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Abstract  

IRSN presents its statement regarding long-term storage facilities; in France, the regulatory documents do 
not define the long term duration. The storage facility lifetime can only be appreciated according to the 
needs and materials stored therein. However, the magnitude of the long-term can be estimated at a few 
hundred years compared to a few decades for current storage. Usually, in France, construction of storage 
facilities is driven from the necessity various necessities, linked to the management of radioactive material 
(eg spent fuel) and to the management of radioactive waste. 

Because of the variety of “stored materials and objects” (fission product solutions, plutonium oxide 
powders, activated solids, drums containing technological waste, spent fuel…), a great number of storage 
facility design solutions have been developed (surface, subsurface areas, dry or wet conditions…) in the 
World. 

After describing the main functions of a storage facility, IRSN displays the safety principles and the 
associated design principles. The specific design principles applied to particular storage (dry or wet spent 
fuel storage, depleted uranium or reprocessed uranium storage, plutonium storage, waste containing tritium 
storage, HLW and ILLW storage…) are also presented. 

Finally, the concerns due to the long-term duration storage and related safety assessment are developed. 
After discussing these issues, IRSN displays its statement. The authorization procedures governing the 
facility lifetime are similar to those of any basic nuclear installation, the continuation of the facility 
operation remaining subject to periodic safety reviews (in France, every 10 years). The applicant safety 
cases have to show, that the safety requirements are always met; this requires, at minimum, to take into 
account at the design stage, comfortable design margins. 

1. Introduction 

A storage facility is a nuclear facility, or a part of a nuclear facility, whose function is to ensure the setting 
on standby of radioactive materials or radioactive objects and their future retrieval, under safe conditions 
for the protection of human health and the environment. 

Usually, construction of storage facilities is driven from the necessity: 

To adapt to transport cask availability and processing capacities, including temporary process failures 
(industrial flexibility, buffers); 

To wait during radiological decay and decrease of heat generation; 

To wait for conditioning solutions to be available; 
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To adapt to deferred processing and treatment decisions; 

To accommodate ancient waste retrieved from old storage facilities during site clean-up programs; 

To adapt to the development schedule of disposal facilities, especially deep geological facilities. 

In the current situation, these conditions are still valid and the need for new storage capacities to be built is 
not likely to decrease in the short or medium term. 

A great number of storage facility design solutions have been developed taking into account the variety of 
“stored materials and objects” such plutonium oxide powders, activated solids, spent fuel assemblies, 
drums containing technological waste… 

Storage facilities design has to adapt to: 

existing situations resulting from past operations (contamination, physico-chemical form and properties, 
mixture of radioactive and non radioactive substances, pre-existing conditioning steps…); 

operations to be performed prior, during and after storage itself (receipt / analyses, inspections, controls, 
re-packaging / retrieval); 

foreseen operations (transport, processing, pre-treatment, decontamination and declassification) some of 
which may not yet be accurately defined (re-use, conditioning, discharge and disposal). 

From the lessons learned of the French and International feedback of existing storage facilities, IRSN has 
undertaken a work program aiming at defining the safety principles and objectives, as well as the design 
bases and the operating rules for new storage facilities. The goal of this work is to provide 
recommendations that help reaching a commonly agreed substantiated safety demonstration in order to: 

ensure a high level of safety during operations; 

reduce the occurrence of incidental situations of internal and external origins; 

limit the consequences of incidental situations on the operators, on the public and the environment; 

anticipate the alteration of the stored “objects and materials”; 

enable the retrieval of the stored “objects and materials”. 

In addition, the feedback experience derived from the Fukushima accident should be included. 

Although the work program leaded by IRSN concerning storage facilities of diversified radioactive 
materials or objects, this article will focus on the storage of spent fuel and high level waste (HLW). Issues 
related to long-term storage will also be addressed here after. 

2. Objectives and Safety Principles  

2.1. Safety functions applicable to any nuclear facility 

The article 3.4 of Title III of Order dated February 7, 2012, laying down the General rules for basic nuclear 
installations defines the fundamental safety functions for nuclear facilities:  
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control of the nuclear chain reaction; 

control of the thermal power due to radioactive material and reactions; 

radioactive material containment; 

radiation protection of the workers, the public and the environment. 

