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Abstract  

 

Following the events at Fukushima, the Institute for Radiological Protection and Nuclear Safety 

(IRSN) has been strongly involved in a series of reviews related to the robustness of French nuclear power 

plants in case of “rare and severe” external hazards. These reviews included in particular the “stress tests” 

performed in 2011 as required by the European Commission.  

Those reviews, and the proposal made by EDF to reinforce NPPs robustness in such situation, led to 

the introduction of the concept of a hardened safety core (HSC) to avoid massive releases and prolonged 

effects in the environment in case of rare and severe natural hazards. This concept will be explained in the 

paper and the new specific electrical equipment as well as the interfaces with the existing electrical 

distribution required to implement this HSC will be explained. 

As the detailed design, manufacturing and installation of the HSC in all NPP sites will take several 

years, temporary measures have been adopted. This paper will also present the electrical sources and the 

distribution related to those temporary measures. 

The specific situation of the new built EPR reactor in Flamanville is also addressed. 

Lastly, in complement to the above on-site design provisions, a Nuclear Rapid Response Force has 

been set up by EDF to bring off-site support to French NPPs in case of emergency. The paper will describe 

the type of electrical equipment to be delivered and the principle for distributing the electrical power to the 

required loads. 
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1. Provisions to cope with a loss of electrical supplies at French nuclear power plants and new issues 

raised by the Fukushima accident 

 

Provisions were defined from the design stage of existing French Nuclear Power Plants (NPPs) to 

cope with a Loss Of Off-site Power (LOOP). They mainly consist of two emergency diesel generators 

(EDGs) per reactor, each being able to back-up one of the two redundant electrical trains in order to power 

supply the safety systems and thus ensure the safety functions. In case of a multiple failure situation 

corresponding to a total loss of all external and internal electrical sources (diesels unavailable), the steam 

generators can be fed by the turbine-driven pump of the auxiliary feed water system. Additional electrical 

diversified features have been implemented since the design stage to cope with such a situation: a turbine 

generator “LLS” supplying an electrical pump able to inject water to the seals of the coolant system pumps 

and supplying part of I&C and lighting in the rooms. Additional means were also settled to allow the 

recovery of electrical power sources in a short time (on-site gas turbine or diesel generator). 

 

Other types of improvements have been defined on the occasion of periodic safety reassessments of 

French NPPs or in order to take into account the lessons learned from operating experience. Discussions 

since 2009 between the French NPPs’ operator (EDF), the Institute for Radiological Protection and 

Nuclear Safety (IRSN) and the French Nuclear Safety Authority (ASN) on the program for new 

improvements in the frame of a long term operation of French NPPs have pointed out the need to reinforce 

the provisions to cope with situations of total loss of all external and internal electrical sources (station 

black-out) or total Loss of the Ultimate Heat Sink (LUHS). The interest of these improvements initiated 

before 2011 has been reinforced by the Fukushima accident. 

 

Regarding the robustness against natural hazards, safety equipment needed for design basis accidents 

are generally protected against design basis hazards, which is in particular the case for safety equipment 

required in case of a LOOP (e.g. diesel generators). Simultaneous occurrence of an external hazard with a 

multiple failures situation, such as the total loss of all electrical sources, was not systematically postulated. 

However, according to “defence-in-depth” and recognizing that both LOOP and LUHS of long duration 

are likely to be induced by some natural hazards, some equipment used to manage these situations are 

protected against some hazards. Equipment required in severe accidents are generally not designed to resist 

to natural hazards as it is considered that such hazards could not lead to core damage. 

 

The Fukushima accident raised questions about the following issues for which further improvements 

were considered as necessary:  

-Management of prolonged LOOP, LUHS or severe accident that may be induced by a natural hazard and 

affect all the site units (reactors and fuel pools), 

-Behavior of a NPP in case of “beyond design” hazards or combinations of hazards not considered at the 

design stage or during periodic reviews, 

-Emergency response for beyond design hazards affecting several units at a same site. 
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2. The French “Hardened Safety Core” concept 

 

 “Hardened Safety Core” objectives and principles 

Following the “robustness analyses” (stress tests) performed by EDF for the French NPPs after the 

Fukushima accident and their reviews performed by IRSN, it was decided to increase the protection of 

these NPPs against extreme natural hazards by reinforcing some parts of the installations and 

implementing complementary equipment in order to limit the releases in case of beyond design hazards 

(earthquake, external flooding and natural hazards that may be combined with the previous) and in 

particular in case of a station blackout or a loss of the ultimate heat sink or a severe accident induced by 

these extreme hazards. This set of equipment is called the post-Fukushima “Hardened Safety Core” (HSC). 

