 Margm o sa1ety = -- = 1. 7 
41.0 

A.4.4.4. Stresses on weld between lid frame and lid channel and outer receptacle lifting attachment 

The box-shaped attachment is joined by welding with the frame of the lid of the outer receptacle. 

Our evaluation is carried out conservatively on the assumption that the entire load during lifting is 

concentrated on the weld between the lid frame/ channel and the lifting attachment. 

Fig. II-A-7 shows the weld on which a tensile stress is resulting from the vertical load on cross-

section. 

Fz 

Fx 

Weld 

Fig. II-A-7: Weld on Bottom of Box-shaped Lifting Attachment 

The tensile stress is represented as follows: 
F_ 

C,L = --
AL 

where 
aL: vertical tensile stress produced on the section of the weld on the bottom [MPa] 
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Fz: vertical component of the load acting on the weld on the bottom = 9562 [NJ 
AL : effective area of the weld on the bottom = 772.2 [mm2] (throat thickness X by weld 

length). 
These values are assigned: 

CT = 
9562 

= 12.4 [MPa] 
L 772.2 

Thus, the overall stress generated on the section of the weld between the lid frame / channel and 
the lifting attachment is lower than 125 MPa (0.611), value obtained by deducting the amount 
corresponding to a reduction in strength caused by fillet welding joint from the allowable tensile 
stress . The margin of safety is: 

. f C 125 Margm o sa1ety = -- = 10.0 
12.4 

A.4.4.5. Stresses on rod bolts during lifting 

Rod bolts shown in Fig. I-1 are used to join the body of the outer receptacle with the lid . In our 

analysis, stresses produced during lifting are determined on the assumption that stresses resulting 

from the gross weight (except for the lid) combined with the rod bolt tightening torque are 

generated on the rod bolts. 

The tensile stress is represented as follows: 
F2 T 

CTR = ---+-----
n x AR KxdxAR 

where 
GR: tensile stress generated on the section of the rod bolts [MPa] 
Fz: vertical component of the load acting on the rod bolts = 33922 [NJ 
n : number of rod bolts = 20 
AR: sectional area of the rod bolt= 157 [mm2] 

T: tightening torque for the rod bolt= 44130 [N·mm] 
K : torque constant= 0.1 
d: nominal diameter of the rod bolt= 16 [mm] . 

These values are assigned: 

_3_3_92_2_ + __ 44_1_3_0_ = 186.5 
20xl57 0.lxl6xl57 

[MPa] 

Thus, the overall stress generated on the rod bolt is lower than the allowable tensile stress (785 
MPa) for the chrome molybdenum steel. The margin of safety is: 

. f C 785 Margm o sa1ety = --= 4.2 
186.5 
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A.4.4.6. Stresses on "A" -section of the outer receptacle lifting attachment 

The inner receptacle lid bar (see Fig. I-5), made of stainless steel, is welded on the lid of the inner 

receptacle. The lifting points are located at the inverted-U-shaped holes . 

Fig. II-A-8 shows "A'' -section on which a tensile stress resulting from the vertical load, a bending 

stress and a shear stress resulting from the longitudinal load on cross-section, and a shear stress 

resulting from the transversal load on cross-section are generated. 

Fz 

"A" -section 

Fig. II-A-8: "A" -section of the inner receptacle Lifting Attachment 

(1) Vertical tensile stress 
The vertical tensile stress is represented as follows: 

F_ 
c,AT =-- xa 

AA 
where 
GAT: tensile stress generated on "A" -section [MPa] 
F z : vertical component of the load acting on the inner receptacle lifting attachment 

5590 [NJ 
AA: area of"A"-section = 810 [mm2] 

cc stress concentration factor (for steel strip having a round hole) = 2.35. 
These values are assigned: 

5590 
CTAT = --X 2.35 = 16.3 [MPa] 

810 

(2) Horizontal longitudinal shear stress 
This shear stress is represented as follows : 
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where 
TAX: horizontal longitudinal shear stress generated on "A" -section [MPa] 
F x : longitudinal component of the load acting on the inner receptacle lifting attachment = 

2010 [NJ 
AA: area of"A"-section = 810 [mm2] . 

These values are assigned: 

r = 20lO = 2.5 [MPa] 
AX 810 

(3) Horizontal transversal shear stress 
This shear stress is represented as follows : 

FY 
' AY =-

AA 
where 
1AY: horizontal transversal shear stress on "A" -section [MPa] 
F Y: transversal component of the load acting on the inner receptacle lifting attachment = 

840 [NJ 
AA: area of"A"-section = 810 [mm2] . 

These values are assigned: 
840 

r AY = - = l. 1 [MPa] 
810 

(4) Horizontal longitudinal bending stress 
This bending stress is represented as follows: 

FXL 
(TAB=--

Z A 
where 
GAB: Bending stress generated on "A''-section [MPa] 
F x : longitudinal component of the load acting on the inner receptacle lifting attachment = 

2010 [NJ 
ZA: section modulus of "A" -section [mm2] 

ZA = (54 · 152)/6 = 2025 [mm2] 
L: distance from "A''-section to the point ofload application = 22 [mm] . 

These values are assigned: 

c; = 2010 X 22 = 2 1.9 [MPa] 
AB 2025 

(5) Combined stress 
The combined stress (simultaneous occurrence of a vertical stress and a shear stress) is represented 
as follows: 

/ 2 2 2 2 
(j AC = "\J (j AT + (j AB - (j AT(j AB + 3, AX + 3, AY 

where 
GAc: combined stress generated on "A" -section [MPa] 
GAT: tensile stress generated on "A" -section = 16.3 [MPa] 
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GAB : bending stress generated on "A'' -section = 21. 9 [MP a] 
LAX: horizontal longitudinal shear stress generated on "A" -section = 2.5 [MPa] 
LAY: horizontal transversal shear stress generated on "A"-section = 1.1 [MPa] . 

These values are assigned: 
er Ac = -J~i6---'_"-3-2 _+_2_1-_9_2 ___ 1_6 __ 3_x_2_1._9_+_3_x_2 ___ 5_2 _+_3_x_l_.1_2 = 20.3 [MPa] 

Thus, the overall stress generated on "A" -section of the inner receptacle lifting attachment is the 
lower than 205 MPa, the allowable tensile stress for the stainless steel. The margin of safety is: 

. f C 205 Margm o saiety = -- = 10.0 
20.3 

A.4.4.7. Stresses on "B" -section of the inner receptacle lifting attachment 

The bar (see Fig. I-5), made of stainless steel, is welded on the lid of the inner receptacle. The 

lifting points are located at the inverted-U-shaped holes . 

Fig. II-A-9 shows "B" -section on which a tensile stress resulting from the transversal load on 

cross-section, a shear stress resulting from the vertical load and a shear stress resulting from the 

longitudinal load on cross-section are generated . 

Fz 

"B" -section 

Fx 
Fig. II-A-9: "B" -section of the inner receptacle Lfting Attachment 

(1) Horizontal transversal tensile stress 
Tensile stress is represented as follows : 

FY 
c,BT =-xa 

AB 
where 
GBT: tensile stress generated on "B" -section [MPa] 
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FY : horizontal transversal component of the load acting on the inner receptacle lifting 
attachment = 840 [NJ 

AB: area of "B" -section = 120 [mm2J 
cc stress concentration factor (for steel strip having a round hole) = 2.1. 

These values are assigned: 
840 

CTBT =-x2.1 =14.7 [MPaJ 
120 

(2) Vertical shear stress 
The vertical shear stress is represented as follows: 

F_ 
'Bz =--

AB 
where 
1Bz: vertical shear stress generated on "B" -section [MPaJ 
F z : vertical component of the load acting on the inner receptacle lifting attachment = 

5590 [NJ 
AB: area of"B"-section = 120 [mm2J. 

These values are assigned: 
5590 

r BZ = -- = 46.6 [MPaJ 
120 

(3) Horizontal longitudinal shear stress 
This shear stress is represented as follows : 

Fx 
'BX=-

AB 
where 
1Bx: horizontal transversal shear stress generated on "B" -section [MPaJ 
F x: longitudinal component of the load acting on the inner receptacle lifting attachment = 

2010 [NJ 
AB: area of "B" -section = 120 [mm2J 

These values are assigned: 
2010 

r BY = -- = 16.8 [MPaJ 
120 

(4) Combined stress 
The combined stress (simultaneous occurrence of a vertical stress and a shear stress) is represented 
as follows: 

I 2 2 2 
C,BC = °VC,BT +3,BZ +3,BX 

where 
GBc: combined stress generated on "B" -section [MPaJ 
GBT: tensile stress generated on "B"-section = 14.7 [MPaJ 
1Bz: horizontal vertical shear stress generated on "B" -section = 46.6 [MPaJ 
1Bx: horizontal longitudinal shear stress generated on "B" -section = 16.8 [MPaJ . 

These values are assigned: 
CT Be = ✓~14 ___ 7_2 _+_3_x_4_6-_6_2 _+_3_x_l_6 __ 8-2 = 87.1 [MPaJ 
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Thus, the overall stress generated on "B" -section of the inner receptacle lifting attachment is lower 
than 205 MPa, the allowable tensile stress for the stainless steel. The margin of safety is : 

. f C 205 Margm o sa1ety = -- = 2.3 
87.1 

A.4.4.8. Stresses on welds of the inner receptacle lifting attachment 

The inner receptacle lid bar (see Fig. I-5), made of stainless steel, is welded on the lid of the inner 

receptacle all around each of its bottom faces . 

Fig. II-A-10 shows the welded faces of the inner receptacle lid bar on which a tensile stress 

resulting from the vertical load, a bending stress and a shear stress resulting from the longitudinal 

load on cross-section occur. 

Weld 

Fx 
Fig. II-A-10: Welds of the inner receptacle Lifting Attachment 

(1) Vertical tensile stress 
This tensile stress is represented as follows: 

F 
CT =--

T A 
where 
GT: vertical shear stress generated on the weld of the inner receptacle lid bar [MPa] 
Fz: vertical component of the load acting on the weld of the inner receptacle lid bar = 

11180 [NJ 
(As two inner receptacle lid bars are provided on an inner receptacle, the vertical load 

component per bar is a half (11180 N) of the entire load. As four lifting points are provided, the 
load component for one lifting point is a quarter (5590 N) of the entire load.) 

A: total effective sectional area of the inner receptacle lid bar = 1492 [mm2] (throat 
thickness X weld length) 
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These values are assigned: 

CT = 11180 = ?.S 
T 1492 

[MPa] 

(2) Horizontal longitudinal shear stress 

This shear stress is represented as follows : 

Fx 'x =--
Ax 

where 
1x: horizontal longitudinal shear stress generated on the weld of the inner receptacle lid bar 

[MPa] 
F x: longitudinal component of the load acting on the weld of the inner receptacle lid bar 

= 4020 [NJ 
(As two inner receptacle lid bars are provided on an inner receptacle, the longitudinal 

component per bar is a half (4020 N) of the entire load. As four lifting points are provided, the 
load component for one lifting point is a quarter (2010 N) of the entire load.) 

Ax: effective sectional area of welded portions which are at right angles to the longitudinal 
line of the receptacle = 962 [mm2] 

(To be conservative, the welded portions which are at right angles to the transversal line of 
the receptacle are not taken into account.) 
These values are assigned: 

' x = 4020 = 42 962 [MPa] 

(3) Horizontal longitudinal bending stress 
This bending stress is represented as follows: 

FXL 
C,B =--

Z 
where 
GB: bending stress generated on the inner receptacle lid bar [MPa] 
F x : transversal component of the load acting on the inner receptacle lid bar = 4020 [NJ 
(As two inner receptacle lid bars are provided on an inner receptacle, the longitudinal 

component per bar is a half (4020 N) of the entire load. As four lifting points are provided, the 
load component for one lifting point is a quarter (2010 N) of the entire load.) 

