
II-D. Shielding Analysis 

D.1. General 

The nuclear fuel material to be contained in the package configured with type GP-01 packaging consists of 

pellets of unirradiated uranium oxides enriched to 5 weight percent or less. Because of the low source 

intensity of the contents, the packaging has no special elements or systems designed for shielding. 

Most of the radioactive dose from the package is generated by gamma rays emitted as a result of alpha decay 

and/ or beta decay of the uranium and its daughter nuclides. 

Our shielding analysis of the package conservatively assumed that the packaging contains 264 kg of uranium 

oxides enriched to 5 weight percent, a value which corresponds to the highest source intensity. The dose 

equivalent rates of the package under routine conditions of transport and under normal conditions of 

transport were determined with the code of the QAD-CGGP2R point nuclear attenuation integration 

program. This code can be useful in determining the effective dose equivalents adopted in the Japanese 

internal laws / ordinances and regulations under the ICRP Recommendations 1990 (Publication 74). The 

following assumptions were applied to the analysis : 

G) 264 kg of uranium oxides is homogeneously contained in the space of the inner receptacle; 

~ Stainless steel is the principal structural material of the inner and outer receptacle of the package; 

Gl The analytical model of transport package under normal conditions of transport includes a portion 

corresponding to the outer receptacle which has a 5-mm reduced length, width and height; 

® Only uranium oxides are present in the source range, and the pellet storage box assemblies (including the 

pellet storage boxes) and the boronic stainless steel plates are omitted from consideration; 

~ The ORIGEN 2 code is used to determine the source intensity, account taken of the daughter nuclides of 

the uranium. 

Table II-D-1 shows the results of the calculation performed on the above analysis assumptions. The highest 

dose equivalent rate determined for the package surface under routine conditions of transport is 2 .80 · 10-2 

mSv/ h and the highest dose equivalent rate determined for any locations at 1 meter from the package surface 

is 2.56 µSv/ h. These results meet the requirements: 2 mSv/ h or less for the package surface and 100 µSv/ h or 

less at 1 meter from the package surface. 

The highest dose equivalent rate determined for the package surface under normal conditions of transport is 

3.26 · 10-2 mSv/ h, a value which is within the requirement: 2 mSv/ h or less for the package surface. The 

increment in the dose equivalent rate under normal conditions of transport was 17 percent. 
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Table II-D-1: Highest Dose Equivalent Rates for Package 

~ On Package Surface 
1 m from Package 

Surface 

Routine conditions of 
2.80 · 10 2 mSv/ h 2.56 µSv/ h 

transport 

Requirement :'::'. 2 mSv/ h :'::'. 100 µSv/ h 

Under normal 
3.26 · 10 2 mSv/ h -------------

conditions of transport 

Requirement :'::'. 2 mSv/ h -------------

D.2. Requirements for Radiation Source 

The package has a maximum capacity of 264 kg of uranium oxides. Since the uranium oxides are contained 

within the containment boundary of the inner receptacle, the analytical models are based on the assumption 

that a radiation source represented by 264 kg of uranium oxides is homogeneously contained in the inner 

receptacle. 

D.2.1. Gamma ray source 

The contents of the package are unirradiated uranium oxides enriched to 5 weight percent or less. The major 

nuclides are 232U, 234U, 235U, 236U, 238U, and 99Tc. The detailed characteristics of the source are shown 

below. 

(1) Radioactive materials contained in the contents 

The radioactive materials of the contents of the package being considered are the six kinds of nuclides: 232U, 

234U, 235U, 236U, 238U, and 99Tc. The composition of the materials is 232U at 1.0 · 10-8 weight percent, 234U 

at 5.0 · 10-2 weight percent, 235U at 5.0 weight percent, 236U at 2.5 · 10 2 weight percent, 99Tc 1.0 · 10 6 weight 

percent, and 238U at the remaining ratio. 

(2) Source intensity 

The ORIGEN 2 code was applied to determine the gamma ray source spectra and the radioactivities of the 

radioactive materials referred to in D.2.1 (1) and their daughter nuclides for a cooling time of 10 years before 

equilibrium. Table II-D-2 shows the results of the calculation of the gamma ray source spectra. Table II-D-3 

shows the results of calculation of the radioactivities. For details o f the ORIGEN 2 code, refer to Appendix 1 

to Chapter II-D. 
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D.2.2. N eutron source 

No t applicable. 

Table II-D-2: Calculated G amma Ray Spectra o f Uranium O xides per 264 kg 

Average G amma Ray Energy Source Spectrum 

(MeV) (photons / s) 

0.01 6.376 · 109 

0.025 4.440 · 108 

0.0375 1.999 · 108 

0.0575 4.41 7 ·108 

0.085 5.190 · 108 

0.125 2.837 · 108 

0.225 6.788 · 108 

0.375 7.1 84 · 107 

0.575 4.431 · 107 

0.85 2.760 · 107 

1.25 1.758 . 107 

1.75 3.249 · 106 

2.25 1.235 · 103 

2.75 5.706 · 106 

3.5 4.031 · 102 

5 1.719 · 102 

7 1.973 · 101 

9.5 2.264 · 10° 

Table II-D-3: Calculated Radioactivities of Uranium Oxides (per 264 kg) 

------- 232u 234U 23SU 236U 23su 99Tc 

Radioactivity 
1.34 · 108 2.70 . 1010 1.87 . 109 1.40 · 108 8.26 · 109 1.46 . 106 

(Bq) 
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D.3 . Characteristics of Analytical Models 

D.3 .1. Analytical Models 

D.3 .1.1. Routine conditions of transport 

Fig. II-D-1 shows the analytical model used. The type GP-01 packaging has a nested-box construction 

consisting of an inner receptacle and an outer receptacle. The inner receptacle is designed for containing 

pellet storage box assemblies composed of stacked flat boxes which contain uranium oxides as nuclear fuel, 

and boronic stainless steel plates around these assemblies. The outer receptacle is filled with pieces of a 

ceramic fiber insulating material. Aluminum honeycomb elements are inserted as shock absorbers between the 

outer receptacle and the inner receptacle. 

The analytical model for shielding analysis corresponds to the stainless steel plates of the inner and outer 

receptacle, the principal components of the packaging. The outer receptacle is modeled as a rectangular 

cuboid (parallelepiped) 1134 mm in length, 850 mm in width and 920 mm in height (outer dimensions) . The 

inner receptacle also is modeled as a rectangular cuboid (parallelepiped) 924 mm in length, 610 mm in width 

and 685 mm in height. The insulator and the shock absorbers are excluded. 

The source range is modeled on the assumption that 264 kg of uranium oxides is present as a homogeneous 

mass in the inner receptacle. The stainless steel components of the pellet storage box assemblies and the 

boronic stainless steel plates are excluded. 

We selected an evaluation point on the package surface and another at one meter from the package surface. 

D.3 .1.2. Normal conditions of transport 

Fig. II-D-2 shows the analytical model for normal conditions of transport. 

As described in section A.5 .7, the transport packagings were not deformed significantly. The deformations 

produced during the mechanical strength tests were smaller than 5 mm. The deformations caused during the 

drop tests of one (Prototype No. 2) of the specimens positioned in an orientation which would cause 

maximum damage to the package were ignored, since the deformations were local and did not intersect or 

contain the location corresponding to the highest dose equivalent rate. 

Thus, the analytical model adopted for our shielding analysis was conservatively modeled as one reduced by 5 

mm in all the three dimension of the outer plates of the outer receptacle as compared to the analytical model 

for routine conditions of transport. 

The model includes a zone corresponding to shock absorbers which were assumed to have been totally 

crushed. Moreover, the model is based on the assumption that the inner receptacle containing the source 

range has been moved to and stays in contact with the internal surface of the outer receptacle. This model is 

conservative partly in this respect: the source range has approached the external surface of the entire package. 
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D.3.2. Density of Atoms in Various Zones of Analytical Model 

The analytical model for shielding analysis consists of a packaging zone and a source range. Table II-D -4 

shows the densities and components of these zones, the numbers of atoms in the components, and the 

volume ratios. 

All zones other than the source and the package were regarded as air for purposes of calculations. 

Table II-D -4: D ensities and Components of Zones, Numbers of Atoms in Components, and Volume Ratios 

Zone 
Density 

Component 
Density of atoms 

Volume Ratio 
(g/ cm3) (atoms/barn·cm) 

Source range u 3.15 · 10 3 

1.41 1.0 
(uranium oxides) 0 6.30 · 10 3 

Fe 5.66. 10 2 

Cr 1.83. 10 2 

Packaging 
7.90 * Ni 8.51 · 10 3 1.0 

(stainless steel) 
Si 1.69 . 10 3 

Mn 1.73 . 10 3 

*Note: This value has been determined from the value (7 .93 g/cm3) of density for SUS 304 shown in 

the Standard JIS G 4305. 
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D.4. Shielding Evaluation 

D.4.1. Method 

The analytical models shown in Figs. II-D-1 and II-D-2 were subjected to a shielding analysis on the QAD-

CGGP2R code, which is a point nuclear attenuation integration program. The program includes data such as 

coefficients of attenuation and coefficients of regeneration as libraries. This code includes also factors for 

converting into absorbed dose in air and correction factors for simpler and more efficient conversions of 

absorbed dose in air into dose equivalent rates. 

These coefficients should be used in order to determine the effective dose equivalent defined in the laws and 

regulations currently in force in Japan which have adopted the ICRP Recommendations 1990 (Publication 7 4). 

For details of the QAD-CGGP2R code, refer to Appendix 2 to Chapter II-D. 

D.4.2. Results of evaluation 

Table II-D-5 shows the results o f the evaluation of a package which contains 264 kg of unirradiated uranium 

oxides enriched to 5 weight percent. The highest value of dose equivalent rate on the package surface was 

obtained for the package bottom surface under both routine conditions of transport and normal conditions 

of transport. The highest value at one meter from the package surface was obtained on one of the package 

lateral surfaces. It should be noted that these evaluation values were determined on the basis of a preliminary 

survey of the evaluation points which were likely to present the highest value. 

For details of the results of a preliminary survey of the points which were likely to present the highest value, 

refer to Appendix 3 to Chapter II-D. 

Table II-D-5: Results of Shielding Analysis 

Normal Conditions of 

Evaluated 
Routine Conditions of Transport 

Transport 

Surface 1 m from package 
On package surface 

surface 
On package surface 

Bottom 2.80 · 10 2 mSv i'.h 2 .37 µSv/ h 3.26 · 10 2 mSvi'.h 

Lateral 2.51 · 10 2 mSv/ h 2 .56 ~Svi'.h 3.19 · 10 2 mSv/ h 

Thus, the highest dose equivalent rates on the package surface and at one meter from the package surface 

were found to be within the stipulated permissible ranges. The increase in dose equivalent rate under routine 

conditions of transport and under no rmal conditions of transport was 17 percent. 
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D.S. Summary of Results and Evaluation 

The package was analyzed for shielding capability under routine conditions of transport and under normal 

conditions of transport. As shown in Table II-D-1 , the highest dose equivalent rate under these conditions 

does not exceed the values stipulated in the applicable laws / ordinances and regulations. Thus, the type GP-01 

transport packaging has sufficient shielding capability. 
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Appendix 1 to Chapter II-D 

Description of ORIGEN 2 Code 

The ORIGEN code was first developed by researchers from Oak Ridge National Laboratory, USA, in 1973 

for calculating the composition, radioactivity and calorific value of fission products, actinides and structural 

materials. 

Generally, the generation and decay process of a nuclide is defined as follows: 

(i-1 , ... , N) 

X; : number of nuclides i (atom density) 

N : number of nuclides 

................. (1) 

1; i : ratio of nuclides j which decay and generate nuclides i to total number of nuclides j 

Ai : decay constant for nuclide j 

X i : number of nuclides j which decay and generate nuclides i 

{Jl : neutron flux, averaged for position and energy 

f ; k : rate of generation of nuclides i generated by nuclides k by absorbing neutrons 

o k : neutron absorption cross section of nuclide k, averaged for spectrum 

X k: number of nuclides k 

A; : decay constant for nuclide i 

o ; : neutron absorption cross section of nuclide i . 

