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ABSTRACT 
 

  
In the European Union the first generation research reactors is nearing their end of 
life condition. Several committees recommend a comprehensive set of reactors in 
the EU, amongst them the replacement for the HFR research and isotope reactor 
in Petten: PALLAS. The business case for PALLAS supports a future for a 
research and isotope reactor in Petten as a perfect fit for the future EU set of test 
reactors. 
The tender for PALLAS started in 2007, following the EU rules for tendering 
complex objects with the competitive dialogue. This procedure involved an 
extensive consultation phase between individual tendering companies and NRG, 
resulting in definitive specifications in summer 2008. The evaluation of offers, 
including conceptual designs, took place in summer 2009. At present NRG is still 
active in the acquisition of the funding for the project.   
The licensing path has been started in autumn 2009 with a initiation note on the 
environmental impact assessment, EIA. The public hearings held in the lead to the 
advice from the national EIA committee for the approach of the assessment. The 
PALLAS project team in Petten will guide the design and build processes. It is also 
responsible for the licensing of the building and operation of PALLAS. The team 
also manages the design and construction for the infrastructure, such as cooling 
devices, including remnant heat utilization, and utility provisions. A particular 
responsibility for the team is the design and construction of experimental and 
isotope capsules, based on launch customer requirements.   

 
 
1. Introduction  
 
The fifties of the 20th century saw the start of the design and building of a large fleet of 
research reactors in the range from “zero” to over 100 MW thermal power.  In the EU the first 
generation of the larger types of research reactors is being phased out after operational lives 
of 40 years and more.  The maintenance costs are increasing and the continuity of operation 
is compromised by the aging of materials and components. The High Flux Reactor in Petten, 
The Netherlands, is amongst them. It was built in the fifties and started full operation in 1961. 
It received a substantial upgrade in 1984 when the first reactor vessel was replaced by a new 
one. At the same time the vessel design was adapted to the developing application fields of 
the HFR. Aluminium vessels embrittle from the transmutation product silicon formed from 
thermal neutron interaction. The choice for the Petten site is to envisage another vessel 
replacement or to build a new reactor. Besides the vessel other components age as well and 
the changeing utilization, and ecomnomic considerations also have an effect on the decision 
for upgradeing or building a successor to the HFR. 
Four parties, the Joint Research Centre – Institute for Energy, Petten, COVIDIEN 
Mallinckrodt Medical, Petten, the Technical University Delft, and  NRG, Petten took the 
initiative to innovate for the continuity of a safe and reliable neutron irradiation capacity on 
Petten site.  At the same time the successor to the HFR, named PALLAS, should remain an 
integral part of the EU nuclear research infrastructure. The target year given in 2004 for 



starting the reactor operation was 2016. The project for the realization of PALLAS is 
presently in the phase of tendering the design and building  of the reactor and peripheral 
installations and equipment. The present paper provides the progress and status of the 
realization of PALLAS. 
 
2. Role of PALLAS in the EU 
 
The thematic network "Future European Union Needs in Materials Research Reactors", 
FEUNMARR, stated in 2001 that "given the age of current Materials Test Reactors (MTR) 
there is a strategic need to renew Materials Test Reactors in Europe”. Continuity in 
irradiation capacity for research and development for fission and fusion power plants is 
essential for securing energy production in the EU and the world as a whole [1] 
The European Strategy Forum on Research Infrastructures (ESFRI) noted in 2006 that the 
next prominent nuclear facilities such as the International Fusion Materials Irradiation Facility 
(IFMIF) and the Réacteur Jules Horowitz (JRH) in France. PALLAS will be an MTR devoted 
to Research & Development with dedicated isotope production [2].  
In 2008, the Committee for Netherlands' Roadmap for Large-Scale Research Facilities 
(Commissie van Velzen) of the Ministry of Education, Culture and Science carried out an 
international peer review of PALLAS resulting in very positive advice for the go-ahead of the 
PALLAS project. Early 2009 PALLAS was added to the list for the Netherlands’ National 
Roadmap Large Scale Research Facilities in particular for the development of fourth 
generation nuclear power plants. In December 2009 the Netherland’s ESFRI delegation have 
submitted PALLAS to the Executive Board for consideration for inclusion in the new / 
upgraded Research Infrastructure (RI) of pan-European relevance.  
The Sustainable Nuclear Energy Platform, SNETP, vision report and Strategic Research 
Agenda for the development of nuclear energy, makes the need for PALLAS clear with 
statements as “ To hold on to its leadership in reactor technology, Europe must maintain its 
efforts towards the realisation of a European Research Infrastructure Area” and the PALLAS 
project will provide an innovative irradiation facility and reinforce the supply of radio-nuclides 
for medical application in Europe” [3].  
CEA (French Atomic Energy Commission), SCK-CEN (Belgium Nuclear Research Centre) 
and NRG work together to provide a network between their respective installations, provide 
back-up for medical isotope production and share specialist testing expertise. Réacteur Jules 
Horowitz (RJH/France) is primarily designed for research projects that serve scientific, 
industrial and public needs. PALLAS and RJH will be complementary. Within the EU the 
fission related pre-commercial research is organized under the EURATOM treaty within the 
European frame work programs. The HFR holds a crucial position in these nuclear research 
networks and later PALLAS will continue this position. 
In the letter for the Parliament issued 16 October 2009 the Netherlands government 
expressed clearly their positive vision on the building of Pallas [4]. The letter stipulates that 
the replacement of the HFR by a state-of-the-art reactor will satisfy both the need for nuclear 
research, and the security of radio-pharmaca supply. The letter expresses the vision that the 
multipurpose reactor provides sufficient flexibility for fulfilling these tasks, building on the 
existing Netherlands knowledge infrastructure in the fields of nuclear technology, and the 
radio isotopes. 
  