Z : section modulus of the inner receptacle lid bar [mm2] 

ZA = (136 · 7.12)/6 = 1143 [mm2] 

L: distance from welds to the point of load application = 26 [mm] 
These values are assigned: 

cr = 4020 x 26 = 91.5 [MPa] 
B 1143 

(4) Combined stress 

The combined stress (combination of a vertical stress and a shear stress) is represented as follows : 
f 2 2 2 

CTc ='\JCTT +c,B -c,Tc,B +3,x 
where 
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Ge: combined stress generated on the weld of the inner receptacle lid bar [MPa] 
GT: tensile stress generated on the weld of the inner receptacle lid bar = 7.5 [MPa] 
GB: bending stress generated on the weld of the inner receptacle lid bar = 4.2 [MPa] 
,x: horizontal longitudinal shear stress generated on the weld of the inner receptacle lid bar 

= 91 .5 [MPa] 

These values are assigned: 
cr c = ✓~7-_5_2 _+_9_1-_5_2 ___ 7 __ 5_x_9_1-_5_+_3_x_4_-2-2 = 88.3 [MP a] 

Thus, the overall stress generated on the weld of the inner receptacle lid bar is lower than 125 MPa 
(0.61a), the allowable tensile stress for the stainless steel which takes into account a reduction in 
strength caused by fillet welding joint. The margin of safety is: 

. f C 125 Margm o saiety = -- = 1.4 . 
88.3 

A.4.4.9. Stresses on rod bolts during lifting 

Rod bolts shown in Fig. I-1 are used to join the body of the outer receptacle with the lid . In our 

analysis, stresses produced during lifting are determined on the assumption that stresses resulting 

from the gross weight (except for the lid) combined with the rod bolt tightening torque are 

generated on the rod bolts. 

The tensile stress is represented as follows: 
F T c; - __ z_ +-----R -

nxAR KxdxAR 
where 
GR: tensile stress generated on the section of the rod bolt [MPa] 
Fz: vertical component of the load acting on the rod bolt = 22360 [NJ 
n : number of rod bolts = 16 
AR: sectional area of the rod bolt= 157 [mm2] 

T: tightening torque for the rod bolt= 44130 [N·mm] 
K : torque constant= 0.1 
d: nominal diameter of the rod bolt= 16 [mm] 

These values are assigned: 

_2_2_36_0_ + __ 44_1_3_0_ = 184. 6 
16xl57 0.lxl6xl57 

[MPa] 

Thus, the overall stress generated on the rod bolt is lower than the allowable tensile stress (785 
MPa) for the chrome molybdenum steel. The margin of safety is: 

. f C 785 Margm o sa1ety = --= 4.2 
184.6 

A.4.5. Tie-down System 

To transport the package, the lid of the outer receptacle should be tied down with wires and other 

suitable common means and dedicated tie-down materials including spacers on the transport 
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vehicle (truck, transport container, etc.) to prevent the package from rattling on the vehicle. The 

packaging is not equipped with any tie-down devices . 

A.4.6. Pressure 

The package is evaluated for integrity in an environment where the ambient pressure drops to 60 

kPa (absolute value) . In such an environment, the differential pressure, 41 kPa, between the inner 

pressure of the inner receptacle (101 kPa) and the ambient pressure (60 kPa), acts on the inner 

receptacle. 

A.4.6.1. Stresses on body of the inner receptacle caused by internal/ external pressure difference 

The inner receptacle has a shape of a rectangular parallelepiped, 760 mm in width, 443 mm in 

depth and 555 mm in height (inside dimensions). The inner receptacle is evaluated for stresses on 

the narrower lateral plate, wider lateral plate, bottom plate and upper plate of the body. The targets 

of the evaluation are maximum internal/ external pressure differences . 

(1) Stresses on narrower lateral plate (443 X 555 mm) of the inner receptacle 
The maximum bending stress generated on the narrower lateral plate of the inner receptacle by the 
maximum internal/ external pressure difference is given in the equation: 

CFmax 

where 

= /Jpa 
h2 

2 

Gma, : maximum bending stress generated on the narrower lateral plate of the inner 
receptacle 

~: stress constant for the rectangular plate = 0.35 ( determined from the ratio of both sides 
of the rectangular plate) 

p : uniformly distributed load= 4.1 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate= 443 [mm] 
h : wall thickness of the narrower lateral plate = 6 [mm] . 

These values are assigned: 

= Q 35 X 4.1 X 10-2 X 4432 = 78 3 [MPa] 
O"max · 62 · 

Thus, the stress generated on the narrower lateral plate of the inner receptacle is lower than 205 
MPa, the allowable tensile stress for the stainless steel. The margin of safety is: 

. f C 205 Margm o sa1ety = -- = 2.6 
78.3 

(2) Stresses on wider lateral plate (555 X 760 mm) of the inner receptacle 
The maximum bending stress generated on the wider lateral plate of the inner receptacle by the 
maximum internal/ external pressure difference is given in the equation: 

pa2 
0",11ax = /J--h 2 

where 
Gma,: maximum bending stress generated on the wider lateral plate of the inner receptacle 
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~: stress constant for the rectangular plate = 0.45 ( determined from the ratio of both sides 
of the rectangular plate) 

p : uniformly distributed load= 4.1 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate= 555 [mm] 
h : wall thickness of the wider lateral plate = 8 [mm] 

These values are assigned: 

= 0 45 X 4.1 X 10-2 X 5552 = 88 8 [MPa] 
O"max · 82 • 

Thus, the stress generated on the wider lateral plate of the inner receptacle is lower than 205 MPa, 
the allowable tensile stress for the stainless steel. The margin of safety is : 

. f C 205 Margm o saiety = -- = 2.3 
88.8 

(3) Stresses on bottom plate (443 X 760 mm) of the inner receptacle 
The maximum bending stress generated on the bottom plate of the inner receptacle by the 
maximum internal/ external pressure difference is given in the equation: 

pa2 
O"max = /Jy 
where 
Gma, : maximum bending stress generated on the bottom plate of the inner receptacle 
~: stress constant for the rectangular plate = 0.49 ( determined from the ratio of both sides 

of the rectangular plate) 
p : uniformly distributed load= 4.1 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate= 443 [mm] 
h : wall thickness of the bottom plate = 6 [mm] 

These values are assigned: 

o- =049 x 4 .lxl0-
2

x
4432 

=1096 [MPa] 
max · 62 • 

Thus, the stress generated on the bottom plate of the inner receptacle is lower than 205 MPa, the 
allowable tensile stress for the stainless steel. The margin of safety is: 

. f C 205 Margm o saiety = --= 1.8 
109.6 

(4) Stresses on upper plate (443 X 760 mm) of the inner receptacle 
The maximum bending stress generated on the upper plate of the inner receptacle by the 
maximum internal/ external pressure difference is given in the equation: 

pa 2 
0",11ax = /J--h 2 

where 
Gma, : maximum bending stress generated on the upper plate of the inner receptacle 
~: stress constant for the rectangular plate = 0.49 ( determined from the ratio of both sides 

of the rectangular plate) 
p : uniformly distributed load= 4.1 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate= 443 [mm] 
h : wall thickness of the upper plate = 10 [mm] 

These values are assigned: 
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= 0 49 X 4.1 X 10-2 X 4432 = 39 5 [MPa] 
O"max · l0 2 · 

Thus, the stress generated on the upper plate of the inner receptacle is lower than 205 MPa, the 
allowable tensile stress for the stainless steel. The margin of safety is: 

. f C 205 Margm o saiety = -- = 5.1 
39.5 

A.4.6.2. Stresses on inner receptacle rod bolts caused by the maximum internal/ external pressure 
difference 
Rod bolts shown in Fig. I-1 are used to join the body of the inner receptacle with the lid . In our 
analysis, stresses are evaluated on the assumption that the rod bolts suffer stresses resulting from 
the maximum internal/ external pressure difference (transmitted by the lid) and those resulting 
from the rod bolt tightening torque. 
The tensile stress is represented as follows: 

F T 
0" R = ---+-----

n x AR KxdxAR 
where 
GR: tensile stress generated on the section of the rod bolt [MPa] 
F: load resulting from the maximum internal/ external pressure difference which acts on 

the lid of the inner receptacle= 13804 [NJ = (4.1 · 10-2)[MPa] · (443 · 760) [mm2] 

n : number of rod bolts = 16 
AR: sectional area of the rod bolt= 157 [mm2] 

T: tightening torque for the rod bolt= 44130 [N·mm] 
K : torque constant= 0.1 
d: nominal diameter of the rod bolt= 16 [mm] 

These values are assigned: 
13804 44130 
---+-----= 181.2 [MPa] 
16 x l57 0. l x l6 x l57 

Thus, the stress generated on the rod bolt is lower than the allowable tensile stress (785 MPa) for 
the chrome molybdenum steel. The margin of safety is: 

. f C 785 Margm o saiety = --= 4.3 
181.2 

These results of our analysis proved that the integrity of the inner receptacle which forms the 

containment boundary for the contents is preserved even when the ambient pressure drops and 

attains 60 kPa (absolute value) and thus that no leakage of radioactive substances occurs in the 

environmental condition. 
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A.4.7. Vibrations 

Both the outer receptacles and inner receptacles are constructed of stainless steel elements which 

have been welded with each other. They have a very high mechanical strength and are not liable to 

damage, deformation or cracking in a vibration environment during transport. 

The aluminum honeycomb elements installed in the outer receptacle do not start deforming under 

the conditions we assumed, except that a load is concentrated locally on a small zone of the 

elements: they would start crushing at an acceleration of more than 100 G . 

The rod bolts penetrating the inner and outer receptacles will not become loose in a vibration 

environment during transport since they are tightened at such an appropriate torque with nuts and 

spring lock washers that a stable axial force is generated and maintained. 

The pellet storage box assembly to be contained in the packaging consists of stainless steel 

elements and is not liable to damage, deformation, cracking or disassembling in a vibration 

environment during transport. 

Thus, deformations or fractures will not occur in the package as a result of vibrations during 

transport and movements or leakages of the contents that might affect assessment of the shielding 

or criticality of the contents will not occur. 

In fact, a field test, a prototype packaging containing dummy materials was transported on a truck 

from Osaka to Ibaraki (itinerary: 733 km). The package suffered no alteration in its structural 

elements and no loosening in the bolts and other parts . 
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A.5. Normal Conditions of Transport 

A.5.1. Thermal Tests 

Packages configured with the type GP-01 packaging are type ''N' fissile packages and therefore do 

not need to be subjected to the thermal tests under normal conditions of transport which are 

necessary for type "B" packages. In fact, the Regulations require type ''N' packages to be exposed 

to a solar radiation environment at 38°C until a constant surface temperature change pattern 

occurs, before being evaluated in the thermal tests under accident conditions of transport to which 

fissile packages must be subjected (Chapter II-B, section "B.4 Normal Conditions of Transport") . 

Our analyses were based on the prerequisite that the package is exposed to a solar radiation 

environment at 38°C for one week. Numerical evaluations were carried out to verify that the 

containment formed by the inner receptacle of the package is maintained throughout this 

environmental exposure. 

