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Executive Summary

This report gives the outcome of a “stress test”, or targeted reassessment, of the safety margins for Calder Hall site in the light of events that occurred at Fukushima.  It follows the specification prepared by the European Nuclear Safety Regulators Group.

Calder Hall site comprises 4 Magnox, gas cooled, graphite moderated, natural uranium reactors that have been closed down and rendered passively safe since shutdown was completed in 2003.  Defuelling operations have recently commenced and are currently expected to complete in 2016. 
There are no spent fuel storage ponds at Calder Hall.

The reactors are now passively cooled, and are effectively almost independent of external services.  They are therefore resilient to the effects of severe earthquake or severe flooding, or a combination of the two, in the short and medium term.

No worthwhile improvements to seismic or flood protection at Calder Hall can be identified, other than to ensure that defuelling is completed promptly.

Because of the very low hazard presented by Calder Hall in its present condition, there is very little requirement for, or provision of, dedicated emergency support facilities on the Calder Hall site.  However, as part of the wider Sellafield site, Calder Hall has access to the extensive facilities and support provided by the Sellafield site emergency arrangements should it be deemed necessary.  Calder Hall will benefit from any site-wide enhancements to infrastructure or emergency preparedness that may result from the wider programme of work to assess resilience at Sellafield in the light of the events at Fukushima.
1 General data about site/plant

1.1 Brief description of the site characteristics

· location (sea, river)

· number of units;

· license holder

Sellafield Limited is the Site Licence holder for the Calder Hall site, which forms a part of the Sellafield nuclear licensed site.

The site, which contains four Magnox type reactors that ceased operation between 2001 and 2003, is on the west coast of Cumbria, United Kingdom, approximately 10 miles SSE of Whitehaven.  The four reactors are roughly situated between 100 to 150 m from the River Calder and between 1 to 1.5 km from the Irish Sea coast.
Adjacent to the Calder Hall site is a large complex of nuclear plants that make up the remainder of the Sellafield nuclear licensed site, including spent fuel storage ponds, reprocessing plants, waste treatment plants and waste storage plants.  A comprehensive programme of work to review the resilience of the Sellafield site in the light of the events at Fukushima is being carried out, both at individual plant and site-wide level.  This report of the assessment of Calder Hall against the European Nuclear Safety Regulators Group (ENSREG) stress tests forms part of that programme.
1.2 Main characteristics of the unit

· reactor type;

· thermal power;

· date of first criticality;

· existing spent fuel storage (or shared storage).

Calder Hall was constructed in two stages (known as A station and B station), each stage consisting of two reactors flanking an associated turbine hall with two adjacent cooling towers. Calder Hall A station reactors became operational in 1956 and 1957, followed by B station in 1958 and 1959.  It was the first of the Magnox type power stations to be built.
There are no spent fuel storage ponds as part of the Calder Hall site — fuel removed from the reactors was transferred directly to the adjacent Sellafield storage and reprocessing complex.
The four cooling towers were demolished using explosives in September 2007.
The four reactor buildings are of essentially identical design (two mirrored pairs).  Each Magnox type reactor contains natural metallic uranium fuel in magnesium alloy cans (5 or 6 fuel elements per channel) in a graphite core with a number of vertical fuel channels.  Each reactor produced approximately 260 MW (thermal) at time of shutdown.  During operation, the core was cooled by forced circulation of CO2 gas through the core and water fed boilers.  The reactor core is contained within a mild steel pressure vessel within a concrete biological shield, connected by mild steel gas ducts to four boilers located externally at the four corners of the building.  Reactivity was controlled by boron steel control rods which, on reactor trip, fell by gravity into the core.  During operation, post-trip cooling of the reactor cores was provided by either forced or natural circulation of the CO2 coolant, with feed water supplied to the boilers. 
Each reactor contains a number of fuel elements.
The last reactor to operate at Calder Hall was Reactor 1, which was shut down on 31 March 2003.  Reactors 2, 3 and 4 had previously ceased operation in September and October 2001.

Since the reactors ceased operation, the control rod cables have been cut to ensure they can no longer be withdrawn from the reactor core, and the associated control rod drives have been disabled.
As decay heat in the fuel has reduced with time, the cooling provisions for the core have been progressively reduced and withdrawn.  The reactors have now been fully isolated from the boilers by closure of the isolating valves on the inlet and outlet ducts.  These valves are outside the main bioshield, but within the reinforced concrete structure.  Core cooling is now limited to natural heat loss through the reactor pressure vessel walls to the air in the reactor void (between the reactor vessel and the bioshield).  Reactor void air is ambient air that is drawn in at lower level and exits via the reactor stacks by natural circulation only.
Peak fuel element temperatures in all reactors are in the range 30 °C to 40 °C. They vary by about 5 °C between summer and winter in line with ambient weather conditions.  Graphite temperatures are a few degrees below fuel temperatures.
The reactor pressure vessels are maintained at a pressure of 3 psig by a trickle feed of dry air to ensure that even during long term storage, in-reactor conditions do not lead to significant oxidation of the fuel cans or other reactor components.  Normal moisture levels in the reactor vessels are significantly lower than approved limits.
There are two dry air plants.  There is an interconnector between the two plants, and each dry air plant has sufficient capacity to supply the normal requirements of all four reactors.

1.3 Systems for providing or supporting main safety functions

In this chapter, all relevant systems should be identified and described, whether they are classified and accordingly qualified as safety systems, or designed for normal operation and classified to non-nuclear safety category. The systems description should include also fixed hook-up points for transportable external power or water supply systems that are planned to be used as last resort during emergencies.

1.3.1 Reactivity control
Systems that are planned to ensure sub-criticality of the reactor core in all shutdown conditions, and sub-criticality of spent fuel in all potential storage conditions. Report should give a thorough understanding of available means to ensure that there is adequate amount of boron or other respective neutron absorber in the coolant in all circumstances, also including the situations after a severe damage of the reactor or the spent fuel.

Since the shutdown of the reactors, a number of measures have been put in place to ensure the risk of achieving criticality is not credible. They are:

· All control rods on each reactor have been fully lowered into the core and the associated cables formerly used for raising control rods have been cropped and removed.

· All control rod withdrawal mechanisms have been isolated from electrical power by cropping of supply cables and, on three of the four reactors, have been physically removed.

· Assessment work has demonstrated a large excess shutdown reactivity margin against all credible reactor fault conditions. 

· These provisions are unaffected by the defuelling process.
1.3.2 Heat transfer from reactor to the ultimate heat sink

1.3.2.1 All existing heat transfer means / chains from the reactor to the primary heat sink (e.g., sea water) and to the secondary heat sinks (e.g., atmosphere or district heating system) in different reactor shutdown conditions: hot shutdown, cooling from hot to cold shutdown, cold shutdown with closed primary circuit, and cold shutdown with open primary circuit.

