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Abstract 
TN®24 E, a new package design, was developed and applied for by Areva TN for German 
transport approval certificate. The certificate was issued by BfS, Federal Office for Radiation 
Protection, on 24th of July 2013. The package is designed as a dual purpose cask for transport 
and storage of up to 21 PWR spent fuel assemblies from German NPPs. BAM is the German 
competent authority responsible for the design assessment of RAM packages regarding me-
chanical and thermal safety cases, activity release analysis and all issues of quality assurance 
during manufacturing and operation of packages. Certain assessment experiences as well as 
new developments resulting from the BAM TN®24E approval procedure are presented. The 
mechanical safety case of the TN®24E is based mainly on finite element calculations, which 
were verified by the TN®81 1/3 scale drop test program performed at BAM. Thermal anal-
yses rely upon calculations, while the activity release criterion is based upon leakage rate re-
sults of TN®81 drop tests. The BAM-GGR 012 guideline for the analysis of bolted lid and 
trunnion systems has been fully implemented. Due to requirements by BAM, AREVA TN 
developed a new assessment strategy for fracture mechanical evaluation of welding seams. 
The material qualification and documentation is also an important aspect of BAM assessment; 
the qualification of borated aluminum basket material, the determination of strength values for 
thermal aged hardened aluminum alloys for the basket or consideration of high burn-up fuel 
assemblies are remarkable issues in this context. In addition, the consideration of the material 
compatibility, especially taking into account a transport after 40 years of dry interim storage 
in German facilities, has gained significant importance in the licensing process of the 
TN®24E. Next to obvious mechanical issues such as the assessment of shell ovalization un-
der 9 m drop test scenario and its impact on basket load, thermo-mechanical interactions had 
to be addressed in the safety case. Due to BAM requirements, AREVA TN performed a full 
thermo-mechanical analysis of the cask behavior under fire test conditions. 

Introduction 
BAM, Federal Institute for Materials Research and Testing, is German competent authority 
responsible for the design assessment of packages for radioactive materials regarding mechan-
ical and thermal safety cases, activity release analysis and all issues of quality assurance dur-
ing manufacturing and operation of packages. BAM maintains drop, fire and leakage test fa-
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cilities as well as hard- and software for numerical analyses for assessment and research pur-
poses. 

During a transport approval procedure BAM requires a conclusive verification concept by the 
applicant, among others regarding ability of the construction to withstand the loads under rou-
tine, normal and accident conditions of transport (RCT, NCT and ACT). Concerning the drop 
tests representing ACT, the concept has to encompass in particular the reasoned choice of 
relevant drop positions with detailed objectives for individual drop sequences (considering the 
maximum damage requirement), the verification of the cask instrumentation, the reasoned 
choice and verification of models for accompanying calculations as well as the final assess-
ment according to specified safety criteria. Drop or fire tests of type B(U) package specimens 
are performed by BAM.  

BAM also determines and supervises within type assessment and periodical inspections de-
tailed quality assurance measures in order to ensure the conformity of every manufactured 
packaging with the package design approved.  

Here certain assessment experiences as well as new developments resulting from the approval 
procedure for TN®24E cask design shall be presented. They represent the state-of-the-art for 
safety cases for transport casks. Certain requirements for general approval procedures at BAM 
are highlighted. The German competent authorities BfS assessment work concerning nuclear 
inventory, criticality safety and shielding are not presented here.  

Description of the TN®24E transport package 
The TN®24E is a dual purpose cask for up to 21 PWR fuel assemblies. It was developed for 
the storage of up to 40 years of fuel assemblies from German nuclear power plants. The cask 
body consists of a cylindrical shell made of forged steel ASTM A508, welded to a massive 
forged steel bottom made of A508 as well. Copper sheets for heat removal to the outer shell 
of the cask, are screwed onto the shell. The cavities between copper sheets, inner and outer 
shell are filled with a resin for neutron shielding. The cask is closed by a double lid system 
and a combination of elastomeric and metallic seal with outer silver jacket (primary lid) or 
outer aluminum jacket (secondary lid). The lids are made of the same forged steel as the shell 
and bottom and are screwed to the cask body. The transport package is equipped with two 
cylindrical impact limiters, attached to the lid and bottom side, and two ring shaped aluminum 
impact limiters. The two bottom and lid side impact limiters consist of inner steel construc-
tion, attached to an outer shell made of stainless steel. The voluminous cavity between inner 
construction and outer shell is filled with wood of different species and orientation. Two sets 
of two trunnions made of stainless steel are attached to the lid and bottom side of the cask for 
handling and tie down of the package. The basket is a construction of borated and non-borated 
aluminum sheets, fastened by tie rods. The package mass is around 140 metric tons, including 
about 18 metric tons of fuel assemblies. The package is transported in a horizontal position, 
tied down by the four trunnions on a transport frame. Handling with transport frame is not 
allowed. The package is transported under a canopy. Transport approval certificate was issued 
by BfS on July 24th 2013.  
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The mechanical properties were statistically evaluated and incorporated therefore a sufficient 
number of tests per parameter set. Two times the standard deviation was taken into account 
for derivation of guarantee values.  