As determined for the inner receptacle in Chapter II-B, section "B.4. Normal Conditions of 

Transport," the temperature range from the highest temperature (75°C) to the lowest temperature 

(- 40°C) was considered. 

A.5.1.1. Summary of evaluation of temperatures and pressures 

The temperature and pressure of the package under normal conditions of transport should be 

determined from the highest temperature of the package attained in solar radiation conditions and 

the highest pressure formed by the temperature rise caused by solar radiation. 

The analysis results shown in Chapter II-B, section "B.4. Normal Conditions of Transport," reveal 

that the highest temperature reached by the external surface of the package under normal 

conditions of transport is 75°C. If conservatively, the temperature in the inner receptacle is 

assumed to be identical to that of its external surface, and the inner pressure in the inner receptacle 

which forms the containment boundary of the package is 129 kPa (absolute pressure). Under initial 

conditions of transport established by 0°C and 1 atmospheric pressure (101 kPa), the maximum 

internal/ external pressure difference of the inner receptacle is 28 kPa (gauge pressure). 

A.5.1.2. Thermal expansion 

The temperature rise in the package is not large. The structural materials of the package are 

metallic and have good thermal conductivity. The temperature differences between components of 

the package are small. Therefore, possible thermal expansion will not generate significant stresses 

on them. 
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A.5.1.3 . Calculation of stresses 

We assume that an initial absolute pressure of 101 kPa is present in the inner receptacle at 0°C. If 

the inner temperature in the inner receptacle rises to 75°C (see section " II-B.4.4. Maximum Inner 

Pressure") , the inner pressure in the inner receptacle becomes 

p = 
273 + 75 

X 101 = 129 
273+0 

[kPa.]. 

Accordingly, a gauge pressure of 28 kPa (=120-101) which corresponds to the maximum 

internal/ external pressure difference acts on the inner receptacle. 

Stresses generated on the inner receptacle will be described in the following paragraphs. 

A.5 .1.3.1. Body of inner receptacle 

The inner receptacle has the shape of a rectangular parallelepiped, 760 mm in width, 443 mm in 

depth and 555 mm in height (inside dimensions). The inner receptacle is evaluated for stresses on 

the inner walls of the narrower lateral plate, wider lateral plate, bottom plate and upper plate of the 

body. The targets of the evaluations are maximum internal/ external pressure differences. 

(1) Stress on narrower lateral plate (443 X 555 mm) of inner receptacle 

The maximum bending stress generated on the narrower lateral plate of the inner receptacle by the 

maximum internal/ external pressure difference is given in the equation: 

CFmax 

where 

= /Jpa 
h2 

2 

Gma, : maximum bending stress generated on the narrower lateral plate of the rnner 

receptacle 

~: stress constant for the rectangular plate= 0.35 (determined from the ratio of both sides 

of the rectangular plate) 

p : uniformly distributed load = 2.8 · 10-2 [MPa] 

a: dimension of the shorter side of the rectangular plate= 443 [mm] 

h : wall thickness of the narrower lateral plate= 6 [mm] . 

These values are assigned: 

CT = 0 35 X 2.8 X 10-2 X 4432 = 53 5 
max · 62 • [MPa] 

Thus, the stress generated on the narrower lateral plate of the inner receptacle is lower than 183 

MPa, the allowable tensile stress for the stainless steel at 75°C. The margin of safety is : 

. f C 183 Margm o sa1ety = -- = 3 .4 
53 .5 
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(2) Stress on wider lateral plate (555 X 760 mm) of inner receptacle 

The maximum bending stress generated on the wider lateral plate of the inner receptacle by the 

maximum internal/ external pressure difference is given in the equation: 

(Ymax 

where 

= /Jpa 
h2 

2 

Gma,: maximum bending stress generated on the wider lateral plate of the inner receptacle 

~: stress constant for the rectangular plate= 0.45 (determined from the ratio of both sides 

of the rectangular plate) 

p : uniformly distributed load = 2.8 · 10-2 [MPa] 

a: dimension of the shorter side of the rectangular plate= 555 [mm] 

h : wall thickness of the wider lateral plate = 8 [mm] 

These values are assigned: 

= 0 45 X 2.8 X 10-2 X 5552 = 60 7 [MPa] 
O"max · 82 • 

Thus, the stress generated on the wider lateral plate of the inner receptacle is lower than 183 MPa, 

the allowable tensile stress for the stainless steel at 75°C. The margin of safety is: 

. f C 183 Margmo saiety=--=3.0 
60.7 

(3) Stress on bottom plate (443 X 760 mm) of inner receptacle 

The maximum bending stress generated on the bottom plate of the mner receptacle by the 

maximum internal/ external pressure difference is given in the equation: 

(Ymax 

pa2 
= /Jy 

where 
Gma,: maximum bending stress generated on the bottom plate of the inner receptacle 

~: stress constant for the rectangular plate= 0.49 (determined from the ratio of both sides 

of the rectangular plate) 

p : uniformly distributed load = 2.8 · 10-2 [MPa] 

a: dimension of the shorter side of the rectangular plate= 443 [mm] 

h : wall thickness of the bottom plate = 6 [mm] 

These values are assigned: 

O"max = 0.49 X 2.8 X 10-: X 4432 = 74.8 [MPa] 
6 
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Thus, the stress generated on the bottom plate of the inner receptacle is lower than 183 MPa, the 

allowable tensile stress for the stainless steel at 75°C. The margin of safety is : 

. f C 183 Margm o sa1ety = -- = 2.4 
74.8 

(4) Stress on upper plate (443 X 760 mm) of inner receptacle 

The maximum bending stress generated on the upper plate of the inner receptacle by the 

maximum internal/ external pressure difference is given in the equation: 

pa 2 
a,,1ax = /J-h 2 

where 
Gma,: maximum bending stress generated on the inner upper plate of the inner receptacle 

~: stress constant for the rectangular plate= 0.49 (determined from the ratio of both sides 

of the rectangular plate) 

p : uniformly distributed load = 2.8 · 10-2 [MPa] 

a: dimension of the shorter side of the rectangular plate= 443 [mm] 

h : wall thickness of the upper plate= 10 [mm] 

These values are assigned: 

Thus, the stress generated on the inner wall (top surface) of the inner receptacle is lower than 183 

MPa, the allowable tensile stress for the stainless steel at 75°C. The margin of safety is : 

. f C 183 Margm o sa1ety = -- = 6. 7 
27.0 

A.5.1.3 .2. Rod bolt for inner receptacle 

In our analyses, stresses are evaluated on the assumption that the rod bolt receives stresses 

generated by the maximum internal/ external pressure difference (transmitted by the lid) and those 

generated by the rod bolt tightening torque. 

The tensile stress is represented as follows: 

F T 
(YR = ---+-----

n x AR KxdxAR 
where 

GR: tensile stress generated on the section of the rod bolt [MPa] 

F: load resulting from the maximum internal/ external pressure difference which acts on 

the lid of inner receptacle= 9428 [NJ = (2.8 · 10-2)[MPa] · (443 · 760) [mm2] 
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n : number of rod bolts = 16 

AR: area of the section of the rod bolt = 157 [mm2] 

T: tightening torque for rod bolt = 44130 [N·mm] 

K : torque constant = 0.1 

d: nominal diameter of rod bolt = 16 [mm] 

These values are assigned: 

CYR = 9428 + 44130 =1 79.5 [MPa] 
16x l57 0.l x l 6x l57 

Thus, the stress generated on the rod bolt is lower than 712 MPa, the allowable tensile stress for 

chrome molybdenum steel at 75°C. The margin of safety is: 

. f C 712 Margm o sa1ety = -- = 3.9 
179.5 

A.5 .1.4. Comparison with allowable stresses 

Table II-A-5 shows the analytical values of stress obtained and the corresponding allowable values. 

Since all the analytical values are lower than the allowable values (analytical criteria), the required 

safety is ensured . 

Table II-A-5: Analytical Values Of Stress Compared with Allowable Stresses 

I tem Allowable Stress Analytical Margin of 

Value Safety 

1. Stresses on inner walls of inner 

receptacle: 183 MPa 53.5 MPa 3.4 

- Narrower lateral side 183 MPa 60.7 MPa 3.0 

- Wider lateral side 183 MPa 74.8 MPa 2.4 

- Bottom surface 183 MPa 27.0 MPa 6.7 

- Top surface 

2. Stresses on rod bolt for inner 712 MPa 179.5 MPa 3.9 

recep tacle 

A.5 .2. Water Spray 

Parts of the packaging are covered with stainless steel plates which have high corrosion resistance. 

All the joints are welded continuously. The threaded portion of the fusible plug has a high 

leaktightness guaranteed by an O -ring. Thus, the external surfaces of the packaging materials do 

not deteriorate with sprayed water, and water will not enter the heat insulator zones. Furthermore , 
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the heat insulator is made of ceramic fiber and is free from deterioration by water. The flange of 

the body of the outer receptacle is designed with a level difference: the inner side is higher than the 

outer side. Thus, water (e.g., rainwater) is prevented from entering the outer receptacle through the 

interface between the body and the lid. No entry of sprayed water occurs in the package. No 

deterioration occurs in the materials in the package and no increase in weight occurs in the 

package. 

A.5.3 . Free Drop Test 

The gross weight of the package is less than 5000 kg. The packagings (prototypes) were subjected 

to drop tests in accordance with the Public Notice, Appendix 3, section 1, item RO(1): drop test 

from 1.2 meters. The results of the drop test combined with the results of analyses are interpreted 

to demonstrate the safety of the package. 

A.5.3.1. Prototype tests 

Appendix 1 to Chapter II-A contains details of prototype tests. Two prototype packagings were 

prepared for the prototype tests. One (Prototype No. 1) was mainly reserved for considering 

orientations in which the specimen should be made to drop during a series of drop tests under 

normal and accident conditions of transport. The other (Prototype No. 2) was used in the main 

part of the prototype tests. The prototype tests include free drop tests (described in this section), 

followed by penetration tests, Drop I (9 m drop) test and Drop II (1 m target) test. Throughout 

these tests, the same, single prototype (No. 2) was used . 

Essentially, the prototype packagings have the same structure as that of an actual type GP-01 

transport packaging. The only differences from the actual packaging are listed below. 

- Dummy rods of lead are used as substitute contents; 

- Weight adjusting materials were added; 

- Accelerometers were installed for measuring accelerations; 

- A small portion of the aluminum honeycomb elements was removed and a penetration hole was 

made in the outer receptacle to make space for installing the accelerometers; 

- A normal type of stainless steel was used as the material for the packaging components instead 

of boronic stainless steel. 

None of these measures had a non-conservative effect on the specimen such as that of attenuating 

the degree of damage in the packaging. 

The prototype tests were carried out on the test target permanently installed in the premises of 
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Takasago facility of Kobe Steel, Limited. 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. For details of the prototype tests, refer to Appendix 1 to Chapter II-A. 

In the drop orientation examination tests, various drop orientations were examined for the 

prototype packaging to be tested . Initially, three orientations were selected for Prototype No. 1: 

horizontal orientation with the lid facing downward, horizontal orientation with the narrower side 

facing downward, and inclined orientation with one of the corners of the packaging facing 

downward. For details of the examinations, refer to Appendix 1 to Chapter II-A. 

The prototype was subjected to drop tests in these three orientations from a height of 1.2 meters. 