The reactors are now permanently shut down and the cores are close to ambient temperature.

Core cooling is now limited to natural heat loss through the reactor pressure vessel walls to the air in the reactor void (between the reactor vessel and the bioshield).  Reactor void air is ambient air that is drawn in at lower level and exits via the reactor stacks by natural circulation. 

1.3.2.2 Lay out information on the heat transfer chains: routing of redundant and diverse heat transfer piping and location of the main equipment. Physical protection of equipment from the internal and external threats.

Each reactor is connected to 4 heat exchangers by inlet and outlet ductwork.  The heat exchangers are no longer functional, having been drained and isolated from the cooling water supply. The 54” valves on each outlet and inlet duct, which isolate the reactors from the heat exchangers, have now also been closed.  As part of the decommissioning process, on four of the sixteen heat exchangers part of the duct linking the top of the reactor vessel to the top of the heat exchanger (reactor outlet/heat exchanger inlet) has been removed.
1.3.2.3 Possible time constraints for availability of different heat transfer chains, and possibilities to extend the respective times by external measures (e.g., running out of a water storage and possibilities to refill this storage).

There are no time constraints, since passive cooling using ambient air will be permanently available.
1.3.2.4 AC power sources and batteries that could provide the necessary power to each chain (e.g., for driving of pumps and valves, for controlling the systems operation).

No power sources are required as core cooling is entirely passive. 

1.3.2.5 Need and method of cooling equipment that belong to a certain heat transfer chain; special emphasis should be given to verifying true diversity of alternative heat transfer chains (e.g., air cooling, cooling with water from separate sources, potential constraints for providing respective coolant).

Not applicable as core cooling is entirely passive.
1.3.3 Heat transfer from spent fuel pools to the ultimate heat sink

Not applicable as there are no spent fuel cooling ponds at Calder Hall.
1.3.4 Heat transfer from the reactor containment to the ultimate heat sink

Not applicable because of the design of the Calder Hall reactors.  See 1.3.2 above.
1.3.5 AC power supply
No AC electrical supplies are required to maintain cooling of the reactors.  AC electrical supplies are used for operation of the dry air plants.  However, failure of the dry air plants will have no significant consequences in the short or medium term as the effect of moist air on fuel elements is a slow acting process.
1.3.5.1 Off-site power supply

1.3.5.1.1 Information on reliability of off-site power supply: historical data at least from power cuts and their durations during the plant lifetime.

There have been no instances of disconnection of the Calder Hall site from the offsite power supply grid in the last 20 years.
1.3.5.1.2 Connections of the plant with external power grids: transmission line and potential earth cable routings with their connection points, physical protection, and design against internal and external hazards.

Electrical supply to the site is from the national grid.  The supply system has a number of diverse connections to the grid.  Each of the diverse connections can supply the entire station.
Grid supply systems meet approved standard for physical protection against weather, seismic or other challenges.

On site supply arrangements are also diverse and meet approved standards.  They have been assessed as adequate against either design basis, flooding or design basis earthquake.
1.3.5.2 Power distribution inside the plant

1.3.5.2.1 Main cable routings and power distribution switchboards.

There are multiple feeds from the Sellafield substation to the Calder Hall site.  These feed into a newly installed (commissioned 2011) ring main for the Calder Hall site which has several substations, each supplying several buildings.  The redundant turbine halls have been disconnected from the electrical supply.
1.3.5.2.2 Lay-out, location, and physical protection against internal and external hazards.

Protection of the electrical supplies on the Calder Hall site is commensurate with their status as not providing an essential safety service.  The newly installed ring main has been designed and built to comply with modern standards for industrial installations.
1.3.5.3 Main ordinary on-site source for back-up power supply

1.3.5.3.1 On-site sources that serve as first back-up if offsite power is lost. 

There are several connection points for a mobile diesel generator.  These have been retained since the reactors were operating at power.  A number of mobile diesel generators are available on the Sellafield site, but in the event of a significant site-wide emergency situation it is likely that these would be deployed to other plants with higher priority needs.  The Calder Hall safety case does not rely on provision of mobile diesel generators. 
1.3.5.3.2 Redundancy, separation of redundant sources by structures or distance, and their physical protection against internal and external hazards. 

Not applicable as no redundant supplies are provided at Calder Hall. 
1.3.5.3.3 Time constraints for availability of these sources and external measures to extend the time of use (e.g., fuel tank capacity).

Not applicable as no redundant supplies are provided at Calder Hall. 

1.3.5.4 Diverse permanently installed on-site sources for back-up power supply

There are no diverse permanently installed on-site sources on the Calder Hall site.

1.3.5.4.1 All diverse sources that can be used for the same tasks as the main back-up sources, or for more limited dedicated purposes (e.g., for decay heat removal from reactor when the primary system is intact, for operation of systems that protect containment integrity after core meltdown). 

Not applicable

1.3.5.5 Other power sources that are planned and kept in preparedness for use as last resort means to prevent a serious accident damaging reactor or spent fuel

1.3.5.5.1 Potential dedicated connections to neighbouring units or to nearby other power plants. 

No claims on supply from neighbouring sites are made in the Calder Hall safety case.  The Fellside Power Station is located adjacent to the Sellafield site.  This gas-fired combined heat and power unit provides steam and electricity supply to the Sellafield site on a routine basis.
1.3.5.5.2 Possibilities to hook-up transportable power sources to supply certain safety systems. 

There are no safety claims on provision of mobile generators from outside the Sellafield site, but connection points are available on each reactor.
1.3.5.5.3 Information on each power source: power capacity, voltage level and other relevant constraints. 

Not applicable

1.3.5.5.4 Preparedness to take the source in use: need for special personnel, procedures and training, connection time, contract arrangements if not in ownership of the Licensee, vulnerability of source and its connection to external hazards and weather conditions.

Not applicable

1.3.6 Batteries for DC power supply

1.3.6.1 Description of separate battery banks that could be used to supply safety relevant consumers: capacity and time to exhaust batteries in different operational situations. 

The battery banks, located in each of the reactor buildings to provide support in emergency shutdown and power loss events during generation, are no longer claimed as safety related equipment.  Two of the four were completely decommissioned shortly after cessation of generation.  The remaining two have been retained, but all essential reactor safety equipment previously supplied using these batteries has now been removed from service.  They are currently only used to provide backup lighting on the reactors in case of short term AC power outage.  For long term AC power outages, the limited requirement for essential monitoring activities can be performed with portable hand-held lighting.
There are a number of uninterruptible power supply (UPS) systems on the station, but none are required to perform essential safety functions.  They have been retained for operational convenience in case of short-term AC power outage.

1.3.6.2 Consumers served by each battery bank: driving of valve motors, control systems, measuring devices, etc. 

Not applicable, see 1.3.6.1.above.

1.3.6.3 Physical location and separation of battery banks and their protection from internal and external hazards. 

Not applicable, see 1.3.6.1.above.

