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Abstract. In Belgium, the research center SCK•CEN is planning to build a lead alloy-cooled fast reactor as 

part of an ADS facility. And whilst the Belgian Regulator - FANC, has experience with the licensing and control 

of PWRs, it had no experience with such an innovative reactor. For this reason, a prelicensing project was 

launched. The scope, the methodology and the goal of this prelicensing project is presented from the point of 

view of the regulator. 
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1. Introduction 

The Belgian research centre SCK●CEN is designing a prototypical fast reactor cooled by 

lead-bismuth eutectic that can be operated both in critical and subcritical mode [1]. It is the 

aim to build this research reactor, called MYRRHA, on the SCK●CEN site in Mol, Belgium. 

To actually operate it, an operating license should thus be obtained from the competent 

Belgian nuclear safety authority FANC (the Federal Agency for Nuclear Control). MYRRHA 

is however an innovative reactor system for which little to no experience exists at the Belgian 

regulator. To increase the confidence in the project, a prelicensing project was launched that 

is compatible with the Belgian Licensing approach and which reduces the licensing risk for 

the operator whilst prioritizing preoccupations of the regulator early in the design phase.  

 

FIG.1. The MYRRHA reactor system. Left: The MYRRHA reactor building, showing the below-ground 

construction of the reactor vessel and the proton beam-line. Right: The MYRRHA reactor vessel with 

its internals.[2] 
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2. The Belgian Licensing Approach 

To operate a nuclear facility, a license is required from the competent Belgian nuclear safety 

authority [3]: the Federal Agency for Nuclear Control. Although there is a graded-approach 

for the licensing of nuclear facilities in Belgium, there is no explicit differentiation between 

reactors, research reactors and other “large” nuclear facilities as FIG.2. demonstrates 

schematically. 

2.1. Class I Nuclear Facilities 

To operate a nuclear research reactor such as MYRRHA, independently of the reactor power, 

a FANC license is required for a so-called class I nuclear facility.  

In short, a class I nuclear facility employs more than half of the critical mass or stores large 

inventories of radioactive materials. Although generic requirements apply to these class I 

nuclear facilities such as e.g. a health physics department, emergency planning, an integrated 

management system, ageing management, fire protection, periodic safety revisions, 

decommissioning…, there are only specific requirements for nuclear power reactors [4].  

 

FIG.2. The simplified graded approach in the categorization of nuclear facilities in Belgium. The class 

I facilities employ more than half of the critical mass or store large quantities of nuclear materials. 

The Class II facilities are e.g. high voltage particle accelerators for food irradiation. The low dose 

Class II facilities are e.g. encapsulated sources for brachia therapy or weld controls. As a last 

category, there are the Class III installations using X-rays of low voltage, whilst class IV use very low 

quantities of radioactive matter. 
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2.2. The Licensing procedure for Class I facilities 

Before construction, a license file has to be submitted to FANC. Additional to the 

administrative formalities, a preliminary safety assessment report (PSAR) has to be submitted 

[5]. This PSAR is analysed by Bel V, the Belgian Technical Support Organization, to get a 

position on the feasibility of the project. The conclusions of this analysis is subjected to the 

Scientific Council for Ionizing Radiation of FANC. The latter is a council of independent 

experts with experience in matters of technology and safety of different reactor designs, 

material science, radiochemistry, radioprotection, … The licensing procedure can only 

continue if the Scientific Council has given positive advice. 

After the positive advice on the feasibility, the public consultation starts together with the 

more detailed analysis leading to the so-called final safety assessment report (FSAR). At the 

end of this phase the license conditions are formulated by the Scientific Council. With these 

license conditions, the facility can be constructed. However, before the facility can be put in 

operation, a final license has to be granted by the Belgian King. This is done once all 

commissioning test have been performed and full compliance with the license conditions has 

been verified.  

2.3. The Belgian Experience 

Although Class I facilities aren’t numerous in Belgium, see FIG.3, and have already been 

licensed quite some time ago, important modifications to a Class I facility also have to be 

licensed by FANC before being implemented. Thus the previously described licensing 

procedure has been used several times since entering into application in 2001. Notable 

important modifications are: 

 The Steam Generator Replacement and Power Uprates at the power reactors. 

