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The study phase of the future 

research reactor MYRRHA 

covers three major areas: R&D, 

licensing and engineering. In 

2013, substantial progress 

was made in the licensing and 

engineering processes: licensing 

is currently in the pre-licensing 

phase, while, for engineering, 

the FEED contract was signed 

for the construction of the 

non-nuclear parts of MYRRHA. 

Bernard Neerdael highlights the 

pre-licensing phase, while Paul 

Leysen discusses the FEED.

Interview with 
Bernard Neerdael, 
MYRRHA Management Team 
and Paul Leysen, head of 
Nuclear Systems Design

the pre-licensing 
phase and FEED

to
The road 

MYRRHA

Why did the regulatory authority institute a pre-licensing 
phase for a project such as MYRRHA?
Bernard Neerdael: What SCK•CEN has in mind with MYRRHA 

is to build and operate a complex nuclear installation that uses 

innovative technologies. The regulatory authority must give its 

approval for every stage. In order to make this process run 

more smoothly in the long run, the Federal Agency for Nuclear 

Control (FANC) suggested the pre-licensing phase. This allows 

FANC to communicate its expectations from an early stage and 

during the development of the project. The pre-licensing phase 

was originally scheduled to run until the end of 2014, but has 

now been extended to the beginning of 2016 in view of how 

the design has evolved. Although this means a slightly longer 

pre-licensing phase, the licensing phase itself will be shorter as 

a result.

Is it easy to make a list of all the aspects required for the 
licence?
Bernard Neerdael: Every nuclear installation needs a set of 

permits from the regulatory authority: safety, environment, 

security, and of course planning 

permission. There is a lot involved. You 

have to comply with specific regulations, 

while the entire process must meet 

regional, national and international 

standards. Preparing the main elements 

of the licensing procedure involves a 

fair amount of work. Furthermore, the 

evolution of the design necessitates an 

iterative approach to the whole work 

process.

How far does research go in the 
pre-licensing phase?
Bernard Neerdael: The purpose of the 

pre-licensing phase is to provide detailed 

safety analyses as part of a ‘Design 

Options & Provisions File’ (DOPF). It 

involves a preliminary safety assessment 

of the installation as a whole. The file 

must correspond exactly to a set design 

of the installation that has been shown 

to comply with the regulatory author-

ity’s safety and security requirements. 

Bernard Neerdael 
‘We want to formulate a clear answer to all the focus 
points identified by the regulator.’
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It should be noted, however, that the conclusions of the regulatory 

authority as to the licensing of the installation in this preliminary phase 

are not binding for the subsequent licensing phase.

What is the first step towards the development of the DOPF?
Bernard Neerdael: FANC has defined the structure and objectives of 

the DOPF. It shows the logical and necessary connections between the 

different structures, systems and components involved in the design 

and operation of an installation such as MYRRHA. The approach being 

followed is essentially based on the identification and assessment of a 

number of focus points which are either new to MYRRHA or have not 

been sufficiently developed yet, and which may have an impact on the 

safety of the installation. Bel V is also involved directly in this process 

providing technical support to FANC. The purpose is to ensure the 

three safety functions: reactivity control, guaranteed cooling, and 

enclosure of radioactive materials. 

You have to focus on all of those 
aspects in the process?
Bernard Neerdael: Yes, we are expected 

to formulate a satisfactory answer to 

those focus points by the end of the 

pre-licensing phase. We communicate 

intensively with the regulatory authorities, 

so that eventually we can demonstrate 

with the DOPF that we meet the safety 

and security requirements. In that way, 

we create a solid basis and sufficient 

trust to move on to the subsequent 

licensing phase.

There is also talk of an 
environmental impact report ...
Bernard Neerdael: Yes, that’s correct. 

Alongside the DOPF, an environmental 

impact report will analyse the expected 

human and environmental effects. This 

report will be assessed jointly by FANC 

and LNE (Environment, Nature, Energy). 

FANC is responsible at the federal level for 

assessing the radiological aspects, while 

LNE, a Flemish government department, 

will evaluate the non-radiological aspects. 

We have to draw up several preparatory documents. Some of 

those documents will form the basis for public inquiries, so that 

everyone can have a say. The entire life cycle of MYRRHA will 

be covered, as we will investigate the environmental impact of 

the construction, operation and decommissioning phases of the 

installation. The final environmental impact report must be ready 

by the start of the licensing phase so that the planning application 

can be submitted to the local and provincial authorities. We are 

also working on a provisional decommissioning plan, intended 

for the National Institute for Radioactive Waste and Enriched 

Fissile Materials (ONDRAF/NIRAS).

What licensing aspects has the MYRRHA team been 
working on last year?
Bernard Neerdael: The team has mainly been occupied 

discussing and communicating the factual files for the focus 

points, 37 in total, and submitting the first reports. At the end 

of 2012, we submitted a first iteration of Volume 1 of the DOPF. 

Volume 1 describes the system components of the installation 

as a whole and the way they work. In 2013, we delivered 

Volume 2 to FANC. This volume focuses primarily on the safety 

approach and its implementation in the design process. We 

held regular meetings with the scientific board of FANC about 

all these documents and reports. Recently, the project memo 

on environmental aspects was completed and submitted 

for evaluation as a first step in the process leading up to the 

environmental impact report. 

