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ABSTRACT 

The design of the new transport and storage cask type CASTOR
®
 1000/19 is presented in this 

paper. This cask was developed for the dry interim storage of spent VVER1000 fuel assemblies 
concerning the requirements of the Temelin NPP, Czech Republic. 

While the cask body is based on well-known ductile cast iron cask types with in-wall moderator, 
the basket follows a new concept. The basket is able to carry 19 fuel assemblies with a total decay 
heat power up to approximately 17 kW. 

The cask fulfils all requirements for a type B(U)F package. The main nuclear, mechanical and 
thermal properties of the cask are illustrated for normal conditions and for hypothetical accident 
scenarios during transport and storage. 

The main steps of the handling procedure such as loading the cask, drying the cavity and 
mounting the double lid system for tightness during interim storage are shown in principle. For this 
handling, boundary conditions at the NPP site such as dimensions, weight and the loading machine 
interface are considered. 

1 INTRODUCTION 

The dry interim storage of spent nuclear fuel from Russian type reactors was successfully 
realised the first time worldwide in CASTOR

®
 casks developed by the GNS Company in the nineteen 

eighties and nineties. These casks made of ductile cast iron are licensed for both transport and 
storage. The operation of the casks started in 1983.  

At Temelin NPP, special fuel assemblies are applied. Therefore, a new type of cask was 
designed – the CASTOR

®
 1000/19. 1000 refers to the type of the NPP, i.e. VVER 1000, the 19 for the 

number of fuel assemblies to be loaded per cask. 

2 DESIGN CHARACTERISTICS OF THE CASTOR
®
 1000/19 

This cask is designed for transport and storage of fuel assemblies from Temelin NPP with 
specifications listed in Tab. 1: 

Table 1: Specifications of the Fuel Assemblies from Temelin NPP  

Maximum U235 enrichment 5.0 wt-% 

Maximum burn up 60 GWd/MTU 

Maximum decay heat power approximately 17 kW/cask 

 
Fig. 1 gives an overview of the cask with its three main components: the cask body, the basket 

for accommodation of the fuel assemblies and the double lid system. The main technical data are 
summarised in Tab. 2. The main components are explained in the following. 
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Figure 1: CASTOR
®
 1000/19 transport and storage cask (storage configuration) 

 

Table 2: Main Technical Data of the CASTOR
®
 1000/19  

Overall length approximately 5500 mm 

Outer diameter (incl. fins) approximately 2330 mm 

Cavity height approximately 4630 mm 

Cavity diameter approximately 1470 mm 

Total mass (storage configuration) approximately 116 t 

 

Neutron moderator 

Fuel assembly basket 

Trunnion (4x) 

Cover plate (storage) 

Cask body with 
cooling fins 

Secondary lid 

Primary lid 

Moderator plate 
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2.1 The Cask Body 

The cask body is designed for the reception of the following components: 
- Basket with the fuel assemblies 
- Primary lid with its screwed connection (stud bolt with cap nuts and cap screws) and its 

sealing system 
- Secondary lid with its screwed connection (cap screws) and its sealing system  
- Centring and fastening of the impact limiters during transportation. 

 
The cask body consists of a large cylindrical thick-walled casting including bottom made of 

ductile cast iron with high ductility. For neutron moderation, axial bore holes are distributed uniformly 
in the cask wall. The wall of the cask body including moderator rods and the bottom are of sufficient 
thickness for gamma and neutron shielding and designed according to the requirements for transport 
and storage. 

On the outside wall of the cask body, radial cooling fins are machined to improve the heat 
transfer from the cask to the environment. 

At the lid side wall surface of the cask body are four fits with thread holes to bear the trunnions. 
It is required that the casks have four top handling trunnions in order to assure redundancy during 
cask handling operations. Two additional trunnions on the bottom end of the cask will be used for 
tilting the cask from vertical to horizontal position or reverse for transport. 

Corrosion protection of the cask cavity and the sealing surfaces is made by nickel coating. The 
outer surface of the cask, including the surface of the secondary lid and the fins, is protected by a 
multilayer paint system, which can be decontaminated easily. 

For fulfilment of the IAEA criteria for transport of type B(U)F packaging, impact limiters are 
intended, which are screwed onto the lid side and the bottom side. 