The prototype suffered no significant deformations in appearance in the first two horizontal 

orientations. Geometrical measurements showed a maximum deformation of 2 mm. During a drop 

test with its corner facing downward, the prototype suffered several tens of millimeters of 

deformation in one of the lifting attachments on the lid of the outer receptacle. This deformation 

was local, located only around the lifting attachment concerned. 

These 1.2-meter drop examination tests were followed by 9-meter drop examination tests. The 

results of these tests also showed that the packaging dropped with its corner facing downward 

suffered the largest deformation. Therefore, the orientation with the packaging corner facing 

downward was adopted for the main drop tests of Prototype No. 2. During the main drop tests, 

Prototype No. 2 suffered a local deformation in the lifting attachment on the lid of the outer 

receptacle. The results of the main tests are shown in Table II-A-6. 
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Table II-A-6: Results of 1.2-m Drop Tests 

Prototype Orientation of Specimen Results of Test 

- Horizontal orientation with 

the lid facing downward . No significant deformations in appearance. 

- Horizontal orientation with Measured deformations: 1 to 2 mm 

the narrower lateral side Volume reduction rate ;::: 0.24 % 

Prototype facing downward 

No. 1 Local deformation of the zone on and 

- Inclined orientation with 
around the lifting attachment on the lid of 

the corner facing downward 
outer receptacle. 

Measured deformations: 17 to 40 mm 

Volume reduction rate;::: 0.14 % 

Local deformation of the zone on and 

Prototype - Inclined orientation with 
around the lifting attachment on the lid of 

No. 2 the corner facing downward 
outer receptacle. 

Measured deformations: 20 to 36 mm 

Volume reduction rate;::: 0.14 % 

The Drop I and Drop II tests were also carried out as part of the entire series of tests. Upon 

completion of all the cases, the interiors of Prototypes No. 1 and No. 2 were checked (refer to 

Appendix 1 to Chapter II-A). The inner receptacle and the contents (pellet storage box assemblies) 

suffered small deformations but practically maintained their original shapes. No cracks were found 

in the stainless steel elements comprising the body and lid of the inner receptacle. The welds were 

not damaged. None of the bolts joining the body of inner receptacle with the lid was broken. Thus, 

the pellet storage box assemblies maintained their shape and capabilities. No openings through 

which uranium pellets might escape were produced in the pellet storage boxes. No separation or 

deformation occurred in the dummy neutron absorbers of the stainless steel plates applied to the 

inner surfaces of the inner receptacle. The fixing blocks were released from the dummy neutron 

absorber between the two pellet storage box assemblies but suffered no large deformations or large 

cracks. All these dummy neutron absorbers stayed in their effective zones delimited by the two 

pellet storage box assemblies and the lid of inner receptacle. 
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A.5.3 .2. Integrity of containment boundary 

The type GP-01 packaging has special structural features for maintaining the leaktightness of the 

inner receptacle which serves to confine nuclear fuel material: 

- The inner receptacle is NOT FIXED to the outer receptacle. Therefore, if the package receives a 

drop impact, the inner receptacle moves in the space of the outer receptacle and strikes against the 

aluminum honeycomb element. The latter absorbs the impact energy. The honeycomb elements 

have a capacity which corresponds to more than the entire energy of a drop from a height of 1.2 

meters; 

- The rod bolts of the inner receptacle do not suffer any component of a stress which may be 

generated by the load of the two pellet storage box assemblies and the inner receptacle in any of 

its orientations except during lifting; 

- The rod bolts of the inner receptacle are positioned in locations where they do not touch the 

frames. They will not suffer fatal damage even if its top strikes against the 2-mm thick inner plate 

of the lid of the outer receptacle. 

As described above, the interiors of the prototypes were checked only after all the tests including 

Drop I and Drop II tests under accident conditions of transport were carried out. This means that 

the consequences of only the 1.2-meter drops were not checked. 

Therefore, to evaluate the stress on the rod bolts, a set of conservative assumptions was adopted: 

the highest acceleration (202 G) observed during the drop in horizontal orientation with lid facing 

downward of the four 1.2-meter drop tests of Prototypes No. 1 and No. 2 occurs and the rod 

bolts support the entire load of the contents during the drop. The following argument shows how 

this conservative assumption is justified for evaluating the stresses on the bolts. 

The tensile stress is represented as follows: 

T +-----
K x d x AR 

where 

GR: tensile stress generated on the section of the rod bolts [MPa] 

F: weight of the contents = 5590 [NJ 

G : generated acceleration = 202 [G] 

n : number of rod bolts = 16 

AR: sectional area of the rod bolt= 157 [mm2] 

T: tightening torque for the rod bolt= 44130 [N·mm] 

K : torque constant= 0.1 

d: nominal diameter of the rod bolt= 16 [mm] . 
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These values are assigned: 

a _ 5590 X 202 + 44130 = 625 _2 
R - 16xl57 0.lxl6xl57 

[MPa] 

Thus, the overall stress generated on the rod bolt is lower than the allowable tensile stress (785 

MPa) for the chrome molybdenum steel. The margin of safety is: 

. f C 785 Margm o sa1ety = -- = 1.2 
625 .2 

Even on the conservative assumptions, the integrity of the containment boundary is maintained 

and the contents do not leak. 

A.5.4. Stacking Test 

Instead of the compression test required by the Public Notice, Appendix 3, section 1, item R0(3), 

only calculations were adopted to analyze the package. We assumed an event case where a 

compressive force equal to either the empty weight of the package multiplied by a factor of five 

(Wa) or a load of 13 kPa multiplied by the package's vertical projection area (Wb) (whichever is 

greater) is applied to the specimen of package. The equation needed for this calculation is 

wa = 5 x 1300 x 9.81 = 63765N 
wb = 13000 x o.83 x 1.144 = 12344N 

Since the relation W. > Wb exists, the following analysis was carried out with the load W.= 

63765N. 

The packaging consists of an inner receptacle and an outer receptacle. Loads which may result 

from possible compressive forces from above will be applied to the outer receptacle, and not to the 

inner receptacle. For this reason, only the outer receptacle was evaluated. 

Fig. II-A-11 shows a schematic diagram of the frames of an outer receptacle viewed from above. A 

set of frames for one outer receptacle consists of eight channel skeleton elements and four angle 

elements made of steel. Installed between the inner plates and the outer plates, these elements will 

support an eventual load from above. We assume here conservatively that the load W.is applied 

only to the eight channel skeleton elements to evaluate the buckling stress per channel skeleton 

element. 
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l 
Fig. II-A-11 : Schematic D rawing of Frames of Outer Recep tacle (viewed from above) 

For a pillar both of whose ends are fixed , the buckling load is determined by Johnson's equation: 

W = Acr (1- crc A2
) 

C 411TC2 E 

where 

A: sectional area = 750 mm2 

E : Young's modulus = 193000 [MPa] 

A: slenderness ratio of the channel skeleton element = 1/k (1: buckling length) 

n : coefficient for fixed both ends = 4 

<Jc: critical compressive stress = 136.2 [MPa] 

The radius of gyration of area k is determined as follows: 

where 

I : geometrical moment of inertia of the channel skeleton element = 981250 [mm4] . 

Hence, 

k= 981 250 = 36.1 
750 

H ence, the slenderness ratio A is 

/4 = 682 = 18.8 . 
36. 1 

[mm] 

Therefore, the buckling load per channel skeleton element is 

W = 101988 [NJ 
Thus, the buckling load for the outer recep tacle is higher than a load of W./8 (63765 N / 8= 7971 
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N) acting on one channel skeleton element under a load five times the package empty weight. The 

margin of safety is: 

A.5.5 . 

. 101988 Margm of safety =---= 12.7 
7971 

Penetration 

As shown in Appendix 1 to Chapter II-A, the penetration tests required in Public Notice, 

Appendix 3, section 1, item RO (4) were carried out as part of the prototype tests, on the central 

area of the lateral side(s) of the package which are not directly supported by the frames, the 

tightening rod bolts and the fusible plug. These components were not seriously damaged. Only the 

impact points on the surfaces of the outer receptacle were slightly dented . 

A.5.6. Drop with Corner/edge Facing Downward 

The drop tests with the package corner or edge facing downward as specified in Public Notice, 

Appendix 3, section 1, item R0(2) are not required for the package considered, which is mainly 

constructed of stainless steel and whose maximum weight is 1300 kg. 

A.5.7 . Summary of Results and Evaluation 

The results of the thermal tests (A.5 .1), water spray tests (A.5 .2), and stacking tests (A.5 .4) under 

normal conditions of transport showed that no damage such as deformation occurred in the inner 

or outer receptacle. Thus, these normal conditions of transport will not affect the contents of the 

package. The results of the free drop tests (A.5 .3) and penetration tests (A.5.5) demonstrated that 

the containment capability of the inner receptacle was maintained despite several negligible local 

deformations observed on the package. Thus, the radioactive materials contained will not leak 

from the inner receptacle. 

In consideration of these results, the shielding capability will be evaluated on the following 

assumptions: 

- Conservatively, the outer receptacle is uniformly deformed by 5 mm. The deformations recorded 

during the drop tests (with the package corner facing downward) are not taken into account since 

they were local and did not touch the zone where the maximum dose equivalent rate was present; 

- Despite the fact that the contents remained in the inner receptacle with the shapes and 

capabilities of the pellet storage box assemblies maintained, the analytical model of package with 

the interior of the inner receptacle will be simplified and homogenized to remain conservative; 

- The aluminum honeycomb elements in the outer receptacle are crushed completely and the inner 

receptacle which contains a radiation source moves within the outer receptacle. 
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A.6. Accident Conditions of Transport 

Type GP-01 package is classified as Type ''N' package in which the radioactive material contained is less than the 

A2-value. Therefore, the accident conditions of transport specified for type "B" packages do not apply to the 

package. 

The package is designed to contain more than 15 grams of fissile material (uranium-235). It should be tested under 

accident conditions of transport specified for transportation of fissile packages Details of the accident conditions 

of transport will be described in section ''A.9.2. Accident conditions for fissile packages to be transported." 

A.7. Enhanced Water Immersion Tests 

This package is a Type ''N' package in which the radioactive material contained is less than the A2-value and is not 

designed to contain radioactivity of more than ten thousand times the A2-value. Therefore, the package is not 

required to be subjected to the enhanced water immersion tests. 

A.8. Radioactive Contents 

A.8.1. Characteristics of Contents 

(1) Major nuclides and their radioactivities 

i) Major nuclides: 232u, 234U, 23SU, 236U, 23su, and 99'fc 

ii) Radioactivities: '.':: 37.5 GBq. 

(2) Physical conditions of contents 

As presented in Chapter I-D ("Contents of Packaging"), (2) ("Physical properties"), the contents of the packaging 

are assemblies of pellet storage boxes which contain pellets of uranium oxides lined up on stainless steel corrugated 

plates, boxes stacked alternately with partitions which are penetrated by six pillars. One of two types of pellet 

storage box assembly (''N' or ''B") is used, depending on the type of pellet storage box. Figs. I-8 through I-11 show 

the structures of the two types of assembly. 

(3) Limitation on content loading 

i) Enrichment 

It must be equal to or lower than 5.0 weight percent. 

ii) Maximum storage 

- When two Type ''N' pellet storage box assemblies are installed: 264 kg of UO2 

- When two Type ''B" pellet storage box assemblies are installed: 200 kg of UO2. 

