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Transportation of nuclear materials: a risky activity
Radioactive materials are close to the environment
Many risks : accidents, terrorism, loss…

Ways to prevent risks:
The cask itself
• shielding
• confinement
• sub-criticality

Reduce transport frequency 
• optimise loadings in casks

Context – Set of Problems – Stakes
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Use of three-dimensional Monte-Carlo codes coupled with 
evolution codes for all radioprotection calculations

Shielding calculations are composed of two evaluation 
steps

radioactive sources
dose rates 

Codes used at TNI for the evaluation of radioactive 
sources

ORIGEN-2
ORIGEN-S   for the irradiated fuel
DARWIN-2
APOLLO-2 for the activation products on the fuel assembly ends

Calculation Methods and Codes
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Evaluation of dose rates around the cask are made with the 
three-dimensional Monte-Carlo code TRIPOLI-4

Calculation method without approximations

Three-dimensional geometry description
• Eliminates approximation due to the modeling of the cask and content
• Calculation in precise places such as trunnions

Detailed description of the sources (geometry and spectra)

Point wise cross section representation

Calculation improvements are made without significant 
increase of computing time 

Using this method, the calculated dose equivalent rate 
values are very close to actual measurements around a 
package

Calculation Methods and Codes
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The TNI shielding calculation method is validated by 
comparisons between the calculated and measured dose 
rates on casks

Several measurement experiments carried out on various casks

Full dose rate cartography around the cask when possible

Use of precise and well-calibrated instruments

Gamma-rays:

- Babyline

Neutrons:

- Cramal

- Berthold

Validation Process – Benchmarking
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Summary of differences between measured and computed 
dose rates in the middle of the TN®112 cask in radial position 

Validation Process – Benchmarking
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Transportability
A Software Tool
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Transportability is an internal software developed by TNI to to 
manage:manage: spent fuel assemblies, optimisation of loading plans, 
feasibility of transport 
Software functionalities

Inventory of the fuel assemblies per nuclear plant unit
Creation of loading plans in real time (fuel batch, position in Creation of loading plans in real time (fuel batch, position in basket)basket)
Check of transport feasibility for a given date
Schedule earliest transport date for a given fuel batch

Use
Transportability falls under the responsibility of the Calculation 
Department
Transportability is used by the shipping agents and sometimes by the 
customers
All transport scenarios are validated before expedition

Transportability – Overview
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Transportability includes four steps:
Input of data: the utility fuel assembly database
Creation of a loading plan with the chosen fuel assemblies
Choice of cask model, internal arrangements and transport date 
Calculation in two steps

Transportability – Principles



PATRAM 2010 – October 2010 – Presentation N° -p.11

LOGISTICS

The TN®112 can contain 12 MOX spent fuel assemblies per 
shipment

The TN®112 will be input into Transportability following a
three-step method

Modelling

Measurements

Model fitting

Transportability – Addition of a Model
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Methodology
Determine the average ratio Measurements/Calculations 
Apply this ratio as a factor for each point
Apply an additional margin to the gamma-ray and neutron dose rates to 
cover measurement uncertainties

Example: Comparison between measured and computed dose 
rates at 2 metres from the TN®112 cask

Transportability – Model Adjustment
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Example of model adjusting for the TN®112 cask based on two 
measurement experiments

Calculation of the average ratio Measurements/Calculations to determine  
the adjustment factor for each point
Application of an additional 20% margin to the gamma-ray and neutron 
dose rates to cover measurement uncertainties

Results at 2 metres from the TN®112 cask in radial position

Transportability – Model Adjustment
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Transportability is an innovative calculation tool

Casks can be loaded with used fuel assemblies reaching 80% of 
the radioprotection criteria
Radiological performance of the TNI transport casks is improved
Increasing source intensities can be anticipated and compensated
for
General safety of the transport of radioactive materials is 
significantly enhanced

Conclusion
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Calculation Methods and Codes

TN®112 TRIPOLI 4.3 model: radial cross section
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Calculation Methods and Codes

TN®112 TRIPOLI 4.3 model: axial cross section

Middle Trunnion
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Transportability – Principles
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TransportabilityTransportability –– PrinciplesPrinciples
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TransportabilityTransportability –– PrinciplesPrinciples
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Transportability – Principles
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Transportability – Principles

Calculation point

1st assembly:
ORIGEN2

Thermal power : Pth1

Source: s1

DER1 = s1 × UnitDER1

Data base
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Transportability – Principles

Calculation point

For the 12 assemblies:
Data base ORIGEN2

Thermal power of the loading
Pth tot = ∑ Pth i

Sources: s1, s2, s3,… s12

i

DERtot = ∑ si × UnitDERi
i

back
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