When the value {Jl remains constant despite the variation of the atom density X of the nuclide within a short 

period of time, equation (1) takes the form of simultaneous linear normal differential equation as follows : 

X=AX .......... ............. ...... (2) 

In equation (2), Xis a vector which has a component Xi, A is a constant matrix. 

Equation (2) is s;Ived 
X(t) = exp(A t)X(O) - :::::: -

where exp(At) 1s 
"' 

00 (A t)lll 
exp(At) = L - "'--

m~o m! 

.......... ........... ........ (3) 

.......... ............. ...... (4) 

This method of solving is known as the matrix exponential method. The method makes it possible to first 

determine numerically the right term of equation (4) and determine, using the initial condition X(0), the atom 

density X at the time t with equation (3) . 

For nuclides which have a short life, Bateman's formula, analytical solution of equation (1) is used in parallel. 
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The ORIG EN code has the following versions: 

ORIG EN-73: original program 

ORIG EN-79: ORIG EN-73 with modified libraries 

ORIGEN2: ORIGEN-79 with improved calculation processes 

ORIGEN2-82: ORIGEN2 with modified libraries 

ORIGEN2-86: ORIGEN2-82 with modified libraries 

ORIGEN2.1: ORIGEN2-86 to which new libraries were added 

ORIGEN2.2: ORIGEN2.1, debugged 

Our shielding analysis was conducted with ORIGEN2.2. 

Below is a simplified flowchart of the ORIG EN code: 

Inputting Lbraries 

D ata Editing 

\I 

Calculating Neutron Flux 

\I 

Calculating short-life nuclides 

with Bateman's Formula 

\/ 

Calculating long-life nuclides 
in the matrix exponential 

method 

\/ 

Outputting the results 

Flowchart of ORIGEN Code 
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Appendix 2 to Chapter II-D 

Description of QAD-CGGP2R Code 

1. General 

The QAD-CGGP2R code is a three-dimensional point nuclear attenuation integration program based on 

QAD-CG developed by researchers from Los Alamos National Laboratory (LANL), USA, and which was 

improved by researchers from Japan Atomic Energy Research Institute OAERl) for determining effective dose. 

As of April 1, 2001, values of effective dose must be evaluated in shielding analysis in accordance with the 

revised laws and regulations relative to the Laws Concerning the Prevention of Radiation Hazards due to 

Radioisotopes and Others which were published on October 23, 2000, to assimilate the ideas of the ICRP 

Recommendations 1990. 

In general, QAD codes are referred to as point nuclear attenuation methods. A volume source is divided into 

several micro-volumes. Using such micro-volumes, the attenuation of gamma rays before (until) the 

calculation point is determined with exponential attenuation of material and inverse-square attenuation of 

distance. Contributions of scattered rays other than the direct rays are approximated with a gamma ray 

buildup factor. Contribution of the entire source (ray flux, dose rate, etc.) is determined with the sum of 

micro-volumes. 

2. Advantages 

Point nuclear attenuation methods take into account scattered rays with a gamma ray buildup factor, but not the 

evolution of energy spectrum and the angle distribution of gamma rays. Thus, the QAD-CGGP2R code has 

several advantages: three-dimensional shapes can easily be inputted; the method for determining the gamma ray 

buildup factor is based on a geometrical series equation (G-P method); and dose rates can be determined in 

accordance with the ICRP Publication 74. 

The QAD-CGGP2R code is capable of handling various three-dimensional shapes such as those of source and 

shielding material: a source can be represented with a combination of three kinds of 3-D figures including 

circular cylinders, rectangular parallelepipeds and spheres; and a shielding material with a combination of nine 

kinds of 3-D figures including rectangular parallelepipeds, spheres, circular cylinder solids, oval cylinder solids, 

circular truncated cones, oval truncated cones, wedge shapes, box shapes and desired hexahedrons. 

Input data include specified energy, shape, intensity, number of divisions of a source, specified shape and 

zone of a system, densities of materials, selected gamma ray buildup factor, and positions of calculation 

points. In addition to the inputted data, the output data include the flux, air kerma rates, effective doses and 1-

cm dose equivalent for various calculation points. 

The QAD-CGGP2R code includes the mass absorption coefficients, the exposure buildup coefficients, and the 

effective value conversion factors required for determining dose rates in accordance with the ICRP Publications 

74 and 51. 
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3. Calculation Method 

The point nuclear attenuation method comprises dividing a volume source which has a finite spread into a 

number of volume elements (referred to as "dose elements"). While each of such dose elements is regarded as 

a point-like source, space integration is conducted to determine their contributions at the calculation points . 

Below is the equation for calculating the dose equivalent rate D at the calculation point considered: 

3-amma 

where, 

i : subindex for dose element of a source 

j : subindex for source energy 

k : subindex for a zone after a space has been divided into zones 

Ki: absorption dose rate conversion coefficient for energy j in (Gy/ hr) / (photons / cm2 / sec) 

B : gamma ray exposure buildup factor 

I;;: effective value conversion factor 

Soij : source intensity for energy j in the source element i in photons / sec 

µ jk: dose absorption factor for zone k at energy j in cm-1 

E j : incident energy of the j-th gamma ray in MeV 

tk: distance traveled by gamma ray in zone k in the space in cm 

r; : distance from dose element i to the calculation point in cm 

Gamma ray source Shield (dose absorption factor : µ) 

ray source 
ntensity in the ith ell: S 

Calculation 
point(dose 
equivalent 
rate: D ) 
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Appendix 3 to Chapter II-D 

Choosing Evaluation Points for Providing Highest Dose Equivalent Rates 

A preliminary survey was conducted to choose locations which correspond to the highest dose equivalent rate 

on the top, bottom, narrower-side and wider-side surfaces of the package, and locations which correspond to 

the highest dose equivalent rate at positions one meter from those surfaces. From the chosen locations, the 

evaluation point for shielding analysis which accounts for the highest dose equivalent rate for the entire 

package was adopted for each o f the two distance categories. 

Thus, the highest value of dose equivalent rate on the package surface was given on the package bottom 

surface of the package and at a location one meter from the wider-side surface of the package 

The following paragraphs summarize how the preliminary survey was conducted. 

1. Calculating dose equivalent rates on different surfaces of the package 

(1 ) Under routine conditions of transport 

Fig. II-D.App-1 shows the ranges of evaluation points examined during the preliminary survey. 

On the survey results, we decided to calculate the dose equivalent rates for the two directions of the line 

drawn from the source center which intersects every side of the package at right angles. Figs. II-D.App-2 to 

II-D.App-9 show the results. 

These results testify that on each side o f the package, the highest dose equivalent rate is given at the point at 

which a line drawn from the source center intersects the flat surface of the package. 

The highest dose equivalent rates shown in Table II-D.App-1 were compared with each other. This 

comparison revealed that the highest dose equivalent rate was given on the bottom surface and at a location 

one meter from the wider-side surface. 

(2) Under normal conditions of transport 

Similar calculations to those of the preceding paragraph conducted for the package under normal conditions 

of transport showed the same tendency. The values shown in Table II-D.App-1 were compared with each 

other. This comparison showed that of the package surfaces, the bottom surface presented the highest dose 

equivalent rate. 

Table II-D.App-1 : Highest Dose Equivalent Rates on Package Surfaces and at Locations 1 m from Package 

Surfaces 

Under Routine Conditions of Transport 
Under Normal 

Evaluation Conditions of Transport 
Surface 

On Package Surface 
1 m from Package 

On Package Surface 
Surface 

Top 1.86 . 10 2 mSv/ h 1.88 µSv/ h 1.63 . 10 2 mSv/ h 
Bottom 2.80 · 10 2 mSv/ h 2 .37 µSv/ h 3.26 · 10 2 mSv/ h 

Narrower side 2.15 . 10 2 mSv/ h 1.68 µSv/ h 3.02 · 10 2 mSv/ h 
Wider side 2.51 . 10 2 mSv/h 2 .56 µSv/ h 3.19 · 10 2 mSv/ h 
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2. Conclusion 

Under routine conditions of transport, the bottom surface presented the highest dose equivalent rate of all 

the package surfaces: 2.80 · 10-2 mSv/ h. Of the locations one meter from the package surfaces, the 1-meter 

location corresponding to the wider-side surfaces presented the highest dose equivalent rate: 2.56 µSv/ h. 

Under normal conditions of transport, the bottom surface presented the highest dose equivalent rate of all 

the 1-meter locations corresponding to the package surfaces : 3.26 · 10-2 mSv/ h. 
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II-E. Criticality Analysis 

E.1. General 

The type GP-01 transport packaging is designed for use in routine conditions of transport as well as under 

normal and accident conditions of transport without restriction on the number of packages transported 

simultaneously. Under these conditions, the packaging will never attain criticality. 

Criticality analysis of the package configured with the type GP-01 packaging is intended to demonstrate how it 

remains subcritical and does not attain criticality as an isolated or arrayed system under normal or accident 

conditions of transport. Specifically, our analysis for subcriticality will concern an array system of damaged 

packages and an array system of undamaged packages under accident conditions of transport, since these are 

the most demanding conditions currently specified in the applicable regulations. Our analysis will use the 

KENO Va criticality computing code which is integrated in the SCALE Code System. 

E.2. Object Analyzed 

E.2.1. Contents of Package 

The packaging is designed to contain two pellet storage box assemblies containing pellets of uranium oxides or 

pellets of uranium oxides mixed with gadolinium of enrichment of up to 5 weight percent. An as-finished 

pellet storage box assembly consists of pellet storage boxes stacked alternately with partitions which are 

penetrated by six pillars. Two types of pellet storage box assembly are available with the type GP-01 packaging: 

assembly ''N' composed of twelve (12) pellet storage boxes which can store up to 11 kg of UO2 per box, and 

assembly "B" composed of five (5) pellet storage boxes which can store up to 20 kg of UO2 per box. The 

assembly ''N' has a maximum capacity of 132 kg of UO2 and the assembly "B" has a maximum capacity of 

100 kg of UO2. The packaging has a loading capacity of 264 kg of UO2 pellets in assembly ''N' or 200 kg of 

UO2 pellets in assembly "B." 

The characteristics of the contents of the package are not altered under normal and accident conditions of 

transport. The contents are liable only to small alterations in shape under normal conditions of transport, and 

such alterations are included among those that are expected to occur under accident conditions of transport. 

The contents suffer no visible alterations in shape under accident conditions of transport during the thermal 

test or water immersion test. The contents suffer several alterations in shape during the drop tests : 

- The pillars and nuts in the pellet storage box assemblies are not damaged, and the shape of the pellet storage 

boxes and the spacing of the partitions are maintained; 

- The positioning blocks for retaining pellet storage boxes and the positioning block brackets are not fractured 

or significantly deformed, and the pellet storage boxes are retained inside the effective range of positioning 

blocks; 

- The main portions and lids of pellet storage boxes do not present clefts or openings that might form routes 

for leakage of pellets to the exterior, and the nuclear fuel material remains in the pellet storage boxes; 

- Results of rod drop test demonstrated that the test drop impact will not seriously affect the containment of 

the pellets; nevertheless, the possibility of pellet fracture cannot be excluded. 
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E.2.2 . Packaging 

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 like a nested box. In the routine conditions of transport, one 

inner receptacle is loaded in the outer receptacle. The inner receptacle is designed to contain two pellet storage 

box assemblies (contents) . 

The outer receptacle has a multi-caisson-shaped double structure composed of frames, inner plates, and outer 

plates. The voids between the inner plates and the outer plates are filled with a heat insulating material to 

provide heat resistance. Aluminum honeycomb elements are attached to the inner surfaces of the outer 

receptacle and the lid of the outer receptacle to attenuate any shock against the inner receptacle. 

The body of the 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 on the flange on the interface 

between the body and lid of the inner receptacle. 

The characteristics of the packaging are not altered significantly under normal and accident conditions of 

transport. The packaging is liable only to small alterations in shape under normal conditions of transport, and 

such alterations are included among those that are expected to occur under accident conditions of transport. 