 The Reactor Vessel Head Replacement at the power reactors Doel 4 and Tihange 3 

 The modifications to SCK●CEN’s VENUS facility in the frame of the Guinevere 

project. 

These were complex projects. Additionally, there are also smaller projects that only need 

verification by the Belgian TSO Bel V. Nonetheless, it is clear that the knowledge and the 

experience of the regulator are more tailored to the existing nuclear facilities and less adapted 

to innovative fast reactor designs such as MYRRHA. 

3. The Prelicensing Framework for MYRRHA 

3.1. Introduction 

In the context of the licensing process, it is primordial for the safety authority to have a good 

understanding of the reactor design and its safety concept. Due to the lack of specific 

requirements for nuclear installations, it is equally important that the expectations of the 

safety authority are incorporated in the design at an early phase. The classical licensing 

process isn’t suited for these needs.  

Furthermore, there is a need to create a specific and independent knowledge base both at 

FANC and its TSO Bel V in order to assess the safety of the design and its operation. The 

assessment of the information can also lead to an evolution of the existing regulations if 

necessary. 
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FIG.3. The Belgian Class I facilities and their distribution over the Belgian territory. In total there are 

two nuclear power plants, the Tihange site with 3 reactors, the Doel site with 4 reactors. In Mol on the 

site of the SCK●CEN there are 4 research reactors with one in decommissioning. There are two 

Waste treatment plants in the region of Mol-Dessel and a Radio-isotope production facility in Fleurus. 

3.2. The Safety Concerns 

Given that the MYRRHA reactor will be able to function in both critical and subcritical mode, 

the safety approach should be able to cover both scenarios e.g. reliable subcriticality 

monitoring, whilst guaranteeing precise and reliable reactivity control in critical mode. 

Furthermore, the use of lead-bismuth eutectic as a coolant and spallation medium, leads to a 

significant production of Polonium 210 and of spallation products in the primary circuit. 

Some of these products have a high radiotoxicity and thus add to the maximum source term 

for accidents. The source term of radiotoxic products in the primary coolant can potentially be 

liberated during transients which don’t directly result in core damage. 

The use of an opaque heat transfer medium with special technological requirements, such as 

precise conditioning to limit corrosion, adds to the previous concerns of the safety authority in 

light of the more stringent safety requirements expected following the Fukushima accident.  

3.3. Prelicensing Procedure 

To address these concerns, the regulator should be involved early in the design process. For 

this purpose, the prelicensing tool has been introduced. This process allows for early 

interaction with the future operator to converge to a final design concept that meets all 

expectations of the safety authorities.  
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The process is initiated by the future operator, who transfers the information of the design. 

From this information, the analysis is started. The results of the analysis of the safety 

authority will determine the approach of the safety authority during the prelicensing phase. At 

the end of the process, the safety authority gives a statement on the possible licensability of 

the project whilst also issuing a list of issues that still have to be resolved. This final 

conclusion is submitted to the Scientific Council for information. 

The prelicensing process isn’t yet part of the legal framework nor does it replace the licensing 

process in any way. The final conclusion from the safety authority within the context of the 

prelicensing is not binding and aims to identify any issues for the licensing process.  

4. Feedback from the Prelicensing Approach for MYRRHA 

4.1. The Approach 

After the initial analysis of the MYRRHA initiative following the request for a prelicensing, a 

strategic note specific for MYRRHA has been drafted by the safety authority. This note 

describes the minimal national and international regulatory requirements that the safety 

authority imposes on the reactor design. It also describes the basic safety philosophy that has 

to be applied for the design. These international requirements are primarily based on IAEA 

guidelines and safety standards. The strategic note also contains additional expectations by 

the safety authority e.g. by setting safety objectives that are more stringent than the regulatory 

limits. In the case of MYRRHA the safety and reliability goals for Generation IV systems are 

a reference [6]. 

