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The Pre-licensing of a Multi-purpose  
Hybrid research reactor for High-tech  
applications “MYRRHA” (Page 78)

N. Hakimi, C. Dams, A. Wertelaers, V. Nys,  
M. Schrauben and R. Dresselaers

The Belgian Nuclear Research Centre in Mol 
has been working for several years on the 
design of a multi-purpose flexible irradia-
tion facility in order to replace the ageing 
BR2, a multipurpose materials testing reac-
tor (MTR), in operation since 1962. 

MYRRHA, a flexible fast spectrum re-
search reactor is conceived as an accelera-
tor driven system (ADS), able to operate in 
sub-critical and critical modes. It contains a 
proton accelerator of 600 MeV, a spallation 
target and a multiplying medium with MOX 
fuel, cooled by liquid lead-bismuth (Pb-Bi).

Since February 2011, the Belgian Nuclear 
Research Centre has engaged in a “pre-li-
censing” process with the regulatory au-
thority for an estimated period up to mid 
2014.

The paper presents on the one hand the 
objectives of the pre-licensing phase as well 
as its implementation process and on the 
other hand, 2 implementing instruments 
which have been developed by the regula-
tory authority providing guidance to the de-
signer of MYRRHA in order to meet the pre-
licensing phase objectives. The first instru-
ment is a strategic note for the design and 
operation of MYRRHA where as the second 
instrument is a guidance document for the 
format and content of a design options and 
provisions file (DOPF). Both instruments 
have been developed taking into account 
that MYRRHA is an irradiation facility us-
ing a Generation IV nuclear power system’s 
type technology (liquid metal cooled fast 
neutron reactor).

The strategic note overview aims to cov-
er the safety approach as well as the securi-
ty requirements and safeguards obligation 
applicable to MYRRHA. In particular, in the 
strategic note, a specific attention has been 
paid in order to ensure that a safety, securi-
ty and safeguards integrated approach will 
drive the development of the MYRRHA de-
sign.

The safety approach focuses on the safe-
ty goals and the minimum safety objectives 
set by the regulatory authority for this inno-
vative design. The DOPF overview presents 
its objectives and structure resuming the 
suggested logic and the links between the 
different design steps. 

With these 2 instruments in hand, the 
designer will, with the help of selected and 
justified safety design options, have the op-
portunity to demonstrate at the end of the 
pre-licensing phase, that his design is ma-
ture for a licensable facility, e.g. into a facil-
ity design that aims at reaching the safety 

goals, meets, at the minimum, safety objec-
tives set by the regulatory authority and ful-
fils the security requirements and safe-
guards obligation.

LWR Core Safety Analysis with 
Areva’s 3-Dimensional Methods 
 (Page 82)

A. Gensler, A. Schmidt, K. Kühnel and F. Wehle

The quality of the safety analysis strongly 
affects the confidence in the operational 
safety of a reactor. To ensure the highest 
quality, it is essential that the methodology 
consists of appropriate analysis tools and an 
extensive validation base.

Sophisticated 3-dimensional core mod-
els ensure that all physical effects relevant 
for safety are treated and the results are re-
liable and conservative. The validation base 
includes measurement campaigns in test fa-
cilities and comparisons of the predictions 
of steady state and transient measured data 
gathered from plants during many years of 
operation. Thus, the core models achieve 
reliable and comprehensive results for a 
wide range of applications. 

As an example an overview of the appli-
cation experience as well as the validation 
base of AREVA’s 3-dimensional codes is giv-
en. The importance and necessity of the 
comprehensive 3-dimensional methodolo-
gy is illustrated with examples of a BWR 
and PWR safety analysis. For BWR transient 
application the analysis of regional power 
oscillations is considered and regarding the 
PWR safety analysis an example referring to 
fast enthalpy rise and the maximum fuel 
temperature caused by a rod ejection acci-
dent is shown.