3. Reactor Requirements  
 
The requirements for PALLAS are derived from the  vision on three strategic areas: 

- Safety and Environment in relation to nuclear energy generation with existing nuclear 
power reactors and the partitioning and transmutation research to reduce remnant 
waste. 

- Energy and security of supply to satisfy rising energy demand with even more 
effective  power plants and fuel cycles, such as the thorium fission cycle and the 
trtium generation technology for fusion. 



- Health care for the world population increasing both in age and wealth stimulating 
increasing demand for existing isotope diagnostics and therapies and development of 
new isotope based treatments. 

In addition to the future vision the experience of the past 50 years HFR utilization formed 
input for the technical requirements. The similar longterm investment in PALLAS cries out for 
the same basis: flexibility, keeping room for adjustments for the unforeseeable trends. Major 
requirements thus are: a power range of 30 to 80 MW  in a tank in pool reactor that can use 
uraniumsilicide for a start, but can use UMo fuel elements without major core changes, as 
soon as they have been qualified. Neutron beams will be omitted, because of the excellent 
EU high intensity facilities provided by ILL, Grenoble and the FRM-2, Munich, up to the 
middle of the 21st century. In The Netherlands the Technical University Delft will provide 
specialized beam facilities in the next decades. More requirement details are given in [5]. 
 
 
4. The tendering process 
 
The tender procedure is in line with the EU rules for complicated one of a kind design and 
construction projects. The procedure starts with a qualification of the tenderers followed by  
dialogue and consultation between the employer and the qualified tenderers with the aim to 
make the final requirements clear and remove all disambiguity before the decisive tender 
phase. The three qualified tenderers included the consoria of AREVA Ballast Nedam, 
KAERI-KOPEC-DOOSAN, and INVAP–ISOLUX. The dialogue phase with sessions of 
several days devoted to the dialogue with each party independently in Petten, resulted in the 
answering in writing about 400 questions of the tenderers. Only one major requirement had 
to be adjusted. The fast neutron flux specification had to be reduced with about 30 % in order 
to allow for sufficient flexibility in the operation. The fuel burn-up and skewness of the 
neutron distribution were much more attractive for the average operation after the reduction 
in fast flux level. 
The procedure allowed NRG to produce the final employers requirements in summer 2008. 
The accompanying award criteria for the tender concentrated on: licensibility of the design, 
treatment of safety and health physics aspects, production capacity and quality, investment 
costs, and cost of operation. After the draft contract was completed in agreement with all 
parties, NRG received the tenders in May 2009. Before NRG teams had visited all three 
vendors in Korea, Germany and Argentina respectively.  
In summer 2009 NRG analysed the valid tenders. It  became evident that the technical 
requirements could be met, though the solutions followed different  paths.  NRG selected the 
most economically advantageous tender. The contract could though not be awarded, 
because in the meantime the requirements for the financing of the reactor design and 
building had changed, affecting the timetable to such a degree that a new tender became 
inevitable.  
The definite fundraising for the total project is still ongoing. At present it is expected that full 
public funding will be needed for the project phase leading to the building and operation 
license for PALLAS, based on the detailed design, and the safety analyses produced in 
parallel.  The building will rely on: 

- public funding for the precompetitive research and science development carried out in 
PALLAS. 

