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ABSTRACT 

The nuclear power technical community is developing the technical basis for demonstrating the safety of 
storing used nuclear fuel for extended periods of time.  The combination of reactor operations that off-load 
spent fuel to interim storage, coupled with delays in repository construction, has resulted in the expectation 
that storage periods may be for longer periods of time than originally intended.  As more fuel continues to 
be off-loaded from operating reactors, the need for expanded interim storage also increases. As repository 
programs are delayed, interim storage requirements will likely exceed licensing term limits.  To address 
these operational realities, there has been a concerted international effort to identify and prioritize the 
technical issues that need to be addressed in order to demonstrate the safety of storing used nuclear fuel for 
extended periods of time.   

Since this is an international effort, different storage systems, regulations, and policies need to be 
considered.  This results in differences in technical issues, as well as differences in priorities.  However, 
this effort also identifies important commonalities in some technical areas that need to be addressed. A 
broad-based international evaluation of these technical issues provides a better understanding of technical 
concerns as they relate to individual storage systems and specific national regulatory frameworks.  

While there are several international activities underway that are focused on long term storage, this paper 
will discuss the activities of the Electric Power Research Institute (EPRI)/Extended Storage Collaboration 
Program (ESCP) International Subcommittee.  A status report detailing the identification and prioritization 
of the technical issues was presented at the PSAM11 Conference in June 2012 (1).  Since that conference, 
a final report has been completed by the EPRI/ESCP International Subcommittee (2).  This paper will 
provide important results of the final report as well as potential plans for collaboration to obtain data that 
may resolve important technical issues. 

Introduction 

Recognizing the need to consider implications of long term storage and subsequent transportation of used 
light water reactor fuel, the Electric Power Research Institute established the Extended Storage 
Collaboration Program Committee in 2009.  This committee is represented by industry (EPRI, the Nuclear 
Energy Institute, utilities, and cask and fuel vendors), the Nuclear Regulatory Commission (NRC), the U.S. 
Department of Energy (DOE), and DOE national laboratories.  The charter of the committee is to provide a 
forum for information exchange, technical issues discussions, regulatory guidance, exchange of 
information relative to on-going research, and collaborations to leverage existing programs and facilities to 
address common goals associated with long term storage and subsequent transportation of used nuclear 
fuel. 
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Clearly, issues associated with long term storage and subsequent transportation are of an international scale 
and the ESCP committee subsequently established an International Subcommittee to ensure that a broad 
range of perspectives was considered.  The countries and associated organizations that comprise the 
International Subcommittee are: 

Sandia National Laboratories is a multi program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of 
Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000.  

Germany  - Bundesanstalt fur Materialforschung und –Prufung (BAM) 

Hungary – Public Agency for Radioactive Waste Management (PURAM) 

Japan – Central Research Institute of Electric Power Industry (CRIEPI) 

Korea – Korea Atomic Energy Research Institute (KAERI) 

Spain – Consejo de Seguridad Nuclear (CSN) 

United Kingdom – EDF-Energy 

United States – Sandia National Laboratories (US Department of Energy) 

Prior to formal establishment of the International Subcommittee meeting, an initial ad hoc meeting in June 
of 2010 in Vienna established the Objectives and Terms of Reference for an international working group.  
During subsequent meetings, these Objectives and Terms of Reference have been re-affirmed as more 
organizations have joined the group.   

As established at the first meeting, the Objectives of the subcommittee are: 

1. Phase 1 - Conduct a technical data gap survey related to extended storage and subsequent 
transportation 

2. Phase 2 - Assess opportunities to leverage specific research to benefit the larger international 
group 

3. Integrate our work with relevant International Atomic Energy Agency (IAEA) committee work.  

The Terms of Reference used to conduct the data gap survey (Phase 1) are: 

1. Dry storage of used nuclear fuel 

2. LWR uranium oxide used nuclear fuel 

3. Storage systems include: 

a. Fuel 

b. Canister/internals 

c. Neutron poisons 
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d. Overpack 

e. Pad 

4. Provisional storage period:  up to 300 years 

The Objectives and Terms of Reference were deliberately defined to be straightforward and obtainable in a 
near-term timeframe.  Clearly, there are broader issues that need to be addressed in storage and 
transportation of the backend of nuclear fuel cycle materials.  However, it was felt that these Objectives 
and Terms of Reference defined the compelling issues that need to be addressed early to facilitate extended 
operation of commercial nuclear facilities.  It is important to note that all components related to safety of 
the storage system are addressed.  Also, while fuel retrievability and subsequent transportation after long 
term storage is an objective, the focus of this work has been on extended dry storage. 

The concentration of the subcommittee over the last two years has been on the Phase 1 international 
technical data gap identification and prioritization work.  This work has been completed and published (2). 