Boric Acid Concentration in the Core 
During the Long Term Cooling Phase 
of Pressurized Water Reactors 
 (Page 88)

Chang Hyun Kim, Young Soo Kim,  
Hwang Young Jun and Hee Cheon No

Boric acid precipitation in the core vessel of 
Pressurized Water Reactors (PWRs) must 
be avoided in order to assure that the core is 
maintained at acceptably low temperatures 
following any rupture in the primary sys-
tem. A new evaluation method for boric ac-
id precipitation in post LOCA long-term 
cooling has been developed reflecting sys-
tem effects such as the time-varied mixing 
volume due to the variation of the core mix-
ture level and the void fraction. A series of 
tests has been performed to investigate the 
effect of sump debris including chemical 
products on the solubility of boric acid. It is 
identified that there is a negligible effect of 

sump debris on the solubility limit of boric 
acid. The calculated mixing volume is suffi-
ciently smaller than that of the original 
evaluation method as identified by the US-
NRC. However, it has been verified that the 
operator’s action times for the hot-leg 
switch-over or the hot- and cold-leg injec-
tions are still effective in Korean PWRs 
through the application of the newly devel-
oped evaluation.

Review of Qualifications for Fuel 
Assembly Fabrication (Page 94)

D. Slabu, M. Zemek and Chr. Hellwig

The required quality of nuclear fuel in in-
dustrial production can only be assured by 
applying processes in fabrication and in-
spection, which are well mastered and have 
been proven by an appropriate qualifica-
tion. The present contribution shows the 
understanding and experiences of Axpo 
with respect to qualifications in the frame 
of nuclear fuel manufacturing and reflects 
some related expectations of the operator.

Nuclear Power Plants: 2012 atw 
Compact Statistics (Page 99)

The Editor

At the end of 2012, nuclear power plants 
were available for energy supply in 31 coun-
tries of the world. A total of 437 nuclear 
power plants were in operation with an ag-
gregate gross power of approx. 391 GWe 
and an aggregate net power, respectively, of 
371 GWe. This means that the number was 
unchanged compared to the previous year‘s 
number on 31 December 2011. The availa-
ble gross power of nuclear power plants in-
creased by approx. 2 GWe from 2011 to the 
end of 2012.

In total 2 nuclear generating units were 
commissioned in 2012 in China (+1) and in 
the Rupublic Korea (+1). Additionally two 
further units resumed operation in 2012 af-
ter a longer power downtime in Canada 
(+2).
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4 nuclear generating units were decom-
missioned in 2014. In the United Kingdom 2 
units ended commercial operation due to 
their lifetime. 2 units in Canada (-1) and 
Spain (-1) were shut down due to economi-
cal reasons.

68 nuclear generating units with an ag-
gregate gross power of approx. 70 GWe, 
were under construction in 14 countries 
end of 2012. New or continued projects are 
notified from (in brackets: number of new 
projects) China (+4), the USA (+4) and 
the United Arab Emirates (+1).

Some 110 new nuclear power plants are 
in the concrete project design, planning and 
licensing phases worldwide; on some of 
them, contracts have already been award-
ed. Another units are in their preliminary 
project phases.

Refinancing of the Search for a  
Repository and of the Repository for  
Heat Generating Radioactive Waste  
(Part 1)  (Page 103)

Chr. Moench

The final disposal of radioactive waste is a 
state task that is assigned to the Federal 
Government pursuant to section 9a (3) sen-
tence 1 of the Atomic Energy Act (AtG). 
Since the early 1970’s, the Federal Govern-
ment has been actively searching for and 
exploring final disposal sites for radioactive 
waste. In a proceeding accompanied by the 
intensive participation of technical experts 
and the public, the Gorleben salt dome 
(Salzstock) has emerged as a presumably 
suitable disposal site from a mining stand-
point (eignungshöffig) according to the cur-
rent status of the exploration. The cost of 
these exploratory measures – and the sub-
sequent construction – will be financed by 
the waste producers, in particular the utili-
ty companies, by means of advance pay-
ments on their contributions. Part I of this 
article will evaluate the selection and ex-
ploration of the Gorleben salt dome to date 
and examine the provisions on the pre-fi-
nancing burden from the point of view of 
constitutional law. Constitutional objec-
tions can also be raised against the regula-
tion in section 21b (4) AtG that was intro-
duced in 1998, which excludes a refunding 
of the pre-financing contributions even if 
the repository is never erected or operated. 
Part II of this article, which will appear in 
the next issue, will take up the question of 
whether a search for an alternative reposi-
tory site, as the Federal Ministry for the Envi-
ronment (BMU) envisions in the working 
draft of an “Act on the search for and selec-
tion of a site for a repository for heat gener-
ating radioactive waste” (Gesetz zur Suche 
und Auswahl eines Standortes für ein End-
lager für wärmeentwickelnde radioaktive 

Abfälle), is likewise to be refinanced as a 
contribution by the parties obliged to make 
ad-vance payments.