1.3.6.4 Alternative possibilities for recharging each battery bank. 

Not applicable, see 1.3.6.1.above.

1.4 Significant differences between units

This chapter is relevant only for sites with multiple NPP units of similar type.  In case some site has units of completely different design (e.g., PWRs and BWRs or plants of different generation), design information of each unit is presented separately.

There are no significant differences between the four reactor units at Calder Hall.
1.5 Scope and main results of Probabilistic Safety Assessments

Scope of the PSA is explained both for level 1 addressing core meltdown frequency and for level 2 addressing frequency of large radioactive release as consequence of containment failure.  At each level, and depending on the scope of the existing PSA, the results and respective risk contributions are presented for different initiating events such as random internal equipment failures, fires, internal and external floods, extreme weather conditions, seismic hazards.  Information is presented also on PSAs conducted for different initiating conditions: full power, small power, or shutdown.

A comprehensive Probabilistic Safety Assessment (PSA) was carried out when the reactors were at power in order to demonstrate that the risks of reactor operation were acceptable, and to identify any potential for worthwhile improvements to protection so as to ensure that risks were as low as reasonably practicable.  Since the reactors have been permanently shut down, both the range and the consequences of potential faults have been significantly reduced.  Consequently, it was not considered worthwhile to carry out a PSA for shutdown conditions and the post-generation and defuelling safety cases were carried out against deterministic safety principles.  A quantitative assessment of the reliability of post-generation instrumentation to alert operators to potential fault conditions was carried out to demonstrate that the provided equipment was adequately reliable.
The radiological hazard at the site continues to decrease with the increase in cooling time of the fuel, and will further decrease as the reactors are progressively defuelled in the future.

2 Earthquakes

2.1 Design basis 

2.1.1 Earthquake against which the plant is designed

2.1.1.1 Characteristics of the design basis earthquake (DBE)
Level of DBE expressed in terms of maximum horizontal peak ground acceleration (PGA). If no DBE was specified in the original design due to the very low seismicity of the site, PGA that was used to demonstrate the robustness of the as built design
Seismic hazards were not included within the original design basis for the Calder Hall Power Station.  Subsequent assessments have assigned a design basis earthquake for the Calder Hall site as 0.25g maximum horizontal peak ground acceleration for the 10-4/annum event.
2.1.1.2 Methodology used to evaluate the design basis earthquake
Expected frequency of DBE, statistical analysis of historical data, geological information on site, safety margin.
A seismic hazard assessment for the Calder Hall site was performed in the early 1980s by Principia Mechanica Ltd (PML) and made use of the available reliable information concerning the history of earthquakes in the UK to provide a probabilistic estimate of seismic hazard at the site. The analysis showed that at the Calder Hall site the risk was greater than the average for the UK; for a 10-4 per annum event the peak free field horizontal acceleration is close to 0.25g compared to the UK average of 0.19g. 
In defining the input time histories to seismic analysis and assessment, the nature of the 
site needed to be classified based on the ground conditions and the soil type. The different sites are classified based on frequency of response of the free-field soil column. Frequencies of less than 3Hz are classified as soft sites, between 3 and 10Hz as intermediate or medium sites and greater than 10Hz as hard sites.  Calder Hall is classified as a medium site.  The initial PML analyses used time histories taken from a suite of nine generated to match the UK design spectra for the three site classifications. The vertical time histories were scaled to 2/3 of the horizontal input.  A revised analysis was carried out based on more detailed modeling of the soil profiles and conservatively used assessments for the Chapelcross Reactors 3 and 4 sites as a bounding case.  This work used one real time history (Forgaria, Italy, 1976) plus two artificial time histories.
The theoretical analysis was supported by a seismic walkdown which resulted in a number of modifications designed to improve seismic resilience.

2.1.1.3 Conclusion on the adequacy of the design basis for the earthquake
Reassessment of the validity of earlier information taking into account the current state-of-the-art knowledge.
.
The adequacy of the design basis earthquake assessment was reviewed and confirmed as adequately conservative as part of the Periodic Safety Review work carried out in 2005.  Since this work was carried out, further core cooling has reduced on-site hazard considerably.

2.1.2 Provisions to protect the plant against the design basis earthquake

2.1.2.1 Identification of systems, structures and components (SSC) that are required for achieving safe shutdown state and are most endangered during an earthquake. Evaluation of their robustness in connection with DBE and assessment of potential safety margin.

The reactors have been shut down since 2003 or earlier and therefore the main identifiable risks are associated with re-criticality, loss of containment of the primary circuit, and ability to dissipate the core decay heat load in event of an earthquake.  
The key systems, structures and components currently necessary to achieve this are:
· Continued presence of control rods within the core
· Integrity of reactor pressure vessel and ducts inboard of main isolation valves
· Core lateral restraints
· Main bioshield
· Reactor buildings
Control rods are permanently inserted into the core.  There is no credible mechanism for control rods to be dislodged from the core during a design basis earthquake.

The seismic safety case produced when the reactors were at power clearly established that all but very few of the Calder Hall structures survive the modern standard DBE of 0.25g.  
The limiting feature in the station was a cooling component that is no longer required and has been isolated.
The Calder Hall reactors are generally robust against the design basis earthquake.  Given the reduced fission product inventory and decay heat load because of the long cooling time since operation at power, and the very recent commencement of defuelling, there is clearly no prospect of worthwhile improvements to seismic withstand at this stage in the plant life since the costs and timescales for improvements would not be justifiable against the expected benefits.  It is considered that the best option to address any shortfall in seismic withstand for Calder Hall is to remove the hazard by completing the defuelling process.
The defuelling process has been designed so that sudden interruption (such as would be caused by external hazards or loss of services) causes the process to halt and leave the plant in a safe condition.  Equipment installed for final defuelling has not been subject to formal design basis earthquake assessment because of the limited time it will be in service.  However, it was designed to be robust against seismic effects and was subject to a seismic design review.  In the case of the most credible fault a secondary retention system is provided.
2.1.2.2 Main operating contingencies in case of damage that could be caused by an earthquake and could threaten achieving safe shutdown state.

The reactor core is relatively tightly confined by the reactor pressure vessel, and so even if some disruption to the core were to occur there is no credible prospect of major change to core geometry and hence re-criticality, given that the control rods are already inserted into the core.
The decay heat load within the reactor cores has now reduced to an extremely low level.  Thus, even ignoring heat losses from the core to the reactor pressure vessel and supporting steelwork through to the surrounding environment, it is clear that there is no credible potential for significant rate of rise of temperature.  The temperature difference between the hottest fuel and the ambient environment is currently 8 times lower than that which might challenge the integrity of the fuel cans.  This is considered to be effectively not credible for such low heat loads.