Compliance with these requirements and expectations has to be documented in the Design 

Options and Provisions File [7]. The structure for this file has been reported to the SCK●CEN 

in the form of a specific guidance. The file has been divided in different deliverables, i.e. 

volumes. The more important volumes are: 

 The description of the methodology and approaches to nuclear safety to reach the 

aforementioned requirements. 

 The preliminary results in comparison to the safety requirements when applying the 

defined methodology  

To guide the designer, FANC has drafter several guidances on the acceptable radiological risk 

for the safety demonstration and the external hazard methodologies [8]. 

In addition to the Design Options and Provisions File, all parties also agreed on specific focus 

points. The safety authority then drafted focus point files that describe the safety issues and 

the different points of consideration that have to be considered in the deliverables supporting 

the focus point. Independent experts review and assess these deliverables and their 

conclusions will be included in the final conclusion of the safety authority in the context of 

the prelicensing. 

It has to be clarified that these focus points are possible safety issues. The SCK●CEN has to 

demonstrate that sufficient knowledge is available and sufficient design measures have been 

taken that the issue has been solved. In general a safety issue becomes a focus point if: 

a) It is either new, or understanding of it is not mature enough 

b) It is specific to the MYRRHA facility 

c) It has an impact on the facility’s safety 

With this information in mind, the following focus points have been identified: 
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External Hazards: Due to the high density of the coolant and possible sloshing effects, 

together with passive design options, the safety authority has 

identified seismic resistance as a possible safety issue. The facility is 

additionally built below ground level (as seen in FIG. 1), as such the 

effects of ground water ingress should also be studied. 

Liquid State: The lead-bismuth coolant isn’t solid at room temperature and known 

for its corrosive properties. As such it has to be shown that there is 

no solidification problem. It also has to be shown that the coolant can 

be conditioned with a small concentration of oxygen to control the 

corrosion rate. Hence both the knowledge of the chemistry inside the 

liquid metal and the behaviour of corrosion-erosion resistant 

materials should be well demonstrated.  

Criticality Control: Due to the subcritical operation of the reactor, a safe subcritical level 

should be defined. Furthermore, a reliable strategy should be 

proposed to monitor this subcritical level during all reactor 

operations (reload, burn-up compensation,…). Given that control 

rods will be used for reactivity control, the efficiency of these rods 

has to be demonstrated in the high buoyancy medium. 

Fuel: Although the fuel will be similar to typical SFR fuel with a similar 

type of fuel assembly, the fuel should be qualified for use in lead-

bismuth. The fuel behaviour under accidental conditions should also 

be understood. 

Decay Heat 

Removal: 

After shutdown, the fuel typically continues to generate a large 

fraction of the nominal power. But next to that, there is also the 

Polonium-decay from coolant activation that represents an additional 

heat source. Given that the lead-bismuth coolant is also used as a 

spallation neutron source in subcritical operation, spallation products 

also contribute to the heat source. As such it is important to have a 

good characterisation of the heat source after shutdown. Furthermore, 

spent fuel assemblies are stored inside the vessel for further cooling. 

It should thus be demonstrated that the decay heat removal system 

can evacuate the aforementioned power reliably. 

Confinement The radioactive products produced during the operation of the reactor 

are confined by means of the reactor vessel (with the in-vessel 

equipment) and the containment building. The efficiency of this 

confinement does of course depend on the ventilation system and the 

building’s penetrations. It has to be shown that the entire 

confinement concept is compatible with the radioactive source term 

and its physical form. Furthermore, the retention on filters and 

structures must be quantified. 

Instrumentation & 

Control 

The reactor and the in-vessel fuel storage have to be reliably 

monitored during normal operation and accidents. To do so, the 

important safety variables should be defined together with the 

measuring positions and range as a function of the accidents 

considered in the safety demonstration.  
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Cover Gas System As common with liquid metal-cooled reactors, a cover gas will be 

present. Given that the coolant will contain volatile radiotoxic 

products such as Polonium and spallation products, a gas 

conditioning system will be present for cover gas control and 

purification. It has to be shown that the leakage from this system is 

within acceptable limits and that the system can also be used to 

detect fuel failure and a possible water ingress from the heat 

exchanger. 