To improve the neutron shielding, there are moderator plates, one placed into the inter-lid space 
between primary and secondary lid and one placed into the cask bottom, as well as axial bore holes 
filled with polyethylene moderator rods. The rods distributed over two circles are inserted into the cask 
body side wall from the bottom-side with the necessary clearance for thermal expansion and kept in 
their position by compression springs. 

 
2.2 The Basket 

The basket is designed to accommodate the fuel assemblies inside the cask cavity. Its 
construction serves to assure criticality safety under normal and accident conditions and assures 
mechanical robustness as well as sufficient heat removal by heat conduction from fuel assemblies to 
the cask body. 

Furthermore, the basket design is optimised to fulfil all requirements of maximum shielding, 
efficient dewatering as well as drying. 

It consists of 19 hexagonal fuel assembly receptacles made of borated stainless steel. The 
receptacles are inserted in cylindrical stainless steel plates and cylindrical anodised aluminium plates. 
The aluminium and steel plates are axially arranged in alternated order and fixed by threaded rods 
with stainless steel spacer tubes. The sequence of plates is framed by stainless steel plates at both 
ends of the basket. 

The main idea of the alternating plates is that the requirements of mechanical robustness and 
heat conduction are separated to a large extent. The stainless steel plates carry the mechanical loads, 
while the aluminium plates improve the radial heat conduction of the basket. 

Fig. 2 shows the configuration of the basket without inserted fuel assemblies. 
 

2.3 The lid system 

The lid system consists of two independent lids to realise the double barrier system which is 
required to fulfil the interim storage criteria. The cavity of the cask is closed by a primary lid and a 
secondary lid. Both lids are sealed by metal-O-rings and fastened by screws. The space between the 
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lids is filled with helium under overpressure. The control of this pressure provides the required 
tightness during storage of the cask. 

 

 

Figure 2: Design of the Basket 

 

3 SAFETY ANALYSES OF THE CASTOR
®
 1000/19 

The design of the cask takes into account all requirements for a type B(U)F package and all 
requirements for the interim storage under normal conditions and hypothetical accident scenarios. 
These scenarios include test requirements according to IAEA like 9 m drop, 1 m pin drop and 800 °C 
fire test. At the storage site, accident scenarios like drop, fire, gas cloud explosion and collision of 
casks are considered. 

The analyses of criticality, shielding, thermal behavior and mechanical strength were carried out 
by means of qualified calculation methods and programmes, which are well established and accepted 
by the competent authorities. 

 

Head plate 

Stainless steel plate 

Anodised aluminium plate 

Bottom plate 
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3.1 Criticality 

The three-dimensional Monte Carlo code MCNP was selected for performing the criticality 
analysis because it has been extensively used and validated by others and has all the necessary 
features for this analysis. In these calculations, a homogeneous initial enrichment of the fuel 
assemblies is considered. Additionally, no burn-up credit is applied. As the result, a sufficient margin 
of sub-criticality under all normal and accidental condition is assured. 

 
3.2 Shielding 

The shielding analyses were performed with MCNP as well, which offers a three-dimensional 
geometry modelling capability including complex surfaces. The three-dimensional modelling allows the 
modelling of each fuel assembly. Therefore, the local shielding ability of the cask can effectively be 
taken into account. 

For normal transport conditions, the cask was modelled with the impact limiters and the 
transport hood. The hypothetical accident conditions assume the absence of the transport hood, the 
impact limiters and the neutron moderator. In reality, the impact limiters remain on the cask and the 
total loss of the neutron moderator is not possible.  

For storage conditions, the cask is located vertically on a concrete floor and surrounded by air. 
For each fuel assembly, activity limits are derived for the main neutron and gamma generating 

nuclides. With these limits, it is guaranteed that the dose exposure is always lower than the required 
limits during transport and storage. 

 
3.3 Heat Removal 

The numerical analysis of the heat removal is performed by using the finite element method 
(ANSYS). The decay heat of the fuel assemblies is conveyed by means of thermal radiation and 
thermal conduction from the surfaces of the fuel assemblies into the basket. In the gap between the 
basket and the cavity wall, the heat is conveyed by means of radiation and conduction. Convection is 
neglected conservatively. In the cask side wall, the heat is conveyed to the surface of the cask by 
conduction. From the surface of the cask, the heat is dissipated by means of radiation and natural 
convection to the environment. It is proved that the temperatures of all components are below the 
admissible values, respectively – especially the fuel cladding temperature and the temperature of the 
outer surface. 

