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1. Introduction 

During the seventies a first idea of dry storage of spent fuel in casks arose at the GNB parent company 
GNS Gesellschaft für Nuklear-Service mbH. The well-known CASTOR® cask design with ductile cast 
iron (DCI) as cask body base material was developed for the dual purposes of storage and transport. 
After only five years of developing and testing, the first storage license was granted for four types of 
CASTOR® casks at the centralized storage facility Gorleben. 

Meanwhile, spent fuel assemblies of the types PWR, BWR, VVER, RBMK, MTR and THTR as well 
as vitrified high active waste containers (HAW) are stored in these kinds of casks. By now more than 
680 CASTOR® casks have been loaded and stored at 19 sites on four continents, more than 900 have 
been delivered and more than 1000 have been delivered and ordered. The two decades of storage have 
shown that the basic requirements, which are safe confinement, criticality safety, sufficient shielding 
and appropriate heat transfer have been fulfilled in each case and, of course, the experience of 20 years 
has resulted in improvements of the CASTOR cask design. 

Starting in the middle of the nineties, the new GNB cask line CONSTOR was developed with special 
consideration to an economical and effective way of manufacturing by using conventional 
technologies and common materials. The cask concept also fulfills all design criteria for transport and 
storage given by the IAEA recommendations and national authorities. By the end of 2002 forty 
CONSTOR casks have been delivered and 30 of them have successfully been loaded and stored. 

 

2. GNB´s cask designs 

2.1. General 

In Europe, CASTOR® casks are used for transport and storage of spent fuel, as well as for the return of 
residues from reprocessing. The contents include Western and Eastern European fuel types. The 
largest number of one single cask type (459 CASTOR® THTR/AVR) is used for storage of the whole 
fuel of two Thorium high temperature reactors.  

Vitrified residues from reprocessing have to be returned from France to Germany corresponding to 
about 2500 high-level waste canisters or about 90 casks. As of April 2003, 34 casks type CASTOR® 
HAW 20/28 CG have already been loaded with these canisters. An additional 700 high-level waste 
canisters will be returned from Great Britain. 
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To reduce costs for the customer and giving the possibility of manufacturing the casks in the 
customers’ country regardless the availability of casting plants, GNB started the development of a 
CONSTOR® cask, using steel and heavy concrete as basic material in the first half of the nineties. 

2.2. Design characteristics of the CASTOR® casks 

CASTOR® casks fulfill both the requirements for type B packages according to IAEA regulations and 
the requirements covering different accident situations to be assumed at the storage sites. 

FIG. 1. Design Characteristics of the CASTOR® casks 

 

The cask body is made of ductile cast iron. In order to improve the neutron moderation axial boreholes 
are drilled into the cask wall which contain moderator rods made of polyethylene (see Figure 1). As 
protection against corrosion, the inside surface of the cask and the sealing surfaces are provided with a 
nickel coating. The outside surface is protected by a coat of paint on an epoxy-resin basis. The basket 
for spent fuel assemblies basically consists of tubes made partly of borated stainless steel or 
combinations of steel and aluminium. On the outside wall of the cask, radial cooling fins can be 
machined to improve the heat transfer from the cask to the environment. The inner cavity of the cask 
is closed by a primary lid and by a secondary lid. The space between the lids will be filled by helium 
under overpressure; the control of this pressure delivers the tightness information during storage. Four 
trunnions are used for cask handling, fixing the cask in a transport frame. For transport purposes shock 
absorbers are used.  

2.3. The CONSTOR® concept 

The CONSTOR® concept was developed for an economical as well as an effective way of 
manufacturing by using conventional technologies and common materials. Nevertheless, the 
CONSTOR® sandwich cask concept fulfills both the internationally valid IAEA criteria for 
transportation and the criteria for long-term intermediate storage. 
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FIG. 2. Design Characteristics of the CONSTOR® casks 

 

The CONSTOR® concept consists of a sandwich design with an outer and inner shell made of steel 
(see Figure 2). The space between the two shells is filled with heavy concrete for gamma and neutron 
shielding. The design does not rely on the concrete for structural integrity. Inside the concrete, steel 
reinforcement is arranged to improve strength and heat removal properties. The cask bottom has the 
same sandwich design as the wall. At the upper end, the shells are welded to a ring made of forged 
steel. The lid system is designed as a multibarrier system. The bolted and sealed primary lid fulfills 
strength, shielding and temporary sealing functions. The sealing plate and the secondary lid are welded 
to the forged steel ring after loading of the cask. These two welded lids together with the inner and 
outer shell constitute the double barrier system. Alternatively it is possible to bolt the primary and 
secondary lid. 

