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Abstract 

EDF Energy plans to build and operate two UK EPRs at the Hinkley Point C (HPC) site in Somerset, 
England. Spent fuel from the UK EPRs will need to be managed from the time it is discharged from the 
reactor until it is ultimately disposed of and this will involve storing the spent fuel for a period in the fuel 
building and thereafter in a dedicated interim facility until it can be emplaced within the UK Geological 
Disposal Facility. EDF Energy has proposed that this interim store should be located on the Hinkley Point 
site which is consistent with UK policy.  

This Interim Spent Fuel Store (ISFS) will have the capability to store for at least one hundred years the 
spent fuel arising from the operation of the two EPR units (sixty years operation). Therefore, specificities 
regarding the lifetime of the facility have to be accounted for its design. The choice of interim storage 
technology was considered in some depth for the HPC project and wet storage (pool) was selected. The 
facility is currently at conceptual design stage, although its construction will be part of main site 
construction phase.  

Safety functions and safety requirements for this storage facility have been defined, in compliance with 
WENRA “Waste and Spent Fuel Storage – Safety Reference Level Report” and IAEA Specific Safety 
Guide n°15 “Storage of Spent Nuclear Fuel”. EDF technical know-how, operational feedback on existing 
storage pools, UK regulatory context and Fukushima experience feedback have also been accounted for. 
Achievement of the safety functions as passively as reasonably practicable is a key issue for the design, 
especially in accident situations. 

Regarding lifetime aspects, ageing management of equipments, optimisation of the refurbishment, climate 
change, passivity of the facility, and long-term achievement of the safety functions are among the subjects 
to consider. Adequate Operational Limits and Conditions will also have to be defined, to enable the long-
term achievement of the safety functions. Refurbishment operations will have to be thought and optimised 
early in the design, especially as maintenance and replacement of components will have to be done without 
any transfer of the spent fuel to another facility, and with respect towards safety functions and 
requirements.  

Preliminary safety assessment of the ISFS at conceptual design stage has then been performed, including 
the deterministic analysis of potential faults and internal/external hazards. The consequences of the design 
basis incidents and accidents as well as design extension conditions have derived. As a result additional 
aspects have been identified to consider in the basic design phase, so that the facility can comply with the 
safety requirements and objectives, including the long-term related aspects. 
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Introduction 

This article presents a concept of an underwater interim spent fuel store at conceptual design stage, and the 
safety aspects related to this kind of facility. An overview of the design of the facility is given (§1), as well 
as safety requirements (§2). Specificities related to the the lifetime of the facility are presented in §3, as 
well as lessons learnt from Fukushima event, which have an impact on the design of the facility (§4).  

1. Overview of the facility 

The facility will need to store approximately 6800 assemblies, which corresponds to the spent fuel arising 
from the operation of two EPR units, with an operating life of 60 years. The operational design life of ISFS 
is at least 100 years58. The facility will have two operating phases: 

Operation when the infrastructure of the operating EPR units is available 

Autonomous operation after EPR shutdown and decommissioning 

The autonomous operation of ISFS is taken into account from its conception. 

The facility will accept failed fuel and will be able to perform the necessary operations specific to the 
conditioning and safe storage of failed assemblies where failure has occurred in transfer from the fuel 
building or during storage in the ISFS (conditioning of failed assemblies in storage bottles59).  

The ISFS is composed of: 

The main building, which contains the reception, conditioning and retrieval halls, where the incoming fuel 
assemblies will be received in the transfer cask, placed in the storage racks60 and retrieved after storage 
(inverse of the reception process), 

The storage hall with a pool of demineralised non-borated water, containing the fuel assembly storage 
racks61 (made of boronated stainless steel), the immersed heat exchangers, the pool water filtration, 
purification and the skimming systems.  

The technical rooms (ventilation equipment, electrical equipment, control rooms, the make-up water tanks, 
etc.) 

The heat sink equipment which comprises air-water heat exchanger towers outside the building, immersed 
heat exchangers within the pool, and the piping that connects them.  

A discharge stack: the facility will have discharge monitoring in accordance with regulatory requirements. 