2.2. Safety functions applicable to any nuclear facility 

The fundamental safety functions applicable to nuclear facility are of course applicable to storage facilities. 

Some specific safety functions could be defined for storage facilities: 

surveillance, maintenance of the facility and of the stored objects; 

management of the stored objects (traceability, radiological inventory, storage mapping, etc.); 

retrieval at any time, under conditions planned, of stored radioactive objects (packages). 

The safety provisions for a storage facility should be justified as for any nuclear facility, in accordance 
with the defense in depth principle. All the internal and external hazards taken into account in the nuclear 
facility safety case have to be studied for storage facilities. 

In particular, the prevention of the radioactivity spreading hazard should be ensured by the interposition of 
barriers between the radioactive substances contained in the storage facility and the environment. The 
choice of the barrier materials should take into account sustainability. Static barriers are supplemented if 
necessary by a dynamic containment.  

In addition, depending on the nature of the radioactive materials to be stored, risks such as criticality, 
radiolysis and thermal releases have to be analyzed, as well as the internal risks (in particular the risks 
associated with handling operations).  

2.3. Surveillance and Maintenance 

Monitoring throughout the storage period should be performed both by monitoring the facility and its 
environment (monitoring of containment barriers, radiation monitoring and environmental surveillance) 
and by monitoring the stored objects. This should include the periodic retrieval of some adequately 
selected packages to estimate the effect of ageing and to anticipate generalized damages on packages, to 
trigger timely corrective actions in case of anomalies (early retrieval of the stored objects, repackaging or 
transfer of packages in a new facility). 

This “active” monitoring requires: 

to be able to have access to packages stored under easy conditions. Therefore, handling means should 
always be available, implying the necessity of maintenance to ensure the sustainability of handling 
equipment;  

to have an examination cell for expertise of stored packages; 

to have means for repackaging if necessary. 
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In any case, the storage facility should be designed so as to be able to detect the degradation of stored 
packages and identify involved packages, in order to initiate corrective actions. 

In addition, maintenance and availability of equipment, replacement and supply of components (especially 
those bound to I&C) or equipment must be ensured throughout the storage period. 

2.4. Retrieval 

The radioactive objects stored can have a definitive future only outside of the storage facility, which 
implies their retrieval. Thus retrieval means should be planned at the storage facility design. 

3. General Design Principles 

For storage facilities, two “envelop” design options can theoretically be defined: 

Safety relies almost integrally on the stored “objects” and the design constraints are minimal on the facility 
(i.e. storage of spent fuel transport casks); 

Safety relies almost integrally on the facility and the design constraints are minimal on the stored “object” 
(i.e. storage of fission product solutions). 

3.1. Design of storage facility 

General national regulations regarding nuclear facilities other than reactors are applicable to storage 
facilities (e.g. sitting, quality control, radiation protection…) 

The safety provisions adopted should be linked with the conclusions of the potential risk analysis and must 
be substantiated, as for any nuclear facility. 

Periodical safety reviews are necessary, even if a long lifetime of several decades was considered in the 
design phase 

IRSN can be stated from French and international operational feedback that general design principles may 
be the following: 

storage lifetime and performance are coherent with the schedule foreseen for the retrieval; 

design takes all necessary access to the storage facility into account, including intervention in incidental 
situations; 

it is preferable to dedicate the storage facility to objects of similar nature – if different types of objects have 
to be stored, a clear segregation is organized;  

need for complementary storage capacity may be considered (buffer): 

− to mitigate industrial risks (increase of production, stop of a treatment installation or disposal 
downstream, unavailability of handling devices…), 

− to enable reaching one (or many) deteriorated object(s); 

− to rearrange the storage; 
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modular design is favoured to facilitate retrieval and control of the stored objects and to avoid the “first in 
– last out” constraint; 

use of passive systems is favoured (insofar as they do not disturb and do not complicate operations); the 
need for control, automation and human intervention is minimized, thus a simple and robust design of the 
“active” equipments is sought; 

need for surveillance of the stored objects is taken into account right from the start of design: the means of 
inspection of the stored objects are available, at the facility or elsewhere; 

means needed for the retrieval operations are defined and may be present in the facility at the start of 
loading operations; 

record keeping of the data is organized; 

surveillance of the facility as well as stored objects play a key role for the early detection of degraded 
situations. In some cases, surveillance may imply the design of a dedicated inspection cell in the storage 
facility; 

storage of bulk waste in vaults, trenches, shafts or silos, especially below ground surface, will have to be 
avoided; 

characterization of radioactive objects is essential. It is not limited to the knowledge of the radioactive 
content of the objects or materials, but includes a number of different information such as origin, level of 
contamination, process specification, integrity of the container, complete physico-chemical description, 
evolution forecast… 