The analyses of nuclear and thermal behavior as well as of strength according to IAEA examination 
requirements (9m-drop, 1m-pin-drop, 800 °C-fire test) and of the behavior during accident scenarios at 
the storage site (drop, fire, gas cloud explosion, side impact) were carried out by means of validated 
calculational methods and programs. In a special experimental program, the mechanical and 
thermomechanical properties of heavy concrete were verified and the reference values required for 
safety analyses were determined. 

The results of the safety analysis after drop tests and the fire test according to IAEA-regulations as 
well as after 1m-drops at the storage site were confirmed by means of an extensive test program using 
a 1:2 scale model. The post-test inspection program of the model cask has shown that the cask 
integrity and leak tightness were maintained after the series of 6 drop tests. For further details please 
refer to Chapter 3.3.2. 
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2.4. Outlook on further development 

The challenge for further development results from  

• higher technical specification, particularly related to fuel (enrichment, burnup) 

• cost reduction 

• increase of licensing requirements. 

The first two aspects are a clear consequence of the market condition the utilities are faced with 
worldwide. The latter aspect serves the need for keeping design and proof of the design state-of-the-
art. 

Concerning technical specification increase in enrichment and higher burn up are the most challenging 
issues along with disposal management of spent MOX assemblies in some countries. As a 
consequence higher heat capacity and sophisticated shielding measures have to be considered. Besides 
design and new materials even new methodologies for the proof of the design have to be developed 
and applied. 

In addition, defect fuel disposal is increasingly requested on the market, which has a clear impact on 
design feature, not only of the cask internals, but also of handling equipment.  

Related to cost an increase of the number of fuel assemblies per cask as well as a cost optimized cask 
design are the most important approaches of the cask vendors. Validated methodologies for the proof 
of the design during the licensing process is important even in terms of cost. 

 

3. Licensing Experience of CASTOR® and CONSTOR® Casks  

3.1. General 

After the first storage license was granted for four types of CASTOR®  casks at the centralized storage 
facilility Gorleben, GNB has gained a comprehensive licensing experience in Germany and in many 
other countries, including Eastern Europe. GNB has provided the operators of the storage facilities 
with its support in the licensing procedure. Part of the facilities, e.g. the on-site Interim Storage North 
(ISN) at NPP Greifswald and the on-site Interim Spent Fuel Storage Facility (ISFSF) at NPP 
Dukovany, have been designed by the GNS-Group respectively by GNB and consortium partners.  

3.2. Licensing in Germany 

As shown in below table, cask storage of spent fuel assemblies from PWR, BWR, VVER and THTR 
reactors and of high-level vitrified reprocessing wastes (HAW) has been licensed in Germany for 
different sites respectively licenses are expected to be granted in the course of the year 2003. All 
licenses and applications relate to GNB dual purpose casks and are based on the results of 
comprehensive experimental programs including experiments with loaded casks and on the experience 
gained after the start of industrial scale cask loading and storage in Germany in the year 1992. 

About 500 casks (all being GNB dual-purpose casks) have been loaded in Germany up to now and are 
now deployed for long-term storage in different German dry storage facilities. For some NPP sites a 
simplified temporary storage facility has been licensed and is in use to cover the period until licensing 
and construction of the NPP site long-term storage facility will be completed. 
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Survey of Licensing of German Cask Storage Facilities: 

 

No. Central Facility resp. 
Facility at NPP Site 

Date of Application 
resp. of License 

Heavy Metal [Mg] 

Activity [Bq] 

Heat Load [MW] 

Type of Fuel resp. 
Waste 

Number of 
Cask 

Positions 

1 Central Cask Storage 
Facility Ahaus License: 17.03.92, 

 07.11.97 

3800 Mg 

2 x 1020 Bq 

17 MW 

PWR, BWR, HTR 
370 
(PWR/BWR) 

305 (HTR) 

2 Central Cask Storage 
Facility Gorleben 

License: 27.04.94, 
 01.12.00 

3800 Mg 

2 x 1020 Bq 

16 MW 

PWR, BWR, HAW 
420 

3 

NPP Greifswald, ZLN 
(including conditioning 
and storage of 
decommissioning waste) 