Further tests included: 

 Metallographic and chemical analysis 
 Neutronic absorption measurements 
 Isotopic analysis (in order to guarantee Boron-10 content) 
 Boron density 
 Corrosion tests 
 Additional physical properties (e.g. elastic modulus, density, specific heat, thermal 

expansion, thermal conductivity, emissivity) 
 

For manufacturing inspections specimens with simulated long-term thermal aging as well as 
not aged specimens are tested to ensure the guaranteed mechanical properties for each produc-
tion batch. Homogeneity of distribution and amount of Boron-10 content are tested for each 
production batch with neutronic absorption measurements and isotopic analysis.  

Basket aluminum (non borated) 

Strength at high temperatures and after thermal long term aging has been major focus of mate-
rial qualification. Tests regarding mechanical properties (yield stress and tensile strength, per-
centage elongation etc.) to ensure specific values from technical literature covered  

 Strain rates from quasi static till 100 /s 
 Temperature range from -40°C till maximum operation temperature of the basket  
 Heat aging durations up to 100 000 hours 

The mechanical properties were statistically evaluated and incorporated therefore a sufficient 
number of tests per parameter set. Two times the standard deviation was taken into account 
for derivation of guarantee values. For manufacturing inspections specimens from artificial 
aged aluminum additional with several hundred hours of holding time as well as not aged 
specimens are tested to ensure the guaranteed mechanical properties for each production 
batch. 

Material compatibility  

Due to BAM requirements possible corrosion issues were analyzed for all class 1 as well as 
for specific class 2 and 3 components according to [2]. This encompasses their associated 
materials and material combinations including coatings. The boundary conditions such as 
temperatures, exposure to liquid or gaseous substances or radiation result not only from the 
package transport but also from wet loading in the spent fuel pool and the following drying. It 
could be demonstrated that corrosion is effectively prevented or not safety relevant. 

Corrosion and ageing of containment components (cavity, primary and secondary lids includ-
ing covers for openings, screws and seals) and basket were evaluated in detail for transport 
after an interim storage period of up to 40 years. BAM conservatively required the evaluation 
of a residual amount of water in liquid form in the cavity. Therefore, among others, the inner 
surface of the shell as well as seal contact areas have to be coated by overlay welding and any 
aluminum used had to be anodized. The impact of radiation for up to 40 years was also ana-
lyzed for metals and polymer shielding materials.  
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ments included two series of static bending tests with irradiated fuel rod specimens (5 PWR 
and 3 BWR). The specimens with approximately 50 GWd/tU burn-up were loaded at slow 
deformation rate up to a complete break and released amount of fuel fragments was measured. 
These experimental data were used in safety analysis report to estimate the potential release of 
fissile material into the cask cavity. The AREVA TN approach is generally in agreement with 
BAM methodology discussed e.g. in [10]. BAM confirmed the covering nature of AREVA 
TN assumptions on fissile material release into the cavity of the cask used finally in the 
demonstration of nuclear safety.  