                                                      
58  Life extension is a possibility via refurbishment or replacement of equipment 
59  A bottle is a device in which a failed assembly can be put. It retains solid particles, but not gases. 
60  Or bottles, in the case of failed fuel assemblies where failure has occurred in transfer from the fuel building or during storage 

in the ISFS 
61  The storage racks are mobile: the rack is handled rather than the fuel assemblies (this limits the depth of pool required and the 

potential drop heights) 
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If needed (to be confirmed by future safety analysis), the electricity generation units which ensure the 
safety functions of the facility in case of loss of power. 

Unloading by immersion has been chosen, because it offers the flexibility to adapt to future transport cask 
technology as the cask does not need to be “fitted” to the pool (unloading/loading method used in the fuel 
building). 

The spent fuel pool is semi-embedded into the ground. This design limits the height of the ISFS building 
making it less vulnerable to external hazards and limiting the handling risks associated with lifting 
operations. 

The heat sink will be a mixed passive/active system with the objective of remaining as passive as possible 
in incidental and accidental situations. The immersed heat exchangers are passive, however the air-water 
heat exchangers can function either in passive mode (air circulates either by natural convection through the 
towers) or in active mode (forced circulation with the use of the fans of the air-water heat exchanger 
towers). Its change from a passive system into an active system is dependent on the external air 
temperature and the thermal power of the assemblies stored in the pool. The relatively low heat load within 
the ISFS in relation to the large volume of water in the pool means that, even if all cooling were to be lost, 
there would be a very long time before the water level in the pool would fall to the extent that spent fuel 
cooling and hence cladding integrity could be at risk - a “grace period” of at least 500 hours before the fuel 
is uncovered. 

2. Safety Functions: requirements and design arrangements 

Safety functions and safety requirements have been defined for this storage facility, based on WENRA 
“Waste and Spent Fuel Storage – Safety Reference Level Report” and IAEA Specific Safety Guide n°15 
“Storage of Spent Nuclear Fuel”. EDF technical know-how, and operational feedback on existing storage 
pools have also been accounted for to establish those generic requirements. They have to be adapted to the 
specific regulatory context of the country where the facility is built. 

The safety functions that are assigned to long-term underwater spent fuel stores are the following: 

control of sub-criticality, 

residual heat removal, 

containment of radioactive materials, 

radiation shielding (limitation of external and internal exposure of workers and members of the public to 
ionising radiation), 

retrievability of spent fuel assemblies (particularly during interim storage). 

The safety functions will be performed at all times and in all operating conditions (normal operations, 
incident situations, accident situations, design extensions conditions62). They will be performed passively 
as far as reasonably practicable. 

 

                                                      
62  Design Extensions Conditions (DEC): “beyond design” situations corresponding to multiple failures situations used to identify 

additional safety measures 
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2.1. Control of sub-criticality 

The storage facility is designed so that the fuel is kept sub-critical with sufficient safety margin, even 
during an accident or post-accident situation. The constructive provisions alone guarantee sub-criticality 
(no active means of control). Sub-criticality must be ensured in non-boronated water. The acceptance 
criteria regarding the safety function “sub-criticality” are the following: 

Safety functions Normal Incident Accident DEC 

Criticality keff ≤ 0.95 keff ≤ 0.98 keff ≤ 0.98 keff ≤ 0.98 

 

For the ISFS at conceptual design stage, sub-criticality is ensured by: 

The geometry and design of the facility, the transfer cask, the storage racks, 

The mass of fuel (quantity of fuel assemblies and of missing fuel rods, fuel enrichment) 

The presence of neutron absorbing materials, either in the transfer cask or the racks; for the ISFS, this will 
have to be guaranteed through periodic confirmation that neutron absorbers meet their functional 
specification. 

Geometry has to be ensured even in accident or post-accident situation (e.g. in case of an earthquake). No 
burn-up credit is taken into account for the design of the facility. 

2.2. Residual heat removal 

The residual heat of spent fuel must be removed to maintain the integrity of containment barriers. Decay 
heat must be removed in order to keep the temperature of fuel and storage structures (buildings, facilities, 
etc.) within acceptable limits in all envisaged operating situations. 