Phase 1 – Conduct a technical data gap survey 

The actual process of Phase 1 consisted of sharing of information from each group’s work in topical areas, 
identification of gaps based on experimental and analytical work, and prioritization of gaps based on the 
impact on the safety and the licensing process.  It is important to note that each organization has a specific 
list of identified gaps and priorities.  There was no attempt to reach a consensus on identification and 
ranking of gaps across organizational boundaries.  Since every country has different regulations, as well as 
different dry storage and transportation systems, there are good reasons for differences that may appear 
between organizations’ assessments of the gaps and associated priorities.  However, there is a degree of 
commonality represented in some of the identified gaps.  These commonalities are areas that can be 
effectively addressed by the international community as a whole in Phase 2 of the subcommittee’s work.  
This work in no way implies concurrence from the regulatory authority in each country.  It is a result of 
opinions of subject matter experts from the organizations represented on the committee. 

It is also important to note that there are concomitant efforts underway at the IAEA.  In particular, there are 
two consultancy groups associated with long term storage and dual purpose cask use for transportation 
after long term storage.  These groups are the Working Group for an Integrated Safety Demonstration for 
the Dual Purpose Cask for Spent Nuclear Fuel and the Working Group on Very Long Term Storage of 
Used Nuclear Fuel.  Several of the technical participants on the EPRI/ESCP International Subcommittee 
are also on the IAEA committees.  Hence, there is good communication and understanding of efforts 
between these groups.  Since the EPRI/ESCP International Subcommittee is ahead of the IAEA efforts, it 
is anticipated that this work can be used to inform the IAEA work. 

Identification and Prioritization of Technology Gaps  

Specific country regulatory requirements define the basis and framework for how used nuclear fuel is 
stored and transported.  This, of course, defines particular areas of concern that may arise when used 
nuclear fuel needs to be stored past the regulatory licensing period.  In Germany, for example, cask designs 
are licensed for both storage and transportation.  In addition, all used nuclear fuel is stored in a bare 
configuration (i.e., not canistered).  These regulatory and design conditions put an emphasis on bolt and 
seal behavior of the cask closure system.  In Japan and the U.S., there is an emphasis on canistered fuel.  
As such, a high priority technical data gap is associated with canister corrosion and stress corrosion 
cracking, particularly in marine environments.   
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Figure 1 illustrates the regulatory storage periods for each participating country.  It is interesting to note 
that only Spain and the U.S. allow for license extension after the first license expires. 

Figure 1.  Regulatory Storage Periods for Used Nuclear Fuel 
(Reproduced from Reference (2) with permission of the Electric Power Research Institute) 

 
 
Table 1 represents the International Subcommittee’s cumulative effort to identify and prioritize the 
technical gaps that need to be addressed to complete the technical basis for justifying extended storage and 
subsequent transportation.   

Table 1.  Extended Storage Technical Data Needs and Priorities 
(Reproduced from Reference (2) with permission of the Electric Power Research Institute) 
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The International Subcommittee also evaluated cross-cutting issues that could impact the safety of the 
storage systems over extended periods of time.  Table 2 illustrates these issues and the importance ranking 
giving by the individual participants. 

Table 2.  Cross-Cutting Technical Issues and Priorities 
(Reproduced from Reference (2) with permission of the Electric Power Industry) 

 

 
 
 



NEA/CSNI/R(2013)10 

 472

Observations 

Given differing regulations, cask designs, and national policies, there were no gaps that were unanimously 
agreed as being high priority.  However, several areas were identified as having a consensus of high 
importance.  Interestingly, consensus high priority gaps were identified in several of the storage system 
components: 

Fuel – hydride effects and embrittlement of the fuel cladding 

Canister – corrosion and stress corrosion cracking of the stainless steel canister, particularly in marine 
environments 

Closure system – degradation mechanisms in metallic gaskets and stress relaxation in bolts. 

Independent work is currently on-going in several countries to address these gaps.  Given the realization 
that there is an international need to resolve these issues, these are technical areas that can benefit from 
collaboration to leverage existing programs and facilities to maximize the quantity and effectiveness of 
new work.    

It is recognized that concrete degradation in the overpack and on the storage pad is an issue.  However, this 
is not seen as high a priority issue in its significance to safety and is a phenomenon that can be monitored 
and repaired through an aging management program. 

Tables 1 and 2 represent the completion of the International Subcommittee of EPRI/ESCP data gap 
identification and prioritization work – Phase 1.  The subcommittee has begun working in earnest on Phase 
2, looking for areas of collaborations to address these gaps.   

Phase 2 – Assess opportunities to leverage specific research to benefit the international technical 
community 

Discussions related to this objective have already occurred and several areas have been identified that are 
likely candidates for collaborative activities.  These areas are: 

Stress corrosion cracking 

Fuel/cladding conditions 

Thermal profiling of fuel 

Drying operations of fuel 

Concrete degradation 

Monitoring 

Demonstration projects 

 
These topical areas will be explored in detail by the International Subcommittee to evaluate the potential 
for collaboration in leveraging existing programs. 
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Conclusion 

The objectives of the International Subcommittee are focused on the development of the technical basis to 
justify extended storage and subsequent transportation of used nuclear fuel.  This work will provide a 
comprehensive assessment of the technical issues that will assist individual organizations around the world 
in the technical basis development for their own respective situation. 
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