Nuclear Power in the Political 
Environment (Page 108)

C. Eichenberger

Government, parliament, public authorities 
and, finally, the Swiss public are facing a 
tough challenge. Decisions must be taken 
about the energy future of the country 
which have the gravest consequences. This 
is the result of the hasty decisions by the 
Swiss government and parliament after the 
events of Fukushima, Japan in 2011.

For the past 4 decades, the energy policy 
of Switzerland has revolved mainly around 
2 topics: energy consumption and nuclear 
power.

The debate about energy consumption 
was triggered by the oil crisis of 1973. 1990 
saw the adoption of the energy article 
which, for the first time, gave the federation 
central competences in the energy sector.

The other major topic in Swiss energy 
policy is nuclear power. Reviewing the deci-
sions in energy policy over the past few 
years is quite informative, showing clearly 
the confusion we are going through.

However, there is reason to hope that 
facts will be able to counteract the energy 
policy rally currently presented to the pub-
lic. Being an optimist, I hope that the de-
bate about our future electricity situation 
will be carried on with more information 
and less bias than before.

Reinforcement Course: Future Nuclear 
Power Systems – a Way to Achieve 
More Acceptance? (Page 112)

M. Rey

The 2012 Reinforcement Course organized 
by the Swiss Nuclear Forum was devoted to 
the question in what way nuclear reactors of 
the third generation and more recent con-
cepts provide more safety, and whether this 
is a way to achieve more societal accept-
ance.

Besides presentations by speakers from 
industry and science, also theological, psy-
chological, political and sociological views 
about nuclear power were expressed.

Dr. Urs Weidmann, President of the Com-
mittee on Education of the Swiss Nuclear Fo-
rum, Head of the Beznau Nuclear Power 
Plant, Axpo AG, opened the course to ap-
proximately 120 participants by introducing 
the first six presentations, which dealt with 
societal aspects of nuclear power.

The second group of three papers were 
introduced by Dr. Philipp Hänggi, Head of 

the swissnuclear office. The subject was “Fu-
ture Concepts – Design Regulations and 
Safety Considerations.”

The agenda of the second day featured 
“Third-generation Reactors in the Light of 
Fukushima” and “Sideviews” of subjects and 
future technologies discussed by society in a 
similarly controversial way. Dr. Johannis 
Nöggerath, Head of Nuclear Safety, Leibstadt 
Nuclear Power Plant, guided the partici-
pants through the eight papers.

The next reinforcement course will again 
be held in Olten on November 19 and 20, 
2013, and will be devoted to lifetime man-
agement of nuclear power plants.

Section Reports: 2012 Annual 
Meeting on Nuclear Technology  
– Part 6 (Page 115)

Summary report on 3 out of 12 sessions of 
the Annual Conference on Nuclear Technol-
ogy held in Stuttgart, 22 to 24 May 2012:

Operation of nuclear installations (Sec-•	
tion 6),
New build and innovations (Section 7),•	

and
Decommissioning of nuclear installa-•	
tions (Section 8).

The sessions of the section
Energy economics (Section 10)•	

will be covered in a further issue of atw.
The reports on the sessions
Reactor physics and methods of calcula-•	
tion (Section 1),
Thermodynamics and fluid dynamics •	
(Section 2),
Safety of nuclear installations – meth-•	
ods, analysis, results (Section 3),
Front end of the fuel cycle, fuel elements •	
and core components (Section 4),
Radioactive waste management, stor-•	
age (Section 5),
Fusion technology (Section 9),•	
Radiation protection (Section 11)•	

and
Education, expert knowledge, know-•	
how-transfer (Section 12)

have been covered in atw 8/9, 10, 11, 12 
(2012), and 1 (2013). 