 The casks, in which the spent fuel assemblies are transferred / transported, are designed to efficiently 
evacuate residual heat passively when horizontal.  

The fuel must be kept underwater during storage, whatever the operating conditions. The facility must be 
designed in such a way that the cooling is as passive as reasonably practicable, particularly in an accident 
situation. The selected heat sink design (see §1) complies with this requirement. 

The pool is designed so as to minimise the risk of a leak, and adequate water level monitoring 
arrangements are in place to prevent the fuel from being uncovered. The risk that the assemblies are 
uncovered due to an accidental emptying of the storage pool has to be almost completely eliminated by 
design. Notably, should any pipes be connected to the pool, they would be designed so that if drainage 
occurs, this event shall not lead to the uncovering of the assemblies. 

 Water temperature (and chemistry) must be compatible with long-term integrity of fuel and storage 
structures.  

If boiling occurs during storage, the structures and equipment needed to ensure the cooling must withstand 
boiling/work during boiling. It must be possible to restart a cooling system after the pool has reached 
boiling point without any of the components sustaining any damage. 
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The acceptance criteria regarding the safety function “residual heat removal” are the following: 

Safety function Normal Incident Accident DEC 

Residual heat 
removal 

T compatible w/ 
long-term integrity 
of fuel and storage 
structures 

T in pool ≤ 80°C T in pool ≤ 80°C No fuel uncovery 

2.3. Containment 

For the spent fuel, the containment of radioactive materials is generally accomplished by placing at least 
two successive independent containment barriers63 between the spent fuel pellets and members of the 
public, during all phases of the process. The use of a single containment barrier is considered to be 
sufficient for radioactive materials other than fuel (filters, resins, etc.), due to the reduced risk for workers 
and general public in case of loss of the containment system. In case of a cladding failure incompatible 
with the failed assembly’s long-term integrity, it must be possible to restore containment (conditioning of 
failed assemblies in storage bottles) in reasonable timescales.  

The temperature and chemical composition of the pool water must be controlled to prevent the risk of 
degradation through chemical alteration (corrosion in particular). In particular, if the pool water reaches 
boiling point, this must not degrade the containment barriers. Furthermore, it must be guaranteed that the 
risk of exposing the assemblies in the pool is practically eliminated.  Notably, water make-ups have to be 
designed to compensate small leaks that may occur during storage, in normal operations. If any pipes 
should be connected to the pool, they would be designed so that if drainage occurs, this event shall not lead 
to the uncovering of the assemblies.  

Generally speaking, operations carried out in the storage area must be designed so as to limit risks to the 
containment barriers.  

The acceptance criteria regarding the safety function “containment” are the following: 

Safety functions Normal Incident Accident DEC 

Containment 

2 containment 
systems ; integrity 
of the containment 
systems 

Integrity of at least 
one containment 
system  
Restoration of the 
degraded 
containment system 
in reasonable 
timescales 

Integrity of one 
containment 
system  

Integrity of one 
containment system 

 
 

 

 

 
                                                      
63 A containment barrier can be a combination of active and passive physical means. 
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The containments barriers are presented in the following table: 

Operations First barrier Second barrier 

Cask reception Transfer cask + sealed cap Not needed (robustness of transfer cask, 
which can withstand hazards) 

Preparation to 
unloading 

Cladding / bottle 
Cask 
Pipes connected to the cask’s inner 
cavity (when relevant ) 

Unloading, transfer, 
storage 

Cladding / bottle 
Water + pool + HEPA filters of 
extraction system 

Retrieval see above (facility fully reversible) 

Wastes and 
effluents 
management 

Gases: none 
Particles: Water + HEPA filters 
Solid: waste container 
Resins, liquids: dedicated tanks 

- 

2.4. Radiation shielding 

Radiation shielding for workers is provided. In addition, the ALARA approach is implemented for the 
design of the facility. 

Besides, the facility is designed so as to minimise the irradiation of workers during routine operations, and 
maintenance, testing or refurbishment operations. The interim spent fuel store facility must be designed in 
such a way that no accident will require any countermeasures to protect the population. 