An emergency procedure exists requiring inspection of key plant items and monitoring of key plant parameters if a seismic event occurs.
2.1.2.3 Protection against indirect effects of the earthquake

2.1.2.3.1 Assessment of potential failures of heavy structures, pressure retaining devices, rotating equipment, or systems containing large amount of liquid that are not designed to withstand DBE and that might threaten heat transfer to ultimate heat sink by mechanical interaction or through internal flood.

The only potential candidate for indirect damage would be toppling of the heat exchangers.  The heat exchangers are robust against seismic hazard themselves (see above), and toppling would not cause significant damage to the reactor pressure vessel because of the protection afforded by the thick reinforced concrete bioshield.
2.1.2.3.2 Loss of external power supply that could impair the impact of seismically induced internal damage at the plant. 


Not applicable to the Calder Hall site as the reactors are shut down and there are no identified requirements for external power in the short or medium term. 
2.1.2.3.3 Situation outside the plant, including preventing or delaying access of personnel and equipment to the site.

In the event of a significant seismic event, disruption to local communication routes can be assumed, resulting in restricted access for emergency response personnel, relief staff and the local fire service.  However, there is no expectation that following a seismic event, access to the Calder Hall site will be necessary to prevent radiological hazard on an urgent basis.

The Calder Hall site has multiple access points which provide diverse routes onto the site.
The main Sellafield site has several access gates each with its own access road.  Access to national routes is provided either north or south by the A595.

2.1.2.3.4 Other indirect effects (e.g. fire or explosion).


The potential for internal and external sources of fire, explosion, etc. was assessed as part of the Periodic Safety Review in 2005.  These risks were considered acceptable when the reactors were at power, and now that they have been shut down for some time, the Calder Hall site is considered to be resilient against such hazards.
2.1.3 Compliance of the plant with its current licensing basis

2.1.3.1 Licensee's processes to ensure that plant systems, structures, and components that are needed for achieving safe shutdown after earthquake, or that might cause indirect effects discussed under 2.1.2.3 remain in faultless condition. 

The plant is subject to routine maintenance, inspection and testing as required by the Plant Maintenance Schedule (PMS), which lists those activities that are necessary to support the safety case. This is a requirement of the Sellafield site licence condition (SLC) 28.
Civil structural inspections are carried out in accordance with a defined asset care schedule by suitably qualified personnel and all faults and shortcomings identified are addressed within an asset care programme. (SLC 28)
All modifications to the plant structure, equipment, procedures or safety cases must be justified by a Plant Modification Proposal (PMP) and must be categorised according to the dose consequence attributed to the worst credible fault.  The level of approval required -- i.e. from a plant level (PMP Committee or Management Safety Committee) to a corporate level (Nuclear Safety Committee) -- is determined by the category of the proposed change. (SLC 19, 29, 21, 22, 35)

A Periodic Safety Review (PSR) is undertaken at least every 10 years to confirm that the safety case remains valid, and that risks to the workforce and public continue to be as low as reasonably practicable.  PSRs address operating experience and assess the effects of ageing; the last PSR for Calder Hall was completed in 2006. (SLC 15)  

2.1.3.2 Licensee's processes to ensure that mobile equipment and supplies that are planned to be available after an earthquake are in continuous preparedness to be used.

There are no safety claims on provision of mobile equipment held on the site.
2.1.3.3 Potential deviations from licensing basis and actions to address those deviations.

None identified

2.2 Evaluation of safety margins

2.2.1 Range of earthquake leading to severe fuel damage 

Weak points and cliff edge effects: estimation of PGA that would result in damage to the weakest part of heat transfer chain, and consequently cause a situation where the reactor integrity or spent fuel integrity would be seriously challenged. 

No estimate of the peak ground acceleration (PGA) that would threaten the reactor integrity or fuel integrity has been assessed for the Calder Hall site.
For events in excess of the design basis earthquake, cracking and eventually structural damage to the bioshield is possible, as is the possibility of some disturbance to the core structure.  However, because of the low levels of decay heat in the cores, loss of heat transfer leading to severe fuel damage is not considered credible.
2.2.2 Range of earthquake leading to loss of containment integrity

Estimation of PGA that would result in loss of integrity of the reactor containment.

No estimate of the PGA that would threaten the reactor containment has been assessed for the Calder Hall site.

In the worst case, it could be envisaged that the pressure vessel and possibly the pile cap could collapse, leading to release of contaminated air and accelerated fuel corrosion due to moisture ingress.  In this event, the control rods would remain in situ therefore maintaining protection against re-criticality.
The long cooling time means that 131I, which would have caused the most significant short term effects from overheating fuel, has reduced to insignificant levels.
2.2.3 Earthquake exceeding the design basis earthquake for the plant and consequent  flooding exceeding design basis flood

Possibility of external floods caused by an earthquake and potential impacts on the safety of the plant. Evaluation of the geographical factors and the physical possibility of an earthquake to cause an external flood on site, e.g. a dam failure upstream of the river that flows past the site.  

None identified.  There are no dams on the River Calder.  The former cooling tower basins on the site have been drained and decommissioned.
2.2.4 Potential need to increase robustness of the plant against earthquakes

Consideration of measures, which could be envisaged to increase plant robustness against seismic phenomena and would enhance plant safety.

The most significant measure to enhance the site robustness to the effects of a seismic event would be to complete the defuelling process and hence remove the hazard completely. Defuelling is expected to start imminently and is expected to complete during 2016.
3 Flooding 

3.1 Design basis

3.1.1 Flooding against which the plant is designed
 

3.1.1.1 Characteristics of the design basis flood (DBF)
Maximum height of flood postulated in design of the plant and maximum postulated rate of water level rising. If no DBF was postulated, evaluation of flood height that would seriously challenge the function of electrical power systems or the heat transfer to the ultimate heat sink.
The 2006 Periodic Safety Review assessed the risk of external flooding against a return period of 10 000 years.  For flooding from the sea, the assessed maximum high tide and combined storm surge was estimated at 7.65 m above Ordnance Datum Newlyn (ODN).  This compares with the height of the Calder Hall site at 18 m above ODN for Reactor 1 and 24 m above ODN at Reactor 4, giving a margin of over 10 m.  The current Sellafield guidance indicates an assessment standard of 12.9 m ODN is appropriate for a combined high tide and storm surge.  There is still significant margin against this higher standard.
The River Calder channel running through the Sellafield site was straightened and re-engineered in the 1970s, and has a designed flow rate of 338 m3 s-1, which is equivalent to a one 10 000 year return period river flow.  Re-assessment of this work in the 2006 PSR confirmed that there was no significant risk to Calder Hall from a one in 10 000 year flood.
There is no specific design basis for flooding from tsunami.  It is considered that there is no credible risk of tsunami reaching the height of the Calder Hall site because:

· there are no subduction faults in the N Atlantic Ocean or seas surrounding the UK

· the continental margin of NW Europe is geologically passive with relatively few large earthquakes
· the Calder Hall site is protected by the shallow waters of the continental shelf and its shielded position from events occurring in the Atlantic Ocean or North Sea.
3.1.1.2 Methodology used to evaluate the design basis flood.
Reassessment of the maximum height of flood considered possible on site, in view of the historical data and the best available knowledge on the physical phenomena that have a potential to increase the height of flood. Expected frequency of the DBF and the information used as basis for reassessment.
As stated above, the current Calder Hall PSR (2006) confirmed the validity of the external flooding assessment against a 10 000 year return period.
3.1.1.3 Conclusion on the adequacy of protection against external flooding

The location and topography of the site are considered to offer sufficient safeguard against this hazard.
3.1.2 Provisions to protect the plant against the design basis flood

3.1.2.1 Identification of systems, structures and components (SSC) that are required for achieving and maintaining safe shutdown state and are most endangered when flood is increasing.

