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Abstract
For spent nuclear fuel management in Germany the concept of dry interim storage in dual purpose casks
before direct disposal is applied. The Federal Office for Radiation Protection (BfS) is the competent
authority for licensing of interim storage facilities. The competent authority for surveillance of operation is
the responsible authority of the respective federal state (Land).
Currently operation licenses for storage facilities have been granted for a storage time of 40 years and are
based on safety demonstrations for all safety issues as safe enclosure, shielding, sub-criticality and decay
heat removal under consideration of operation conditions. In addition, transportability of the casks for the
whole storage period has to be provided. Due to current delay in site selection and exploration of a disposal
site, an extension of the storage time beyond 40 years could be needed. This will cause appropriate actions
by the licensee and the competent authorities as well.
A brief description of the regulatory base of licensing and surveillance of interim storage is given from the
regulators view. Furthermore the current planning for final disposal of spent nuclear fuel and high level
waste and its interconnections between storage and disposal concepts are shortly explained. Finally the
relevant aspects for licensing of extended storage time beyond 40 years will be discussed. Current
activities on this issue, which have been initiated by the Federal Government, will be addressed. On the
regulatory side a review and amendment of the safety guideline for interim storage of spent fuel has been
performed and the procedure of periodic safety review is being implemented. A guideline for
implementing an ageing management programme is available in a draft version. Regarding safety of long
term storage a study focussing on the identification and evaluation of long term effects as well as gaps of
knowledge has been finished in 2010. A continuation and update is currently underway.
1. Introduction – German policy for spent fuel management
For spent nuclear fuel management in Germany the concept of dry interim storage in dual purpose casks
before direct disposal is being pursued. According to an amendment of the Atomic Energy Act (AtG) in
April 2002, spent nuclear fuel from power reactors, which has not been shipped to the reprocessing
facilities in France or the UK until 30 June 2005, has to be stored at the NPP sites in dry storage and
transport casks. Beginning from the year 2002, dry cask storage facilities were commissioned and started
operation stepwise at twelve NPP sites. In addition, the earlier commissioned centralised storage facilities
at Ahaus and Gorleben are used for the interim storage of spent fuel from different types of reactors (light
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water reactors, THTR Thorium High Temperature Reactor, Rossendorf research reactor) and vitrified high
level waste returned from reprocessing abroad. The interim storage facility “Zwischenlager Nord” (ZLN)
near Greifswald is used for the storage of spent fuel from the Greifswald and Rheinsberg nuclear power
plants of Soviet design.
Due to pending site selection process for a spent fuel disposal facility, the probability increases that an
extension of the licensed storage period beyond 40 years will be needed. For extended storage periods all
relevant safety demonstrations have to be in line with the intended extension time and the current state of
technology. In the following sections an overview on the activities and provisions initiated and planned by
the German supervising authority BMU with regard to interim storage of spent fuel and vitrified high level
radioactive waste before final disposal is presented. Table 1 provides an overview of the current dry
storage facilities.
Table 1. Status of the storage facilities at the NPP sites and the central storage facilities

Nuclear Power Plant
Site

In Operation
since

Positions for Casks
with Storage Capacity

Emplaced
[tHM] as
of 12 / 2012

On-site storage facilities
2006
135 pos.; 1,400 tHM
519
2007
100 pos.; 1,000 tHM
144
2006
80 pos.; 450 tHM
78
2006
88 pos.; 800 tHM
204
2006
100 pos.; 1,000 tHM
186
2006
192 pos.; 1,850 tHM
371
2007
152 pos.; 1,500 tHM
244
2006
80 pos.; 775 tHM
175
2002
125 pos.; 1,250 tHM
327
2006
151 pos.; 1,600 tHM
377
2007
152 pos.; 1,600 tHM
357
2007
80 pos.; 800 tHM
82
Application
15 pos.; 100 tHM
from
April 22, 2005
Sum
1,450 pos.; 14,125 tHM
3,064
Central storage facilities
Ahaus (TBL-A)
04 / 1987
420 pos.; 3,960 tHM
64
Gorleben (TBL-G)
09 / 1983
420 pos.; 3,800 tHM
37 *)
Greifswald (ZLN)
11 / 1999
80 pos.; 585 tHM
583 **)
*) Plus 3,024 CSD-V canisters.
**) Plus 140 HAW canisters from the Karlsruhe reprocessing plant (WAK).
Biblis
Brokdorf
Brunsbüttel
Grafenrheinfeld
Grohnde
Gundremmingen
Isar
Krümmel
Lingen/Emsland
Neckarwestheim
Philippsburg
Unterweser
Obrigheim
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No. of
Emplaced Casks
as of 12 / 2012
51
14
9
20
18
41
25
19
32
41
36
8