Note: Type ''N' (or Type "B' ') assembly is not mixed with Type "B" (or Type ''N') assembly in one packaging. 

iii) Kinds of enriched uranium 

Kinds of enriched uranium ( other than regenerated enriched uranium) which meet the requirements in the 

American Society for Testing and Materials standard ASTM C996-04 ECGU: 

232u '.':: 0.0001 µg/ gU 
234U '.':: 10 · 103 µg/ g235U 
236U '.':: 250 µg/ gU 
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99'fc :::'. 0.01 µg/gU 

Note: When the condition 236U < 125 µg/ gU is present, these criteria do not apply to 232U and 99Tc. 

A.8.2. Behavior of Radioactive Contents under Normal Conditions of Transport 

The contents of the package were evaluated in thermal test, water spray tests, free drop tests, stacking tests and 

penetration tests under normal conditions of transport. The pellet storage box assemblies maintained their shape 

and capabilities. The inner receptacle which forms a containment boundary maintained its integrity. Therefore, the 

radioactive contents will not leak from the inner receptacle. 

A.8.3. Behavior of Radioactive Contents under Accident Conditions Of Transport 

As a Type "R' fissile package, the package was subjected to Drop I (9 m drop) tests and Drop II (1 m penetrating 

bar) test under accident conditions of transport. During these tests, the pellet storage box assemblies maintained 

their shape and capabilities. The inner receptacle, the containment boundary of the package, was deformed under 

the accident conditions of transport. However, no cracks, fractures or openings through which uranium pellets 

might escape were produced in the inner receptacle/ pellet storage boxes. 

A.9. Fissile Package 

This package is a fissile package because it contains at least 15 grams of fissile material (uranium-235). This package 

does not attain criticality in the routine conditions of transport and meets the technical requirements specified in the 

Regulations, Article 11 as follows. 

A.9.1. Normal Conditions of Transport for Fissile Packages 

Under the normal conditions of transport for fissile packages as defined in the Public Notice, Appendix 11, the 

package meets the requirements listed below. 

A.9.1.1. Water spray 

As described in section ''A.5.2. Water Spray Tests," no deterioration occurs in the package materials, and no 

immersion occurs in the package. The subsequent criticality analysis conservatively will assume presence of water in 

the outer and inner receptacle in all the systems to be evaluated regardless of the nature of the system (isolation or 

array) . 

A.9.1.2. Free drop 

As shown in section ''A.5.3. Free Drop Test," free drop only causes local deformation in the package, and the inner 

receptacle nevertheless maintains its leaktightness. Drops in horizontal orientations of the package caused no 

significant deformations in its appearance as compared to drops with the package corner facing downward. In the 

subsequent criticality analysis, an arrayed system with shorter distance between two packages represents more 

demanding conditions. For this reason, systems in which movement of the inner receptacle is taken into account are 
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exposed to more demanding conditions. 

For these reason, our criticality analysis considered the conservative condition that the outer receptacle is uniformly 

deformed and the aluminum honeycomb elements are completely crushed so that the inner receptacle moves in the 

outer receptacle. In this respect, it is clear that the consequences of accident conditions are more demanding than 

those of normal conditions. Thus, we adopt the principle that the results of criticality analysis under accident 

conditions of transport include those of normal conditions of transport. 

A.9.1.3. Stacking test and penetration test 

As described in sections A.5.4 and A.5.5, the results of the stacking test proved that the stresses generated on the 

package are well below the allowable values. The results of the penetration test proved that a 6-kg rod does not 

penetrate into the package - more specifically, the outer plates of the package. 

In both tests, the structural elements of the package were not broken and did not suffer any significant 

deformations that might affect the subsequent criticality analysis. 

A. 9 .1.4. Results of criticality analysis 

Table II-A-7 shows the states of the package which was subjected to tests for fissile packages under normal 

conditions of transport and the test results to be considered in the criticality analysis. Results of these tests proved 

that no dents that might contain a 10-cm cube were generated under normal conditions of transport. Water 

immersion in the package and uniform deformations (or alteration of external dimensions) are assumed as 

prerequisites for the criticality analysis. However, the prerequisites for criticality analysis under accident conditions of 

transport include those under normal conditions of transport since the former are more demanding by definition. 

Table II-A-7: States of Damage of Package under Normal Conditions of Transport 

Test Item State of Damage Considerations in the Remarks criticality analysis 

Water spray No damage Water immersion is 
considered 

Deformations (alterations Uniform deformations In horizontal 
1.2 m drop of external dimensions of are considered orientation of the 

1 to 2 mm) package 

Stacking No damage No additional 
consideration 

-

6 kg rod Slight dent on the external No additional -
penetration surface of the package consideration 

A.9.2. Accident Conditions of Transport for Fissile Packages 

As stipulated in the Public Notice, Appendix 12, the specimen must be placed under either the first conditions (drop 

I, drop II, thermal test, and 0.9 m water immersion) or the second condition (15 m water immersion) (whichever 

generate more serious damage). 
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In the second test condition (15 m water immersion), a differential pressure of 1.5 atm (152 kPa) is produced in the 

package, and the inner receptacle (constituting the containment boundary) on which a stress exceeding its bearing 

capacity starts deforming. With and despite its small contact surface, the O-ring allows the inner receptacle to 

maintain its water-tightness for a while, but once the flange of the inner receptacle suffers small deformations, the 

high external pressure overcomes the water-tightness and immersion begins. However, the immersion hole will not 

become large enough to allow uranium pellets to escape from the storage boxes. Therefore, nuclear fuel material 

does not escape from the inner receptacle in a large amount. The non-leaktight outer receptacle does not deform, 

and the non-leaktight aluminum honeycomb elements which prevent the inner receptacle from moving are not 

deformed either. 

Thus, the first condition defined in the Public Notice, Appendix 12 is more demanding to the package than the 

second, because the outer receptacle and the honeycomb elements deform and the distance between two fuel 

packages in array is reduced. 

A.9.2.1. Strength test: Drop I (9 m drop) 

The package has a gross weight of 1300 kg and a specific gravity of 1.5. The package is not required to be subjected 

to Drop III tests. Therefore, two prototype packages were subjected to Drop I tests. One (Prototype No. 1) was 

reserved for considering drop orientations to be adopted during a series of drop tests under normal conditions of 

transport and accident conditions of transport. The other (Prototype No. 2) was used in the main part of the 

prototype tests. The prototype tests include free drop tests and penetration tests (refer to sections A.5.3 and A.5.5) 

before Drop I (9 m drop) test and Drop II (1 m penetrating bar) test. Throughout these tests, the same and single 

prototype was used. For details of the results of prototype tests, refer to Appendix 1 to Chapter II-A. 

Essentially, the prototype packagings have the same structure as that of an actual model. The only differences from 

an actual model are listed below. 

- Dummy rods of lead are used as substitute contents; 

- Weight adjusting materials were added; 

- Accelerometer was installed for measuring accelerations; 

- A small portion of the aluminum honeycomb elements was removed and a penetration hole was made in the outer 

receptacle to make space for installing the accelerometers; 

- A normal type of stainless steel was used as the material for the packaging components instead of boronic 

stainless steel. 

None of these measures give rise to non-conservative effects on the specimen such as that of attenuating the degree 

of damage in the packaging. The free drop tests were immediately followed by the Drop I tests without installing 

additional measuring instruments on the specimen. 

The prototype tests were carried out on the test target permanently installed in the Takasago facility of Kobe Steel, 

Limited. The test target consists of a 5 m X 3.5 m iron plate 42 mm in thickness placed on a 100-ton concrete mass 

which has an underground thickness of 2.5 meters. For details of the prototype tests, refer to Appendix 1 to 
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Chapter II-A. 

In the drop orientation examination tests, various drop orientations were examined for the prototype packaging to 

be tested. Initially, three orientations were adopted: horizontal drop with the lid facing downward, horizontal drop 

with the narrower lateral side facing downward, and drop with one corner of the packaging facing downward. For 

details of the examinations, refer to Appendix 1 to Chapter II-A. 

In accordance with the Public Notice, Appendix 12, drop tests must be carried out in such a way that the package is 

damaged most seriously during the thermal test For the drop tests, an orientation was adopted for the package 

accordingly. Preliminary considerations and examination results for Prototype No. 1 were analyzed to choose the 

orientation of the package to be used definitively in the main part of the drop tests: orientation of the package with 

one of its upper corners facing downward. The upper corner of the package corresponds to the flange of the 

packaging and is most likely to form an entry route for heat. As drop tests, Drop I and Drop II were carried out on 

Prototype No. 2. Table II-A-8 shows the order of the series of tests of Prototypes No. 1 and No. 2. 

However, the package orientation definitively chosen is not a demanding state of the package in terms of 

displacement of nuclear fuel, a phenomenon which is an important parameter for criticality evaluation. Accordingly, 

the evaluation parameters required for criticality evaluation are determined with account taken of the results of the 

examination tests (Drop I and Drop II) carried out on Prototype No. 1 in three orientations. For details of the 

results of the prototype tests, refer to Appendix 1 to Chapter II-A. 

Table II-A-8: Consequence of Prototype Tests 
Test Test Item Prototype No. 1 Prototype No. 2 Conditions 

Normal Horizontal lid downward Corner downward 
Conditions Free drop Horizontal narrower lateral 

(1.2 m ) side downward -
of 
transport Corner downward -

Penetration Steel rod penetration tests -

Horizontal lid downward Corner downward 
Horizontal narrower lateral 
side downward -

Drop I (9 m) Horizontal wider lateral side 
downward -

Inclined narrower lateral side 
downward -

Corner downward -

Horizontal near lifting point 
on lid onto penetrating bar -

Accident Horizontal near leg zone 
Conditions onto oenetrating bar -

of Drop II Inclined near lifting point on 
Transport wider lateral side onto Corner onto penetrating bar (1m . oenetrating bar benetratmg Inclined center of wider ar) lateral side onto penetrating -

bar 
Inclined flange on wider 
lateral side onto penetrating -
bar 

Thermal - (800°C 30 minutes) 
0.9 m water - -lffimers1on 
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A.9.2.1.1. Drop in horizontal orientation with lid facing downward 

A drop test of the package horizontally oriented with the lid facing downward caused 12 mm high bulges on the 

external lateral surface of the package under impact load. The top surface of the lid, the impact surface, deflected 

slightly between frames. No serious deformations occurred on the package. These results showed that the transport 

packaging has a high rigidity. More precisely, the package struck the steel plate of the test target in a slightly inclined 

orientation. Accordingly, deviations were observed in the deformations produced on the top surface of the package: 

the deformations vary from 2 to 22 mm in the "height" dimension of the package. No significant deformations 

were noted on the other parts of the package. The rod bolts joining the body and lid of outer receptacle did not 

become loose. 

A.9.2.1.2. Drop in horizontal orientation with narrower/wider lateral side facing downward 

(1) Drop with narrower lateral side facing downward 

During a horizontal drop with the narrower lateral side facing downward, bulges ranging from 12 to 14 mm were 

produced on the lid under impact load (refer to section A.9.2.1.1). No serious deformations occurred on the 

external surfaces of the package. More precisely, the package struck the test target in a slightly inclined orientation 

(lid first). Accordingly, the impact on the test target caused 7 to 17 mm reductions in length of the lid of the outer 

receptacle. The reductions in length of the body of the outer receptacle range from 1 to 6 mm. The rod bolts 

joining the body and lid of the outer receptacle did not become loose. 

(2) Drop in horizontal orientation with wider lateral side facing downward 

During a horizontal drop with the wider lateral side facing downward, bulges ranging from 10 to 15 mm were 

produced on the lid under impact load (refer to section A.9.2.1.2). No serious deformations occurred on the 

external surfaces of the package. More precisely, the package struck the test target in a slightly inclined orientation 

(lid first). Accordingly, the impact on the test target caused 6 to 9 mm reductions in width of the lid of the outer 

receptacle. The reductions in width of the body of the outer receptacle range from O to 4 mm. The rod bolts joining 

the body and lid of the outer receptacle did not become loose. 