For the transport of the cask, normal conditions and fire test conditions are considered 
according to the IAEA requirements. The package, consisting of the cask with inventory and impact 
limiters, is transported horizontally.  
For the storage of the cask, normal conditions in the storage facility, fire test conditions and a cask 
buried by debris are considered. The analysis is performed for a free-standing cask as well as for a 
cask standing in an array of identical casks. Typical temperature contours in the cask for normal 
storage conditions are shown in Fig. 3. Because of the reduced heat transfer by thermal radiation, the 
case of a cask standing in an array leads to the highest temperatures in the cask. 

 
3.4 Mechanical Strength 

The mechanical analyses of the cask involve the main components cask body, trunnions, 
basket and the lid system. For the package, the impact limiters are analysed as well. The calculations 
taking into account different loading cases (for example drops in different impact orientations of the 
cask) were performed with programmes based in the finite element method (ANSYS and LS-DYNA). 

The used calculation model consists of lower bound material properties, three-dimensional 
simulation of the cask geometry and reasonable assumptions for the different loading cases. As a 
result of the calculation, the local distribution of all stress tensors inside the cask body is known (see 
example in Fig. 4). 
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Figure 3: Typical temperature distribution for normal storage conditions 

 
 
 

 
 

Figure 4: Quasi-statically calculations of the stresses during the 9-m-drop (ANSYS) 

Tmax 
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4 HANDLING AND LOADING OF THE CASK IN THE TEMELIN NPP 

In the following, the main steps of loading the cask in the Temelin NPP are explained. These 
steps will be performed while the cask stands on different places. The cask is handled with its four 
upper trunnions for positioning. The main steps are: 

 
1. Arrival of the brand new cask, visual inspection of the cask  
2. Attaching the lifting yoke of the crane to a pair of upper trunnions, attaching an additional 

safety device to the other pair of upper trunnions. Thus, four upper trunnions are used for the 
vertical cask handling. 

3. Inserting the cask into the cask service station, attaching a bottom adapter  
4. Removal of the primary lid, installation of the guide bolts for the primary lid, assembly of the 

sealing protection, plugging of the tap holes to prevent contamination and corrosion 
5. Taking up the cask, setting of the cask onto the loading position in the loading pond, loading 

of the fuel assemblies according to loading plan. 
6. After loading, mounting of the primary lid with installed multi-equipment. The multi-equipment 

serves for dewatering, vacuum drying and helium filling of the cask cavity.  
7. Attaching the lifting yoke, lifting the loaded cask up to the water surface, inserting the lance 

for dewatering the cask, partial dewatering and pre-inspection of the leak-tightness of the 
cask, securing the primary lid with 3 bolts, transfer to the processing position 

8. Mounting of all primary lid screws, inspection of the primary lid sealing for leak-tightness, 
vacuum-drying of the cask cavity and analysis of residual moisture of the cask atmosphere, 
filling the cask cavity with helium, documentation of the dose rate and surface temperature 
and contamination 

9. Transfer out of the reactor unit with the transport wagon to the storage facility of the NPP 
10. Shipment completion of the secondary lid: inserting the sealing of the secondary lid and 

filling of the space between the lids with helium, leak test of the secondary lid barrier, 
installation of the pressure switch 

 
The diameter of the loading pond in the Temelin NPP is a severe geometrical boundary 

condition for the cask outer diameter. Therefore, the design of the new cask CASTOR
®
 1000/19 

considers this limit. Furthermore, the as-built dimensions of the loading pond were exactly measured 
in the conceptual phase of the project. Beyond this, a cask dummy will be manufactured and a 
handling test with the dummy will be performed before the cold trial with the cask. 
 

5 CONCLUSIONS  

The new type CASTOR
®
 1000/19 will be applied for a license as dual purpose cask for transport 

and storage in the Czech Republic. The cask is designed for the special requirements of spent fuel 
assemblies of the Temelin NPP. Additionally, the boundary conditions for handling of cask in the 
Temelin NPP are taken into account. By means of different numerical calculations, it is proved that the 
cask fulfils the requirements for type B(U)F packages according to IAEA regulations and the 
requirements covering different accident scenarios at storage sites. 

 
 


