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10.19 Safety Demonstration Analyses on Criticality for Severe Accident during Overland
Transport of Fresh Nuclear Fuel
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Criticality safety analysis was performed for transport packages of uranium dioxide powder15 or of
fresh PWR fuel involved in a severe accident during overland transportation, and as a result,
sub-criticality was confirmed against impact accident conditions such as loaded by a drop from high
position to a concrete or asphalt surface, and fire accident conditions such as caused by collisions with
an oil tank trailer carrying lots of inflammable material in open air, or with a commonly used
two-ton-truck inside an unventilated tunnel.
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1. Introduction
In order to create the accident scenarios, actual transportation routes were surveyed, accident or

incident records were tracked, the international radioactive material transport regulations such as
IAEA rules were investigated. The impact accident scenarios were set up to define the impact against a
concrete or asphalt surface. For fire accident scenarios to be set up, collisions were assumed to occur
with an oil tank trailer carrying lots of inflammable material in open air, or with a commonly used
two-ton-truck inside a tunnel without ventilation.

Criticality safety analyses were made for two types of fuel transport packages: those for uranium
dioxide powder and for fresh PWR fuel. The transport package for uranium dioxide powder is
composed of the nine stainless steel inner cylinders and one outer container. The outline of the
transport package for UO2 powder is shown in Fig.l. The transport package for fresh PWR fuel is the
product made of stainless steel cylinder cases containing two fuel assemblies inside. The outline of the
transport package for fresh PWR fuel is shown in Fig.2.
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Fig.l Outline of transport package for UO2 powder.
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Fig.2 Outline of transport package for fresh PWR fuel.

2. Method
Following the postulated accident scenarios, the mechanical damages were analyzed by using the

general-purpose finite element code LS-DYNA with three-dimensional elements to describe cask
geometry. Then the thermal safety was analyzed by using the general-purpose finite element code
ABAQUS with three -dimensional elements. Criticality calculations were executed by combining the
continuous energy Monte Carlo code MVP2) and JENDL-3,23\ The number of calculated histories of
the MVP code was more than 3 million (the number of generated neutrons : 5000 histories/generation,
the number of calculated generations: 650, the number of skipped generations : 50).
2.1. The calculation model of uranium dioxide powder

The composition data of the structure material of the transport package for UO2 powder are shown
in Table 1. The main premises for analysis are shown below.

• Nuclear material : 5wt% 235U enrichment, density 4.5g/cm3, water content 5wt%
• Neutron absorber : 0.38mm thick neutron absorption board
• Thermal insulation is not taken into consideration for conservative assumption.

Table 1
Element

H
C
N
O
Si
Cd
Mn
Fe
Cr
Ni

Density(g/cm3)

Typical composition(wt%) of structural materials
Stainless

steel4)

0.08

1.00

2.00
68.595
19.00
9.25
7.9

Neutron
absorber5)

95.0

8.65

Neutron
moderator6*

14.37
85.63

0.92

Cushioning
material

6.0
50.0
4.0
14.0

0.10

The severe accident conditions are based on the results of the drop impact analysis and the heat
safety analysis as shown below.

• By the drop impact, the distance between the centers of a cylinder is shortened by a maximum
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of 48mm.
• Under the influence of heat, the cushioning material inside the outer container is burned

down.
• Under the influence of heat, composition of the moderator surrounding the inner cylinder

changes partially.
• Even under severe accident conditions, water does not intrude into UO2 powder.

Since the inside of the transport package was made to be filled up with cushioning material, the
effect under the influence of heat is more severe than that of the drop impact. It was assumed that the
outer container would not maintain leaktightness because the cushioning material was burnt down due
to the fire. Moreover, the neutron moderator surrounding inner cylinders was assumed to be partially
lost. The typical calculation model is shown in Fig.3.

Fig.3 Typical calculation model of transport package for UO2 powder.

2.2. The calculation model of fresh PWR fuel
The composition data of the structure material of the transport package for fresh PWR fuel are

shown in Table 2. The main premises for analysis are shown below.
• PWR fuel material : 5wt% 235U enrichment, pellet diameter 8.19mm, pellets density

10.63g/cm3, water content lOOppm, cladding diameter 9.50mm, 17x17 fuel rods array type
• Neutron absorber : 4.5mm thick neutron absorption board
• Thermal insulation is not taken into consideration for conservative assumption.

Table2 Typical composition(wt%) of structural materials
Element

H
B
C
Si
Zr
Mn
Fe
Cr
Ni

Density(g/cm3)

Stainless
steel4)

0.08
1.00

2.00
68.595
19.00
9.25
7.9

Zircaloy-46)

98.24

6.56

Neutron
absorber75

1.00

70.50
19.00
9.50
7.76

The severe accident conditions are based on the results of the drop impact analysis and the heat
safety analysis as shown below.
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• By the drop impact, the impacted side of the outside container is sunk by a maximum of
110mm.

• By the drop impact, the separating distance between a neutron absorption board and a fuel
assembly is widened by a maximum of 2mm.

• Under the influence of heat, the gasket between lower and upper cases is burned down.
• The shock mount supporting fuel assemblies receives damage according to severe accident

conditions, however, the strong back structure material does not receive damage, and fuel pins
does not fail, either.

Since the inside of a transport package was not made to be filled up with cushioning material, the
effect under the drop impact is more severe than that of the influence of heat. It was assumed that the
shock mount by the drop impact, not able to fix the position of the strong back, increasing the distance
between a fuel assembly and a neutron absorption material. Moreover, the upper and lower cases were
supposed not to maintain leaktightness by a uniform deformation of the transport package in the
horizontal direction or in the perpendicular direction. The typical calculation model is shown in Fig.4.

Fig.4 Typical calculation model of transport package for fresh PWR fuel.

3. Results
3.1. Uranium dioxide powder

Criticality calculations were performed under the conditions stated in Section 2.1 by changing a set
of parameters with the results that the k eff's were all less than 0.95. In these calculations, the neutron
moderator indicated in Fig.3 was parametrically changed. The results of calculations for a single unit
system and an infinite array system are shown in Fig.5 with the water density in void : 0g/cm3 and the
neutron moderators of eight cylinders : all loss, leading to the maximum k eff of the system.
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UO2 : density 4.5g/cm , water content 5wt%
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Fig.S k eff's calculation versus the neutron moderators condition change.
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3.2. Fresh PWR fuel
Criticality calculations were performed by changing a set of parameters under the conditions stated

in Section 2.2 with the results that the k eff's were all less than 0.95. In these calculations, the distance
between the fuel assembly and the neutron absorption board indicated in Fig. 4 was parametrically
changed. The results of calculations for an infinite array system are shown in Fig.6 with the depth of
deformation of outer container : 265mm, the water density in void : lg/cm3 and the distance of the
neutron absorption board and the fuel assembly : 10mm, leading to the maximum k eg of the system.
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Fig.6 k etf's calculation versus the water density.

4. Conclusion
Criticality safety analyses were performed for transport packages of uranium dioxide powder and

fresh PWR fuel involved in severe accidents during overland transportation. Sub-criticality for these
packages was confirmed even under a severe accident condition such as loaded by a large scale fire, a
tunnel fire or a drop from high position. The analyses were conducted as part of the Safety
Demonstration Analyses for Transport Packaging for Nuclear Material under contract with the
Ministry of Economy, Trade and Industry of Japan.
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