The packaging suffers no alterations in shape under accident conditions of transport during the thermal test 

or water immersion test. However, the packaging suffers several alterations in shape during drop tests : 

- Impact load during the drop tests causes deformations on the outer plates of the outer receptacle. These 

deformations are observed as dimensional reductions of the outer receptacle: up to 22 mm in height, up to 6 

mm in the horizontal axis normal to the narrower side of the receptacle, and up to 4 mm along the horizontal 

axis normal to the wider side of the receptacle; 

- The space between the inner and outer plates of the outer receptacle is practically maintained; 

- The drop impact load onto the inner receptacle is absorbed by deformation of some of the elements on the 

internal side of the outer receptacle (e.g., aluminum honeycomb elements) , resulting in a reduction in distance 

between the surface of the outer plate of the outer receptacle and the internal surface of the honeycomb 

elements: from the initial distance of 17 4.8 mm in routine conditions of transport to 129 mm on the narrower 

side of the packaging and 136 mm on the wider side; since the inner receptacle is surrounded by honeycomb 

elements, the drop impact increases the clearance for the inner receptacle. 

- The drop impact causes the contents to strike against the inner receptacle, resulting in a slight expansion of 

the inner receptacle; 

- The rod bolts ensuring tight contact of the lid with the body of the inner receptacle are not fractured, thus 

maintaining the fuel zone in the interior of the inner receptacle; the temperature of the O-ring on the flange 

does not exceed its maximum service temperature even under thermal test conditions; 

- The boronic stainless steel plates applied to the internal lateral surfaces of the inner receptacle are not 
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damaged, deformed or displaced; 

- The boronic stainless steel plates provided like a partition between the two pellet storage box assemblies 

suffer only small damage and deformation, but the fixing blocks are fractured . This means that the boronic 

stainless steel plates maintain their relative position between the two pellet storage box assemblies but can 

move in the space of the inner receptacle. 

E.2.3. Neutron absorbers 

As neutron absorbers, 3 mm thick boronic (concentration: 1 weight percent) stainless steel plates are fixed 

with an inorganic adhesive in parallel to each of the four internal narrower lateral sides and on each of the two 

wider internal lateral sides (six absorbers in total) at locations which correspond to the pellet storage box 

assemblies. Neutron absorbers are also provided like a "partition" between two pellet storage box assemblies. 

It consists of two joined 3 mm thick boronic stainless steel plates. 

All these neutron absorbers suffer no alterations in shape or characteristics under normal and accident 

conditions of transport. Possible displacement of some of the neutron absorbers is described in section E .2.2 . 

E.3 . Characteristics of Analytical Model 

E.3 .1. Analytical Model 

No limitation is specified for the number of packages to be transported simultaneously. Therefore, the model 

adopted for the criticality analysis is a model acting as an array system of unlimited numbers of packages 

which present specular reflection at their external boundary. The analytical model is based on the assumption 

that the array of packages suffers only small alterations in shape. Since such alterations are included among 

those expected under accident conditions of transport, the model is analyzed to evaluate both an array system 

of damaged packages comprising accident conditions of transport and an array system of undamaged 

packages taking routine conditions of transport into account. 

Figs II-E-1 and II-E-2 show the geometrical models o f an array system of undamaged packages and an array 

system of damaged packages, respectively. 

To model an array system of undamaged packages, the shape and dimensions of the type GP-01 package were 

used without modification or adjustment. Components such as frames, flanges, bolts, honeycomb elements 

and spacers which have a small shape are disregarded. In addition, the analytical model is all the more 

conservative because the effect of the neutron absorbers is not taken into account. The legs of the outer 

receptacle are also disregarded in dimensions and properties. 

The analytical model is conceived in the condition that the contents can move in the clearance in the inner 

receptacle that is increased by impact shock. However, since possible movement of the contents is expected to 

have little effect on the results of criticality analysis, the model includes the contents in the center of the inner 

receptacle (see Fig. II-E-1) . 

The only differences of the analytical model in an array system of damaged packages from the real package 

under accident conditions of transport are shown below: 
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- The analytical model is a rectangular parallelepiped whose height dimension is uniformly reduced by 25 mm 

while the real outer receptacle is reduced by up to 22 mm in the height dimension. The reduction in external 

dimensions are systematic in the analytical model: 10 mm (uniform) instead of 6 mm (max.) along the 

horizontal axis normal to the narrower side of the receptacle and 8 mm (uniform) instead of 4 mm (max.) 

along the horizontal axis normal to the wider side of the receptacle. The modeling of the system of packages 

is justified because the reductions in external dimensions increase nuclear interactions of packages and lead to 

more conservative evaluations; 

- The analytical model assumes intentionally large reductions in distance between the surface of the outer plate 

of the outer receptacle and the internal surface of the honeycomb elements: the original distance of 17 4.8 mm 

in routine conditions of transport is reduced to 120 mm instead of 129 mm on the narrower side of the 

packaging, and to 127 mm instead of 136 mm on the wider side. Along the height axis of the package, the 

analytical model assumes 0 mm for the lower honeycomb elements: 105 mm is the distance from the surface 

of the outer plate of the outer receptacle to the inner surface of the honeycomb elements, account taken of 

maximum deformation of the honeycomb elements. Taking into account deformations in portions thinner 

than the upper portions around the lid contributes to increasing the effect of nuclear interactions between 

packages as far as possible, thus enhancing the conservatism. Thus, the clearance in the inner receptacle for an 

array system of damaged packages is larger than for a system of undamaged ones, increasing possible 

movement of the contents in the clearance in the inner receptacle (see Fig. II-E-2). It should be noted, 

however, that movement of the contents in the clearance will have little effect on the results of criticality 

analysis; 

- Accidental displacements of the inner receptacle and partitions (neutron absorbers) inside the honeycomb 

elements are taken into account in such a way that the resulting locations of the components will raise the 

multiplication factor as far as possible; 

- Slight expansion of the inner receptacle due to collision of the contents against its inner surfaces is 

disregarded in the model because such changes will have no effect on the position of the partition (neutron 

absorber); 

- As in the case of the array system of undamaged packages, the frames, flanges, bolts, honeycomb elements 

and spacers which have a small shape are disregarded and no account is taken of the neutron absorption in the 

model. Thus, the simplified model (rectangular parallelepiped) conservatively simulates the PA-10 packaging in 

terms of shape, dimensions, and location of the contents; 

- The dimensions and material characteristics of the legs of the outer receptacle are neglected to create a 

model in which nuclear interactions between packages in an array system are intensified. 

In both array systems, an optimal state of moderation is adopted for the nuclear fuel material contained in the 

package to achieve highest multiplication factors and intensify nuclear interactions between packages to the 
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utmost extent (by disregarding the neutron absorption by the insulator provided in the gaps between inner and 

outer plates of the outer receptacle) . These modeling features are expected to provide a conservative 

evaluation that covers evaluation of an isolated system. 

Fig. II-E-3 shows a geometrical model for the contents (pellet storage box assemblies) of the package. 

This model simulates two pellet storage box assemblies. A pellet storage box assembly consists of full-stage 

pellet storage boxes stacked alternately with partitions which contain a maximum quantity of U02 pellets and 

is covered with an assembly cover. 

The conservatism of the analytical model is ensured by the relative locations in the assembly of the pellet 

storage boxes and the pellets contained in these boxes: 

- The pellet storage boxes are retained inside the range of positioning blocks and the U02 pellets remain in the 

pellet storage boxes. Accordingly, the zone of presence of U02 pellets is delimited within a rectangle 270 mm 

x 330 mm inside the positioning blocks. The materials of the pellet storage boxes and other components (such 

as corrugated plates) are disregarded. Thus, the model is conservative in respect of neutron absorbing effect; 

- U02 pellets are neatly arranged on the corrugated plates in the storage boxes. The pellets are of cylindrical 

shape to be placed in horizontal orientation. The length of each pellet cylinder is 270 mm, which is the 

distance of the spacing between positioning blocks provided along the axis of pellet arrangement; 

- The analytical model assumes U02 pellets of any fuel types. The dimensions of the pellet are included in the 

diameter range 8 mm to 10 mm. The pellet diameter for the damaged array system is fixed in the range O mm 

to 10 mm, assuming a state of sludge in the evaluation conservatism which takes into account possible fracture 

of the pellets. The characteristics of the pellet include enrichment of 5 weight percent (upper limit) and a 

theoretical density of 10. 96g/ cm3; 

- The number of arrays of fuel pellets in the storage box is varied (increased and decreased) to survey the 

change in pellet diameter while maintaining the maximum U02 loading in the pellet storage box; 

- An optimal pellet pitch (interaxial distance) is surveyed to maximize the multiplication factor for each of the 

fuel arrays in the pellet storage boxes; 

- The intervals between pellets are assumed to be filled with water. Calculation is conducted to ascertain how 

reducing the amount of water will lower the multiplication factor. 
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E.3.2. Atom D ensity in Zones of Analytical Model 

Table II-E-1 shows the atom densities in various zones of the package adopted for the criticality analysis. 

For the UO2 pellets, an enrichment value of 5 weight percent (upper limit) and a theoretical density of 

10.96g/ cm3 were used. The highest density, 1 g/ cm3, at ambient temperature was adopted for the water. A 

conservative density of 7.9 g/ cm3 was specified for stainless steel on the basis of the value (7 .93 g/ cm3) 

specified for SUS 304 in the JIS G 4305 standard. For the composition of materials, the appropriate standard 

composition libraries available on the SCALE Code System were used. While the additive rate for boron in the 

real boronic stainless steel is 1 weight percent, our analysis adopted 0.75 weight percent for boron and 99.25 

weight percent for stainless steel. A density of 7 .8 g/ cm3 was assumed for the stainless steel. 

Table II-E -1: Atom Densities of Materials Used for Calculations 

Component Material Nuclide Atom Density (atoms / barn·cm) 

UO2 pellet 235 U 1.24E-03 

(enrichment of 235 U: 5 238 U 2.32E-02 

weight%; density of UO2 pellet: H 4.89E-02 

10.96 g/ cm3) 0 6.69E-02 

Water H 3.34E-02 

( density: 1 g/ cm3) 0 3.1 7E-04 

C 1.69E-03 

Si 6.91E-05 

p 1.74E-02 
Stainless steel 

Cr 1.73E-03 
( density: 7. 9 g/ cm3) 

Mn 5.82E-02 

Fe 7.70E-03 

Ni 3.11E-04 

C 1.66E-03 

Si 6.77E-05 

p 1.70E-02 
Boronic stainless steel 

Cr 1.70E-03 
(ratio of added boron: 0.75 

Mn 5.71E-02 
weight percent; density: 7.8 

Fe 7.55E-03 
g/ cm3) 

Ni 6.48E-04 

JOB 2.61E-03 

llB 1.24E-03 
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E.4. Subcriticality Evaluation 

E.4.1. Calculation Conditions 

The type GP-01 packaging is designed to contain pellets of uranium oxides or pellets of uranium oxides mixed 

with gadolinium, enriched to 5 weight percent. To model the pellets, we disregarded gadolinium, neutron 

absorber, and considered them to be composed of uranium oxides. To maximize the multiplication factor of 

the fuel, upper limits were adopted: 5 weight percent for the enrichment and 10.96g/ cm3 for the pellet density. 

The only components considered in modeling the contents were the assembly cover and neutron absorbing 

partition. The partition is composed of boronic stainless steel plates whose additive rate for boron is 1 weight 

percent. To model the contents, 0.75 weight percent was adopted for the rate to increase the degree of 

conservatism. Many other components of the contents which contribute to neutron absorption were 

disregarded to maintain or increase the degree of conservatism: pellet storage boxes (body and lid), corrugated 

plates for arrangement of pellets, positioning blocks on partition, pillars and nuts for assembly, and assembly 

cover handles. 

The analytical model for the packageconsists of the inner and outer plates of the outer receptacle (body and 

lid), the stainless steel plates of the inner receptacle and the boronic stainless steel plates applied to the inner 

surfaces of the inner receptacle. Here again, the real boronic stainless steel has an additive rate for boron of 1 

weight percent, but the modeling was based on 0.75 weight percent to increase the degree of conservatism. 