As explained above, flooding of the Calder Hall site does not present a credible threat to maintaining safe shutdown or cooling of the reactors in their current condition, and so no flood defence provisions are required
3.1.2.2 Main design and construction provisions to prevent flood impact to the plant.

Not applicable as there are no flood defences at Calder Hall.
3.1.2.3 Main operating provisions to prevent flood impact to the plant.   

Not applicable as there are no flood defences at Calder Hall.
3.1.2.4 Situation outside the plant, including preventing or delaying access of personnel and equipment to the site.

In the event of a significant flooding event, disruption to local communication routes can be assumed, resulting in restricted access for emergency response personnel, relief staff and the local fire service.  However, there is no expectation that following a flooding event, access to the Calder Hall site will be necessary to prevent radiological hazard on an urgent basis.

The Calder Hall site has multiple access points that provide diverse routes onto the site.

The main Sellafield site has several main access gates each with its own access road.  Access to national routes is provided either north or south by the A595.

3.1.3 Plant compliance with its current licensing basis

3.1.3.1 Licensee's processes to ensure that plant systems, structures, and components that are needed for achieving and maintaining the safe shutdown state, as well as systems and structures designed for flood protection remain in faultless condition.

The plant is subject to routine maintenance, inspection and testing as required by the Plant Maintenance Schedule (PMS) which lists those activities that are necessary to support the safety case. This is a requirement of the Sellafield site licence condition (SLC) 28
Civil structural inspections are carried out in accordance with a defined asset care schedule by suitably qualified personnel and all faults and shortcomings identified are addressed within an asset care programme. (SLC 28)
All modifications to the plant structure, equipment, procedures or safety cases must be justified by a Plant Modification Proposal (PMP) and must be categorised according to the dose consequence attributed to the worst credible fault.  The level of approval required -- i.e. from a plant level (PMP Committee or Management Safety Committee) to a corporate level (Nuclear Safety Committee) -- is determined by the category of the proposed change. (SLC 19, 29, 21, 22, 35)

A Periodic Safety Review (PSR) is undertaken on a minimum of a 10 yearly basis to confirm that the safety case remains valid, and that risks to the workforce and public continue to be as low as reasonably practicable.  PSRs address operating experience and assess the effects of ageing; the last PSR for Calder Hall was completed in 2006. (SLC 15)  

3.1.3.2 Licensee's processes to ensure that mobile equipment and supplies that are planned for use in connection with flooding are in continuous preparedness to be used.

None identified.
3.1.3.3 Potential deviations from licensing basis and actions to address those deviations.

None identified.

3.2 Evaluation of safety margins

3.2.1 Estimation of safety margin against flooding

Estimation of difference between maximum height of flood considered possible on site and the height of flood that would seriously challenge the safety systems, which are essential for heat transfer from the reactor and the spent fuel to ultimate heat sink.

Not applicable to the Calder Hall site as flood is not considered to be a credible hazard and there are no requirements for active heat transfer mechanisms from the reactors. 
3.2.2 Potential need to increase robustness of the plant against flooding

Consideration of measures, which could be envisaged to increase plant robustness against flooding and would enhance plant safety.

None identified for the Calder Hall site.
4 Extreme weather conditions

4.1 Design basis

4.1.1 Reassessment of weather conditions used as design basis

4.1.1.1 Verification of weather conditions that were used as design basis for various plant systems, structures and components:   maximum temperature, minimum temperature, various type of storms, heavy rainfall, high winds, etc.

No design basis assessments informing the original design of the plant in the 1950`s are available.  
4.1.1.2 Postulation of proper specifications for extreme weather conditions if not included in the original design basis. 

The PSR (2006) identified the following as design basis assessments:-
Precipitation
Rainfall with a 10-4y-1 return was considered to be 247mm over 24 hours. This figure include a +5% adjustment to account for predicted effect of climate change.

Snowfall  

Snowfall for a 10-4y-1 return was assessed as 61.8cm. 
Low temperatures
For a 10-4y-1 return the extreme low temperature was -15.6°C.

High temperatures

For a 1 in 10-4y-1 return the extreme high temperature was 33.8°C.

High Wind

The 2006 PSR recommended a review of the assessment of high loading.  In the 2007 review, for a 10-4 y-1 return the extreme high wind was 144 mph.

The current Sellafield guidance indicates that assessment standards of 92 cm for extreme snowfall, -24°C for extreme low temperature, and 43°C for extreme high temperature are appropriate.  Although more onerous, these differences are not considered to undermine the case made in the 2006 Periodic Safety Review.
4.1.1.3 Assessment of the expected frequency of the originally postulated or the redefined design basis conditions.  

The PSR considerations were based on a return frequency of 10-4 per annum which is the standard for safety assessment at Sellafield.
4.1.1.4 Consideration of potential combination of weather conditions.

Precipitation
With respect to the reactors, extreme rainfall could cause localised temporary flooding on the site, but is not considered to threaten the passive safety of the core, which is now isolated from the rest of the primary circuit. However, if considered in conjunction with a high wind event (e.g. hurricane) which resulted in damage to the reactor building fabric then ingress of water into the core during defuelling operations could arise, although if warning of impending adverse conditions were to be available, mitigating actions to close penetrations on the pile cap could be taken.
Snow and ice
The PSR considered that snow and ice loading on power lines and icing of exposed insulators could lead to loss of power, but due to the passive nature of the core cooling no nuclear safety implications would arise.

The reactor buildings roofs are designed to cope with the worst case of snow. However as for precipitation, ingress of melted snow into the core could be postulated if high winds and resultant building damage occurred during defuelling operations.

High temperatures
High ambient temperatures would be reflected in a rise in the actual core temperatures, although no significant consequences would arise because of the large margins to fuel temperature limits.
Low Temperatures
Low temperatures could increase the risk of damage to metal structures within the reactor buildings but the consequences are not considered to be significant. Existing site procedures make suitable provision for work at low ambient temperatures.   Low temperatures in conjunction with heavy rain would lead to similar consequences as discussed for ice and snow, but again of minor significance now that the reactor is shutdown.

