
FR0200570

CASK FOR CONCRETE SHELLS TRANSPORTATION

^ F. LABERGRI, ROBATEL

Rue de Geneve, BP 203, 69741 GENAS Cedex, France - E-mail: direction@robatel.fr

Keywords : cask - radwaste - transportation

INTRODUCTION

Nowadays, nuclear plant radioactive waste are conditioned in situ into concrete
shells. Most of them enter in the industrial waste category defined by the regulations
of radioactive material transportation. However, the content of a few ones exceeds
the limits set for low specific activity substances. Thus, these shells must be
transported into type B packagings.

To this end, Robatel has undertaken, for EDF (Electricite de France), the
development of a container, named ROBATEL™ R68, for further licensing.

The particularity of this packaging is that the lid must have a wide opening to allow
the usual handling operations of the concrete shells. This leads to a non-conventional
conception, and makes the package more vulnerable to drop test solicitations.

In order to define a minimal drop test program on a reduced scale model, we use a
simple method to find the most damageable drop angle.

R68 PACKAGING DESIGN

It is composed of a cylindrical body, a lid, two shock-absorbers and various
accessories such as screws, caps, joints... (figure 1).

The overall dimensions of the packaging are 2,240 mm in diameter and 2,225 mm in
height for a total mass of 13,900 kg. The cavity diameter is 1,440 mm, its height
1,320 mm. Loaded with a concrete shell weighing 6,300 kg at the maximum, the
package mass is 20,200 kg.

The connection between the lid and the body is located at 2/3 of the container height
to free the concrete shell groove used for its handling. It is achieved by 36 screws
linking the flange of the lid, containing the airtightness joint, with the flange of the
body.

The radiation protection is ensured by 110 mm of carbon steel for most part of the
packaging. Locally on the lid, 40 mm of lead are used in adjunction with 50 mm of



carbon steel. A 10 mm stainless steel envelope defines the containment volume and
completes the protection.

The thermal protection against fire is ensured by the upper wood shock-absorber for
one part, and by a PNT7 compound layer for a second part. With these protections,
the temperature of the joint and of the content remains below damageable limits. The
PNT7 was developed by ROBATEL in 1988. It is frequently used for its large thermal
energy absorption capacity, which is provided by its dehydration during fire. Although
this property is not required with the R68, it is also a good neutron absorbing
material.

The superior shock-absorber is made of balsa and poplar woods. The grain
orientation is radial on the circumference, at 45° on the angle and horizontal on the
top. With that configuration, the wood works near the grain orientation whatever the
drop angle may be.

Although there is no objective risks, an inferior impact limiter has been added in order
to lower the acceleration peaks that could have occurred during a fall on the bottom.

Two possibilities are provided in order to control the airtightness of the containment
system delimited by the 10 mm stainless steel envelope, by the body and lid flanges
and by the airtightness joint:

• The first one consists in a control of the principal joint, and has to be performed
for each transport. For this purpose, two secondary joints have been added on
both sides of the latter. Helium is introduced in the cavity, between the interior
joint and the principal joint, and the helium detection is done inside the cavity
delimited by the principal joint and the exterior joint.

. The second one allows checking the whole containment system, and is performed
only periodically. An intermediate flange is added between the body and the lid.
Helium is introduced in the cask through that flange, and is detected between the
containment system and the steel protection after vacuum has been made in this
cavity.

The leakage pass criteria was set at 10"6 Pa.m3/s in order to guarantee a loss rate of
radioactive material below IAEA's prescriptions.

Four lugs fixed on the body are used for tying down and handling the package. For
the tie down, the package must in addition be blocked in translation on its base.

MECHANICAL RESISTANCE AND DROP TEST PROGRAM

One recommendation of the IAEA, which is imposed by the French safety authority,
DSIN, through its technical support IPSN, is the resistance of the container to a nine
meter drop and a one meter punch. In particular, there should be no excessive leak
or radiation emission after the drops.

In view of the difficulties of making accurate drop simulations, the good behavior of a
packaging is usually proven through drop tests on a reduced scale model. However,
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one should demonstrate that the drop test program, which is first of all submitted to
IPSN, includes the most damageable drops. The model we propose can be used for
this purpose, and gives good predictions of the package mechanical behavior.

It is based on a simple model of shock-absorbers to evaluate the maximum force
applied to the packaging body. Then a finite element model is used for studying the
packaging itself.

ESTIMATION OF THE SHOCK-ABSORBER FORCE

Modeling the impact limiters is quite a challenge. The crushing behavior of wood is
indeed very complex to characterize as well as to simulate. This is due for one part to
the wood anisotropy, and for a second part to phenomena like grain rupture,
densification...