Similarly to the contents, many other components which contribute to neutron absorption were disregarded 

for the modeling: frames, legs, insulator, flanges, aluminum honeycomb elements, protective rectangular pipes, 

and anti-vibration rubber. 

This modeling scheme thus allows us to evaluate the multiplication factor for the package conservatively. 

E.4.2 . Entry of water into the package 

The criticality analysis assumed entry of water into the package regardless of occurrence of damage to the 

package. No water is supposed to be present in or on the components which were taken into account for the 

modeling: stainless steel plates, boronic stainless steel plates and pellets (refer to E.4.1) . No water is supposed 

to be present in the space occupied by pellets either except in the voids outside the pellet storage boxes. The 

last consideration is for providing an optimal state of moderation. The water content ratio (in percent) in these 

voids will be varied to check possible effects of the variation on the resulting state of moderation. The voids 

outside the pellet storage boxes are assumed to be in a vacuum state to maximize nuclear interactions between 

packages in an array system and achieve a higher degree of conservatism. In parallel, the analysis will also 

concern the case in which water enters the voids outside the pellet boxes: voids between the inner and outer 

plate of the outer receptacle as well as in the void surrounding the inner receptacle inside the inner plates of 

the outer receptacle. 

E.4.3. Method 

The criticality analysis resorted to the KENO Va code. This code is a multi-group Monte Carlo code 

developed by researchers from Oak Ridge National Laboratory, USA, which has the capability of handling 

complicated three-dimensional geometrical shapes in a precise manner. It is a criticality calculation method for 
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calculating neutron multiplication factors . 

The criticality analysis used 44-group cross sections based on ENDF-B / V as master library. 

E.4.4. Results of Evaluation 

The evaluation of the infinite array system of undamaged packages, which was conducted under the 

conditions described in sections E.4.1 through E.4.3, conservatively covers the evaluation conditions for an 

isolated system of package in routine transport conditions. Moreover, the evaluation of the infinite array 

system of damaged packages m routine transport conditions conducted under the same conditions of 

transport conservatively overrides the evaluation conditions for either an isolated system of package or an 

array system of packages under the normal and accident conditions o f transport of fissile packages. 

Table II-E-2 shows the results of calculation for the infinite array system of undamaged and damaged 

packages. 

Table II-E-2: Calculation of Neutron Multiplication Factors 

System to be evaluated Pellet storage box assembly Pellet storage box assembly 

''_N_' "B" 

Infinite array system of 0.918 0 .878 

undamaged packages 0.920 0 .880 

Infinite array system of damaged 0.925 0 .879 

packages 0.928 0 .882 

Note: The figures in the upper lines of the cells are center values for Monte Carlo calculation. (The 

figures is rounded off to three decimal places) 

Those in the lower lines are evaluation values (=center value + 3 times statistic standard deviation 

value) . (The figures is rounded up to three decimal places) 
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E .5. Benchmark Test 

T he International Criticality Safety Benchmark Evaluation Project (ICSBEP), with the official 

acknowledgment of OECD / NEA, has issued the International H andbook of Evaluated Criticality Safety 

Benchmark Experiments. 

T he ICSBEP H andbook presents criticality safety benchmark specifications develop ed from nuclear critical 

facilities of many countries, classified by parameter group. We extracted 340 cases of benchmark tests from 

the category "LEU-COM-T H ERM" ("low-enriched uranium / compound / thermal neutron spectrum") . For 

theses cases, experiment analyses were carried out by the calculation method used for criticality evaluation of 

the G P-01 package. Fig. II-E -4 shows the results. Table II-E -3 shows the results of statistic processing of the 

experiment analysis results for the 340 cases shown in Fig. II-E -4. 

Table II-E -3 shows that the calculation method used for the criticality evaluation of the G P-01 p ackage is 

capable of evaluating neutron multiplication factors with satisfactory accuracy. 
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Table II-E-3: Results of Benchmark Experiment Analysis 

Number of Cases 340 

Average error (ilk: average for 1 - k) 0.0046 

Standard deviation (o) 0.0080 

Confidence coefficient (f: 97.5% 2.154 

confidence / 97 .5% probability) 

Estimated criticality lower limit multiplication 0.978 

factor (1 - ilk- fo) 

Restriction value 0.95 
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E.6. Summary of Results and Evaluation 

The GP-01 package was subjected to a criticality analysis. For the purpose of the analysis, various 

configurations were adopted in the modeling. The highest value determined for the neutron multiplication 

factor is 0.928, account taken of the statistic standard deviation. This value is lower than 0.95 and implies no 

problem in terms of criticality safety. 
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Appendix 1 to Chapter II-E 

Results of Survey Calculation 

1. Pellet Diameter and Neutron Multiplication Factor 

The GP-01 packaging is designed to contain UO2 pellets of any type of fuel. Therefore, ranges of pellet 

diameters are specified: 8 mm to 10 mm for an undamaged system and 0 mm to 10 mm for a damage system. 

Accordingly, survey calculations were conducted while increasing and decreasing the number of pellet arrays 

per storage box and adopting the maximum UO2 loading per storage box to vary the pellet diameter. Figs. 

II-E.App-1 and II-E.App-2 show the results of calculation for the undamaged system and the damaged system, 

respectively. Fig. II-E.App-3 shows a diagram depicting the results of calculation shown in Fig. II-E.App-2 but 

enlarged to become comparable with the results shown in Fig. II-E.App-1 in the same pellet diameter range. 

The highest values in Figs. II-E.App-1 and II-E.App-2 are transcribed in Table II-E-2. A comparison of the 

data in Fig. II-E.App-1 with those in Fig. II-E.App-3 reveals that the damaged system presents only slightly 

higher multiplication factors than the undamaged system. The difference in evaluation value between the two 

systems can be mainly attributed to the difference in pellet diameter range. 
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Fig. II-E.App-1 : Survey Results : Pellet Diameter in Undamaged System 
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2. Effect of Variation of Pellet Pitch on Multiplication Factor 

The evaluations shown in Figs. II-E.App-1 to II-E.App-3 were based on the maximum pellet pitch along the 

height axis of the package. This measure was taken to avoid reducing the degree of conservatism by reducing 

the pellet pitch along the height axis of the package in the 38 mm high storage box. Reducing the pellet pitch 

along this axis would result in expelling the appropriate portions of water between pellets, thus simply 

reducing the multiplication factor. Fig. II-E.App-4 shows the results of calculation of multiplication factors 

for different pellet pitches along the height axis. 
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Fig. II-E.App-4: Multiplication Factor vs. Pellet Pitch along Package Height Axis 

In the horizontal plane, the pellet storage box occupies a space delimited by a rectangle 270 mm x 330 mm. If 

the maximum pellet pitch was adopted, excessive moderation would occur and result in attaining a peak of 

multiplication factor in response to change in pellet pitch. Therefore, the evaluations shown in Figs. 

II-E.App-1 to II-E.App-3 were carried out to determine the peaks of multiplication factor by varying the 

horizontal pellet pitch. Fig. II-E.App-5 shows the results of these evaluations based on variable horizontal 

pellet pitch in different pellet arrays for four-stack configurations along the height axis of the package. 

Thus, the survey of pellet diameter ranges was carried out while varying the number of pellet arrays and the 

pellet pitch in various configurations to maximize the multiplication factor. Our evaluation of multiplication 

factors was conservative since it did not depend on the state of pellets contained in the storage boxes. 
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3. Effect of Water Content Ratio in Pellet Zone (in Storage Box) on Multiplication Factor 
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Entry of water was taken into account to ensure optimal moderation within the perimeter of pellets. Fig. 

II-E .App-6 shows the results of calculation of multiplication factors for various water content ratios. 

The curve shown in Fig. II-E .App-6 clearly indicates that the multiplication factor simply increases when the 

water content ratio is raised. 

b' 0.85 
"' + 
C, 8 0.80 t--------------------~,-<------------------, 
g 
~ 

" -~ 0.75 t---------------------,,~---------------------, 

ll t ~ 0.70 

0.55 ~--~--~---~--~--~---~--~---~--~--~ 
0 10 20 30 40 50 60 70 80 90 100 

Water Content Ratio (%) 

Fig. II-E .App-6: Multiplication Factor vs. Water Content in Pellet Zone within Storage Box 
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4. Effect of Water Content outside Pellet Zone (outside Storage Box) on Multiplication Factor 

In the analysis, the voids outside the pellet zone were regarded as being in vacuum state. Thus, the evaluation 

of the array system was based on an evaluation model for which nuclear interactions between packages h ad 

been maximized. Figs. II-E.App-7 and II-E.App-8 show the results of calculation of multiplication factors for 

variable water content ratios in different zones, account taken of entry of water into the voids between the 

inner and outer plates of the outer receptacle and the void surrounding the inner receptacle inside the inner 

plates of the outer receptacle, respectively. These figures suggest that the evaluation conditions including 

vacuum voids outside the pellet storage boxes are conservative. 
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II-F Evaluation of Conformity to Regulations and Stipulations in the Public Notice 

Section in Section in Correspondenc 

Regulations Public Notice Statements e with Section Remarks 
in Application 

Article 3 !Article 4 The package is classified as type ''R' package since its I-A 
subarticle 1 contents consist of unirradiated uranium enriched at 20 I-B 
paragraph 2 weight percent or less and classified as "Materials other than I-D 

special-shape nuclear fuel material" for which no limit is 
specified on its A2-value. 

Article 5 Conformity of the package to the Regulations, Art. 4, -

1Paragraph 1 paragraphs 1 to 5, and Art. 8 is presented below: 
!Article 4 The gross weight of the package is less than 1300 kilograms I-C 
paragraph 1 and is designed as object which can be transported by 

generally used vehicles or transporting devices such as 
forklift and pallet trucks. The package is equipped with 
lifting attachments on the four corners of the lid of the 
outer receptacle which can be manipulated with hooks of a 
crane or a chain block to lift the package. 
Thus, the package can be handled with ease and in safety. 

Article 4 The package is constructed with metallic materials, mainly II-A.4.2 
paragraph 2 stainless steels as structural elements. These materials have II-A.5 .1 

satisfactory resistance against temperatures changing in the 
range -40 to + 75°C during transport. II-B.4.6 
The package is mainly configured with an inner receptacle 
and an outer receptacle which both are constructed with 
welded stainless steel elements. These receptacles have a high II-A.4.7 
mechanical strength and can well resist foreseeable changes 
in inner pressure that may be encountered during transport. 
In addition, a long-distance transport test using a prototype 
of the package has proven that it maintained its original 
quality and performance integrity throughout the transport 
itinerary. The package will not suffer fracture, cleft or other 
damage resulting from vibrations during transport. 
Thus, the package will not suffer cleft or fracture resulting 
from temperature fluctuation (within the range -40 to 
+ 75°C), change in inner pressure or vibrations during 
transport. 

Article 4 The only protruding portions of the package are its legs I-C 
paragraph 3 provided on the external bottom surface of the outer 

receptacle. These legs are useful elements of the package; 
they serve as positioning blocks when two packages of this 
model are stacked one on top of another. 
The package can easily be decontaminated since the external 
surfaces of the package are configured with stainless steel 
plates. 

!Article 4 The materials used for configuring the package include II-A.4.1 
paragraph 4 metals (mainly stainless steel), resins (different rubber 

materials), and ceramic fiber. H azardous physical or chemical 
reactions will not occur between these elements of different 
natures. 