The facility must be designed to enable optimal evacuation of personnel in the case of an incident or 
accident situation leading to exposure to ionising radiations. Its design must also ensure accessibility to the 
means required to manage a post-accident situation (located in an area where exposure to ionising radiation 
will remain as low as possible in a post-accident situation).  

The acceptance criteria regarding the safety function “radiation shielding” are the following: 

Safety functions Normal Incident Accident DEC 

Radiation shielding 

Compliance with regulatory 
values for the public 
Ability for authorized personnel 
to access permanently the 
entrance and storage halls  

Compliance 
with regulatory 
values for the 
public and for 
the workers 

No 
countermeasure 
on the 
population 

- 

 
Regarding general public, in addition to what exists regarding workers, arrangements are taken so that the 
level of exposure remains lower than the value defined for the public. The transport cask, the pool water, or 
the waste containers, constitute radiological barriers that prevent the external exposure for general public. 
If needed, radiological shields are put in place so that the external exposure remains lower than the value 
defined for public exposure. 
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2.5. Retrievability 

Retrievability consists in ensuring the possibility of removing and packing assemblies in a transport cask 
(if needed) within a reasonable time regarding safety, whether in normal, incident or accident situations 
(particularly after an earthquake). This implies: 

being able to extract the assemblies from the storage racks, even after an accident,  

in normal or incident operating conditions, guaranteeing the mechanical integrity of the assemblies and the 
availability of handling means, so that an assembly can be retrieved and transported in the short term 
without any particular constraints, 

in post-accident situations, to have suitable handling means to ensure, if needed, the retrieval and transport 
of the assemblies, within a reasonable time regarding safety. 

The acceptance criteria regarding the safety function “retrievability” are the following: 

Safety 
functions Normal Incident Accident DEC 

Retrievability - 

Assemblies remains 
mechanically sound  
Handling 
equipments 
available in short 
term 

After the accident, 
capability to extract 
the assemblies from 
the racks if needed 
Handling equipments 
available in reasonable 
time span   

After the accident, 
capability to extract the 
assemblies from the racks 
if needed 
Handling equipments 
available in reasonable 
time span  that can be 
longer than the accident’s  

 
The geometry of the racks must not be modified during storage (resistance to ageing, irradiation, etc.) nor 
during accidental or in post-accidental situations (e.g. seismic event). 

Retrievability in the ISFS is ensured by means of design arrangements which enable the following:  

The mechanical integrity of the assemblies must be guaranteed so as to ensure their ability to be handled. 
This is related to the control of the water physical and chemical characteristics during the whole lifetime of 
the facility. 

The geometry of the racks must not be modified during storage (resistance to ageing, irradiation, etc.) nor 
in accidental condition (e.g. seismic event). 

The handling equipment must be repairable after an accident, so as to ensure the retrievability of the 
assemblies. 

3. Specific considerations regarding the design of the facility 

The design of a spent fuel storage facility shall incorporate passive safety features as far as reasonably 
practicable so as to minimise dependence to active systems for the performance of safety functions.  

A reserve storage capacity is required and must be available at any time, for inspection, recovery, 
maintenance and repair purposes. The reserve storage capacity is at least designed according to the 
operation that will need to move the greatest number of assemblies. 
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Climate change liable to occur during the facility’s life shall be taken into account in the analysis of risks 
related to this installation (particularly external flooding and extreme weather conditions), so as to set up 
appropriate measures during the design. 

Finally, the structures and equipment used must also be capable of resisting ageing and irradiation: 

Fuels and assemblies ageing 

One safety function of the facility is the retrievability of the fuels, which includes the retrieval of the fuels 
at the end of storage. The assemblies will have to be in a suitable state (structural integrity of the 
assemblies, fuel integrity) to allow their retrieval. The structural integrity of fuel and assemblies relies on: 

assemblies under water at all times, 

water physical and chemical characteristics that guarantee lack of impact due to corrosion on the 
assemblies in the long-term. 

So as to control the safety function “containment”, the facility should allow for the ability to perform 
visual controls on assemblies during the facility lifetime, to verify the cladding integrity.   