314
329
113
74
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2. Regulatory aspects
The storage of spent fuel and radioactive waste with significant contents of fissile materials requires a
license under § 6 of the Atomic Energy Act4. This refers to the on-site interim storage facilities at the
nuclear power plants and the central storage facilities for spent fuel containers at Gorleben, Ahaus and
Greifswald. Superior preconditions for licensing are, for example, a need for storage, adequate precautions
to prevent damage resulting from the stored fuel, adequate provisions for covering the legal liability to pay
compensation for damage, protection against disruptive action, etc. The licensing authority in this instance
is the BfS, whilst supervision is performed by the competent authority of the respective Land.
Detailed safety requirements for dry interim storage are written down in “Guidelines for dry interim
storage of spent fuel and heat generating high active waste in casks” originally issued in 2001 and now
available in the revised and amended version of 20125. Basic safety issues of the German approach are:
The main safety goals, in particular safe enclosure of the radioactive inventory, sub-criticality, radiation
shielding and decay heat removal, are provided by the casks.
The current operation licenses have been granted for a storage period of 40 years.
According to current practice, the approval of type B(U) for public transport of the casks must remain valid
for the whole storage period, license partially takes credit of the approval.
The casks are monitored for leakage of the double lid system.
Safety-related installations of the storage facility are subject to in-service inspections whose frequency is to
be stipulated in accordance with the safety significance of the components to be tested. No inspection or
monitoring of the stored inventory and the inside of the casks are performed.
Transportability of the casks and manageability of the fuel elements must be assured at the end of storage
period.
Within due time, as a rule six years before the license for storage will expire, the licensee has to provide
evidence for further disposal of the stored nuclear fuel. If necessary, an extension of the storage period has
to be applied for. For the fuel elements it had to be demonstrated that no systematic failure of the fuel rods
will occur during the storage period and that the fuel assemblies will keep their geometric arrangement,
which is also a precondition for transportability of the casks and for a later handling in a conditioning plant
prior to disposal.
In order to sustain a continuous high safety level over the whole period of storage and also to be in line
with international requirements and practices, the procedure of periodic safety review was included into the
regulatory system for interim storage facilities. In November 2010, the Nuclear Waste Management
Commission (ESK) handed the Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety (BMU) a recommendation of guidelines for the implementation of a periodic safety review (PSR)

4

Gesetz über die friedliche Verwendung der Kernenergie und den Schutz gegen ihre Gefahren (Atomgesetz – AtG),
zuletzt geändert am 20. April 2013

