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Abstract. During the lifetime of a radioactive waste disposal facility it is possible to identify five stages: design, construction, operation, closure and post-closure. While the design, and pre-operation stages are, to some extent, similar to other kind of nuclear or radioactive facilities; construction, operation, closure and post-closure have quite special meanings in the case of radioactive waste disposal systems.
This paper describes the unique characteristics of these stages of final disposal systems, that lead to concluded that their licensing procedure can not be assimilated to the standard licensing procedures in use for other nuclear or radioactive facilities, and explores, in general terms, alternatives of tailored operational licensing procedures.
1. Introduction
Licensing of a nuclear facility is a gradual process that encompasses different stages along its lifetime. For most of the facilities, design, construction, operation, closure and decommissioning (post-closure when dealing with final disposal systems) are stages with a straightforward meaning. Nevertheless, in the particular situation of radioactive waste disposal facilities, construction, operation, closure and post-closure have quite special meanings that should be considered in their licensing process.
2. Licensing related characteristics of radioactive waste disposal facility
While design and pre-operational stages are, to a reasonable extent, similar to other kind of nuclear or radioactive facilities, construction, operation, closure and post-closure of a radioactive waste disposal facility have unique meanings. The following characteristics of radioactive waste disposal facilities have been identified as having a potential impact on their licensing procedures:

(a) The “construction” of a final disposal system is finished after all the waste has been placed into the facility (i. e. during the so called “closure” stage).
(b) The so-called “operation” is the period of time when radioactive waste is being placed into the facility.
(c) Usually the time frames between the start and the end of the “operation” is quite long, embracing several decades or even more than a century.
(d) As indicated above, the “closure” stage is the stage where, after having in place all the radioactive waste intended to be disposed of, all the final safety studies confirm that the level of safety is appropriate and the construction is finished. In some sense, it is similar to the stage of start up of a nuclear power reactor.
(e) Instead of decommission, we have a “post-closure” stage that is in fact the start up of the operation of the final disposal system as such.
(f) Depending on the type of facility (low level waste, medium level waste or high level waste) the post closure period may involve from centuries to thousands of years.

(g) Last but not least, the operator responsibility is transferred to the government immediately after the closure stage or at the beginning of the post closure stage.
These particularities imply that each license granted by the Regulatory Bodies has characteristics and limitations that make them unique as explained below.
2.1. Construction
A construction license is granted when the site characteristics and the design are considered satisfactory by the Regulatory Bodies.  However, only part of the construction will be carried out before the so called “operation” start, and such construction will be finalized after all waste intended to be disposed of have been placed into the facility (i.e. several decades or more than centuries later).  It is obvious that at the time the construction is finished the state of the art and the scientific knowledge would not be the same and both the operator and the Regulatory Bodies should consider this.
2.2 Operation
In most of the nuclear fuel cycle facilities, there is a clear understanding about what operation stage denotes. For instance, in a nuclear power plant, operation implies that the nuclear reactor is running in a critical status and the facility is delivering energy, which is its objective.
The objective of radioactive waste disposal is the emplacement of waste in a specific facility without the intention of retrieval [1]. So, ¿what is the meaning of “operation” in this case? Usually the beginning of the disposal operational period is associated to the moment when the first waste is received. Nevertheless, this activity should be more properly consider as the operational beginning of some kind of “storage”. Bearing in mind the final objective of a radioactive waste disposal facility, it seems appropriate to consider that the “operation as a disposal” begins once its capacity is completed and the closure stage is finished, which, as indicated above, may occur several decades after the starting of this “storage” period. Therefore, the meaning of “operation license” seems to be quite different in the case of disposal facilities.

Confirmation of this interpretation of the meaning of “operation” for final disposal systems seems to be confirmed because during this stage it is recommended a “step by step” program aimed at completing and improving the safety case and, nowadays, also considering the concepts of reversibility and retrievability as part of the waste management [2, 3]. This can be easily assimilated to the preliminary safety report of a nuclear power plant and the steps taken for completing a satisfactory final safety report for supporting the application for the operating license. Once the “storage” is completed, the disposal system would be ready for the final closure and the “sealed” of the facility.