The preliminary proposals of the operator about the main objectives and principles were reviewed by 

IRSN in 2012. IRSN considered the following principles as satisfactory: 

-HSC consisting of fixed Systems Structures and Components (SSCs) on each plant, with a sufficient 

autonomy to maintain the safety functions at least until off-site provisions are set in place, i.e. during 72 

hours. Off-site resources will then be deployed to back up on-site equipment and to manage accidental 

situations in the long-term (e.g. human resources, mobile electrical supplies, pumps, fuel oil…). EDF is 

setting up a Nuclear Rapid Response Force (FARN) in this objective; 

-HSC consisting of a limited number of SSCs resistant against the postulated extreme hazards and covering 

all reactor states. Discussions are still on-going in France to define the “beyond design basis hazards”, 

including associated characteristics, and the methodologies to design or verify HSC provisions. 

 

The IRSN and ASN considered that efforts should be made by EDF in order to ensure that the HSC: 

-prevents core melt in the postulated situations and allow cooling by the secondary circuit (when the 

primary circuit is pressurized). This objective has led EDF to modify the operating strategy and the safety 

functions initially defined for the HSC (namely, feed and bleed strategy, combined with the venting and 

filtration of the containment). Detailed definition of the HSC strategy and SSCs is in progress; 

-is protected against the induced effects of the extreme external hazards (for example loads drops, internal 

fires or flooding, bursts), which is a rather difficult but important issue to be addressed. 

 

Requirements for the “Hardened Safety Core” 

On the operating NPPs, the HSC will include new provisions such as for example (please note that 

these are currently being defined): an ultimate diesel generator, ultimate means to fill the steam generators 

(feed water pump and tank), an ultimate make-up system to refill the ultimate feed water tank, the re-

flooding water storage tank and the spent fuel pool, an additional pump to inject water into the primary 

circuit, dedicated ultimate I&C. 

Even if it consists of new robust SSCs, the HSC will necessarily stand in interface with some existing 

SSCs (e.g. reactor coolant system and connected systems up to the first isolation components, steam 

generators, isolation devices of the containment…). 

When assessing the preliminary principles applied to the HSC by EDF, IRSN insisted on the 

following key requirements to be considered: 
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-The existing SSCs in interface with the HSC should meet strong requirements in terms of resistance to 

extreme hazards (earthquake, flooding and all phenomena that can be linked to flooding, such as lightning, 

extreme winds, tornadoes) and their induced effects. IRSN also pointed out the interest for the HSC to 

withstand some other extreme hazards (air temperatures); 

-Main SSCs of the HSC and their support (such as electrical distribution and switchgears for example) 

should be as far as possible: 

- independent from the existing SSCs, to ensure that the HSC constitutes the expected ultimate line 

of defense and isn’t affected by the potential failures that may occur on the other parts of the 

installation, 

- diversified from the existing SSCs to limit the risks of common cause failures, notwithstanding 

the objective of sufficient reliability of new equipment; 

-In addition, the implementation of the HSC functions should require limited local actions by the staff.  

 

It has to be noticed that on the existing plants, implementation of significant design improvements 

such as HSC modifications should take into account some constraints such as the difficulties pointed out 

by the operator to set up additional equipment in some buildings or site areas (for example in the electrical 

rooms). Therefore, even if the definition of HSC results from generic analyses for all existing plants, its 

detailed definition and implementation may be adapted from one site to another.  

 

One major point is to provide the SSCs of the HSC with a robust electrical supply, in any situation, 

especially in case of a station black-out induced by extreme natural hazards. This issue is presented in the 

next part. 

 

3. Main electrical improvements expected in the frame of the HSC 

On French NPPs, each reactor is dotted with two emergency diesel generators (EDG), designed to 

supply 6.6 kV switchboards with power. These boards, called “LHA” and “LHB”, are the electrical support 

of two redundant safety trains, namely A train and B train, as shown on Diagram 1.  

In the frame of the HSC, an ultimate backup diesel generator (called “UDG”) will be added on each 

operating plant to improve the mitigation of station black-out situations and to allow the mitigation of SBO 

induced by beyond design earthquake or external flooding. It must be noticed that given the timing of the 

industrial program of the HSC, a progressive deployment of this ultimate diesel generator and of the 

associated electrical distribution is scheduled.  