A.9.2.1.3. Drop with corner facing downward 

Prototypes No. 1 and No. 2 which had been tested beforehand in four cases of drop event in the Drop I tests were 

subjected to this test. To provide an effect of superposition, the prototypes were released for a 1.2-meter free drop 

in the same orientation to strike the test target at the same impact point. 

(1) Prototype No. 1 
Deformations occurred in the package up to the flange. No openings that might form routes for entry of flames 

were generated in the package. Bolt seats near the deformations also deformed, but the rod bolts in the outer 

receptacle remained in place and were not broken. Some cracks were produced in the welds near the deformations. 

No portion of the ceramic fiber insulator was lost. The impact zone of the package suffers a geometrical loss of an 
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inequilateral trigonal pyramid, 300 X 220 X 260 mm. The neighboring zone presents bulges of 20 to 22 mm in 

height. 

(2) Prototype No. 2 

Prototype No. 2 showed similar behavior to Prototype No. 1. Some cracks were found in the welds near the 

deformations, but no portion of the ceramic fiber insulator was lost. The impact zone of the package presents a 

geometrical loss of an inequilateral trigonal pyramid, 220 X 300 X 180 mm. The neighboring zone presents bulges 

of 12 to 18 mm in height 

A.9.2.1.4. Inclined drop test 

The edge of the package which struck the test target first was crushed. The package slipped slightly, but did not 

bounce or turn over the other way. Although the edge of the package struck the test target uniformly, the impact 

zone suffered different deformations depending on the location. This difference of deformations can probably be 

attributed to the displacement of the inner receptacle from its original position, caused by deformations of the 

honeycomb elements during the preceding three cases of Drop I. The crushed zone on the edge of the package 

varies from 10 to 58 mm. Cracks were produced in the welds between the lifting attachment and the outer plate in 

such a way that the ceramic fiber (insulator) became exposed. No portion of the insulator was lost. 

A.9.2.1.5. Summary of results of Drop I tests 

(1) Damage on the package 

The transport packaging is designed with lower rigidity on the edge of the lid for absorbing impact energy resulting 

from accidental drop and collision, for example. The larger dimensions of deformations on the lid of the outer 

receptacle than those on the body can be attributed not only to the inclined state of the body when it struck the test 

target but also to the original lower rigidity of the lid edge. 

Prototype No. 1 was subjected to three cases of free drop followed by five cases of Drop I. As a result, it deformed 

in various locations. Nevertheless, no cracks, fractures or penetration holes that might affect the interior of the 

package were generated, and the lid did not move from its required position. 

Partial cracks were produced in the welds of the packaging during some of the tests with the body inclined and 

those with the corner facing downward. However, no portion of the insulator ( ceramic fiber) was lost. 

Deformations leading to opening of the flange did not occur. The rod bolts on the outer receptacle were not broken 

or released. 

Results of tests of Prototype No. 2 were similar to or overridden by those of Prototype No. 1. 

(2) Damage to package contents 

When all the tests including free drop, Drop I and Drop II were complete, the lid of the outer receptacle was 

removed and the internal elements were checked. 
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(a) Prototype No. 1 

The aluminum honeycomb elements were greatly deformed on the impact side, and some portions of the elements 

fell off. Deformations occurred on the lateral surfaces and the protective rectangular pipes for inner receptacle 

flange on the lateral surfaces of the outer receptacle. Thus, the inner receptacle obtained space for moving. No 

openings through which the contents might escape were created on the lid of the inner receptacle. Some small 

bulges were produced on the lateral surfaces of the inner receptacle, and no cracks or fractures were observed in the 

welds. Probably some synergetic effects of more than one event caused dents and penetration holes with some of 

the rod bolts of the inner receptacle on the back surface of the lid of the outer receptacle when they struck it. 

Several rod bolts deformed, but none were broken. The lid of the inner receptacle remained in the initial position. 

The stainless steel plates (which simulated neutron absorbers) applied to the inner surfaces of the inner receptacle 

stayed in their initial positions. They were not broken or deformed. All the fixing blocks on the stainless steel plate 

(which simulated neutron absorber) between the two pellet storage box assemblies (contents) were released. The 

simulated neutron absorber was slightly deformed near the fixing points. Nevertheless, this dummy neutron 

absorber did not suffer any significant deformations, cracks or fractures, and stayed in its effective zone delimited by 

the two pellet storage box assemblies and the lid of inner receptacle. Though slightly deformed, the pellet storage 

box assemblies maintained their initial shape and capabilities. The pillars and nuts were not broken. The partitions 

(simulated neutron absorbers) maintained their mutual distances. No cracks or clefts were produced in the partitions, 

which were deformed but did not leave their effective zones. The rubber blocks and locking screws for positioning 

the pellet storage boxes were not damaged. The pellet storage boxes maintained their initial positions. No openings 

through which radioactive materials might leak were produced. 

(b) Prototype No. 2 

The aluminum honeycomb elements were partially deformed in the outer receptacle. The rod bolts on the inner 

receptacle left no traces of strike against the inner surfaces of the outer receptacle. The inner receptacle remained 

on the urethane rubber guides almost in the initial position. The corners of the inner receptacle suffered only small 

deformations than those observed on the corresponding zone of the external of the outer receptacle. No significant 

deformations were created on the inner receptacle. The rod bolts did not fall off, and were not broken or deformed. 

The stainless steel plates, simulated neutron absorbers, on the inner surface of the inner receptacle did not change 

their positions, and were not broken or deformed. Some of the fixing blocks on the simulated neutron absorber 

between the two pellet storage box assemblies were broken, but the simulated neutron absorbers suffered no 

significant deformations or fractures, thus remaining in their effective zones. 

The pellet storage box assemblies maintained their practically sound shape and capabilities. No deformation or 

fracture were found in the pellet storage boxes, the pellet storage box positioning rubber blocks or the lock screws. 

A.9.2.1.6. Inner receptacle's content retainability 

The structural characteristics of the transport packaging described in section A.5.3 .2 are also effective for 
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maintaining the content retainability of the inner receptacle under accident conditions of transport: 

- Under drop impact, the inner receptacle - which is not fixed to the outer receptacle - moves in its surrounding 

void and strikes against the aluminum honeycomb elements, which are crushed to absorb the inner receptacle's 

energy. 

- The rod bolts in the inner receptacle are not placed under stresses that may be caused by the load of the pellet 

storage box assemblies in the inner receptacle in any 1 orientations of the package, except during lifting operation. 

- Even if any of the rod bolts strikes the inner surface (covered with a 2-mm steel plates) of the lid of the outer 

receptacle, no fatal damage will occur since the rod bolts are installed in a zone where they will not touch the frames 

of the outer receptacle. 

In the 9-meter drop test of the horizontally oriented Prototype No. 1 with the lid facing downward, the inner 

receptacle was exposed to an acceleration of 296 G. The direction of this acceleration is identical to that of the axis 

of the rod bolts. To assess stresses on the rod bolts, we assumed conservatively that they would be subjected to the 

load generated on the contents during this drop. 

The tensile stress is represented as follows: 

F x G T 
CTR = --- + -----

. n x AR K x d x AR 

where 

<J R: tensile stress generated on the section of the rod bolt [MPa] 

F: weight of the contents = 5590 [NJ 
G: acceleration generated = 296 [G] 
n: number of rod bolts= 16 
AR: area of the section of the rod bolt= 157 [mm2] 

T: tightening torque for the rod bolt= 44130 [N·mm] 
K: torque constant = 0.1 
d: nominal diameter of the rod bolt= 16 [mm] . 

These values are assigned: 

(jR = 5590x296 + 44100 = 834_3 16xl57 0.lxl6xl57 [MPa] 

Thus, the stress generated on the rod bolt is lower than 930 MPa on this conservative assumption. The rod bolts do 
not break, the lid of the inner receptacle remains in the initial position, and the contents are not released outside 
from the inner receptacle. 

A.9.2.1.7. Consideration of Drop I results in the criticality analysis 

As shown in section ''A.9.2.1.5. Summary of results of Drop I tests," no cracks, fractures or penetration holes that 

might affect the interior of the package were produced, and the lid stayed in its required position. No opening was 

caused on or near the flange. Adjusting the results of the structural analyses, our criticality analysis will assume 
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conservatively that the outer receptacle is deformed uniformly in its entire body as follows: 

"Height" direction: Deformations of up to 22 mm occurred. Thus, uniform 25-mm deformations are assumed to 

occur. 

"Length" direction: Deformations of up to 6 mm occurred in the body of the outer receptacle. Thus, uniform 

10-mm deformations (20 mm in total on both sides) are assumed to occur. 

''Width" direction: Deformations of up to 4 mm occurred in the body of the outer receptacle. Uniform 8-mm 

deformations (16 mm in total on both sides) are assumed to occur. 

Moreover, we will assume in our criticality analysis that the aluminum honeycomb elements are crushed completely 

and fall off, and that the inner receptacle moves accordingly in its surrounding space in the inner receptacle, 

neglecting the thickness of the honeycomb elements (6 mm) resulting from complete crushing. Moreover, we will 

adopt a corrected distance that the external surface of the outer receptacle can travel under impact load toward the 

external surface of the inner receptacle, taking into account deformations of the internal parts of the outer 

receptacle conservatively: 

Transversal direction of the package: 120 mm instead of 129 mm, the value actually measured. 

Longitudinal direction of the package: 127 mm instead of 136 mm, the value actually measured. 

Other assumptions for criticality analysis are: that no significant crack or deformations occur rn the neutron 

absorbers in the inner receptacle which remain in their effective zones; that the pellet storage box assemblies remain 

within their initial installed positions in the inner receptacle; that the uranium pellets are not discharged from the 

storage boxes; and that the bulges and deformations observed in and on the inner receptacle and pellet storage box 

assemblies are negligible. 

A.9.2.2. Mechanical strength tests: Drop II (1 m penetrating bar) 

Prototypes No. 1 and No. 2 were subjected to Drop II tests immediately after the free drop and Drop I tests. 

Appendix 1 to Chapter II-A shows the details of the results of the prototype tests. 

The same prototype packages were used throughout all these tests, and no additional measuring instruments were 

installed on the specimens. 

The penetrating bar consists of a soft steel cylinder 450 mm in length and 150 mm in diameter which has a smooth 

flat top surface and which is vertically welded onto the steel plate used for the preceding drop tests. The length (450 

mm) of the cylinder is sufficient to reach the contents of the package if perfect penetration occurs into the package. 

For detailed specifications for the penetrating bar, refer to Appendix 1 to Chapter II-A. 

These prototype tests were carried out in the sequence shown in Table II-A-7. In the Drop II tests, Prototype No. 1 

was made to drop in several cases of events: a drop with the body of the packaging inclined in such a way that the 

center of a lateral surface would strike the penetrating bar to achieve greatest deformations; a drop with the lid edge 

with less rigidity striking the penetrating bar; a drop with the flange and bolts striking the penetrating bar; a drop 

with the welded lifting attachment (lifting point) striking the penetrating bar, and a drop with a bottom leg striking 
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the penetrating bar. The very same zones of Prototype No. 2 which had been most damaged during the preceding 

free drop and Drop I tests were made to strike the penetrating bar. 