2.3 Closure
A final disposal facility is “closed” when all the foreseen radioactive waste was introduced in it, the final assessment confirms that the disposal system is safe and the construction is finished [4]. In other words, the “closure” stage of a final disposal facility seems to be equivalent to the commissioning stage of a conventional nuclear or radioactive facility; i.e. all the tests and assessments carried out indicate that the installation can operate safely and then it is possible to proceed to the next stage.

When the system is closed and the “digestion” of the radioactive wastes starts, either by assuring the decay (for those radionuclides whose half life allow it) or by assuring a sloe release of the radioactive waste (for extreme long lived radionuclides where it is impossible to consider that decay will play a significant role) or when the combination of isolation followed by limited release takes place (for half life in between these two extreme situations) the operational phase of the final disposal facility begins.

2.4. Post-closure and Institutional Control 
The post-closure period indicates that the disposal system is fully operating. As the safety of a final disposal facility is based only on passive safety systems there is not an “operational program” like in other nuclear facilities. However, some post-closure activities are usually foreseen, as for instance when “institutional control” is established, particularly for near surface facilities.
When institutional control or other long term active measures apply, they may lasts for a century or more so, it is obvious that such control should be assumed by the State, being very important to keep the support at local and national levels as well as the necessary infrastructure, and human resources for the preservation and transfer of the knowledge. It should be noted that, inter alia, a post closure license usually implies that the operator is released from their responsibility regarding the safety of the disposal system.
3.  Timeframe associated with radioactive waste disposal
When we think about radioactive waste final disposal the first idea that comes into our mind is “time”. The long timeframes associated with post closure final disposal are well known as well as the fact that once a repository has been built it will take several decades to fill it up. This particular situation implies that the safety conditions and political and social context at the initial stages of a final disposal facility could be different than the relevant conditions at the time of closure, perhaps a century later. This particularity should be specially considered in the license process, mainly in great scale repositories where the gap in time between starting “operation” (in fact storage) and closure could be considerable (e.g. deep geological disposal).

4. Licensing alternatives
Considering the long timeframes involved at each stage of a waste disposal facility, it is convenient that the development of the project being implemented in and step by step process, be flexible enough as to adapt to new requirements that would arise as a consequence of technology improvements or due to variations in the socio-economical and political conditions. That implies that reversibility and retrievability should be taken into account even after the repository is closed [2].

The licensing process should be gradual and should accompany the development of the different stages of a repository, showing the same flexibility [3]. One of the main concerns that the regulator would face is that whenever an operation license of a final disposal facility is granted it seems that what is really authorizing is its closure. Furthermore, the responsibility is transferred from the operator to the State after the closure of the repository.

Taking into account these considerations, the following alternatives for issuing the operation licensing for a radioactive waste facility are presented:

· Granting directly the operation license for a final disposal facility before starting the initial “storage” stage. 

· Granting a license to operate as “storage” with the option of in the future of a license for final disposal conditioned to satisfy the requirements applicable by the end of the storage life time. 
Taking into account the reasons presented above, the first option does not seem appropriate. Perhaps it could be convenient in the case of a very simple disposal facility where the time span between the start of operation and closure is expected to be very short (e. g. lest than a decade).
The second option seems to be a reasonably and practical solution for all the parts since it may simplify the process to start the activities at the initial stages, preserving at the same time the possibility to incorporate changes in the regulatory requirements, according with the evolution of the state of the art along the repository lifetime. However, this option should not aim at relaxing the safety requirements and the long-term safety should be addressed from the design stage.
4. Conclusions
No direct extrapolation of licensing process applied to other nuclear or radioactive facilities can be made to final disposal facilities.  On the contrary, the unique characteristics of these facilites make it necessary to develop a tailored license system.
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