License: 05.11.99 

585 Mg 

7,5 x 1018Bq 

0,6 MW 

VVER 440 (including 
damaged fuel, 
absorber and shielding 
assemblies) 

84 

4 NPP Jülich License: 17.06.93 
0,225 Mg 

1,29 x 1017Bq 

0,023 MW 

HTR 158 

5 NPP Biblis, temporary 
storage License: 20.11.01 

300 Mg 

7,6 x 1018 Bq 

0,7 MW 

PWR 28 

6 NPP Biblis, long-term 
storage Application: 23.12.99 

1400 Mg 

8,5 x 1019 Bq 

6,3 MW 

PWR 135 

7 NPP Brokdorf Application:20.12.99 
1400 Mg 

8,5 x 1019 Bq 

6,3 MW 

PWR 100 

8 NPP Brunsbüttel Application: 30.11.99 
300 Mg 

1,0 x 1020 Bq 

3 MW 

BWR 80 

9 NPP Grafenrheinfeld Application: 23.02.00 
800 Mg 

5,0 x 1019 Bq 

3,9 MW 

PWR 100 

10 NPP Grohnde License: 20.12.02 
1000 Mg 

5,5 x 1019 Bq 

3,75 MW 

PWR 100 

11 NPP Gundremmingen Application: 25.02.00 
2250 Mg 

2,7 x 1020 Bq 

7,4 MW 

BWR 192 
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Heavy Metal [Mg] 

No. Central Facility resp. 
Facility at NPP Site 

Date of Application 
resp. of License Activity [Bq] 

Heat Load [MW] 

Type of Fuel resp. 
Waste 

Number of 
Cask 

Positions 

12 NPP Ohu (Isar) Application: 23.02.00 
1500 Mg 

1,5 x 1020 Bq 

6,4 MW 

PWR, BWR 152 

13 NPP Krümmel Application: 30.11.99 
800 Mg 

1,2 x 1020 Bq 

3,2 MW 

BWR 80 

14 NPP Lingen (Emsland) License: 06.11.02 
1250 Mg 

6,9 x 1019 Bq 

4,7  MW 

PWR 125 

15 NPP Neckar, temporary 
storage License: 10.04.01 

250 Mg 

1,5 x 1019 Bq 

0,78 MW 

PWR 24 

16 NPP Neckar, long-term 
storage Application: 20.12.99 

1600 Mg 

1,0 x 1020 Bq 

3,5 MW 

PWR 151 

17 NPP Philippsburg, 
temporary storage License 

130 Mg 

1,0 x 1019 Bq 

0,30 MW 

PWR, BWR 12 

18 NPP Philippsburg, long-
term storage Application: 20.12.99 

1600 Mg 

1,5 x 1020 Bq 

6,4 MW 

PWR, BWR 152 

19 NPP Esenshamm 
(Unterweser) Application:  20.12.99 

800 Mg 

6,4 x 1019 Bq 

3,0 MW 

DWR 80 

 

The above table shows that comprehensive licensing experience in Germany is available for GNB 
casks. Additionally, there is experience from licenses in other countries including e. g. licences for 
CASTOR®440/84 and for CONSTOR®RBMK as described below. 

GNB has provided support to the operators in the licensing procedures. Part of the storage facilities 
including the facility ZLN in Greifswald have been designed by the GNS-Group and the storage 
facilities in Ahaus and Gorleben are operated by GNB parent company GNS.  

 

6 



Dirk Becher  

3.3. Licensing in Eastern Europe  

3.3.1. VVER type fuel assemblies 

For Eastern European fuel type VVER 440, GNB has specifically designed the dual-purpose cask type 
CASTOR®440/84 with a capacity of 84 spent fuel assemblies. The inventory certification also allows 
the placement of leaking fuel assemblies, absorber parts of control assemblies and shielding 
assemblies. 

CASTOR®440/84 casks have been introduced into market about ten years ago and have been licensed 
for storage and transport by the Competent Authorities of Germany and the Czech Republic. In 
addition, the transport license has been validated in Slovakia and Hungary. 