!Article 4 The package is not equipped with valves or equivalents. I-C 
!paragraph 5 II-C.2.2 
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Section in Section in Correspondenc 

Regulations Public Notice Statements e with Section Remarks 
in Application 

Article 4 !Article 9 The package is always shipped only after it has been checked IV-A.2 
paragraph 8 that it has a surface density lower than the regulatory limit: 

0.4 Bq/ cm2 for nuclides which emit alpha rays or 4 Bq/ cm2 

for nuclides which do not emit alpha rays. 
Article 5 The package has the external dimensions: 1144 mm in I-C 
1Paragraph 2 length, 830 mm in width, and 1060 mm in height. 
!Article 5 The inner receptacle and the outer receptacle of the package II-A.4.3 
paragraph 3 are firmly connected with their respective lid by means of 

rod bolts. Tools such as wrench should be used to loosen or 
tighten these rod bolts, and a crane or other hoisting devices 
is required to remove the lid of the outer receptacle. Thus, IV-A 
there is no room for erroneous opening of the lid. Once the 
outer receptacle has been joined with the lid, a seal is applied 
to a zone covering both the lid and the body of the outer 
receptacle. In case that the outer receptacle is opened, the 
operation of opening becomes objectively visible. 

!Article 5 The brittle temperature for the silicone rubber provided at II-A.4.2 
paragraph 4 the containment boundary of the package is lower than 

- 50°C. Thus, the material will not suffer cracking or fracture 
in an environment of -40°C. 
The same silicone rubber can resist a temperature of 180°C. II-B.3 
Therefore, it will not suffer cracking or fracture in an 
environment of + 70°C. 

!Article 5 The inner receptacle which contains radioactive material as II-A.4.6 
paragraph 5 well as the rod bolts which firmly tighten the lid of the inner 

receptacle on the body of the inner receptacle will keep their 
integrity. Therefore, the radioactive material contained in the 
inner receptacle will not leak out from the inner receptacle. 

Article 5 The only contents of the package are ceramic-like pellets of I-D 
paragraph 6 uranium oxides in solid phase. The package will not contain 

nuclear fuel materials in liquid phase. 
!Article 5 The dose equivalent rate on the external surfaces of the II-D.1 
paragraph 7 package is 0.028 mSv / h or less and will never exceed 2 

mSv/ h. 
!Article 5 The dose equivalent rate at any location one meter from any II-D.1 
paragraph 8 of the external surfaces of the package is 2.56 µSv / h or less 

and will never exceed 100 µSv / h. 
!Article 5 The package is always shipped only after it has been checked IV-A.2 
paragraph 9 that it does not contain materials other than the required and I-D 

then has been covered with the lid(s) . 
Article 5 !Article 13 The inner receptacle keeps its leaktightness under normal II-A.5 .1 to 
paragraph 10 conditions of transport during various tests (including water IA.5.5, and A.5.7 
(a) spray, 1.2-m drops, stacking, and rod drops) . Therefore, the 

radioactive material contained in the inner receptacle will not 
be lost or dissipated. 

!Article 5 !Article 13 The dose equivalent rate on the external surfaces of the II-D.1 
paragraph 10 package is 0.0326 mSv / h or less and will never exceed 2 
(b) mSv / h. The increase rate of the dose equivalent rate is 

approximately 17 percent. 
Article 5 !Article 13 The only contents of the package are ceramic-like pellets of I-D 

(11) uranium oxides in solid phase. The package will not contain 
nuclear fuel materials in liquid or gaseous phase. 
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Section in Section in Correspondence 

Regulations Public Notice Statements with Section in Remarks 
Application 

Article 11 !Article 23 The package is designed to contain up to 264 kilograms I-A 
subarticle 1 of uranium dioxides (U02) which has an enrichment of 5 I-D 

weight percent or less, thus carrying at least 15 grams of 
uranium-235. Therefore, the package is classified as "fissile II-E.4.4 
package. ,, 

The effective multiplication rate for undamaged packages 
configured in an infinite array will not exceed 0.920 if a 
value three times the standard deviation is taken into 
account. Thus, these packages will not attain criticality 
during such conditions of transport. 

!Article 11 !Article 24 Under normal conditions of transport during various tests II-A.9 .1.4 
paragraph 1 (including water spray, 1.2-m drops, stacking, and rod 

drops), the package does not suffer any dent which might 
contain a 10-cm cube on any of its structural elements. 

!Article 11 !Article 25 An undamaged array system of packages was analyzed II-E.4.4 
paragraph 2 instead of an undamaged isolated system of package, 
(a) regarding the former as more demanding in terms of 

criticality than the latter, and subcriticality was proved. 
!Article 11 !Article 24 A damaged array system of packages placed under II-E.4.4 
paragraph 2 !Article 25 accident conditions of transport was analyzed instead of a 
(b) damaged isolated system of package placed under normal 

conditions of transport, regarding the former as more 
demanding in terms of criticality than the latter, and 
subcriticality was proved. 

Article 11 !Article 25 A damaged array system of packages placed under II-E.4.4 
paragraph 2 !Article 26 accident conditions of transport was analyzed instead of a 
(c) damaged isolated system of package placed under 

accident conditions of transport, regarding the former as 
more demanding in terms of criticality than the latter, and 
subcriticality was proved. 

Article 11 !Article 24 A damaged array system of packages placed under II-E.4.4 
paragraph 2 !Article 27 accident conditions of transport was analyzed instead of a 
(d) damaged array system of packages placed under normal 

conditions of transport, regarding the former as more 
demanding in terms of criticality than the latter, and 
subcriticality was proved. 

Article 11 !Article 26 A model simulating a damaged package placed under II-E.4.4 
paragraph 2 !Article 27 accident conditions of transport was created, and this 
(e) model was used to analyze a damaged array system of 

packages. The effective multiplication rate for this model 
will not exceed 0.928 if a value three times the standard 
deviation is taken into account. Thus, these packages will 
not attain criticality during such conditions of transport. 

!Article 11 The package is constructed with metallic materials, mainly II-A.4.2 
paragraph 3 stainless steels as structural elements. The brittle II-B.4.3 

temperature for the silicone rubber provided at the 
containment boundary of the package is lower than 
- 50°C. These materials will not suffer cleft or fracture in 
an environment of -40°C. II-B.4.2 
These metallic materials and the silicone rubber which 
resists a temperature of 180°C will not suffer cleft or 
fracture in an environment of + 38°C. 
Thus, the package will not suffer cleft or fracture at 
temperatures ranging from -40°C to + 38°C. 
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CHAPTER III - Basic Rules and Principles for Quality Management 

III-A. Quality Management System 

The General Manager establishes, documents and maintains a quality management system as a means of 

ensuring that the services and products provided by NFI for transport will meet customers' requirements and 

standards and the technical specifications stipulated in the applicable laws, ordinances and regulations in 

accordance with the appropriate provisions of ISO 9001 OIS Q 9001) and JEAG 4111. 

A.1. Quality Principles 

The General Manager defines and documents quality principles which include those concerning the General 

Manager's responsibilities for quality, and ensures that NFI's personnel fully understand and practice such 

principles. The General Manager ensures that every section of the organizational hierarchy defines specific 

quality objectives. 

A.2. Quality Manuals 

The General Manager defines procedures for ensuring that NFI's nuclear fuel packages will meet customers' 

requirements and standards and the technical specifications stipulated in the applicable laws, ordinances and 

regulations. The Administrator conducts quality management for all operations of the organization and 

controls the quality management system in accordance with the appropriate quality manuals. 

A.3. Quality Plans 

The Fuel Manufacturing Manager defines product objectives and methods for meeting quality requirements 

that are compatible with all the other requirements of the quality management system, and documents such 

objectives and methods in the form of a quality management plan. 

As part of this quality management plan, consideration is given to activities required for nuclear fuel packages 

meeting customers' requirements and standards and the technical specifications stipulated in the applicable 

laws, ordinances and regulations. Such activities may include: 

(1) Prepare quality management plans; 

(2) Define management tools, processes, devices, equipment, administration resources and skills required for 

achieving the required qualities; 

(3) Ensure that designing, manufacturing, inspecting/ testing procedures and applicable documents are 

compatible with each other; 

(4) Update the quality management, quality controls and testing processes; 

(5) Define requirements for measurement and new technologies / techniques; 

(6) Define appropriate verification methods for implementing products; 

(7) Define criteria for acceptance and non-acceptance; 

(8) Identify and register quality records. 
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A.4. Internal Audits 

The Quality Assurance Manager periodically conducts internal audits to verify that the quality management 

system is being applied and maintained effectively. The Quality Assurance Manager defines in appropriate 

procedure documents how such internal audits are to be planned and conducted . . The inspectors do not 

inspect their own operations. 

The responsible persons of the area being inspected take immediate measures to eliminate all detected 

unconformities and their causes. 

A .5. Management of non-conforming products 

The Fuel Manufacturing Manager identifies and manages non-conforming products. The Fuel Manufacturing 

Manager defines management methods, responsibilities and competences for treating and disposing of non-

conforming products in appropriate procedure documents. 

A .6. Improvements 

(1) Corrective measures 

NFI takes measures for eliminating the causes of unconformities to prevent their recurrence. NFI defines in 

specific documents the requirements for verification of unconformities, identification of their causes, 

measures for preventing recurrence of such unconformities and recording of effects of such measures. 

(2) Preventive measures 

NFI defines the measures to be taken for eliminating the causes of potential unconformities to prevent 

occurrence of such unconformities. NFI defines in specific documents the requirements for identification of 

unconformities and their causes, measures for preventing occurrence of unconformities and recording of the 

effects of such measures. 
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III-B. Responsibilities of Applicant 

Fig. III-B-1 shows a diagram of the quality assurance system for designing and manufacturing nuclear fuel 

packages, and Fig. III-B-2 shows a diagram depicting NFI's organization for quality management system. The 

following paragraphs will describe the responsibilities and competences of NFI's various sectors/ sections. 

B.1. General Manager (head of Kumatori Works) 

As the director at the hierarchical top of the corporate organization, the General Manager takes control of the 

activities of establishing and executing a quality management system for NFI's PWR fuel businesses including 

designing, manufacture/ construction, handling and maintenance of nuclear fuel packages. To establish such a 

quality management system, the General Manager prepares quality manuals which define the organization of 

personnel and the procedures of activities for quality management covering all fields of NFI's businesses, 

publicizes the established quality management system among all the persons engaged in quality-related 

operations and allows such persons to execute the quality management system. The General Manager 

designates a Quality Assurance Manager of Kumatori Works who should work as the person responsible for 

establishing, executing and maintaining a quality management system with responsibilities and competences of 

Administrator. 

B.2. Administrator (Quality Assurance Manager of Kumatori Works) 

The Administrator has the responsibilities and competences for the matters (actions) listed below, which are 

independent of other responsibilities and competences assumed by Him/ Her: 

(1) Ensure that a quality management system is established, executed and maintained; 

(2) Notify the General Manager of current status of activities of quality management system. 

B.3 . Quality Assurance Department of Kumatori Works (hereinafter referred to as "the Quality Assurance 

Department") 

The Quality Assurance Department has the following responsibilities and competences: 

(1) Prepare and develop a draft of a quality management system; 

(2) Execute quality audits at NFI's internal sections and at the facilities of outsourced packaging 

manufacturers and other service providers, examine the results of audits, and stipulate corrective measures if 

applicable; 

(3) Perform as-received inspections, periodical voluntary inspections and pre-shipment inspections of 

transport packages; 

(4) Record inspection results and keep inspection logs; 

(5) Check the effects of corrective measures taken and report them to the General Manager; 

(6) Organize relevant educational seminars and training courses. 

B.4. Nuclear Fuel Manufacturing Department of Kumatori Works (hereinafter referred to as "the Fuel 

Manufacturing Department") 

The Fuel Manufacturing Department has the following responsibilities and competences: 
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(1) Design and obtain official permissions and authorizations for transport packages; 

(2) Create, evaluate, and manage quality verification tests of transport packagings; 

(3) Prepare documents concerning the designing, manufacturing, handling and maintenance of transport 

packagings; 

(4) Evaluate the technical competences of outsourced packaging manufacturers and other service providers, 

and approve outsourced packaging manufacturers which meet the requirements; 

(5) Prepare documented specifications related to orders placed with outsourced packaging manufacturers and 

other service providers; 

(6) Examine documents submitted by outsourced packaging manufacturers and other service providers, and 

issue approval of such documents; 

(7) Manage the manufacturing operations for transport packagings. 

(8) Handle and conduct maintenance operations for transport packagings; 

(9) Manage the transport of nuclear fuel materials; 

(10) Communicate with the competent government authorities responsible for the matters related to nuclear 

fuel transport packagings; 

(11) Organize relevant educational seminars and training courses. 