High Wind
High winds could lead to physical damage to the reactor building as discussed above.
4.2 Evaluation of safety margins

4.2.1 Estimation of safety margin against extreme weather conditions

Analysis of potential impact of different extreme weather conditions to the reliable operation of the safety systems, which are essential for heat transfer from the reactor and the spent fuel to ultimate heat sink. Estimation of difference between the design basis conditions and the cliff edge type limits, i.e. limits that would seriously challenge the reliability of heat transfer.

Now that the Calder Hall reactors are passively cooled, there are no envisaged scenarios where extreme weather conditions could threaten the integrity of fuel in the reactors.  It is reported that extreme low temperatures could cause brittle failure of steel structures. However extreme conditions do not occur suddenly but are preceded by a period in which the potential hazard would become known so that actions could be taken to alleviate any potential fault conditions.
4.2.2 Potential need to increase robustness of the plant against extreme weather conditions

Consideration of measures, which could be envisaged to increase plant robustness against extreme weather conditions and would enhance plant safety.

Due to the negligible nuclear safety risk posed by extreme weather conditions at Calder Hall and by procedures already in place to mitigate the effects, it is not considered necessary to further enhance structures on site against weather induced hazards.
5 Loss of electrical power and loss of ultimate heat sink

For writing chapter 5, it is suggested that detailed systems information given in chapter 1.3 is used as reference and the emphasis is in consecutive measures that could be attempted to provide necessary power supply and decay heat removal from the reactor and from the spent fuel.

Chapter 5 should focus on prevention of severe damage of the reactor and of the spent fuel, including all last resort means and evaluation of time available to prevent severe damage in various circumstances. As opposite, the chapter 6 should focus on mitigation, i.e. the actions to be taken after severe reactor or spent fuel damage as needed to prevent large radioactive releases. Main focus in chapter 6 should thus be in protection of containment integrity.

5.1 Nuclear power reactors

5.1.1 Loss of electrical power

5.1.1.1 Loss of off-site power
The main impact of loss of power on the reactors would be shutdown of the dry air plants and cessation of the defuelling process.

The dry air plants are designed to ensure moisture levels within the core are maintained at a suitable level. Under existing site procedures, the dry air units must be re-instated within a specified period, although from experience it would take considerably longer for the ambient air conditions to challenge the established limit.  Provision exists for the connection of mobile generators to power the installed dry air plants and for the connection of mobile dry air plants. However, in the complete absence of power they would not be a priority concern because of the long timescales before high moisture would have radiological consequences.
In the defuelling process, complete power failure would put the system into a safe “holding” position. Any fuel in transit at the start of the power failure would be held safely in that position but could be progressed by use of manual winch and cranking equipment.  There are therefore no consequences for loss of power during defuelling.
5.1.1.1.1 Design provisions taking into account this situation: back-up power sources provided, capacity and preparedness to take them in operation.

Loss of off site power sources would not threaten the safety of the site as the reactors are currently shut down and in a passively safe condition.  The current safety case requires monitoring of the status of key plant conditions twice per week.  Monitoring of plant conditions can be carried out using portable battery powered equipment and lighting in the absence of external power.
5.1.1.1.2 Autonomy of the on-site power sources and provisions taken to prolong the time of on-site AC power supply

Not applicable as loss of power to the site would not threaten the safety of the plant in the short or medium term.
5.1.1.2 Loss of off-site power and loss of the ordinary back-up AC power source

5.1.1.2.1 Design provisions taking into account this situation: diverse permanently installed AC power sources and/or means to timely provide other diverse AC power sources, capacity and preparedness to take them in operation

Not applicable as loss of power to the site would not threaten the safety of the plant in the short or medium term.
5.1.1.2.2 Battery capacity, duration and possibilities to recharge batteries

Not applicable as loss of power to the site would not threaten the safety of the plant in the short or medium term.
5.1.1.3 Loss of off-site power and loss of the ordinary back-up AC power sources, and loss of permanently installed diverse back-up AC power sources

5.1.1.3.1 Battery capacity, duration and possibilities to recharge batteries in this situation

Not applicable as loss of power to the site would not threaten the safety of the plant in the short or medium term.
5.1.1.3.2 Actions foreseen to arrange exceptional AC power supply from transportable or dedicated off-site source

Not applicable as loss of power to the site would not threaten the safety of the plant in the short or medium term.
5.1.1.3.3 Competence of shift staff to make necessary electrical connections and time needed for those actions. Time needed by experts to make the necessary connections.

Not applicable as loss of power to the site would not threaten the safety of the plant in the short or medium term.
5.1.1.3.4 Time available to provide AC power and to restore core cooling before fuel damage: consideration of various examples of time delay from reactor shutdown and loss of normal reactor core cooling condition (e.g., start of water loss from the primary circuit).

Not applicable as loss of power to the site would not threaten the safety of the plant in the short or medium term.
The main impact at the Calder Hall site would be to moisture levels within the reactors, which could be checked with portable equipment.  The effect of moisture on fuel is a slow process and it would be many months before radiological consequences could be expected.  This would allow ample time to reconnect the site to the grid, or provide mobile generators or mobile dry air compressors. 

5.1.2 Measures which can be envisaged to increase robustness of the plant in case of loss of electrical power 

No further measures are considered worthwhile as loss of power to the site would not threaten the safety of the plant in the short or medium term.
.

5.1.3 Loss of the ultimate heat sink

5.1.3.1 Design provisions to prevent the loss of the primary ultimate heat sink, such as alternative inlets for sea water or systems to protect main water inlet from blocking.

The Calder Hall reactor cooling now consists of natural heat loss from the reactor vessel to air in the reactor void.  Loss of the ultimate heat sink is not considered credible.
5.1.3.2 Loss of the primary ultimate heat sink (e.g., loss of access to cooling water from the river, lake or sea, or loss of the main cooling tower)

5.1.3.2.1 Availability of an alternate heat sink

Not applicable to Calder Hall.
5.1.3.2.2 Possible time constraints for availability of alternate heat sink and possibilities to increase the available time.

Not applicable to Calder Hall.
5.1.3.3 Loss of the primary ultimate heat sink and the alternate heat sink

5.1.3.3.1 External actions foreseen to prevent fuel degradation.

Not applicable to Calder Hall.
5.1.3.3.2 Time available to recover one of the lost heat sinks or to initiate external actions and to restore core cooling before fuel damage: consideration of situations with various time delays from reactor shutdown to loss of normal reactor core cooling state (e.g., start of water loss from the primary circuit).

Not applicable to Calder Hall.
5.1.3.4 Loss of the primary ultimate heat sink, combined with station black out (i.e., loss of off-site power and ordinary on-site back-up power source). 

5.1.3.4.1 Time of autonomy of the site before start of water loss from the primary circuit starts.

Not applicable to Calder Hall.
5.1.3.4.2 External actions foreseen to prevent fuel degradation.