5

ESK guidelines for dry cask storage of spent fuel and heat-generating waste, revised version of 29 November 2012
(http://www.entsorgungskommission.de/englisch/downloads/eskempfehlungesk30llberevfassung29112012e.pdf)
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for interim storage facilities6. The main objectives are to “demonstrate the fulfilment of the basic protection
goals (as listed above) and the resulting requirements with regard to
summarised documentation and evaluation of all events and findings within the review period with regard
to the safety level and operating reliability of the interim storage facility, and minimisation of the radiation
exposure,
up-to-date safety assessment in accordance with the state of the art in science and technology with regard
to
− the safe and reliable continued operation of the interim storage facility,
− the impacts of ageing mechanisms on the condition of the interim storage facility and its
installations, and on the transport and storage casks and their inventories,
− the compliance with the safety requirements for the handling and later removal of the
transport and storage casks, and
derivation of findings and measures for further operation.”
The result of the PSR should demonstrate the fulfilment of the basic protection goals for the remaining
licensed operation time. A PSR for storage facilities has to be performed every ten years.
Currently the application of the guidelines is tested in pilot PSR’s for two selected storage facilities
(Gorleben and NPP Emsland). GRS and Öko-Institut are attending the process in terms of technical
assistance for the BMU. This approach should allow identifying problems and uncertainties regarding the
implementation of the guidelines. As a result, a report about the lessons learned and recommendations for
optimisation of the process and the guidelines is intended.
In January 2012, the ESK issued a draft recommendation of guidelines for the surveillance of technical
ageing during long term interim storage. According to these guidelines, the ageing monitoring programme
in storage facilities needs to distinguish between
the surveillance of facility-specific ageing aspects in each storage facility,
the cross-facility surveillance of ageing aspects specific to certain systems and components,
the surveillance of generic ageing aspects (e.g. long term behaviour of materials) which is performed
centrally through the manufacturers based on special arrangements or contracts.
Basic recommendations are as follows:
At intervals of at least 10 years or as warranted, accessible outer surfaces of the transport and storage casks
have to be inspected on a random basis.
Recurrent settlement measurements have to be performed for the storage building.
6

ESK recommendations for guides to the performance of periodic safety reviews for interim storage facilities for
irradiated fuel elements and heat-generating radioactive waste (PSÜ-ZL), 4 November 2010
(http://www.entsorgungskommission.de/englisch/downloads/eskepanlage1esk14homepageen.pdf)
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The condition of the storage building as well as of the components necessary for interim storage have to be
inspected by walk-down and suitable measurements.
The results of recurrent inspections have to be evaluated.
3. Interdependencies with disposal concept
In Germany, the handling of radioactive materials and the disposal of radioactive waste are governed by
the Atomic Energy Act. According to this act, radioactive residues must be properly disposed of as
radioactive waste. All spent fuel from nuclear power plants is intended for disposal, with the exception of
those delivered to a reprocessing plant up until 30 June 2005.
As early as in the 1950s, nuclear waste management was included in all planning activities. A
Memorandum of the German Atomic Commission, an advisory committee to the former Ministry for
Atomic Issues, of 9 December 1957 already pointed out the need for comprehensive development in the
field of waste management. The importance of this issue was emphasised by the legislator in an
amendment of the Atomic Energy Act in 1976 which included the new § 9a that demanded the proper
disposal of radioactive waste.
Under the direct disposal concept, spent fuel is to be packed in casks suitable for disposal after having been
held in storage for several decades (a period of 40 years has been applied for and approved), and these
casks are then to be sealed and emplaced in galleries or bore holes in deep geological formations. The
prototype of a facility for the packaging of the spent fuel in casks that are suitable for disposal has been
constructed.
Since no repository has yet been implemented which is capable of accommodating spent fuel and heatgenerating radioactive waste, there are only conceptual considerations available on the design of such a
repository.
In September 2010, the Federal States Committee on Nuclear Power has adopted safety requirements for
the disposal of heat-generating radioactive waste7 and the BMU has published these for specification of the
state of the art in science and technology. These requirements are based on a discussion process in which
the BMU, BfS, GRS and the advisory committees ESK, SSK (Commission on Radiological Protection)
and RSK (Reactor Safety Commission) were involved. The requirements apply to the planning, further
exploration, construction, emplacement operations and decommissioning of such a final repository, and
also address the required monitoring and evidence preservation measures following its decommissioning.
During the emplacement operation phase up to the sealing of the shafts or ramps, retrieval of the emplaced
waste containers must be possible. Furthermore it must be ensured that the waste containers can be
retrieved for a period of 500 years after the closure of the repository in case of emergency. These
requirements, however, must not impair the long-term safety of the repository.
Gorleben
At the Gorleben site, underground exploration of the salt dome started in 1986. The exploration was to
establish whether the salt dome was suitable for a repository, especially for heat-generating radioactive
waste. Between 2001 and 2010, exploration work was temporarily suspended to clarify conceptual and
7