B.5. Technical Development Department of Kumatori Works (hereinafter referred to as " the Technical 

Development Department") 

The Technical Development Department has the following responsibilities and competences: 

(1) Conduct criticality and shielding analyses of transport packagings and provide assistance for obtaining 

relevant official permissions and authorizations; 

(2) Organize relevant educational seminars and training courses. 

B.6. Environmental Safety Department of Kumatori Works (hereinafter referred to as "the Environmental 

Safety Department") 

The Environmental Safety Department has the following responsibilities and competences: 
(1) Draw up and execute plans for the material accountancy/measuring control of nuclear fuel materials; 

(2) Establish relevant standards and regulations for material accountancy/ measuring control of nuclear fuel 

materials, and manage the conformity; 

(3) Organize relevant educational seminars and training courses. 

B.7. Operations Control Department of Kumatori Works (hereinafter referred to as "the Operations 

Control Department") 

The Operations Control Department has the following responsibilities and competences: 

(1) Investigate actual business management conditions of outsourced packaging manufacturers and other 

service providers; 

(2) Draw up and execute plans for educational seminars and trainings which are common to different 

departments; 

(3) Organize relevant educational seminars and training courses. 
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B.8. Installation and Equipment Administration Department of Kumatori Works (hereinafter referred to as 

"the Installation and Equipment Administration Department") 

The Installation and Equipment Administration Department has the following responsibilities and 

competences: 

(1) Manage and conduct periodical inspections of measuring instruments; 

(2) Organize relevant educational seminars and training courses. 

B.9. Osaka Sales Branch of Kumatori Works (hereinafter referred to as " Osaka Sales Branch") 

The Osaka Sales Branch has the following responsibilities and competences: 

(1) Carry out sales activities, communicate with customers and outside parties, and execute contractual 

agreements; 

(2) Conduct market researches; 

(3) Organize relevant educational seminars and training courses. 

B.10. Evaluation and Review of Current Quality Management System ("Management Review") 

To achieve the quality principles, the General Manager checks that the quality management system has worked 

correctly and effectively through a Management Review and gives instructions for improvement as and when 

necessary. 

The Administrator transmits such instructions given in the General Manager's Management Review to all the 

relevant sections and checks the results of corrective measures taken through internal audits. Results of these 

activities should be reported to the General Manager in subsequent Management Review(s) . Check items in a 

Management Review may include: 

(1) Results of audits; 

(2) Feed-back from customers; 

(3) Current situations of the processes and conformity of products; 

(4) Situations of preventive measures and corrective measures; 

(5) Follow-ups o f the results o f preceding Management Reviews; 

(6) Modifications that may affect the quality management system; 

(7) Proposals for improving the quality management system; 

(8) Other matters to be reported by the Administrator. 
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III-C. Education and Training 

The Fuel Manufacturing Manager assigns persons considered satisfactory in relevant education, training, 

skills and experience to activities which may affect the quality of manufactured transport packagings. To 

achieve this objective, the Fuel Manufacturing Manager and the Managers of the departments concerned 

perform the following activities : 

(1) Define the skills and abilities required of persons performing activities which may affect the quality of 

manufactured transport packagings; 

(2) Educate and train the personnel so that they may acquire such skills, or take other appropriate 

measures; 

(3) Evaluate the effectiveness of education and training and other measures taken; 

(4) Ensure that the department personnel fully understand the meaning and importance of their activities 

and become aware of how to contribute to achieving the quality objectives; 

(5) Keep relevant records of education, training, skills and experience. 

Each department organizes its own education and training activities for the department personnel. 

Additionally, the Operations Administration Department may organize education and training activities 

for more than one department for such departments and keep the records. 
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III-D. Design Management 

To ensure that the design of nuclear fuel packages will meet the design requirements, the department 

Managers concerned take the measures shown in the following paragraphs: 

D.1. Design Management 

(1) To design nuclear fuel packages, the Fuel Manufacturing Manager defines customers' requirements and 

standards, the technical specifications stipulated in the applicable laws, ordinances and regulations and the 

performance and functional requirements, and performs designing activities. 

In cases where an external party is commissioned for the designing activities, the Fuel Manufacturing 

Manager prepares an "Order Specifications" document which has been adjusted with design requirements 

based on customers' requirements and standards, the technical specifications stipulated in the applicable 

laws, ordinances and regulations and performance and functional requirements and submits this document 

to the service provider. 

(2) To adopt new designs, new technologies and/ or special materials, the Fuel Manufacturing Manager 

exchanges information on the contents of technical specifications in relation to safety, the background of 

technical specifications determined and other relevant matters with designers and material manufacturers as 

required to allow the designers to fully understand NFI's design requirements. 

(3) The Fuel Manufacturing Manager reviews submitted design documents (including drawings, calculation 

notes, and analysis documents) to check that they correctly take account of NFI's design requirements, and 

approves satisfactory documents. 

D.2. Design Verification 

To adopt new designs, new technologies and/ or special materials based on such satisfactory designs, the 

Fuel Manufacturing Manager verifies the designs in demonstration tests and/ or alternative calculations as 

required. 

D.3 . Design Modification 

When modification of the current design specifications is proposed, the Fuel Manufacturing Manager 

reviews specific, clearly documented modifications and approves such proposals if they are satisfactory. 

If any modification of design specifications necessitates having the designer or the designing service 

provider modify the design, the Fuel Manufacturing Manager reviews the newly submitted design 

documents (including drawings, calculation notes, and analysis documents) to check that they correctly take 

account of modified requirements, and approves the satisfactory documents. The Fuel Manufacturing 

Manager notifies the departments concerned in writing of any approved modifications. 

D.4. Management of Outsourced Designing Service Provider 

To commission designing activities for transport packaging from an external party, the Fuel Manufacturing 

Manager checks that the external party has appropriate staff, appropriate technical competences and an 

appropriate quality management system. 
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Solely regarding the quality management system, the Fuel Manufacturing Manager requests the Quality 

Assurance Manager to check through an initial qualification review that the external party has an 

appropriate quality management system. 
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III-E. Instruction to Manufacture Packagings 

To ensure that transport packagings will meet the procurement requirements based on customers' 

requirements and standards, the technical specifications stipulated in the applicable laws, ordinances and 

regulations, the design specifications stated in the Application for Design Approval, and the manufacturing 

process indicated in the Application for Packaging Approval, the department Managers concerned take the 

measures shown in the following paragraphs: 

E .1. Evaluating Packaging Manufacturer 

To choose a packaging manufacturer, the Fuel Manufacturing Manager evaluates the manufacturer's 

technical competences, o rganizational composition and quality assurance system. The Fuel Manufacturing 

Manager reviews and approves the results of such evaluations. 

Such evaluations may take account of the following: 

(1) Technologies, personnel and equipment for manufacturing transport packagings; 

(2) Packaging manufacturer's quality-related principles and plans, and implementations of such principles 

and plans; 

(3) Records of distributions of transport packagings or similar products; 

(4) Records of applications and quality of transport packagings or similar products; 

(5) Qualities of prototypes and samples submitted. 

E .2. Requirements for Quality Management System of Packaging Manufacturer 

To place an order for manufacture o f a transport packaging, the Fuel Manufacturing Manager defines in a 

document of order specifications the matters listed below in order to allow the packaging manufacturer to 

achieve desired product quality: 

(1) Scope of services provided by the packaging manufacturer; 

(2) Technical requirements in terms of designing, manufacturing, inspection and applicable laws, 

ordinances and regulations; 

(3) Matters related to submission of quality plan; 

(4) Matters concerning visits for quality audits to the packaging manufacturer's facilities; 

(5) Matters related to submission of documents and submission and storage of records; 

(6) Handling and eliminating of unconformities; 

(7) Matters related to the application of procurement requirements to the packaging manufacturer's 

suppliers. 

The Fuel Manufacturing Manager specifies in an order specifications document the following matters: 

(1) Quality management is performed in conformity to the ISO 9001 and other international standards; 

(2) NFI's personnel and/ or officials from the competent authorities may visit the facilities of the packaging 

manufacturer and his suppliers for inspections of manufacture and quality management conditions; 

(3) NFI takes measures enabling it to review and approve the packaging manufacturer's criteria for selecting 

suppliers; 
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(4) NFI takes measures for defining in a contract the relationship of responsibility between business 

entities for the purpose of manufacture of transport packagings, and takes measures enabling it to check 

the selection of suppliers by the packaging manufacturer; 

(5) NFI takes measures to ensure that the packaging manufacturer and his suppliers fully understand the 

meaning and importance of safety-related values or figures specified for the materials by NFI; 

(6) NFI takes measures for promoting close exchanges of information and technical matters between the 

business entities engaged in the manufacture of transport packagings with regard to the processing, analysis 

and inspection as part of the manufacturing process if any special materials of importance to safety are 

used; 

(7) For any processes which concern more than one business entity engaged in the manufacture of 

transport packagings, NFI takes measures for promoting correct and timely operating instructions and 

specific arrangements such as setting of delivery dates for the purpose of close cooperation between these 

business entities; 

(8) Any product unconformity that appears possible to be eliminated by simple retouch should be reported 

in writing to the Fuel Manufacturing Manager for instructions; 

(9) In case of critical modification in the packaging manufacturing process, the packaging manufacturer 

should notify the Fuel Manufacturing Manager from NFI without delay for approval; 

(10) The packaging manufacturer should take the following measures : 

(a) Evaluate the competences and skills of subcontractors in accordance with section E .1; 

(b) Instruct the packaging manufacturer's suppliers to meet the requirements or requests 

transmitted by NFI to the packaging manufacturer in accordance with sections E .2.(1) to (9); 

(c) Perform quality audits and verifications of products delivered by the packaging manufacturer 

suppliers in accordance with section E.3, PROVIDED THAT: 

(a) The suppliers are subcontractors who are affected by any of the inspection items defined in 

the Application for Packaging Approval; 

(b) The packaging manufacturer does NOT directly perform quality audits; 

(c) The manufacture is NOT performed according to an official standard (e.g., JIS standard) or in 

an official qualification scheme; 

(d) The manufacture is NOT concerned with products for general purposes, products for which 

check items are simplified or for which nothing other than verification by as-received inspections at NFI is 

regarded as necessary. 

E .3. Verification of Packagings 

To verify that a transport packaging meets the procurement requirements, the following measures are taken: 

(1) The Quality Assurance Manager defines a quality audit plan and a quality audit procedure and carries 

out quality audits of the packaging according to the plan and procedure. The Fuel Manufacturing Manager 

defines a quality audit plan and a quality audit procedure according to which the Quality Assurance 

Manager conducts quality audits of the packaging. 

(2) The Quality Assurance Manager inspects the quality of the packaging manufacturer, and also that of the 

packaging manufacturer's suppliers as required. 
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(3) With regard to inspections of transport packagings, the Fuel Manufacturing Manager defines checking 

procedures such as those for attending inspections and checking records in consideration of the official 

standards and official qualification schemes, the current practices of quality management applied by the 

packaging manufacturer and his suppliers, taking into account the importance of safety-related matters. 
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III-F. Handling and Maintenance 

The procedures defined in Chapter IV of the Package Safety Analyses should be defined, applied and 

maintained to keep up to date the design specifications stipulated in the applicable laws, ordinances and 

regulations relative to fissile packages to be transported and those stated in Applications for Design 

Approval. 

F.1. Handling 

To ensure safety in packages during transport, the Fuel Manufacturing Manager defines the procedures for 

the following categories of package handling operation and makes them known to every person of all the 

organizational units concerned: 

- Packing Procedure 

- Receiving Procedure 

- Delivery Procedure. 

For the handling at the reconversion companies which supply NFI with powder of uranium oxides, the 

scopes of responsibility should be delimited among the parties concerned in a contract, and the established 

handling procedures should be made known to every person of all the organizational units concerned to 

ensure safety in packages during transport. 