A.9.2.2.1. Summary of results of Drop II tests 

Table II-A-9 shows the deformations recorded in the Drop II tests. 

A drop with the lifting attachment striking the penetrating bar caused only small deformations because the bar 

struck the zone of the package behind which rigid frames were provided. No cracks were produced in the welds. 

Even if cracks are produced in the welds, the ceramic fiber (insulator) will not be lost since large blocks of this 

material are positioned into the compartments between the inner plates and the outer plates of the outer receptacle 

(see the other cases of cracking in the welds produced in the preceding tests). 

Adapted blocks of insulator are filled into the compartments formed by the inner and outer plates of the outer 

receptacle. Even in case of cleft, these blocks of ceramic fiber will not be lost from the compartments. 

A 28-mm deformation occurred in the leg. No cracking occurred in the neighboring zones of the outer plates on 

which the leg had been welded. As expected, the wider lateral side of the inclined package deformed 55 mm from 

the initial surface. No cracks or deformations were produced on the outer plates. 

The internal materials of both prototype packagings were checked after all the tests (free drop, Drop I, and Drop II) 

were completed. None of the deformations generated on the outer plates of the outer receptacle affected the inner 

plates of the outer receptacle. None of the loads applied to the prototypes during the Drop II tests affected the 

inner receptacle or the contents. 

Small dents from the strike were observed on the outer plates and the flange on the wider side of the flange, but no 

openings that might form routes for flames from outside were produced. 

The lifting attachment zone on the wider lateral side deformed very visibly because of its structural strength, and a 

weld cleft was produced in a zone which had not been filled with insulator. The lid did not move from its initial 

position and no opening was caused on or near the flange. 

During five event cases of Drop II, some of the welds presented cracks, but the insulator was not lost. No cracks or 

penetrations occurred on the outer plates. The bolts were not broken and did not fall off. 

Table II-A-9: Deformations in Drop II Tests 

Orientation Strike Zone Deformation Remarks (mm) 
Horizontal Lifting attachment 14 on the lid 

Bottom leg 28 

Prototype Inclined Lifting attachment 55 
on the wider surface No. 1 
Center of the wider 11 Trace of strike on the 

surface flange: 4 mm 
Flange on wider 14 

surface 
Prototype - Corner 7 

No. 2 
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A.9.2.2.2. Consideration of Drop II results for criticality analysis 

Dents were produced on the external surface of the outer receptacle in the Drop II tests. However, no penetrations, 

cracking or opening occurred on the external surface. The load applied during the tests did not cause deformations 

of or damage to the internal parts of the outer receptacle. Thus, the inner receptacle and the contents were not 

affected. Thus, consideration of the Drop II test results for criticality analysis is overridden by the consideration 

described in section ''A.9.2.1.7. Consideration of Drop I results in the criticality analysis." 

A.9.2.3. Thermal test 

The thermal test is carried out immediately after the end of the drop tests. This thermal test takes into account the 

damage caused to the package during the preceding tests. An analytical model (proven for reliability) is used to 

evaluate the package, taking into account the results of prototype tests. The analysis will follow the official 

regulations: the package is placed in an environment kept at 38°C in solar radiation until the surface temperature of 

the package becomes constant; then it is placed in an environment kept at 800°C under thermal test conditions for 

30 minutes and is returned for cooling to the initial environmental conditions at 38°C. Solar radiation is taken into 

account for the periods of time in which the package is placed under the thermal test conditions and in which it is 

cooled to 38°C. For details, refer to Chapter II-B, section B.5. 

A.9.2.3.1. Summary of evaluation of temperatures and pressures 

Table II-A-10 shows the highest temperatures obtained under accident conditions of transport. Refer to section 

''B.5.3. Temperatures of Package." 

As evaluated in section ''B.5.4. Highest Inner Pressures," if it is conservatively assumed that the interior of the inner 

receptacle is uniformly placed at 170°C as determined with the O-ring, with the leaktightness of the inner receptacle 

being maintained, the highest inner pressure of the inner receptacle is a gauge pressure of 63 kPa (absolute value: 

164 kPa), which conservatively does not take thermal expansion into account. 

Table II-A-10: Highest Temperatures of Parts of Package under Accident Conditions of Transport 

Part Highest Temperature (0 C) 

Before Thermal Test During/ After Thermal Test 
Top of outer receptacle 129.0 798.2 
Corner of outer receptacle 80.4 800.7 
Wider lateral side of outer receptacle 61.8 736.1 
Narrower lateral side of outer receptacle 62.2 737.4 
O-ring of inner receptacle at corner 65.8 169.3 
O-ring of inner receptacle on wider side 66.2 155.3 
O-ring of inner receptacle on narrower side 66.5 169.7 
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The results of prototype tests have shown that under the conditions of Drop I and Drop II tests, the contents are 

not discharged from the inner receptacle which constitutes a containment boundary. The contents to be stored in 

the packaging are less dissipative solids. Therefore, the package in question is not required to maintain leaktightness 

of the containment boundary under accident conditions of transport. The package will be evaluated below for 

stresses that may be generated on the inner receptacle on the assumption that inner pressure is present. We will 

compare the results of the numerical evaluation to the tensile strengths of the structural materials to verify that the 

inner pressure does not cause cracking or fracture in the components of the inner receptacle and that the inner 

receptacle continues to confine the contents. 

(1) Stress on narrower lateral plate (443 X 555 mm) of inner receptacle 

The maximum bending stress generated on the narrower lateral plate of the inner receptacle by the maximum 

internal/ external pressure difference is represented as follows: 

(Ymax 

pal 
= /Jy 

where 
Gma., : maximum bending stress generated on the narrower lateral plate of the inner receptacle 
~: stress constant for the rectangular plate = 0.35 (determined from the ratio of both sides of the 

rectangular plate) 
p: uniformly distributed load = 6.3 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate= 443 [mm] 
h: wall thickness of the narrower lateral plate= 6 [mm] . 

These values are assigned: 

= Q 35 X 6.3 X 10-2 X 4432 = 120 3 [MPa] 
O"max · 62 • 

Thus, the stress generated on the narrower lateral plate of the inner receptacle is lower than 414 MPa, the allowable 

tensile stress for the stainless steel at 170°C. 

(2) Stress wider lateral plate (555 X 760 mm) of inner receptacle 

The maximum bending stress generated on the wider lateral plate of the inner receptacle by the maximum 

internal/ external pressure difference is represented as follows: 

pal 
=/Jy 

Gma.,: maximum bending stress generated on the wider lateral plate of the inner receptacle 
~: stress constant for the rectangular plate = 0.45 (determined from the ratio of both sides of the 

rectangular plate) 
p: uniformly distributed load= 6.3 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate = 555 [mm] 
h: wall thickness of the wider lateral plate = 8 [mm] . 

These values are assigned: 
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CT = 0 45 X 6.3 X 10-2 X 5552 = 136 5 [MPa] 
max · 82 · 

Thus, the stress generated on the wider lateral plate of the inner receptacle is lower than 414 MPa, the allowable 

tensile stress for the stainless steel at 170°C. 

(3) Stress on bottom plate (443 X 760 mm) of inner receptacle 

The maximum bending stress generated on the bottom plate of the inner receptacle by the maximum 

internal/ external pressure difference is represented as follows: 

(Ymax 

pa2 
= /Jy 

Gma., : maximum bending stress generated on the bottom plate of the inner receptacle 
~: stress constant for the rectangular plate = 0.49 (determined from the ratio of both sides of the 

rectangular plate) 
p: uniformly distributed load = 6.3 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate= 443 [mm] 
h: wall thickness of the bottom plate= 6 [mm] . 

These values are assigned: 

= 0 49 X 6.3 X 10-2 X 4432 = 168 3 [MPa] 
(,max • 62 • 

Thus, the stress generated on the bottom plate of the inner receptacle is lower than 414 MPa, the allowable tensile 

stress for the stainless steel at 170°C. 

(4) Stress on upper plate (443 X 760 mm) of inner receptacle 

The maximum bending stress generated on the upper plate of the inner receptacle by the maximum 

internal/ external pressure difference is represented as follows: 

CFmax 

pa2 
=/Jy 

Gma.,: maximum bending stress generated on the upper plate of the inner receptacle 
~: stress constant for the rectangular plate = 0.49 (determined from the ratio of both sides of the 

rectangular plate) 
p: uniformly distributed load= 6.3 · 10-2 [MPa] 
a: dimension of the shorter side of the rectangular plate= 443 [mm] 
h: wall thickness of the upper plate= 10 [mm] . 

These values are assigned: 

CT = 0 49 X 6.3 X 10-2 X 4432 = 60 6 
max • l 02 • [MPa] 

Thus, the stress generated on the upper plate of the inner receptacle is lower than 414 MPa, the allowable tensile 

stress for the stainless steel at 170°C. 
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A.9.2.3.2. Thermal expansion 

The coefficient of thermal expansion of chrome molybdenum steel, the material used for the rod bolt for the inner 

receptacle, is smaller than that of stainless steel. Accordingly, when the ambient temperature rises, tensile stress 

occurs on the rod bolts. To determine the stress on a rod bolt, we assume conservatively that the entire thermal 

expansion results in strain in the rod bolt, omitting the thermal expansion of the rod bolts. 

The tensile stress which is generated when a gauge pressure of 63 kPa acts on the inner receptacle is represented as 

follows: 

F T 
CJ Rl = ---+ -----

n x AR K x d x AR 

where 
GRJ: tensile stress generated on the section of the rod bolts [MPa] 
F: load which the maximum internal/ external pressure difference generates on the lid of inner receptacle = 

21211 [NJ= 6.3 · 102MPa X(443 X 760mm2) 

n: number of rod bolts= 16 
AR: sectional area of the rod bolt= 157 [mm2] 
T: tightening torque for the rod bolt= 44130 [N·mm] 
K: torque constant = 0.1 
d: nominal diameter of the rod bolt= 16 [mm] . 

These values are assigned: 

CTR!= 21211 + 44130 =lS4_2 [MPa] 
16xl57 0.lxl6xl57 

Since the thermal expansion of the rod bolts is not taken into account, the stress resulting from thermal expansion 

difference in thermal expansion is determined from the strain multiplied by Young's modulus simply on the 

assumption that the entire thermal expansion of the stainless steel: 

CJ R 2 = EX E 

where 

<J R2: tensile stress generated on the section of the rod bolt [MPa] 

E: strain produced in the rod bolt by the thermal expansion of the stainless steel at 170°C ( 44 3 K) 
(determined by interpolating between the two coefficient of thermal expansion of the stainless steel: 

15.30 · 106 K 1 (at 400 K) and 16.25 · 106 K 1 (at 500 K) 
E: Young's modulus of the chrome molybdenum steel = 2.05 · 105 [MPa] 

(a value adopted conservatively at the ambient temperature) 

These values are assigned: 

CJ R2 = 15. 7l X 10·6 
X 2.05 X 105 = 3.3 [MPa] 
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The sum of these stresses on the rod bolt is: 

CJ R = CJ Rl + CJ R 2 = 184.2 + 3.3 = 187.5 [MPa] 

Thus, the total stresses generated on the rod bolt are lower than 84 7 MPa, the allowable tensile stress for the chrome 

molybdenum steel at 170°C, and the rod bolts have a sufficient structural strength. 

A.9.2.3.3. Comparison with allowable stresses 

Table II-A-11 shows the analytical values of stress obtained and the corresponding allowable stresses. In all the cases, 

the analytical values of stress are lower than the allowable values. Thus, no openings will be produced in the inner 

receptacle, and the contents will not escape from the inner receptacle. 