BMU, Safety requirements governing the final disposal of heat-generating radioactive waste, 30 September 2010
(http://www.bmu.de/fileadmin/bmuimport/files/english/pdf/application/pdf/sicherheitsanforderungen_endlagerung_en_bf.pdf)
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safety-related questions. From October 2010 to December 2012, the exploration of the Gorleben salt dome
was continued. In parallel, a preliminary safety analysis on the issue of long term safety was prepared in
March 2013. Previously the Gorleben salt dome was designated mainly for disposal of vitrified high active
waste from reprocessed nuclear fuel, which was initially the accepted concept of spent fuel management.
Between 1979 and 1995, several projects have been performed in order to compare safety issues, to
demonstrate feasibility and to develop a concept for direct disposal of spent nuclear fuel. As a result, the
direct disposal of spent fuel after interim storage has been accepted by the Government as an equivalent
way of spent fuel management besides reprocessing. In 2002 finally reprocessing of spent fuel from power
reactors was ruled out by amendment of the Atomic Energy Act. Since 1 July 2005, the delivery of spent
fuel from power reactors for reprocessing abroad is prohibited.
Site selection for a HLW repository
The long-lasting dispute on the suitability of the Gorleben site to host a deep geological repository for high
level radioactive waste (HLW) was the most serious obstacle on the way to find a final solution for the
management of this kind of waste in Germany. In order to overcome the gridlocked situation and to
achieve a consensus between the opposing parties and groups in German society, the German government
decided to initiate a new site selection process for a HLW repository. This new policy is supported by most
of the political parties in Germany. In April 2013, the Minister-Presidents of the German Federal States
and the chairmen of five parliamentary groups in the German Bundestag agreed to initiate a new site
selection process based on scientific criteria and highest safety standards, starting with a blank map of
Germany without any site proposals. This process may also include investigation of host rock formations
other than salt, e.g. clay and granite. One of the key provisions is that there are no premature decisions by
excluding individual sites. As a prerequisite for reaching a decision based on broad consensus,
transparency and public participation in all phases of the stepwise procedure are ensured.
As a first step, a new law is to be prepared in which the key elements of such a site selection process are to
be laid down. It stipulates that the site selection procedure shall be prepared by a joint Federal
Government/Länder committee of 24 members representing different interests. Until the end of 2015, the
committee will have to work on proposals in relation to issues such as safety requirements and criteria for
site exclusion and site selection, respectively, for each geological formation. These will then form the basis
for determining the location of the repository site as well as the kinds of rock that are best suited to this
purpose. Decisions on the individual phases of the selection procedure will be taken by the Bundestag via
the adoption of corresponding legislation and include, in the final stage of the procedure, decisions on
locations for surface and underground exploration. The procedure will include the following phases:
Evaluation phase for the review of legal provisions and the definition of basic criteria,
Identification of suitable regions, surface and underground exploration, site comparisons and proposals,
selected site to be written into federal legislation,
Plan approval procedure for the safety assessment of the selected site,
If possible, construction of the repository after judicial review of the plan approval procedure.
The final decision for a repository site shall be taken by 2031. For the present, the Gorleben salt dome will
not be excluded as a possible candidate site. However, underground exploration in Gorleben will not be
continued and no research laboratory will be built on this site.
Due to the long time span until a HLW repository will be ready for operation, an extension of the storage