F.2. Pre-shipment Inspections 

The Fuel Manufacturing Manager defines a procedure for performing pre-shipment inspections of 

packages and makes them known to every person of all the organizational units concerned to ensure safety 

in packages during transport. For this purpose, the Fuel Manufacturing Manager takes the following 

measures : 

(1) Establish pre-shipment inspection standards including standardized forms of Inspection Record Sheets 

to be used for the purpose; 

(2) Store data recorded during pre-shipment inspections by filling out the packaging-type-specific 

inspection record sheets; 

(3) If a package is shipped by a commissioned external party, the external party should be requested to 

carry out the pre-shipment inspections or an inspector in charge of the pre-shipment inspections from 

NFI should be sent to the facility of the external party. In case of commissioning, such commissioned 

external parties should be notified beforehand of the inspection procedures and applicable standards to 

ensure that the required inspections are carried out. 

F.3. Storage 

The Fuel Manufacturing Manager defines the Management Procedures to be followed for storing transport 

packagings and makes them known to every person of all the organizational units concerned to maintain 

the required performance of the transport packagings for long periods of time. 

F.4. Maintenance Inspections 
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The Fuel Manufacturing Manager defines the Maintenance Service Procedures for transport packaging and 

carries out maintenance inspections according to the established Procedures to maintain the required 

performance of the transport packagings for long periods of time. 

F.5. Periodical Voluntary Inspections 

The Fuel Manufacturing Manager defines Periodical Voluntary Inspection Procedures for transport 

packagings, makes them known to every person of all the organizational units concerned and checks that 

the transport packagings conserve the required performance. 

For this purpose, the Fuel Manufacturing Manager takes the following measures: 

(1) Carry out periodical inspections of approved models of packaging at least once a year (or at least every 

ten transport missions of the packaging if the packaging is used at least ten times a year) for the required 

periodical voluntary inspection items depending on the information given in the appropriate Safety 

Analyses; 

(2) Arrange a periodical voluntary inspection plan for transport packagings in consideration of their actual 

operations to ensure that the planned periodical voluntary inspections are completed before the expiry date 

fixed for the packagings; 

(3) Establish periodical voluntary inspection standards including standardized forms of Periodical 

Voluntary Inspection Sheets to be used for the purpose; 

(4) Store data recorded during periodical voluntary inspections by filling out the packaging-type-specific 

inspection record sheets; 

(5) If periodical voluntary inspections are to be carried out outside NFI's premises, an external party 

should be commissioned to carry them out or an inspector in charge of periodical voluntary inspections 

from NFI should be sent to the facility concerned. In case of commissioning, such commissioned external 

parties should be notified beforehand of the inspection procedures and applicable standards to ensure the 

required inspections are carried out. 

F.6. Management of External Parties Commissioned 

The Fuel Manufacturing Manager checks that the parties commissioned to carry out pre-shipment 

inspections of transport packages and/ or periodical voluntary inspections of transport packagings have 

personnel, technical competences and quality management system that are suited for the commissioned 

services. 

Solely regarding quality management system, the Fuel Manufacturing Manager requests the Quality 

Assurance Manager to check through an initial qualification review that such external parties have an 

appropriate quality management system. Subsequently, the Fuel Manufacturing Manager carries out 

periodical inspections of such external parties to check that the quality management systems applied by 

them are still working effectively. 

III-F-2 



CHAPTER IV - Handling and Maintenance of Nuclear Fuel Packages 

IV-A. Handlings of Packages 

The following paragraphs will present typical handling methods for nuclear fuel packages. Since such 

packages must be used under the restrictions imposed on the local handling facilities in accordance with the 

laws, ordinances, regulations and various standards which are applied to the facilities, operations and 

handlings other than those presented below may be adopted as required. Fig. IV-A-1 shows a typical flow 

of the package handling operations. 

A.1. Loading 

(1) Preparation of Packagings and Associated Equipment and Materials 

Transport packagings whose functional integrity has been verified should be used. The functional integrity 

of pellet storage boxes and component elements of pellet storage box assembly should also be verified 

before use. 

(2) Preparation of pellets of uranium oxides 

Verify that the pellets of uranium oxides to be contained in the packaging have characteristics and 

properties that conform to the specifications for the package. 

(3) Preparation of pellet storage boxes 

Place the pellets of uranium oxides on the corrugated plates in order and place them in stack in the pellet 

storage box. As shock absorbers and anti-vibration elements, insert spacer blocks made of an organic 

polymeric material such as neoprene rubber or urethane foam in the gaps between the lid of the pellet 

storage box and the corrugated plates and between the corrugated plates. 

Close the lid of the pellet storage box. At this moment, firmly seal the loaded pellet storage boxes in a 

plastic bag with a sealer or strips of adhesive tape as stipulated by the operational requirements at the local 

handling facility. 

(4) Assembling pellet storage box assembly 

Stack the pellet storage boxes alternately with intermediate partitions on the lowermost partition, and then 

place the uppermost partition on them. Engage nuts in the pillars on their top and tighten the nuts. Spacer 

blocks made of an organic polymeric material such as neoprene rubber or urethane foam in the gaps may 

be inserted between the pellet storage box and the partition as required to minimize the effect of possible 

vibration on the storage boxes during transport. 

The maximum number of pellet storage boxes should be placed in each pellet storage box assembly: twelve 

(12) boxes in pellet storage box assembly "A" or five (5) boxes in pellet storage box assembly "B." If the 

number of prepared pellet storage boxes is less than the maximum for the assembly, the remaining space 
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should be filled with unloaded (empty) pellet storage box(es) or partition(s) . 

The pellet storage box assembly ''N' consists of one lowermost partition, one uppermost partition and 

eleven intermediate partitions. The pellet storage box assembly "B" consists of one lowermost partition, 

one uppermost partition and four intermediate partitions. With either pellet storage assembly, the required 

number of partitions must be placed in the assembly in order to tighten it with the nuts on top of the 

pillars to complete the assembly. This is a constructional restriction . 

An option of assembling is to assemble a pellet storage box assembly directly in the void of the inner 

receptacle of the packaging. In such cases, paragraph "(5) Loading of pellet storage box assembly" can be 

disregarded . If the inner receptacle has already been set in place in the void of the outer receptacle, 

paragraph "(7) Loading of the inner receptacle" can be disregarded. 

(5) Loading of pellet storage box assembly 

Attach eye nuts to the tops of the pillars of one of the pellet storage box assemblies. Connect the hooks 

o f a crane or a similar hoisting device to these eye nuts and place the pellet storage box assembly into the 

inner receptacle. Repeat this loading operation for another pellet storage box assembly. Once the two 

assemblies have been put in place, remove the eye nuts and cover the assembly with the assembly cover. 

Regardless of the total quantity of pellets, two pellet storage box assemblies must be loaded in the inner 

receptacle. If only one loaded pellet storage box assembly has been prepared, another assembly loaded with 

either empty pellet storage boxes or partitions must be loaded into the inner receptacle. 

(6) Assembling the inner receptacle 

Verify first that the O-ring has been installed on the flange of the inner receptacle loaded with two pellet 

storage box assemblies. Cover the body of the inner receptacle with the lid by means of a crane or a similar 

hoisting device. Otherwise, workers may manually hold the lid and place it on the body of the inner 

receptacle. Tighten the lid on the body of the inner receptacle by means of the sixteen (16) rod bolts and 

nuts with a uniform initial tightening torque of 44.1 N ·m (450 kg·cm) . 

(7) Loading of the inner receptacle 

Use a crane or similar hoisting device, with the hooks attached to the inner receptacle bars on the lid of the 

inner receptacle, to place the fully-loaded inner receptacle into the void of the outer receptacle. 

Alternatively, the operations "(5) Loading of pellet storage box assembly" and "(6) Assembling the inner 

receptacle" can be substituted for this operation if the inner receptacle has been set in place in the void of 

the outer receptacle with the lids removed. 

(8) Assembling the outer receptacle 

Verify first that the fully-loaded and sealed inner receptacle has been correctly placed in the outer 

receptacle. Cover the body of the outer receptacle with the lid by means of a crane or similar hoisting 

device. Tighten the lid on the body of the outer receptacle by means of the twenty (20) rod bolts and nuts 

with a uniform initial tightening torque of 44.1 N·m (450 kg·cm) . Apply a seal to the two specified zones 

on the outer receptacle flange . 
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(9) Temporary storage or shipping 

Carefully transport the loaded package on a transport vehicle such as a forklift or pallet truck to the 

dedicated temporary storage area or the shipping area, and carry out the appropriate stowage operation for 

temporary storage or shipping. 

Note: The pellet storage box, the pellet storage box assembly, the corrugated plate, and other elements 

comprising the package may be referred to by other terms in external handling facilities - for example: 

"pellet storage case," "pellet storage case assembly," "corrugated tray," etc. 
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A.2. Pre-shipment Inspection s of Package 

To ship packages to a site outside N FI's premises, the pre-shipment inspections shown in Table IV-A -1 

should be carried out as required b efore, during, and/ or after the fin al loading operation onto the transpo rt 

vehicle b ound for external sites. 

Ca tegory 

Visual 

Inspections 

L ifting 

Inspections 

Weigh t 

Inspections 

Table IV-A -1: P rocedures o f Package Pre-Shipment Inspections 
Metho d of I nspection 

C h eck visu ally the appearance of th e package. 

Criteria for J u dgment 

There is no significant d eforma tion or fracture tha t might 

affect th e package capabilities. 

C h eck visu ally the appearance of th e lifting attach ments on There is no d eformation or cleft/ cracking on th e w eld s tha t 

the o uter receptacle . might affect the strength of th e lifting attach ments 

D eter mine th e gross w eight of the package by adding the Gross w eight of package: :S 1300 kg 

conserv ativ e reference weights o r weighing results o f the 

pelle t storage boxes, elements comprising the pelle t storage 

b ox assemblies and included materials and the conser vative 

reference weight of th e packaging to the weighing results 

of the pelle t s of uraniu m oxid es. 

I nspect the surface d ensity of the nuclides w h ich emit e< 
Surface D ensity 

m ys and those w hich d o not emit e< m ys on the package 

N uclid es w hich emit e< m ys: :S 0.4 Bq/ cm2 

N uclid es w hich d o not emit e< mys: :S 4 Bq / cm2 
Inspections 

surface by an appropria te method (e.g. smear method) . 

Measure the gamma-m y d ose equivalent rn te on the 

D ose E q uivalent package external surface and a t loca tions 1 m from the 

On the package external surface : :S 2 mSv/ h 

At loca tions 1 m from the package external surface : :S 100 

µSv/ h R ate I nspections package external surface w ith an ins trument appropria te 

for the p urpose such as a survey mete r. 

Su bcriticality 

Inspections 

1. C h eck visually the appearance of the boronic stainless 

steel pla tes before placing the con ten ts in the inner 

recep tacle. 

2 . C h eck visually the appearance of the package. 

1. The re is no significant de formation , frac ture, o r 

displacement from the required initial position. 

2 . There is no d eformation that migh t lead to significan t 

red uction in d istance from the fuel zone of any neighboring 

p ackage. 

C h eck the appearance of the contents and appropriately in 1. E n rich men t: :S 5 weigh percent 

various certifica tes*, records and o ther documen ts, 2 . Kin d s o f enriche d uranium 

verifying that the conten ts meet the requirements E nriched uranium (excluding regenerated enrich ed uranium 

stipulated in th e applicable stand ard (s). in accordance with AST M C996-04 E CGU): 

mu :S 0.0001 µg/ gU 

*Note : If ch ecking is based on a certi fica te w h ich men tions 234U :S lO X 1Q3 µg/ g23SU 

n umerical values and no actual measurement s, it m ust be 236U :S 250 µg / gU 

v erified through inspections tha t the certificate w as issu ed 99T c :S 0 .0 1 µg/ gU 

in a qu ality system o r equivalent. Fo r 236U < 125 µg / gU, 232U and 99T c are excluded. 

Contents 3. The weight o f p elle ts o f u raniu m oxid es is : 

I nspections :S 264 kg-U O 2 in pelle t storage b ox assembly "N' 

:S 200 kg-U O 2 in pelle t storage box assembly " B" 
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4. App earance 

There is no significant deforma tion or fracture on the 

intermediate partitions (boronic stainless steel) . 