Table II-A-11: Analytical values of stress compared with allowable values 
Item Allowable Stress Analytical Value 

1. Stresses on inner walls of inner receptacle: 
- Narrower lateral side 414MPa 120.3 MPa 
- Wider lateral side 414MPa 136.5 MPa 
- Bottom surface 414MPa 168.3 MPa 
- Top surface 414MPa 60.6 MPa 
2. Stresses on rod bolt for inner receptacle 847 MPa 187.5 MPa 

A.9.2.3.4. Consideration of thermal test results in the criticality analysis 

During the thermal test, non-metallic materials such as rubber in the outer receptacle were burnt, but the package 

underwent no significant geometrical alterations. The inner receptacle underwent a color change but there were no 

geometrical alterations. The temperature reached in the O-ring was lower than the normal service temperature. The 

neutron absorbers in the inner receptacle were not altered during the tests and the contents did not move or present 

any deformations or fractures. Thus, the results of the thermal test to be considered in the criticality analysis are 

included in those pointed out in section ''A.9.2.1. Mechanical strength tests: Drop I (9 m drop)." 

A.9.2.4. Water immersion 

Since the criticality safety analysis takes into account entry or infiltration of water into the inner receptacle, the 

regulatory water immersion tests under a 0.9 m water head were not carried out. In this respect, the density of water 

was surveyed to stay conservative in the criticality analysis. 

A.9.2.5. Summary of accident conditions of transport 

During the Drop I and Drop II tests, Prototype No. 1 which had preliminarily been subjected to drop orientation 

examination tests presented no cracks, fractures or penetration holes that might reach the interior of the outer 

receptacle. The lid of Prototype No. 1 maintained its initial closed position. Prototype No. 2 showed similar 
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behaviors during the tests and the inner receptacle was not exposed. 

The inner receptacle moved in the space of the outer receptacle which was enlarged under the loads applied during 

the tests. However, no cracking, fracture or penetration which might reach or affect the interior of the inner 

receptacle occurred in the outer receptacle. The lid of Prototype No. 1 maintained its initial closed position. The 

neutron absorbers simulated by boronic stainless steel plates suffered no significant damage and stayed in their 

effective zone. The pellet storage box assemblies (contents of the package) maintained their initial shape and 

capabilities. No openings from which pellets of uranium oxides might escape were created in the storage boxes. 

During the thermal test, the rubber materials on the external surfaces of the outer receptacle were burnt but 

maintained their shapes. The interior of the outer receptacle changed color. There was no burning of organic 

substances. The 0-ring reached temperatures around 170°C in conservative analyses and maintained sufficient 

elasticity after undergoing the tests under accident conditions of transport. The neutron absorbers underwent no 

change of location, deformations or cracks. The temperatures of the pellet storage box assemblies (contents) did 

not exceed 170°C. They presented no traces of thermal loads applied in the tests. 

For the purpose of criticality safety analysis, we adopt the conservative condition that the outer receptacle presents 

uniform deformation under accident conditions of transport, based on the test results, especially the deformations 

of Prototype No. 1 which underwent more than one case of drop. 

For the inner receptacle, we also adopt the conservative condition that it moves in the space delimited by the outer 

receptacle, based on the test results of Prototype No. 1 which underwent more demanding test conditions. 

Nevertheless, we assume that the nuclear fuel material (pellets of uranium oxides) remain in the pellet storage boxes 

which maintain their shape and capabilities. We also assume that the contents remain in the inner receptacle. 

Table II-A-12 shows the conditions of the package which underwent tests under the accident conditions of 

transport for fissile packages and the test results to be considered in criticality analyses. Our criticality analysis 

conditions under accident conditions of transport shall include water immersion in the package and uniform 

deformation of the package. 
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Table II-A-12: Conditions of Damage in the Package Tested under Accident Conditions of Transport 
Test Results to be 

Test Damage in Package Considered in the criticality Remarks 
analysis 

Reductions in external Reductions in external 
dimensions. dimensions are taken into 
Deformations: account. 
- H eight 22 mm max. Deformations: 
- Length: 6 mm max. - H eight 25 mm uniformly 
- Width: 4 mm max. - Length: 10 mm uniformly 

- Width: 8 mm uniformly 
The inner receptacle Movements of the inner 
moved. receptacle are taken into 
Final distance between account. 
external surface of outer Possible final distance 
receptacle and external between external surface of 
surface of inner recep tacle: outer receptacle and 

D rop I - Package transversal external surface of inner -
direction: 129 mm receptacle: 
- Package longitudinal - Package transversal 
direction: 136 mm direction: 120 mm 

- Package longitudinal 
direction: 127 mm 

The neutron absorbers Neutron absorbers are 
remained in their effective installed in their effective 
zones. zones. 

The fuel in the inner Movement is not taken into 
receptacle did not move. account for the fuel. 
The inner receptacle and Neglected conservatively 
contents presented 
deformations. 
Local deformations which No consideration 

D rop II did not affect the inner -

receptacle and contents. 
No changes that might No consideration 

Thermal test affect the criticality analysis -

occurred. 
Water immersion Water immersion is taken 

- -
tests into account. 
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A.10. Conclusion of Structural Analysis 

The package was subjected to structural analyses in routine conditions of transport, under normal and accident 

conditions of transport. The results obtained show that the package meets the requirements of each evaluation item. 

The consequences observed in the package under these test conditions will be taken into account in other analyses. 

Table II-A-13 shows summarized results of the structural analyses. 

Table II-A-13: Results of Structural Analyses (1/ 2) 

Condition Designation Analyses Criteria Results M~F 
s Safetv 

1. Chemical and 
electrical reactions 

(1) Chemical Reactivity No chemical reaction No chemical reaction -
reactions occurs. occurred. 

(2) Electrical Potentiality No electrical potential No electrical potential -
reactions difference is present difference was present 

between different between different 
materials . materials. .... 

'-< 
0 2. Low-temperature 0.., 
V) 

~ strengths 
~ -

..... (1) Structural Low-temperature No reduction in No reduction in 
0 elements strength performance occurs. performance occurred. 
V) 

" 0 ·o -:.a (2) Shock absorbers Low-temperature No reduction in No reduction in " 0 strength performance occurs. performance occurred. u 
OJ 

·B 3) Spacers and Reduction in No reduction in No reduction in -
::l -rmg performance performance occurs. performance occurred. 0 p::: 

( 4) Insulator Reduction in No reduction in No reduction in -
performance performance occurs. performance occurred. 

(5) Rod bolts Low-temperature No reduction in No reduction in -
strength performance occurs. performance occurred. 

3. Containment Operational errors No operational error No operational error -
system will open the opened the 

contamment system. contamment system. 
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4. Lifting Devices 

(Vi Outer receptacle, Combined stress 205 MPa 58.7 MPa 3.4 
Ii ting attachment, 
''N. '-section 
(~ Outer receptacle, Combined stress 205 MPa 115.0 MPa 1.7 
Ii ting attachment, 
section B 
(3) Outer recitacle, Shear stress 72MPa 41.0 MPa 1.7 
box-shaped Ii ting 
attachment, weld 
( 4) Outer receptacle, Tensile stress 125 MPa 12.4 MPa 10.0 
weld between lifting 
attachment and lid 
(5) Outer receptacle, 
rod bolt 

Tensile stress 785 MPa 194.8MPa 4.0 

( ~ Inner receptacle, Combined stress 205 MPa 20.3 MPa 10.0 
Ii ting attachment, 
''N. ' -section (?i Inner receptacle, Combined stress 205 MPa 87.1 MPa 2.3 
Ii ting attachment, 
section B 
(~ Inner receptacle, Combined stress 125 MPa 88.3 MPa 1.4 
Ii ting attachment, 
weld 
(9) Inner receptacle, 
rod bolt 

Tensile stress 785 MPa 192.9MPa 4.0 

5. Tie-down system - - N / A -

6. Pressures 

(1) Inner receptacle, 
narrower lateral side 

Bending stress 205 MPa 78.3 MPa 2.6 

(2) Inner receptacle, 
wider lateral side 

Bending stress 205 MPa 88.8 MPa 2.3 

(3) Inner receptacle, 
bottom surface 

Bending stress 205 MPa 109.6MPa 1.8 

( 4) Inner receptacle, Bending stress 205 MPa 39.5 MPa 5.1 
top surface 

Tensile stress (5) Inner receptacle, 785 MPa 189.3 MPa 4.1 
rod bolt 

7. Vibration Deformation, No deformation nor No deformation or -
fracture fracture occurs fracture occurred. 
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Table II-A-13: Results of Structural Analyses (2/ 2) 

Conditions Designation Analyses Criteria Results M~F 
Safetv 

1. Pressures 

(1) Inner receptacle, 
narrower lateral side 

Bending stress 183 MPa 53.5 MPa 3.4 

(2) Inner receptacle, 
wider lateral side 

Bending stress 183 MPa 60.7 MPa 3.0 

(3) Inner receptacle, 
bottom surface 

Bending stress 183 MPa 74.8 MPa 2.4 

( 4) Inner receptacle, Bending stress 183 MPa 27.0MPa 6.7 
.... top surface 
'-< (5) Inner receptacle, Tensile stress 712 MPa 179.5 MPa 3.9 0 
0.., rod bolt V) 

" "' ~ 2. Water spray Deterioration of No deterioration of No deterioration of -
..... materials . material occurs. material occurred. 0 

V) Internal water No water immersion No water immersion -

" occurs inside. occurred inside. 0 1mmersion ·p 
:.a 
" 3. Free drops 0 u 

«l Horizontal, lid Deformations, Amount of Body: 1 to 2 mm -

6 downward. fractures deformation Corner: 17 to 40 mm '-< 
0 Horizontal, narrower z side downward. State of damage Local small -

Inclined, corner deformations 
downward occurred, but no 

significant ones. 

Leakage of No leakage of No leakage of -

contents contents occurs. contents occurred. 
4. Stacking Bucking load 101988 N 7971 N 12.7 

5. Penetration Penetration No penetration No penetration -

occurs. occurred. 
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1. Drop I 

Horizontal, lid Deformations, Amount of Height 2 to 22 mm -
downward. fractures deformation Length: 1 to 6 mm 
Horizontal, narrower Width: 0 to 4 mm 
side downward. Corner: 180 to 300 
Horizontal, wider mm 
side downward. 
Inclined, narrower State of damage - No cracks, fractures -
side downward. or penetrations that 
Inclined, corner might reach the 
downward mtenor 

- Lid stayed in the 
required position. 

2. Drop II - No loss of insulator 
- No flange opening, 

.... Horizontal, lid . rod bolt fracture or 
'-< 
0 Horizontal, near a fall-off 
0.., 
V) leg. Effect on contents -
~ Inclined, wider side, - Additional space -
~ lifting attachment. generated for inner ..... 
0 Inclined, wider side receptacle to travel 
V) center. - No openinC in inner " 0 Inclined, wider side receptacle or ·o :.a flange contents to escape 
" - Contents 0 u maintained their 
~ initial geometry. 
<I) - Neutron absorber '"O ·c maintained u 
~ capabilities. 

3. Thermal test Deformations, Amount of No deformation -
fractures deformation occurred. 

State of damage No serious 
deterioration or 

-

deformation 
occurred. 

-
Effect on contents - Contents did not 

move or escape. 
Neutron absorber 
was not affected. 

4. Water immersion - - Water lffimers1on 1S -
taken into account in 
the criticality analysis. 
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