In total, 150 CASTOR®440/84 casks have been contracted and 72 of them have been loaded in the 
VVER-440 reactors of the NPPs Greifswald, Rheinsberg and Dukovany and are now deployed for 
long-term storage (December 2002). Besides, several shipments of irradiated fuel assemblies with 
CASTOR®440/84 casks have been performed from NPP Greifswald to NPP Paks, from NPP Bohunice 
to NPP Dukonany and from NPP Rheinsberg to the Interim Storage North (ISN) at Greifswald. 
Starting in the year 2005, GNB will deliver 25 CASTOR®440/84 M casks designed for fuel assemblies 
with higher enrichment and burnups. In Figure 3 storage of CASTOR®440/84 casks in ISFSF at 
Dukovany is shown.  

 

 

 

 

 

 

 

 

 

 

FIG. 3. CASTOR® 440/84 in the ISFSF at Dukovany 

 

Besides CASTOR®440/84, also the cask type CASTOR®VVER-1000 cask with a basket for 12 
VVER-1000 spent fuel assemblies has been fabricated based on an expertise of the German Authority 
BAM and has been loaded in the NPP Novo Voronesh within the scope of an interim storage 
demonstration program. 

3.3.2. RBMK type fuel assemblies 

In December 1993, GNB was contracted by the Lithuanian Ministry of Energy to deliver 60 casks for 
the storage and transport of RBMK type spent fuel assemblies from the reactors at IGNALINA 
NUCLEAR POWER PLANT. The deliveries were split into two lots, the first one consisting of 20 
casks of type CASTOR® RBMK, the second one consisting of 40 casks of type CONSTOR® RBMK. 
Both cask types are designed to accommodate baskets with 102 half fuel bundles. 
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The CASTOR® RBMK received a storage license from the Lithuanian Authority VATESI, the 
CONSTOR® RBMK cask has been licensed for both long-term storage by VATESI and transport by 
the Competent Authority of the Czech Republic. In addition, the Russian Authority Gosatomnadsor 
has issued a verification certificate for a type B(U) package design for this cask type.  

Within the scope of the licensing procedure, GNB performed a series of drop tests with a half-scale 
type cask model from the CONSTOR® cask family in May and June 1997. The results of the test were 
transferred to a full-scale cask type. The tests served to qualify the new package design, as well as to 
benchmark computer codes used for licensing of the casks. 

The first test consisted of a 9-m free drop onto the side-wall of the cask with shock absorbers on an 
unyielding foundation, in accordance with the IAEA requirements Safety Series No. 6 for Type B 
package designs. No deformations of the cask body resulted from the test. Only the shock absorbers 
were affected by the drop, as was to be expected. It is, in fact, the purpose of the shock absorbers, to 
protect the cask during transport by absorbing energy from impacts. 

The second test was a 1-m pin drop onto the side-wall of the cask without shock absorbers also in 
accordance with the IAEA conditions. In this case, the cask exhibited only a minor deformation on the 
outer surface which corresponded to the anticipated results from analytical methods.  

The test series also included the following: 

- 1-m pin drop onto the bottom of the cask with shock absorber 

- 1-m pin drop onto the lid area of the cask with shock absorber 

- 1-m handling drop onto the bottom without shock absorber 

- 1-m handling drop onto the bottom corner without shock absorber. 

The results of the drop tests exceeded all expectations, so that it was clearly demonstrated that the 
CONSTOR® cask is capable of meeting the requirements for transport and storage, both under normal 
and accident conditions. In this way, the CONSTOR® has been shown to meet the high standards of 
quality and safety worldwide. 

Beside the supply and loading of the 20 CASTOR® casks, 40 CONSTOR® casks have already been 
delivered. The first casks were loaded in mid-2001 and placed into storage in the open-air facility. 
After successful loading of 27 CONSTOR® casks, the NPP operator ordered another 20 casks from 
GNB in December 2002. 

 

4. Conclusion 

GNB is one of the global leaders with a very large amount of worldwide experience with casks for 
transport and storage of spent fuel and high level waste. 

Transport and dry storage of spent fuel and high active waste in CASTOR and CONSTOR casks are 
a proven and extensively applied technology. Experience over two decades with almost all types of 
fuel and high active waste has been gained. GNB´s casks of CASTOR and CONSTOR type fulfill 
highest safety requirements in terms of both transport and storage. The future challenges can clearly be 
identified and will be coped by new designs of next generation of GNB´s casks. 
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