What is planned in 2014?
Bernard Neerdael: The remaining 

volumes of the DOPF: the choice and 

justification of design options and provi-

sions, the integrated quality assurance 

system, security aspects and the control 

of nuclear materials (safeguards). In the 

course of 2014 we will start with an 

update of the file based on the revised 

design of the installation, recent research 

results, and the new input from the 

FEED contractor (Front End Engineering  

Design). The launch of the FEED project 

in 2013 was a major boost for many 

documents we are handling. The DOPF 

will eventually contain the answers 

to all the focus points and will thus 

become in 2015 the reference document 

containing all the necessary information 

and evidence required by the regulatory 

authority for the pre-licensing.
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What are the objectives of FEED?
Paul Leysen: The consortium must work out the design project 

in such a way that we get an answer to three questions. One: 
what will the investment cost? The answer will be a budget 

estimate with a margin of around 25 percent. Two: can this 

innovative project be licensed from a nuclear point of view? 

FANC will have to answer that question. And three: how will the 

project continue? The answer to that question is a construction 

planning model in which the project is divided into twenty or so 

lots for detailed engineering and construction.

How will the appointed consortium tackle a large-scale 
project like FEED?
Paul Leysen: A phased approach will be used for FEED, with 

four ‘coloured’ phases. First we have the yellow phase, in which 

the primary nuclear process (reactor, cooling, essential buildings, 

enclosure and nuclear protection) is described in sufficient detail 

to provide answers to the focus points raised by FANC. This is 

followed by the green phase, in which the major cost items of 

the project are identified and budgeted. The third step is the 

blue phase: all the necessary elements are worked out in detail 

to enable FANC to draw up an entirely positive pre-licensing 

document. Finally, in the red phase everything is worked out in 

such a way that the cost estimate, construction planning, lot 

definition and specifications can be drawn up.

So FEED is now in the yellow phase?
Paul Leysen: Yes, that’s right. The external consortium is busy 

collecting all the data that will form the basis for the design 

work. We will round off the yellow phase within a year, towards 

the end of 2014. This phase ends with a multidisciplinary overall 

engineering review, in which we bring together the design work of 

the various disciplines into one large whole that will form the basis 

for the green phase.

Obviously SCK•CEN will develop the 
primary system – the reactor and 
related systems – because it has 
the know-how to do it. The more 
conventional aspects of the structure 
have been outsourced to an external 
consulting firm. Who was given the 
contract?
Paul Leysen: In 2011 we started the 

tendering process for this large contract. 

We followed the steps required by 

law, and in October 2013 we signed a 

contract with the selected consortium. 

This consortium is composed of Areva 

TA, Ansaldo Nucleare, and Empresarios 

Agrupados, with the Belgian company 

Grontmij as subcontractor of AREVA TA. 

Their job is to implement the design, what 

we call FEED, which stands for Front 

End Engineering Design. This will take 

approximately two and a half years, which 

is until mid-2016.

Studies by Russian and European research institutes have 

already shown that dissolved oxygen plays an important role in 

the LBE-induced process of steel corrosion. To keep this process 

under control, the oxygen level in LBE must be sufficiently high. 

A protective oxide coating will form on the steel structure. But 

too much oxygen is not good either, as the LBE coolant can 

begin to form oxides. Oxygen monitoring is therefore an essential 

technology to keep MYRRHA operating optimally throughout the 

entire planned lifecycle. It involves monitoring both the oxygen 

level and the quality of LBE, and minimizing contaminants by 

filtering. 

Oxygen monitoring by MEXICO
SCK•CEN has developed the experimental MEXICO loop 

(Mass EXchanger In Continuous Operation) for the specific 

purpose of chemically controlling the LBE coolant technology. 

The first and foremost aim of MEXICO is to develop an oxygen 

monitoring system for MYRRHA. The dissolved oxygen in LBE 

will be consumed by structural steel oxidation processes in the 

In MYRRHA, Lead-Bismuth Eutectic (LBE) alloy 

will act as the primary coolant. There are different 

experimental lead-bismuth loops in the world. 

Most have been designed to study steel corrosion 

in LBE or the thermohydraulics of LBE. MEXICO, 

a test loop developed by SCK•CEN, is unique in 

that it can be used to study the chemistry of lead-

bismuth.

MEXICO loop provides essential 
technology for MYRRHA
SCK•CEN investigates the chemistry of lead-bismuth 

primary system of MYRRHA. To keep 

the oxygen concentration at the required 

level, oxygen must be added to LBE in 

a controlled manner. This can be done 

by means of diluted oxygen gas, solid 

oxide, or a method using electrochemical 

oxygen pumps. All three methods are 

currently being investigated.

The first option chosen for MYRRHA 

was an oxygen monitoring system using 

a solid lead oxide mass exchanger. 

Engineers are studying the properties 

of lead oxide mass exchange in LBE in 

terms of kinetics, chemical stability and 

controllability. 

Paul Leysen 
‘FEED runs in four phases until mid-2016.’
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