There is no significant deformation o r fracture on the 

elements comprising the p ellet stornge box assemblies, with 

assemblies correctly assembled. 

5 . Number of pelle t stornge box assemblies contained 

Con tains two p elle t stornge box assemblies. 



A.3. Retrieving the Contents 

(1) Delivered in package 

Carefully transport the delivered packages on a vehicle such as a hoisting device (e.g., crane) or forklift to 

the temporary storage area (temporary storage before unpackaging) or the unpackaging area. 

(2) Opening/ removing the outer receptacle lid 

Loosen and remove the rod bolts firmly joining the lid of the outer receptacle to the body of the outer 

receptacle. Connect the hooks of a crane or a similar hoisting device to the lifting attachments on the lid of 

the outer receptacle, and remove the lid. 

(3) Lifting the inner receptacle 

Connect the hooks of a crane or a similar hoisting device to the lifting attachments on the lid of the inner 

receptacle, carefully lift the entire inner receptacle and retrieve it from the outer receptacle. This operation 

is omitted if the operation described in step "(4) Opening the lid of the inner receptacle" is carried out in 

the outer receptacle (without retrieving/removing the inner receptacle from the outer receptacle). 

(4) Opening the lid of the inner receptacle 

Loosen and remove the rod bolts joining the lid of the inner receptacle to the body. Remove the lid of the 

inner receptacle by means of a crane or similar hoisting device. Otherwise, workers should manually hold 

and remove the lid of the inner receptacle from the body of the inner receptacle. 

(5) Lifting the pellet storage box assembly 

Attach eye nuts to the top of the pillars of one of the pellet storage box assemblies . Connect the hooks of 

a crane or similar hoisting device to these eye nuts, carefully lift the assembly and retrieve it from the inner 

receptacle. This operation is omitted if the operation described in step "(6) Dismantling the pellet storage 

box assembly" is carried out in the inner receptacle (without retrieving/ removing the assembly from the 

inner receptacle) . 

(6) Dismantling the pellet storage box assembly 

Once the assembly cover has been removed, loosen and remove the nuts on top of the pillars of the pellet 

storage box assembly. Retrieve the partitions and the pellet storage boxes one after another. The removed 

pellet storage boxes are stored in the appropriate area in the handling facility. 

(7) Reassembling the pellet storage box assembly 

Reassemble the pellet storage box assemblies either with empty pellet storage boxes and partitions or with 

partitions only. Place the assembly into the inner receptacle by means of a crane or similar hoisting device. 

Place the assembly cover on the assembly. Alternatively, the pellet storage box assemblies may be assembled 

in the inner receptacle. 

A crane or similar hoisting device should be used, or workers should manually hold the lid of the inner 
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receptacle, to place it on the body of the inner receptacle. Tighten the lid on the body of the inner 

receptacle with the rod bolts (it is not necessary to measure the tightening torque). 

Place the inner receptacle into the outer receptacle by means of a crane or similar hoisting device. Cover 

the body of the outer receptacle with the lid, and tighten the lid on the body of the outer receptacle with 

the rod bolts (here too , it is not necessary to check the tightening torque). This operation is omitted if the 

inner receptacle has already been put in place in the void of the outer receptacle. 

Carefully transport the loaded package on a transport vehicle such as a forklift or pallet truck to the 

dedicated storage area or the service area. 

Note: The pellet storage box, the pellet storage box assembly, the corrugated plate, and other elements 

comprising the package may be referred to by other terms in external handling facilities - for example: 

"pellet storage case," "pellet storage case assembly," "corrugated tray," etc. 

A.4. Preparation of Empty Packaging 

(1) Inspect transport packagings after use for surface contamination in the recovery procedure established 

in the handling facility, and decontaminate them as required. Transport the packagings to the storage or the 

service area for storage or maintenance work. 

(2) After use, store the transport packagings indoors. If they have to be stored outdoors, take measures to 

protect them from direct exposure to the weather. 

(3) To store a transport packaging temporarily, close the inner receptacle and the outer receptacle with the 

respective lid, tighten only the number of rod bolts required for handling. To avoid blockage, never apply 

excessive torque while tightening the rod bolts .. 

(4) Before a packaging operation, verify visually that the transport packaging has kept its original 

capabilities. 

A.5. Other Notes 

Provided that the laws, ordinances, regulations, and other stipulations are not breached, an inner receptacle 

loaded with contents may be transported on a transport vehicle such as a forklift or pallet truck or with a 

hoisting device such as a crane from area to area within the perimeter of the facility as required. 
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!Empty packaging delivered in/ Prepare a packaginm 

l 
!Prepare contents (Prepare pellet storage boxes / Assemble pellet storage box assembly)! 

l 
!Pre-shipment Inspections (contents)! 

l 
!Package (Assemble and load the inner receptacle/ Assemble the outer receptacle)! 

l 
Pre-shi 

lsubcriticality)I 

l 
ttemporary storage! 

l 
IShippinm 

l 
!Deliver~ 

l 

earance, liftin , wei ht, surface densi , dose e uivalent rate, 

!Open the package (open outer receptacle lid, lift inner receptacle, open lid)I 

l 
!Retrieve contents (Lift and disassemble pellet storage box assembly)! 

l 
!Reassemble empty pellet storage box assembl~ 

l 
!Service or temporary storage! 

l 

Fig. IV-A-1 : Example of Package Handling Flow 
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IV-B. Maintenance Requirements 

Periodical voluntary inspections of the transport packaging are carried out at least once a year (or every ten 

transport missions of the packaging if the packaging is used for transport at least ten times a year) . Table 

IV-B-1 shows the procedures for periodical voluntary inspections. Table IV-B-2 shows the procedure for 

periodical voluntary inspections required whenever the packaging is expected/ planned to be stored without 

being used for at least one year in the same location. 

The bolts and nuts, O-ring, spacers, honeycomb elements and other parts which can be detached from and 

reattached to the transport packaging should be replaced with those of identical characteristics as required 

to maintain the capabilities of the packaging or as part of the maintenance operation. The lids and bodies 

of the inner/ outer receptacle should be replaced as required to maintain the capabilities of the packaging 

or as part of the maintenance operation. 

B.1. Visual Inspections 

Whenever the periodical voluntary inspections are carried out, the following items are visually checked: 

- that the internal and external surfaces of the body and lid of inner and outer receptacle do not have any 

deformation or fracture that might affect the capabilities of the packaging; 

- that the welds do not have any cracks or clefts; 

- that the bolts and nuts do not have any deformation or fracture and that none of them has been lost; 

- that the rubber materials such as spacers and skids do not present any deterioration, partial loss or 

displacement. 

Packagings that are expected/ planned to be stored without being used for at least one year in the same 

location should be subjected to these inspections, excluding those related to the interiors of the inner and 

outer receptacle. Shortly before use for transport at the end of such a long-term storage, such packagings 

should be subjected to all these inspections including those related to the interiors of the inner and outer 

receptacle. 

B.2. Withstand Pressure Inspections 

Not applicable. 

B.3. Leaktightness Capability Inspections 

Not applicable. 

B.4. Shielding Capability Inspections 

Not applicable. 

B.5. Subcriticality Inspections 

Whenever the periodical voluntary inspections are carried out, packagings should be inspected visually to 

verify: 

- that the boronic stainless steel plates do not have significant deformation or fracture or present any 
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displacement from their required positions; 

- that the inner and outer receptacle do not have any deformation that might lead to significant reduction in 

distance from the fuel zone of any neighboring package. 

For packagings that are expected/ planned to be stored without being used for at least one year in the same 

location, these visual inspections may be omitted. However, shortly before use for transport at the end of 

such a long-term storage, the packaging should be subjected to such visual inspections. 

B.6. Thermal Capability Inspections 

Not applicable. 

B. 7. Lifting Capability Inspections 

Whenever the periodical voluntary inspections are carried out, visual inspections should be carried out to 

verify that the packaging has not suffered any deformation or cleft/ crack in the welds that might affect the 

lifting attachments on the lids of the inner and outer receptacle. 

For packagings that are expected/ planned to be stored without being used for at least one year in the same 

location, these inspections may be omitted. However, shortly before use for transport at the end of such a 

long-time storage, such packaging should be subjected to the above visual inspections. 

B.8. Operability Inspections 

Not applicable. 

B.9. Maintenance o f Ancillary Systems 

Not applicable. 

B.10. Maintenance o f Valves and Gaskets of Containment System 

Whenever the periodical voluntary inspections are carried out, visual inspections should be carried out to 

verify that the O-ring on the inner receptacle flange does not present significant deterioration or partial 

loss that might affect its leaktightness. 

For packagings that are expected/ planned to be stored without being used for at least one year in the same 

location, these inspections may be omitted. However, shortly before use for transport at the end o f such a 

long-time storage, such packaging should be subjected to the above visual inspections. 

B.11. Storage of Packaging 

Packagings that are expected/ planned to be stored without being used for at least one year in the same 

location should be stored indoors. Once the storage period expires, or if the planned long-term storage is 

interrupted because of change o f the storage location, all the inspections described in sections "B.1 . Visual 

Inspections," "B.5. Subcriticality Inspections," " B.7. Lifting Inspections" and "B.10. Maintenance of Valves 

and Gaskets of Containment System" should be carried out. 
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B.12. Storage of Records 

All the Inspection Records at Manufacturing Stage and the Periodical Voluntary Inspection Records are 

stored until the approval registration of the relevant packaging(s) is cancelled because no utilization plan is 

set for them. 

B.13. Other Provisions 

None. 
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Table IV-B-1: Procedures for Periodical Voluntary Inspections 
Category Method of Inspection Criteria for Judgment 

Visual Inspections 1. Visually check the external and internal 1. There is no significant deformation or 

surfaces of the outer and inner receptacle fracture that might affect the 

and the lid. packaging capabilities. 
2 . Visually check the welds. 2. There are no cracks or clefts. 

3. Visually check the bolts and nuts. 3. There is no deformation, fracture or 

4. Visually check the rubber parts such as partial loss. 

spacers and skids. 4. There is no significant deterioration, 

harmful partial loss or displacement 

from required position. 

Subcriticalilty 1. Visually check the appearance of the 1. There is no significant deformation, 

Inspections boronic stainless steel plates in the inner fracture, or displacement from 

receptacle required position. 

2 . Visually check the appearance of the 2. There is no deformation that might 

packaging. lead to significant reduction in 

distance from the fuel zone of any 

neighboring package. 

Lifting Inspections Visually check the appearance of the outer There is no deformation or cracks / clefts 

receptacle, the inner receptacle and the in the welds that might affect the 

lifting attachments on the inner receptacle. strength of any of the lifting 

attachments. 

Maintenance of Visually check the O -ring on the inner There is no significant deterioration or 

Valves and Gaskets receptacle flange. partial loss that might affect the 

of Containment leaktightness of the packaging. 

System 

Table IV-B-2: Procedures for Periodical Voluntary Inspections Before Long-time Storage 
Category Method of Inspection Criteria for Judgment 

Visual Inspections 1. Visually check the external surfaces of the 1. There is no significant deformation or 

outer and inner receptacle and the lid. fracture that might affect the 

2 . Visually check the welds of the external packaging capabilities. 
and internal surfaces of the outer and 2. There are no cracks or clefts. 

inner receptacle. 

3. Visually check the bolts and nuts on the 3. There is no deformation, fracture or 

outer receptacle. partial loss. 

4. Visually check the rubber parts such as 4. There is no significant deterioration, 

spacers and skids on the external surfaces harmful partial loss or displacement 

of the outer receptacle. from the required position. 

Note: These inspections are conducted only if a packaging is expected/ planned to be stored in the same 

location for at least one year. 
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CHAPTER V - Special Notes on Safety Designing and Safe Transport 

None. 
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Reference Information: Overview of Packaging Manufacturing Processes 

Fig. REF-1 shows a general flow of the manufacturing processes for the packaging. 
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Fig. REF-1: Manufacturing Process for GP-01 Transport Packagings 