This part shortly presents the safety objectives, the design principles and main functional 

characteristics of this UDG and of the associated electrical distribution as currently presented by the 

operator EDF. It should be noted that the design options may evolve. Moreover, even if the main principles 

of the HSC and of its support electrical equipment were analysed by IRSN in 2011-2012, the detailed 

design assumptions have not been examined by IRSN neither approved by ASN yet. 
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Diagram 1. Current electrical architecture on French PWRs: off site and on site power supply. 

 

  

 

 

SSCs power supplied by the UDG: 

Some SSCs will be power supplied by the UDG through an additional 6.6 kV switchboard called 

“LHC”, dedicated to the UDG. 

In the short term, in order to enhance the mitigation of station black-out situations, some existing 

safety equipment will be power supplied by the UDG using the existing electrical distribution and an 

additional connection between an existing 6.6 kV switchboard and the new “LHC” switchboard. This will 

allow back-up power supply to some existing equipment necessary in a SBO situation such as the 

emergency feed water system, the minimum I&C, control room venting and lightening, some equipment 

necessary for the confinement function (containment isolation valves, annulus venting system, containment 

pressure measures...), provisions to refill the steam generators water tank, the re-flooding water storage 

tank and the spent fuel pool, a reactor make-up water pump, some measurements. 

In the final step, a dedicated electrical architecture associated with the UDG will constitute the 

electrical support function of the HSC. Therefore, this electrical network will be part of the HSC and will 

be subject to the same stringent requirements. Following a SBO accident, power supply towards the HSC 

will thus be performed by the UDG. Next, in order to enhance the robustness of the system in duration, 



NEA/CSNI/R(2015)4 

47 

 

external means brought by the Rapid Nuclear Response Force may be connected to the “LHC” 

switchboard. 

 

Operating the UDG in extreme conditions: 

A connection coming from normal or substitute power supply will provide in normal operating 

conditions the UDG auxiliaries (settled in the UDG building) with continuous power supply.  

In extreme situations, the UDG and the associated ultimate electrical distribution will be activated and 

the power supplies of the necessary equipment will be switched from the normal sources to the ultimate 

ones. 

It must be noted that in case of a SBO, the data requested to operate the damaged reactor unit are 

available by means of batteries. Therefore, these data will become no longer available in the control room 

after batteries depletion. In the aftermath of the Fukushima accident, IRSN and ASN requested that the 

autonomy of the batteries be enhanced. The operator asserted that the current safety-related batteries used 

in case of a SBO can generate autonomy higher than design autonomy of one hour which may enable 

automatic or manual switch to be carried out in order to restore power supply from UDG. 

The UDG fuel oil autonomy is about 72 hours at full load, additional supplies being provided by the 

Rapid Nuclear Response Force. 

 

Electrical architecture associated with the UDG: 

In the final stage, the electrical architecture associated with the UDG will be characterized by the 

integration of voltage transformation means, transportation network and low voltage sources, for instance 

to provide the ultimate I&C with power. It will also include electrical connections towards all the new 

components of the HSC as well as towards some existing equipment also included in the HSC. IRSN 

emphasized the importance to get a dedicated electrical distribution network to ensure independency and 

thus limit the potential risks of common cause failure. It raises difficulties when it comes to ensure the 

switching of power sources for existing equipment. New provisions are needed in order to supply the 

existing components that are part of the HSC with power and to switch between normal power supply 

sources and those of the UDG. Following the conclusions of IRSN analysis of the HSC principles, the 

operator will look for a technological diversification as far as 6.6 kV switchboards are concerned. 

 

Location of new electrical equipment: 

A new UDG building will be implemented and will include the base of the HSC electrical 

architecture, namely: 

-the ultimate diesel generator UDG, 

-the 6.6 kV switchboard "LHC", 

-380 V panel board feeding I&C of the UDG and the auxiliaries of UDG. 

On many units, the local difficulties to settle the UDG building potentially result in a remote location 

from the nuclear island. Therefore, an additional electrical building closer to the HSC components will 

house the low voltage electrical distribution of the new equipment and of the ultimate I&C of the HSC.   
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The following diagram shows the future implementation scheduled for the UDG in the current 

electrical network on French NPPs. 

 

Diagram 2. Future electrical architecture on French PWRs including Ultimate Diesel Generators. 

 

 

 

Temporary measures 

The future electrical network and ultimate diesel generator will be settled in several years’ time. In the 

meantime some temporary measures are implemented as additional provisions to deal with a loss of 

external and internal power supplies. 