Regarding the storage facilities of spent fuel, high or intermediate level waste (HLW or ILLW), the 
cooling systems have to be designed taking into account: 

the maximum heat generation capacity to be stored and may consider the evolution of radioactivity (e.g. 
decrease of short-lived emitters, but also transformation of 241Pu into 241Am); 

margins to cover uncertainties due to the predictable climatic variations, in the medium term; 

temperature limits may be assigned to a number of equipments participating in the safety demonstration 
(joints, materials, civil engineering structures…), both in normal and incidental situations;  

if possible, passive natural convection system are to be preferred to active systems, however in some cases, 
the possibility to activate temporarily a complementary active ventilation system may be required; the local 
effects of wind on the efficiency of the natural convection system are paid attention; 

dead zones or local hot-spots may be identified through thermal modeling of the facility and eliminated. 

Regarding the surveillance, the design principles of particular relevance for storage facilities should be the 
following: 

The need for surveillance of the stored objects and of the facility itself is a specificity of this type of 
facility who are usually operated by a limited number of staff; 

The design of the facility may enable: 
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− to reach the objects stored under “easy” and safe conditions (minimizing the number of 
handling operations); 

− to have safe access or to have vision of some particular parts of the facility (lower levels of 
package piles…); 

− To continuously or regularly control defined parameters, the periodicity of the controls is 
adapted to the identified risks and to the foreseen evolution rates; 

In some cases, samples can be pre-positioned in the facility in order to follow evolution rates (metallic 
corrosion or cement alteration); 

Families or groups of stored objects of same production dates or characteristics may need to be identified 
and traced in the records, in order to enable segregation of the group if a specific evolution phenomenon is 
identified. 

3.2. Stored Objects 

Conditioning consists in a succession of operations which are aimed at confining the radioactive 
substances “as close as possible to the source” in order to reduce as much as possible the design and 
operation constraints of the storage and disposal facilities. 

The transformations brought to the radioactive materials during the conditioning steps can have a more or 
less reversible character (vitrification or cementation is non reversible / drying or simple conditioning in 
boxes or drums is reversible). 

Conditioning steps should not be detrimental to the safety of the future operations and of the future 
facilities due to receive the conditioned object. During the design of the conditioning steps, the future 
treatment, processing, storage operations must be taken into account. 

More specifically for waste, treatment and conditioning that may have occurred prior storage, lead to the 
definition of a waste package. 

The waste package have to be designed in order to provide an adapted barrier of containment during 
foreseen operations and in the different envisaged environmental conditions that may be encountered in the 
future storage and disposal facilities. 

The containment capacity of waste package may then participate to the safety demonstration of storage 
facilities, transport operations, repackaging and pre-disposal operations, handling operations and disposal 
facility including long-term safety. 

Conditioning can be used to reduce the need of relying on active provisions while ensuring safety of the 
storage facility in normal conditions and to provide safety margins in case of partial or total loss of one or 
more of these active provisions. The following properties are likely to ease the design constraints on the 
storage facility: 

absence of significant physico-chemical modification of the waste matrix of containment or 
immobilization (re-crystallization, fracturing…) under the storage conditions in order to keep its initial 
containment capacity; 

low chemical reactivity with the environment (corrosion, oxidation …) limiting object degradation and 
favouring its easy retrieval; 



NEA/CSNI/R(2013)10 

107 
 

low gases generation (radiolysis, chemical reaction, overpressure,…) not able to lead to significant 
deteriorations of the package or infer particular risks of explosion; 

capacity to limit the doses received by the workers and the public under storage conditions (high number of 
packages), as well as in incidental and accidental situations; 

inflammability as low as possible; 

sufficient mechanical properties; 

thermal properties enabling passive cooling provisions to be used or enabling to ensure the absence of 
degradation of the stored object and of its environment in situation of temporary loss of the cooling system; 

geometrical and physical characteristics participating in the prevention of criticality. 