period for the spent fuel elements will probably be necessary. This requires a new evaluation of safety
issues for long term storage and an extension of the existing licenses.
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Container concept
The reference concept for direct disposal of spent fuel envisages the removing of the fuel rods from the
fuel assemblies in an aboveground plant, the packaging of the fuel rods in self-shielding and sealed thickwalled casks and emplacing them in deep geological formations for disposal. The POLLUX reference
concept is named after the type of cask used. In order to demonstrate the conditioning technique, the
construction of a pilot conditioning plant (PKA) was finished at Gorleben in the year 2000. Pursuant to the
agreement between the Federal Government and the utilities of 11 June 2001, the licensing procedure is
complete, but use of the facility is licensed only for the repair of defective casks for spent fuel from lightwater reactors and for vitrified high active waste from reprocessing as well as for the handling of other
radioactive materials. As a prerequisite for the start of pilot operation, the license requires the naming of a
repository site and the qualification of the conditioning procedure. The plant is licensed for a throughput of
35 tHM/a.
The reference concept for the direct disposal of spent fuel has reached technical maturity. The concept
envisages a drift emplacement of the casks. There is a prototype of a self-shielding and sealed thick-walled
POLLUX cask. The proof of the technical reliability for the under-ground handling technique was
furnished in the 1990s in a comprehensive above-ground experimental programme on full-scale shaft and
drift transport and emplacement technique. About 2,000 emplacement cycles were performed; this
corresponds to the total expected quantity of light-water reactor fuel to be disposed of.
To simplify the operation of the repository and to avoid large and expensive disposal casks, the so-called
BSK 3 concept was developed as an alternative. It is also based on the conditioning of fuel assemblies, but
instead of using the POLLUX cask, the fuel rods are inserted into a non-shielding canister that can be
placed in boreholes. Thus, the same handling procedures and techniques that are used for the disposal of
reprocessing residues can be used for the disposal of spent fuel. The BSK 3 canister is designed to contain
fuel rods from up to 3 PWR fuel elements or from up to 9 BWR fuel elements. The shaft hoisting
technology for the concept of fuel rod canister is the same as for the POLLUX concept. In an experimental
programme on full scale, the basic feasibility and the reliability for canister storage in boreholes was
demonstrated in 2009. Preliminary studies show that the costs for the repository operation can be reduced
significantly and the total costs for casks for spent fuel can be reduced by about 50 %8.
4. Technical and operational aspects
End of 2010, GRS and Öko-Institut finished a collaborative study commissioned by BMU on safety
aspects of long term interim storage of spent fuel and vitrified high level waste9. The main focus of the
work aimed on the identification and evaluation of long term effects which may affect the safety of interim
storage during and beyond the currently licensed storage period of 40 years. By evaluating relevant
publications, an overview on the state of science and technology has been provided, followed by an
analysis and discussion of technical aspects like e.g. the long term behaviour of spent fuel elements, casks
and storage systems. In this regard, generic analyses have been performed for storage periods up to 100
years, e.g. pressure build-up inside the fuel rods based on burn-up and depletion calculations for 4.4 %
enriched UO2 fuel with a burn-up of 50 GWd/tHM. Furthermore, a systematic screening in consideration
of possible ageing effects and material degradation has been applied to safety related systems, structures
and components. Beside technical aspects, also long term operational aspects like e.g. personnel planning
or knowledge transfer were addressed. In this context also a concept of an ageing management plan for
8