In particular a small diesel generator (so called "Mini UDG") will enable to supply back-up power (by 

manual actuations) notably to the minimum I&C necessary in a SBO situation, the venting and the 

lightening in the control room and the annulus venting system (on 1300 and 1450 MWe reactor units). This 

diesel may also be rescued by the Rapid Nuclear Response Force by plugging a mobile device. 

This small diesel generator is settled in a container located near the electrical building.  

The Mini UDGs have already been installed on operating units (one per unit) and the dedicated 

electrical distributions will be finalized by 2016.  

IRSN assessed that this new equipment didn’t induce any loss of reliability for the unit.  
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4. The Nuclear Rapid Response Force: off-site support 

The on-site fixed provisions aimed at managing the short-term phase after an extreme accident will be 

backed up by off-site means to be brought on site by a specialized emergency team called the “Nuclear 

Rapid Response Force”. Indeed, right after the first analysis of the Fukushima event, EDF decided to 

reinforce its national crisis organization, in particular by implementing national means, able to quickly 

provide a nuclear plant facing extreme conditions with human and equipment support.  

The Nuclear Rapid Response Force will strengthen the overall national and local crisis and will be 

activated on the basis of an analysis of the situation. This team is expected to be operational within 

24 hours on a site facing an extreme accident. To define this team, the operator assumed that only one site 

(out of the 19 French NPPs) faces a severe accident, having caused major destruction of the infrastructures 

(including the access to the site), full or partial unavailability of local teams (current shift teams, on-call 

emergency staff). The team would be able to work in severe environment, facing radiological and/or 

chemical hazards.  

The Nuclear Rapid Response Force’s purpose will be to re-supply water, power and air, by means of 

mobile devices used within the first 24 hours or extra heavy equipment which could be brought afterwards 

(mobile emergency diesel generators, mobile motor-pump….). Thus, hook up points will be settled on 

existing plants to allow these operations.  

IRSN and ASN considered this ultimate Nuclear Rapid Response Force as a satisfactory 

organizational improvement in addition to the fixed features of the HSC. 

5. Future European Pressurized Reactor (EPR) 

IRSN safety assessment of the detailed design of EPR Flamanville safety systems is in progress. 

Anyhow, in comparison with the operating reactors, the design of the EPR differs in terms of prevention of 

situations involving total loss of power supply or heat sink. At this stage, its design notably includes four 

main emergency diesel generators and two ultimate diesel generators (called “SBO diesels”) that could 

power supply some key safety systems and that should be independent and diversified from the four main 

diesel generators. It also includes an alternative heat sink in addition to the main one. Moreover, provisions 

have been defined since the design stage of the EPR for the mitigation of severe accidents. Finally, it is 

also considered that EPR Flamanville is better protected against external hazards such as earthquake (there 

being a common basement for the whole nuclear island, for example) and flooding (the location of the 

platform taking into account changes of the sea level up to the year 2080). 

Nevertheless, some improvements of the design of this reactor are under analysis in order to limit the 

risk of beyond design hazards or situations. IRSN considered in particular that improvements should be 

studied by EDF in order to increase the autonomy of systems in case of prolonged loss of external power 

supply and all the diesel generators and/or total loss of heat sink due to extreme hazards affecting the 

whole Flamanville site (the EPR plant and the two PWR units in operation). 

Some potential improvements are under study, such as: 

- Provisions to increase the fuel oil autonomy of the SBO diesel generators (currently limited to 24 

hours) by means of an additional pump to transfer the fuel oil from the EDG fuel tanks to the SBO 

diesels tanks, 



NEA/CSNI/R(2015)4 

50 

 

- Provisions to increase the secondary water tanks autonomy by filling the tanks with the water 

reserve located on the top of the cliff, 

- Extension from 12 hours to 24 hours of the autonomy of the “severe accident batteries”, 

- Additional features to remove the heat from the containment in case of a prolonged loss of external 

power supply and all EDGs where the containment heat removal system is unavailable, and thus 

increase the available time for power recovery before containment damage, 

- Some reinforcements of the protection of particular equipment against extreme hazards. 

 

ASN requested the operator to provide, in the frame of the application for EPR Flamanville 

commissioning expected in the near future, justifications on the reliability of the electrical sources and 

distribution, and of the I&C in case of extreme situations. 

Moreover, the EPR plant would take benefit in case of an extreme accident of the development of the 

EDF “Nuclear Rapid Response Force”.  

- - - 
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