Equipment ageing 

Ageing of the equipment is taken into account at design stage through the following arrangements: 

use of age-resistant materials, 

use of radiation-resistant materials, 

surveillance of the equipment performances, 

facility refurbishment. 

Through refurbishment it is possible to anticipate the ageing of a facility and maintain the facility's 
performance via upgrades or replacement of systems. Equipment that cannot be replaced will be designed 
to have a lifetime longer than the ISFS lifetime. 

Liner ageing 

The integrity of the liner has to be guaranteed in the long-term. It relies on compliance with the water 
physical and chemical characteristics, as well as on the quality of the liner, whose welds have been 
controlled prior to commissioning. The liner should not be replaced, thus it will be designed to have a 
lifetime longer than the ISFS lifetime, and accounting for appropriate margins regarding that aspect. The 
liner can be repaired underwater.  

4. Lessons learnt from Fukushima  

Following the Fukushima accident, the UK’s Chief Inspector of Nuclear Installations, Dr Mike 
Weightman, was asked by the Secretary of State for Energy and Climate Change to advise on the 
implications of the events in Japan, and at Fukushima in particular, for the UK. A report has been issued64, 

                                                      
64  Dr. Weightman Final Report – Japanese earthquake and tsunami: Implications for the UK Nuclear Industry, HM Chief 

Inspector of Nuclear Installations. ONR, September 2011 
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and contained recommendations for the enhancement of the safety of UK nuclear facilities and 
infrastructure. Those recommendations will be considered for the ISFS Basic Design, but do not question 
the design principles identified during Conceptual Design.  

In a very severe event, such as the one at Fukushima, the most important objective is to prevent the spent 
fuel in the pool from becoming uncovered. If this can be assured, fuel cladding integrity can be maintained 
and significant releases of radioactivity prevented. The relatively low heat load within the ISFS proposed 
for Hinkley Point C in relation to the large volume of water in the pool means that, even if all cooling were 
to be lost (active + passive components), there would be a very long time before the water level in the pool 
would fall to the extent that spent fuel cooling and hence cladding integrity could be at risk. Very 
conservative analysis based on the assumption of a complete loss of pool water cooling together with a 
failure to add any water to the pool indicates a “grace period” of at least 500 hours (nearly 3 weeks) before 
the fuel could become exposed. 

Sub-criticality is ensured through the design of the racks within which fuel assemblies will be restrained, 
and pool water is not boronated. This is another measure taken to minimise reliance on active systems to 
ensure safety and also makes the provision of make-up water under extreme accident conditions simpler 
for operators. 

In order to maintain the integrity of the fuel cladding barrier during storage, the pool water chemistry needs 
to be controlled. At Fukushima seawater was used in some instances to provide cooling in place of the 
normal demineralised water supplies because this was the only option available65. The pool water 
chemistry control system will be designed to deliver high reliability and great attention will also be given 
to providing systems for refilling spent fuel pools in emergencies. 

Finally, The HPC ISFS will be designed and constructed to withstand severe external hazards. The pool 
will be partially embedded below ground level. The civil structures will be designed to meet the required 
seismic criteria. The pool will have a stainless steel liner and any leakage will be contained in a void space 
below the pool and monitored. The design will also minimise the need for bottom penetrations and lines 
that are prone to siphoning faults. 

5. Conclusion 

A safety assessment of the ISFS at conceptual design stage has been performed, and proved that all the 
requirements assigned to long-term underwater spent fuel stores could be respected, including compliance 
to radiological limits and limiting values assigned to the facility in the UK context.  Additional aspects 
have also been identified to consider in the basic design phase. Specific considerations regarding long-term 
aspects will be considered for the following design phases, as well as lessons learnt from Fukushima 
events. These additional elements are not liable to challenge the design of the ISFS, nevertheless the safety 
assessment will be reviewed at each design stage to ensure the compliance to all the requirements assigned 
to this facility.  

                                                      
65  However, there is no report of this having been necessary for the “common pool” that was used to store longer cooled spent 

fuel at the site. 
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