The safety demonstration may require that the evolution of the above properties is controlled during the 
time of storage. 

4. Specific design principles applied to particular storage  

The specific design principles applied to particular storage (dry or wet spent fuel storage as well as HLW 
and ILLW storage…) are presented here after. 

4.1. Spent fuel wet storage 

From the lessons learned of the feedback of wet storage is located in reactor pools, in the reprocessing 
plants (Sellafield, La Hague) and in centralized storage before final disposal (CLAB-Sweden). IRSN 
considers that the following specific provisions could be recommended for the design of the 
implementation of a future wet storage: 

monolithic concrete structures where a metallic layer (generally stainless steel) is present on the internal 
faces of the pool basin 

water level participating to shielding and cooling, should be adapted to handling operations; 

partial or total loss of water should be avoided through passive design provisions, in this respect, particular 
attention should be paid to seismic risks, mechanical failures, extension of structures due to temperature 
rise in incidental and accidental situations, aircraft crashes, by design, the water circuits are connected to 
the pool basin above a minimum water level considered sufficiently safe; 

at least two static containment barriers should be presented: the fuel cladding and the pool basin and 
circuits. In incidental and accidental situations, the retention basin (surrounded the pool) and the building 
should be able to passively retain the water. In normal conditions the static barriers should be completed by 
an active containment system designed to contain the gaseous and liquid effluents (ventilation, pool water 
purification and treatment); 

surveillance of the water quality, temperature, level, leakages, of stored assemblies, of the pool basin 
should be organized; 

leaks on the metallic layer of pool basin, deterministic loss of cooling system and electrical should be 
considered in the design as a result of Fukushima accident with means to re-feed pools with water in order 
to take into account the absence of mitigation possibility in case of dewatering of spent fuel storage pool.  
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4.2. Spent fuel and high level waste (HLW) dry storage 

Prior to place the spent fuel in dry storage, wet storage for an adequate period of time is required for heat 
decay.  

There are different designs of dry storage facilities such as air cooled vaults (CASCAD in France, MVDS 
in USA, WYLFA in UK), metallic or concrete transport casks (CASTOR in Germany, CONSTAR in USA, 
TN24), near surface drywell (ICPP –USA), concrete canister storage (NUHOMS –USA, CC-Canada). 

The HLW design storage for vitrified waste packages could be in vault (vitrified containers storage in La 
Hague) or in transport casks (TS28 in Gorleben Germany).  

From the lessons learned of the feedback of existing dry storage facilities implemented in France and in 
other countries, IRSN estimates that the specific recommendations could be taken into account the 
following for designing the future dry storage facilities: 

modular organization; 

two static independent containment barriers, fuel cladding is not considered as a barrier; 

the first barrier isolates one or a limited number of spent fuel assemblies or vitrified containers; 

the spent fuel assemblies or waste packages and containers (or tubes) are dried and inert atmosphere is 
present in the containers (or tubes), the volume of oxidant gases and water vapor are drastically limited; 

the second barrier (shaft, canister, container, well…) is filled with dried air or inert gas of a different 
nature; 

integrity of the two barriers is controlled during storage; 

cooling with natural convection outside the second barrier is favored; 

the storage itself is inside a concrete building or a transport cask that may participate to the shielding. 

5. Long-term storage  

5.1. Issues related to the long-term storage 

The order of magnitude of the "long term" is announced secular compared to a few decades used in the 
designing of the existing storages. 

The operator or the designer, who plans to achieve a long-term storage facility, wishes to make profitable 
his investment. Also, it is normal to take into account the "long term duration" parameter as an essential 
basic element of the facility design, taking design margins. However, the codes and standards used for the 
facility design are valid only for a period of several decades (up to 50 years). Beyond this period, the codes 
and standards do not exist, leading to issues related to several types of dimensioning situations (seismic 
level, snow and wind, corrosion, ageing of materials, etc.). 

In addition, the storage facility and the stored radioactive objects should be designed in order to allow 
some adaptability to the safety rules in force in the coming decades. On this point, the experience feedback 
from the last twenty years highlights the significant evolution of safety practices. This shows, if it needed, 
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that it is not possible for such a facility as for any basic nuclear installation to define a long lifetime a priori 
at the design stage. 