In-Vessel Fuel 

Storage 

Spent and fresh fuel will be temporarily stored in an in-vessel fuel 

storage facility. This in-vessel facility should however be designed as 

such that there is a neutronic decoupling with the core whilst 

guaranteeing subcriticality inside the fuel storage during all 

operational states (refuelling, normal power, accidental conditions, 

…). 

Fuel Manipulation 

System 

A fuel handling machine is necessary to manipulate the fuel. Given 

that the reactor vessel can’t be opened and that the coolant is opaque 

in nature, this has to be done with robots using ultrasonic 

visualisation system. It has to be proven that these systems are 

reliable, corrosion resistant and don’t lead to fuel damage during 

manipulations. Furthermore, in the case of lost items, it has to be 

shown that these systems are capable to safely find and recover the 

item. 

Radiological Safety To know the radiological risk, the most radiotoxic nuclides have to 

be identified together with their production paths and production 

rate. Their physical form is also necessary to assess the dispersion 

risk. However management strategies should also be ready to 

manage them properly.  

Code and 

Methodology 

The simulation codes used and the methodologies applied for the 

safety analysis have to be verified and validated as much as possible 

in the prelicensing phase. To do so, a clear presentation should be 

given about the important phenomena in reference to experiments 

together with code uncertainties and possible bias.   

Accident Analysis A major part of the accident analysis methodology together with a 

list of initiating events is part of the Design Option and Provisions 

File. Some more detail should be provided in the focus point. 

However, it should also be demonstrated that accidents typical for an 

accelerator are taken sufficiently into account.   

Experimental 

Devices 

MYRRHA is a research reactor, as such experimental devices will be 

loaded. It should thus be demonstrated that irradiation devices and 

experimental rigs can be installed, operated and removed without 

compromising the safety of the research reactor. 
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Accelerator In subcritical mode, the vacuum of the proton beam tube is separated 

from the coolant by means of a beam window. Given that the beam 

window has an important confinement function, the lifetime and 

replacement strategy should be presented. The accelerator design 

measures and monitoring tools to reduce mechanical loading of the 

window, or to detect small cracks in the window, should also be 

presented. 

Vessel Design For the construction of the reactor vessel, crossing welds cannot be 

avoided. Such welds aren’t the most advantageous, but they can be 

accepted if it can be technically justified. This technical justification 

should be given. It should also be proven that the construction 

strategy for these welds is acceptable. 

4.2. Feedback from the approach for MYRRHA 

Although the prelicensing phase only started in February 2011, some important feedback can 

already be deduced. The prelicensing approach between the SCK●CEN, FANC and Bel V, 

have led to several safety improvements to the design. Safety provisions have been more 

diversified whilst increasing redundancy to protect against external hazards.  

Since most experts working at the safety authority have a background in light water reactor 

technology, the issues raised for the focus points during the analysis of the deliverables are 

not always pertinent. For innovative systems, there must thus also be a good project 

coordination at the safety authority. 

5. Feedback for other Class I facilities 

The feedback for the MYRRHA project has been satisfying, even though the project is still 

ongoing. The process has thus been and is being applied to several other initiatives involving 

new Class I nuclear facilities in Belgium. Although sometimes sceptical at first, the 

(potential) licensees have recognised the benefits from an early opinion of the safety authority 

and its expectation regarding a license application.  

In those cases, the approach remains the same. A strategic note is written with the 

expectations for the project, after which a Design Options and Provisions File has to be 

delivered together with analysis to agreed-upon focus points. 

6. Conclusion 

The prelicensing process has started with a design originating from a research centre, the 

SCK●CEN. With the design efforts of the SCK●CEN and with some guidance in the 

prelicensing process, the MYRRHA design is evolving to comply with the applicable 

regulations and industrial standards. At the end of the process, the MYRRHA design will get 

a licensability conclusion. This will serve as the basis to further improve the concept so that it 

can eventually be licensed.  
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