R. Graf and W. Filbert, Disposal of Spent Fuel from German Nuclear Power Plants − Paper Work or Technology?,
TOPSEAL 2006, Olkiluoto, 17-20 September 2006

9

A. Ellinger et. al., Sicherheitstechnische Aspekte der langfristigen Zwischenlagerung von bestrahlten
Brennelementen und verglastem HAW, GRS-A-3597, April 2010 (in German)
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German dry cask storage facilities has been developed and described10, based on available international
documents and recommendations for ageing management, in particular from IAEA and US NRC. From the
results and findings gained in that project, recommendations were derived, which were directed also to the
implementation of a PSR and a systematic ageing management and addressed potential safety issues in
case of a needed extension of the storage period. Some of the results and recommendations of the study
are:
There were no findings, which could raise concerns about the appropriateness of the current concept
licensed for 40 years storage.
The casks used for storage are consistent with the state of science and technology in order to meet the
safety goals and are fabricated according to the highest level of quality assurance.
Current limitation of licenses to 40 years is not based on technical reasons e.g. from anticipated ageing
effects, but was previously set with regard to the expected start-up of the a repository for spent fuel and
heat-generating radioactive waste.
There are no perceptions from national and international experience, which would basically challenge a
possible extension of the storage period beyond 40 years.
The report concluded that, based on the analyses performed, neither indication of unexpected degradation
effects nor of insufficient justification of safety during the planned regular period of storage was found. In
case of an extension of the allowed storage period, additional safety justification regarding behaviour of
the stored fuel, the casks and the facility will be required, taking into account the experience and
knowledge gained from current operation and international R&D programmes underway.
Since the investigations finished in 2010, the long term interim storage internationally gained increasing
attention caused by pending site selection process for a disposal facility in numerous countries.
Consequently, different research and development projects as well as working groups were initiated, e.g.
by DOE and NRC, EPRI, IAEA and OECD/NEA, aiming at a better understanding of degradation
processes and on identifying and closing knowledge gaps.
GRS is in charge of a follow-up project concerning safety related questions of long term interim storage of
spent fuel and vitrified high active waste. With the Federal Institute for Materials Research and Testing
(BAM) there is a new partner participating in the project. BAM is internationally acknowledged for its
technical expertise and experience in the field of safety evaluation for the long term performance of interim
storage containers and all associated components under storage-specific operational conditions. To this
end, BAM takes an active part in working groups of EPRI and IAEA and collaborates with several
research institutes. Scientific findings in this international exchange of experience and an overall update on
the state of science and technology represent a major part of the work. Subjects regarding the long term
behaviour of spent fuel elements and the components of the casks will be dealt with in greater detail.
Previously performed generic analysis relating to fuel cladding integrity will be extended by GRS. The
main tasks are improving the calculation model and investigating the long term behaviour of high burn-up
UO2 fuel (up to 60 GWd/tHM) and MOX fuel.
Long term experiments for the gaskets supported from the cask vendor GNS (Gesellschaft für NuklearService mbH) are now operational for 19 years and deliver useful information which also will be
10

B. Gmal et al., Systematic Approaches for an Ageing Management Program at Spent Fuel Interim Storage
Facilities, Proceedings of the OECD/NEA Workshop on Ageing Management of Fuel Cycle Facilities, Paris, 5-7
October 2009, Report No. NEA/CSNI/R(2010)4, pp. 151-167
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evaluated. Further important components of the casks are the polymer moderator elements and their
behaviour under long term influence of radiation and heat. Contributing to the work, Öko-Institut will give
an up-to-date overview of experience gained in national and international ageing management
programmes. With storage periods up to 100 years or even longer, non-technical ageing and obsolescence
management play an important role and thus have to be considered. Another main part of the work will
examine special aspects and questions regarding the German interim storage concept, e.g. the impact of
decommissioning nuclear power plants on-site or further needs for additional investigations and measures
to allow a longer operation of interim storage facilities and a final transportability of the casks.
5. Conclusions
In the German concept for spent fuel management, dry interim storage in transport and storage casks until
it can be disposed of in a deep geologic repository is an important part. Since 1 July 2005 discharged spent
fuel from power reactors is to be stored at the NPP sites in suitably designed dry interim storage facilities.
The relevant regulations for spent fuel storage have been subject to a benchmarking process for compliance
with internationally accepted requirements of the WENRA Working Group of Waste and
Decommissioning (WGWD), and have been updated recently. In particular the requirement of a periodic
safety review every ten years was included, and requirements for a systematic ageing management
programme by the operator were released in a draft version.
The current licenses for storage are valid for 40 years. Due to delay of the site selection for a geological
repository, a necessary extension of the period for interim storage could occur. This situation, if it happens,
will cause additional tasks for the operators and for the supervising authority as well, which need some
preparation time in advance. The legislative and technical base for prolongation of the interim storage
needs to be provided. This requires demonstration and justification for safe storage in accordance with the
state of science and technology for a time period beyond the currently licensed period. Besides fulfilment
of the basic safety goals during storage also the requirements of transportability of the casks and possibility
of safe handling of single fuel assemblies after storage are to be met. Therefore, currently important issues
also from regulators point of view are:
To gain experience from storage operation underway with regard to the long term behaviour of fuel
assemblies and casks,
To identify and close gaps of knowledge, in particular regarding the long term behaviour of stored fuel,
including high burn-up and mixed oxide fuel, and
To participate in international co-operations on these issue in order to share knowledge and experience
with other countries.
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