Also, given the long storage lifetime and the interest of limiting the interventions, it should be sought as far 
as possible a design combining simplicity and robustness, incorporating sufficient margins to take account 
of technical or regulatory uncertainties related to the time scale referred. 

Natural environmental evolutions are difficult to forecast for a long period of time. It could be the same for 
human activities around the site (transport evolution, industrial activities…). 

Moreover, the notion of "long term duration" should also lead to question about the sustainability of the 
facility management by an operator and its control by the nuclear regulatory safety authority, over a period 
of time when a decline or disappearance of nuclear industrial activity could be possible. 

In this case, the scenarios of loss of control of the installation for limited periods may be considered, 
provided that such accidents are taken into account in the design of the facility. These scenarios can be 
compared to degraded operation as for any basic nuclear installation. But this is not obvious in the design 
of the facility.  

In addition, the scenario of final forgotten of the storage (hypothetical scenario) should be analyzed by the 
designer or the operator. Given the high activities and / or the long period of radionuclides of radioactive 
objects stored, this scenario cannot be accepted, insofar as the radiological consequences would be 
definitely unacceptable. 

5.2. Ageing  

By the nature of long-term storage facility, the fundamental safety parameter to be considered for this type 
of facility is the ageing. Indeed, any industrial facility is subject over time to a number of defects of the 
components of mechanical, thermal or chemical type. 

These defects can have effects on the components by changes in material properties because of ageing 
embrittlement by irradiation, and/or the propagation of pre-existing defects at the manufacturing of the 
components. 

Thus, lifetime of a storage facility or radioactive objects to be stored is affected by normal wear of 
components which depends on one hand on their age, and on the other hand on surveillance, inspections 
(expertise) and maintenance activities whose they are the subject.  

In order to avoid as much as possible significant ageing of components, the designer should take into 
account for the anticipated lifetime, this phenomenon both in the design and the realization of its facility as 
well as of the packages that will be stored. If the ageing phenomenon cannot be avoided, the designer 
should attempt to predict its magnitude, in order to ensure acceptable safety margins during the set 
lifetime. The programs of facility surveillance and expertise of radioactive object set up by the operator for 
the facility lifetime are expected to ensure that the objectives remain in the envelope of the requirements. 

IRSN estimates that it is not necessary to set a lifetime for a long term storage facility. In fact, the safety 
principles governing the long term storage are similar to any storage facility; extension of operation 
duration remains subjected to periodic safety reviews. These safety reviews will have to permanently show 
that the safety requirements, particularly the margin requirements, are met. 
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6. Conclusion  

The demonstration of storage facility safety cannot be established a priori for the whole lifetime planned 
for the facility; it should be established with the rules in force by showing the adequacy of the design to the 
expected lifetime, i.e. its ability to meet the safety requirements defined at the design stage. Safety of the 
facility and stored radioactive objects (nuclear spent fuel, HLW…) should remain in compliance with the 
safety initial level. In addition, it should be ensured that the facility and radioactive objects stored meet 
safety developments translated in particular by new regulations. The compliance of the facility should then 
be validated by means of periodic safety reviews. 

Beyond the necessary safety verification during operation, safety reviews (currently made on the basic 
nuclear installations with a 10-year frequency) must lead to the establishment of a comprehensive 
statement taking into account the feedback and helping to identify complementary actions to be 
undertaken. Thus, the objectives set for safety reviews allow verifying that there is no drift or deviation and 
that the safety requirements at the time of this review are met taking into account the experience feedback 
and the evolution of knowledge. This review may lead to implement compensatory measures, to retrieve 
prematurely and repackage the stored radioactive objects or, depending on the storage installation, in the 
event of the occurrence of crippling defects, to anticipate the stopping of facility operation and move the 
stored radioactive objects to a new storage, recycling facility or a disposal facility.  

Finally, IRSN estimates that it is not necessary to set a lifetime for a long term storage facility. In fact, the 
safety principles governing the long term storage are similar to any storage facility, of which extension of 
duration of operation remains subjected to periodic safety reviews. These safety reviews will have to 
permanently show that the safety requirements, particularly the margin requirements, are met. 
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