Not applicable to Calder Hall.
5.1.4 Measures which can be envisaged to increase robustness of the plant in case of loss of ultimate heat sink

No further measures are considered worthwhile as loss of the ultimate heat sink is not considered to be credible.

5.2 Spent fuel storage pools

Where relevant, equivalent information is provided for the spent fuel storage pools as explained in chapter 5.1 for nuclear power reactors.

There are no spent fuel storage pools at Calder Hall.
6 Severe Accident Management

As part of the Sellafield site, Calder Hall is covered by the Sellafield site emergency arrangements.  Initially, local support is provided by the adjacent Fuel Handling Plant which operates on a 24 hour basis, 7 days per week, with further additional support from the site-wide emergency teams and arrangements as required.

6.1 Organisation and arrangements of the licensee to manage accidents

Chapter 6.1 should cover organization and management measures for all type of accidents, starting from design basis accidents where the plant can be brought to safe shutdown without any significant nuclear fuel damage and up to severe accidents involving core meltdown or damage of the spent nuclear fuel in the storage pool.

6.1.1 Organisation of the licensee to manage the accident

6.1.1.1 Staffing and management in normal operation

In line with agreed standards and to procedures agreed with all relevant authorities, various shift personnel are trained to carry out duties in the Sellafield Site Emergency Control Centre (SECC).
Occupied buildings have a trained Building Controller present to manage the building in an emergency situation.

6.1.1.2 Plans for strengthening the site organisation for accident management

In addition to the arrangements set out in section 6.1.1.1, each of the key posts in the Site Emergency Control Centre and Strategic Management Centre are manned by nominated day staff who are available throughout the 24 hour period according to a duty roster and who will be called in by pager.  

6.1.1.3 Measures taken to ensure optimum intervention personnel

All emergency response roles are clearly defined within the Emergency Handbook and are only allocated to appropriately trained personnel.  Regular training exercises are undertaken and have observers who provide feedback to the team on collective and individual performance.

The Site Emergency Control Centres and Strategic Management Centres are checked regularly to ensure that they are in a state of readiness. 

6.1.1.4 Use of off site technical support for accident management

The Sellafield Emergency Arrangements do not rely upon off site technical support. However, if required, such advice would be sought from appropriate sources, such as other UK nuclear operators.
6.1.1.5 Procedure, Training and Exercises

The purpose of the Sellafield Emergency Arrangements Emergency Plan and Handbook is to describe the emergency arrangements at Sellafield in accordance with the site licence, statutory and mandatory requirements.  The document comprises two parts:

The Sellafield Emergency Plan comprises the ONR approved emergency plan for the Sellafield site. It describes the general response arrangements and Site Emergency Management Organisation.

The Sellafield Emergency Handbook comprises the detailed instructions for all personnel within the Site Emergency Management Organisation.  

The following emergency exercises are carried out annually:

· 2x Level 1 radiological exercises (ONR demonstration exercises)

· 1x Security exercise (ONR demonstration exercise)

· 1x Chemotoxic exercise (Environment Agency observed)

· 1-2x Roll Call and Communications exercises (full site exercises, not regulator observed)
· 8x Training exercises (minimum)
· Each plant carries out a programme of exercises per annum

On a 3 yearly basis:

· 1x Level 2 exercise to demonstrate the Sellafield Off Site Emergency Plan

· 1x Radiation Safety exercise to demonstrate the Transport Emergency Plan

The site has a range of procedures to deal with such eventualities as severe weather and loss of services.

6.1.2 Possibility to use existing equipment

6.1.2.1 Provisions to use mobile devises (availability of such devices, time to bring them on site and put them in operation)

The Sellafield site has Contingency Equipment on several trailers.  The site as a whole has considerable resources and outline arrangements are in place to make use of such equipments as necessary.

6.1.2.2 Provision for the management of supplies (fuel for diesel generators, water etc)

The site has arrangements (Safety and Site Shift Manager Guidance notes) in place to manage such supplies.

6.1.2.3 Management of radioactive releases, provision to limit them

In the event of a radiological release, various systems would give an initial indication of the scale of the incident.  This would then be supplemented by the deployment of additional equipment monitoring the local environment to allow a more detailed assessment of the incident.  Information gathered will be used by the emergency response team in the Site Emergency Control Centre to decide on the appropriate measures to be taken to limit the impact on the workforce and local population.

6.1.2.4 Communication and Information Systems (internal and external)

In the event of an accident or natural disaster, there is a need to be able to promulgate an alert and to pass information across, into and out of the site.  The site uses a number of systems in order to achieve this.

Site Warning Sirens are situated at a variety of locations on the Sellafield site.  They must be sounded when a Sellafield Emergency has been declared, and may be sounded upon declaration of Site Incident status, with the intention to warn both the workforce and the general public off-site to take shelter.  
Other diverse communication systems are also used.
6.1.3 Evaluation of factors that may impinge accident management and respective contingencies

6.1.3.1 Extensive destruction of infrastructure or flooding around the installation that hinders access to the site

The site is close to the A595, which affords access from the north and the south. 

The site will have sufficient manning to cope with the initial impact of any emergency with a normal shift roster.  The Safety and Site Shift Manager is trained to assume full emergency control while waiting for relief by the duty Site Emergency Controller.  

6.1.3.2 Loss of Communications facilities\systems

The company has a robust communications system featuring diversity and redundancy.  

6.1.3.3 Impairment of Work Performance due to high local dose rates, radioactive contamination and destruction of some facilities on site

Health Physics monitoring provides information on the local dose rates allowing response teams to ensure their doses are minimised. Electronic Personal Dosimeters are used to monitor doses and enforce dose limits.

For teams with the appropriate personal and respiratory protective equipment and undressing/ decontamination processes in place, radioactive contamination will not prevent appropriate remedial work being undertaken.

In the event of a REPPIR (The Radiation (Emergency Preparedness and Public Information) Regulations 2001) radiation emergency, intervention personnel can be authorised to accrue doses of up to 100 mSv for plant operations and 500 mSv for life saving activity. 

Under conditions of high local dose rates, radioactive contamination and destruction of some facilities, the company would be relying on the on-site Command and Control structures to manage the event making an accurate assessment of the situation and best use of available resource.  

6.1.3.4 Impact on the accessibility and habitability of the main and secondary control rooms, measures to be taken to avoid or manage this situation  

The site has a primary, secondary and tertiary Site Emergency Control Centre\Strategic Management Centre together with multiple Incident Control Centres.

6.1.3.5 Impact on the different premises used by the crisis teams or for which access would be necessary for management of the accident

The site has a primary, secondary and tertiary Site Emergency Control Centre\Strategic Management Centre together with multiple Incident Control Centres.

6.1.3.6 Feasibility and effectiveness of accident management measures under the conditions of external hazards (earthquakes, floods)

The accident management measures are intended to be flexible.  Identified personnel have high levels of authority to utilise any resources available.