The prohibitive calculation cost of a complete finite element model, including the
shock-absorbers, in conjunction with the assumptions that have to be made on the
wood behavior convinced us that a simplified model should be more appropriate.
Thus, our model is based on the following assumptions:

. shear effects in wood are neglected,

. stress is not dependent on strain (for a given grain orientation). That corresponds
to a purely plastic behavior.

. stress for a given arbitrary grain orientation is taken from the ellipse defined by
the major radius aa and the minor radius ar, where aa and <jr are the stresses
in the compression tests respectively parallel and perpendicular to grain.

Then, the shock-absorber reaction force can be obtained by the product of the stress
in the direction of the drop (which is only function of the type of wood and of the grain
orientation) by the crushed area (which is a function of drop orientation and driving
in) F(e, 6, a) = o(c$.S(e, 6). If several wood species appear on the crushed section,
the force is the summation of the individual forces calculated as previously.

As the loaded R68 is a stocky massive package, one can consider that, even if the
fall is oblique, the maximum reaction force is reached before rotation of the package.
Moreover, with respect to the shock-absorber, which is subject to very important
strains, the body can be considered as rigid. We can then deduct all the variables of
the drops. The global acceleration is the reaction force divided by the mass :
a = F/m. Speed and displacement are obtained by successive integration of a. The
maximum force is the final force (when speed becomes zero) as F, as well as S,
are increasing functions of e.

SIMULATION OF THE R68 BEHAVIOR DURING A 9 METER DROP

The only vulnerable parts of the R68 are the joining flanges. The remainder is
protected by at least 60 mm of iron. Moreover, the containment system in stainless
steel can undergo very large strains. Thus, the risk is just a leakage at the joint due
to an excessive permanent deformation of the flanges. A drop on the bottom does
not involve the flanges as they just react to the lid deceleration. Therefore, the
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simulation model was developed in order to predict the behavior of the flanges during
drops that could occur on the superior shock-absorber at various angles.

The model is schematized on figure 2 the mesh on figures 3 and 4, and the loads on
figure 5.

The flanges are meshed with solid elements whereas steel ferrules, top and bottom
are meshed with shell elements to decrease the number of degrees of freedom. The
junction between these two element types is done by shell elements, using
anisotropic material, disposed on the solid surface. So, they provide a strong bending
rigidity in one direction in order to couple the shell nodal rotations with the solid nodal
translations, and a weak rigidity in the other directions to avoid creating an artificial
rigidity.

Contact elements are used on the flanges joining plan.

The screws have to be modeled to take into account the pre-stress they introduce
into the flanges. They are considered to be uniformly distributed, and are modeled by
three circular shells (one for the shank, one for the head and one for the thread). The
pre-stress load is obtained by lowering the temperature of these shells.

The basic principle of our model is to substitute a transient dynamical analysis by a
static analysis, as the calculation cost is much lower. For that purpose, we apply the
maximum shock-absorber force on the lid, the force due to the content on the top,
and on a section of the inner cavity, and the translational and rotational global
accelerations needed to unbalance theses forces (fig. 5). This method is justified by
the relatively low frequency excitation due to the shock-absorber compared with the
natural frequencies of the packaging.

We have done three 9 meter drop simulations with different incidence angles 30°,
45°, 60°. The 45° drop becomes to be the strongest in term of stress in the flanges
(fig. 6). In fact, this angle corresponds to the wood grain orientation, and leads
therefore to the maximum shock-absorber force. Moreover, it is also the angle under
which the stress is the most localized on the lid and consequently on the flanges.

CONCLUSION

In order to simulate the mechanical behavior during the 9-meter drop, we generally
use explicit programs to make full transient dynamical analysis. Such simulations are
not judicious for the R68 package : the deceleration behavior is imposed only by the
shock-absorber, the frequency of this phenomena being well below the natural
frequencies of the package itself. So, from the package point of view, it is possible to
consider the crash solicitation as a static one.

The reaction force of the shock-absorber is determined by a model based on grain
and normal grain orientation yield stress, and on the crushed area. Then this force is
applied on a finite element model of the package, and a static analysis is performed.
These simulations lead to much lower calculation costs than the transient ones.
Moreover, and considering the assumptions that should be made on the wood
behavior, they are not necessarily less accurate.
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We used this model for estimating the stress in the brittle components, and to set out
the drop test program.

Figure 1 : R68 packaging
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Figure 2 : model schema

Figure 3 : R68 mesh with shell thickness display
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Figure 4: shells only
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Figure 5: load and limit conditions
Figure 6: maximum Von-Mises stress (Pa)