Feedback structural analysis issues 

Multiple mass effects 

Technological gaps from basket or spent fuel assemblies to cask body or lid can be a reason 
for significant dynamic loadings of cask components and its internals due to additional impact 
interactions in the cask cavity [11]. AREVA TN considered these so called multiple mass 
effects in case of 9 m axial drop onto the lid side impact limiter in different calculation steps. 
A global FE model of the package was generated for the explicit dynamic analysis of the axial 
drop. In this model the content was fixed to the primary lid. Its inertia force, which acted on 
the lid during the impact event, was assessed. Separate simplified FE models for basket and 
fuel assemblies were built to estimate their response (in terms of force-time-functions) to the 
drop onto an unyielding surface. In these calculations AREVA TN initially chose the compo-
nent impact velocity on the basis of tests results with the scale model of TN®81 cask. On 
BAM demand the impact velocity was increased to cover the imprecision in the simplified 
method and to consider the maximum axial gap in the cavity. A comparison between the forc-
es obtained in the different steps allowed the conclusion that the configuration with content 
fixed onto the primary lid results in maximum closure system loading. This conclusion is con-
firmed by BAM calculations with a FE model created in ABAQUS/Explicit Code for the in-
dependent assessment of the lid/content interaction. An important result of the discussion of 
this issue during the progress of the approval procedure was the improvement of basket de-
sign to reduce the impact loads onto the primary lid. The basket contains now shock absorb-
ing components.  

Shell ovalization, basket load 

During assessment of ACT an additional aspect arose for the 9 m drop test in lateral position. 
The shell itself manufactured of forged steel is capable to withstand the loading by remaining 
in the elastic range of the material. The stresses are well below the yield strength of the forged 
steel. But the deformation of the shell results in an elastic ovalization of the cavity which was 
initially not assessed in the safety report. In this context ovalization means the change of the 
diameter of cavity Δd, see Figure 6. BAM requested an assessment of the ovalization concern-
ing its consequences on the basket design.  

The resulting ovalization was greater than the minimal gap between basket and cavity. This 
would have led to a plastic deformation of the basket. On the one hand the basket is already 
rather highly loaded by its own mass and inertial loads of fuel assemblies due to drop deceler-
ation, on the other hand any plastic deformations are undesirable for the boron aluminum 
composite in the view of brittle failure assessment. A decrease of the basket diameter was not 
possible, since the increased gap between basket and cavity would have reduced the heat 
transfer from the fuel assemblies out of the package, according to numerical calculations 
about the thermal behavior.  
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Thermo-mechanical calculations 

Due to temperature gradients resulting from the fire test significant thermo-mechanical load-
ing on the containment components may occur. A detailed description if this phenomenon and 
exemplary its numerical assessment by BAM is presented in [12]. This loading may lead to 
bolt failure or loss of leak tightness due relative movement of lid and cask flange in the gasket 
area. Even if all strains remain elastic, loss of leak tightness for a limited amount of time dur-
ing or after the fire test is possible. Therefore BAM required AREVA TN to perform a se-
quentially thermo-mechanically coupled simulation. BAM expects the applicants to use ap-
propriate methods and strategies avoiding not necessary numerical effects. For instance, the 
use of dynamic solver is not recommended here since any dynamic effects are not part of the 
physical problem. Also the use of strategies like bolt pretension by temperature method 
should be avoided. If it is applied it will be not acceptable to “freeze” the shaft. Therefore 
AREVA TN used different reference temperatures. The bolt assembly pretension was reached 
by giving the bolt an artificially low reference temperature. Consequently the bolt did not 
have to be excluded from the mapping of temperatures later on. 

To assess the mechanical behavior of the cask the development of temperature over time has 
to be determined. It is recommended to couple the thermal and the mechanical simulations 
sequentially. The results of thermal simulation covering heat transfer problems by radiation 
and conductivity shall be mapped to the mechanical model over a range of time including the 
development of a stationary state.  

For a complex structure it is not possible to gather the point of extreme mechanical loading 
and deformations from the temperature gradient by visual inspection only. Therefore the as-
sessment of a few single time points is inappropriate. It is mandatory to consider the history of 
loading and unloading if nonreversible material properties or contact conditions are applied. 
Conclusively the model has to be built in a way that the impact on straining, remaining bolt 
force and working conditions of seal for any meaningful value in time can be assessed and the 
extreme value can be determined.  

Ultrasonic tightening trunnion screws 

An ultrasonic tightening procedure is used in order to limit the range between maximum and 
minimum screw pretension for the trunnions. A more detailed description is given in [8].  

Transport frame 

The cask is transported in a horizontal position, attached to the transport frame via four trun-
nions. Only the package without transport frame is handled in lifting operations. The transport 
frame is made of a base frame and four attached support columns for the trunnions. The con-
nection between trunnion and transport frame is designed as predetermined breaking point. It 
ensures safe fastening in RCT, while disconnection at loads way below loads endured in ACT 
ensure that transport frame has no negative effect on package safety.  
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