6.1.3.7 Unavailability of power supply

The site has an emergency plan to deal with such an eventuality, which details how plants are brought back on line using the sites emergency generating capacity.  Ensuring nuclear safety would be the guiding principle in such a situation.  

6.1.3.8 Potential failure of instrumentation

Instruments are capable of being powered by small diesel generators. In addition, mobile/portable instruments could be placed downwind to ensure environmental monitoring capability is maintained.

6.1.3.9 Potential effects from the other neighbouring installations at site.

The tactical management of the site as a whole lies with the Site Emergency Control Centre.  The S&SSM and duty Site Emergency controller have delegated authority from the head of site to take any action necessary to deal with an incident.  Arrangements are in place for sheltering, mustering, roll call and evacuation.

6.1.4 Measures which can be envisaged to enhance accident management capabilities

No such measures have been identified at present. However, a review process is being undertaken as a result of the Fukushima event to examine the site’s resilience and the output from that process will be used to inform consideration of potential future improvements.
6.1.5 Maintaining the containment integrity after occurrence of significant fuel damage (up to core meltdown) in the reactor core

Not applicable to Calder Hall because of the low decay heat load.
6.1.6 Elimination of fuel damage / meltdown in high pressure

6.1.6.1 Design provisions

Not applicable to Calder Hall because of the low decay heat load and dry air environment.
6.1.6.2 Operational provisions

Not applicable to Calder Hall because of the low decay heat load and dry air environment.
6.1.7 Management of hydrogen risks inside the containment

6.1.7.1 Design provisions, including consideration of adequacy in view of hydrogen production rate and amount 

Not applicable to the Calder Hall reactors because the fuel is at near ambient temperatures in a dry air environment.  There is therefore no credible mechanism for rapid production of hydrogen.
6.1.7.2 Operational provisions

Not applicable to the Calder Hall reactors because the fuel is at near ambient temperatures in a dry air environment.  There is therefore no credible mechanism for rapid production of hydrogen.
6.1.8 Prevention of overpressure of the containment

6.1.8.1 Design provisions, including means to restrict radioactive releases if prevention of overpressure requires steam / gas relief from containment 

The only credible source of pressure is a malfunction of the dry air plant.  The reactor pressure vessel is protected by several means.
6.1.8.2 Operational and organisational provisions 

Dry air usage and reactor pressure are regularly monitored.  Safety relief valves and dry air plant protection systems are subject to regular maintenance and testing.
6.1.9 Prevention of re-criticality 

6.1.9.1 Design provisions

The reactors are now permanently shut down with a significant safety margin by the permanent presence of the control rods within the core.  There is no credible mechanism for the significant change to core geometry that would be required to cause re-criticality.
6.1.9.2 Operational provisions

Normal methods of removing control rods from the core have been removed.  Plant Operating Rules forbid removal of control rods without special authorisation.
6.1.10 Prevention of base-mat melt through

6.1.10.1 Potential design arrangements for retention of the corium in the pressure vessel

Not applicable to Calder Hall because of the low decay heat load.
6.1.10.2 Potential arrangements to cool the corium inside the containment after reactor pressure vessel rupture

Not applicable to Calder Hall because of the low decay heat load.
6.1.10.3 Cliff edge effects related to time delay between reactor shutdown and core meltdown

Not applicable to Calder Hall because of the low decay heat load.
6.1.11 Need for and supply of electrical AC and DC power and compressed air to equipment used for protecting containment integrity 

6.1.11.1 Design provisions

Not applicable to Calder Hall because of the low decay heat load and passive cooling.
6.1.11.2 Operational provisions

Not applicable to Calder Hall because of the low decay heat load and passive cooling.
6.1.12 Measuring and control instrumentation needed for protecting containment integrity

Not applicable to Calder Hall because of the low decay heat load and passive cooling.
6.1.13 Measures which can be envisaged to enhance capability to maintain containment integrity after occurrence of severe fuel damage

Not applicable to Calder Hall because of the low decay heat load and passive cooling.
6.2 Accident management measures to restrict the radioactive releases

6.2.1 Radioactive releases after loss of containment integrity 

6.2.1.1 Design provisions

A reactor containment structure was not part of the Calder Hall design.  The principal barriers to fission product release are the fuel element cladding and the reactor pressure circuit.  Low decay heat loads mean that overheating fuel is no longer a threat to either of these barriers.

6.2.1.2 Operational provisions

Operating Rules ensure that reactors are operated in a safe manner.

The maintenance schedule ensures that the reactors and support equipment is well maintained.

The safety case and modification processes ensure that the design and operation are carefully considered.

An emergency scheme exists to provide a prompt and appropriate response to any emergency.

6.2.2 Accident management after uncovering of the top of fuel in the fuel pool

This section is not relevant to the Calder Hall site as there are no fuel ponds on the Calder Hall site.

6.2.2.1 Hydrogen management

Not applicable (see 6.2.2 above)

6.2.2.2 Providing adequate shielding against radiation

Not applicable (see 6.2.2 above)

6.2.2.3 Restricting releases after severe damage of spent fuel in the fuel storage pools

Not applicable (see 6.2.2 above)

6.2.2.4 Instrumentation needed to monitor the spent fuel state and to manage the accident

Not applicable (see 6.2.2 above)

6.2.2.5 Availability and habitability of the control room

Not applicable (see 6.2.2 above)

6.2.3 Measures which can be envisaged to enhance capability to restrict radioactive releases

In the event of failure of the pressure circuit, dry air feed would be stopped, and attempts made to seal any breach.  No new measures can be identified, other than prompt completion of defuelling.
7 Summary
This report gives the outcome of a “stress test” or targeted reassessment of the safety margins for Calder Hall site in the light of events that occurred at Fukushima.  It follows the specification prepared by ENSREG.

Calder Hall site comprises 4 Magnox, gas cooled, graphite moderated, natural uranium reactors that have been closed down and rendered passively safe since shutdown was completed in 2003.  Defuelling operations have recently commenced and are currently expected to complete in 2016. 
There are no spent fuel storage ponds at Calder Hall.

The reactors are now passively cooled, and are effectively almost independent of external services.  They are therefore resilient to the effects of severe earthquake or severe flooding or a combination of the two in the short and medium term.

No worthwhile improvements to seismic or flood protection at Calder Hall can be identified, other than to ensure that defuelling is completed promptly.

Because of the very low hazard presented by Calder Hall in its present condition, there is very little requirement for, or provision of, dedicated emergency support facilities on the Calder Hall site.  However, as part of the wider Sellafield site, Calder Hall has access to the extensive facilities and support provided by the Sellafield site emergency arrangements should it be deemed necessary.  Calder Hall will benefit from any site-wide enhancements to infrastructure or emergency preparedness that may result from the wider programme of work to assess resilience at Sellafield in the light of the events at Fukushima.
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