- Private funding for the investment needed for the commercial prodcution of isotopes. 
This approach is in line with the EU policy for public money spending for commercial 
production. 
 
5. Licensing  
 
 
In The Netherlands 6 Ministeries form the Competent Authority for the KEW [Nuclear Energy 
Law]. Early 2008 the first project information exchange of NRG with the coordinating 
Competent Authority for the KEW, the Ministry of Housing, Spatial Planning and the 



Environment, VROM,  was held. VROM takes the IAEA framework as the basis for its policy 
extended with rules pertinent for Netherlands particular circumstances.  For research 
reactors with a thermal power over 30 MW several rules will be similar to those established 
for power reactors in our kingdom.  An amendment NRG anticipates is a supplementary shut 
down/observation room.  Other preconditions anticipated are: 

- withstand high internal pressure and aircraft crash 
- long ‘grace period’ in the event of an accident 
- CDF ≤ 10-6 

In 2009 NRG has published the Initial Memorandum [6], informing the public about its’ plans 
with PALLAS and how to analyse, and control its’ environmental impact. The formal 
submisson of the Initial Memorandum to VROM triggers in The Netherlands the 
Environmental Impact Assessment procedure. The public hearings, organised by VROM, 
were held in the two candidate locations: the communities of Petten and Zijpe. The 
viewpoints of the Netherlands’ public, gathered during and after the meetings are used by the 
IEA committee to set the themes for the IEA analyses and report. The committee has given 
its guidelines in February 2010. NRG has started working on the IEA and expects to 
complete the work by the end of next year.  
As soon as possible the definite reference license basis and the definite operational limits 
and controls should be agreed with the regulator in order to complete the design and license 
application. NRG will be responsible for obtaining the license, but relies of course on the 
vendor design and safety analyses quality. Transparant and strict communication lines 
between regulator, license applicant and vendor is essential for the speed and quality of the 
work needed. As soon as the detailed design and safety analyses are completed the building 
and operation license application will be submitted. The building can start after  the license 
has been issued, now expected in 2012.  After the building has been completed a complete 
check on the installed equipment and procedures will be conducted in order to verify the 
boundaries layed out in the license application. Therefore it is most important to settle early 
in the project for the reference license basis in order to speed up the design and safety 
analyses, and subsequently limit the project risks. 
 
6. Project organisation 
 
The PALLAS project team in Petten will review and asses the design and build processes 
provided by the vendor. It will have primary responsibility for the licensing of the building and 
operation of PALLAS, with the supporting design and safety supplied by the vendor. The 
major projects the team has to manage are: 

- Control and supervision tasks for the design & license phase for PALLAS 
- Evaluation and verification of nuclear design codes of vendor. 
- Netherlands Environmental Impact Assessment: Milieu Effect Rapportage 
- Netherlands Nuclear Law: KernenergieWet, KeW, build and operation license  
- Operation and Commissioning preparation 
- Experimental irradiation devices design and embedding in the reactor core 
- Isotope irradiation devices design and embedding in the reactor core 
- Site lay out 
- Infrastructure: adapt power, gas, water, sewer, data supply, and etc. to PALLAS. 
- Cooling water supply including licenses. 
- Remnant heat processing and disposal 

The project organisation has a director and chief project leader manageing the lead 
engineers of the major projects. The core team will consist of less than 15 members.  They 
will be supported by experts from NRG and third parties supplying consultancy NRG cannot 
provide. Subcontractors will supply the design and hardware needed to accomplish the goals 
of the projects. The PALLAS team details the scope and planning for the design and 
construction for the infrastructure needed and controls the contract management.  
The listed projects have strong relations with respect to the specifications for the resulting 
hardware and the inter-related time schedules.  Interface management will thus have high 
priority on a day to day basis. An example is the cooling infrastructure for PALLAS, including 



utilization of remnant heat, and utility provisions that show strong interlinks, amd dependence 
on the main project the research reactor PALLAS.  
Another responsibility for the team is the design and construction of experimental and 
isotope capsules. The interplay with the core design is essential, but there is also a strong 
link needed with the users and customers for experimental and isotope irradiation devices.  
Special efforts will be devoted to select launch customers for particualr irradiation capsules 
and loops. The operating license for PALLAS will provide an envelope for the type of rigs that 
can be used in the PALLAS core. The devices selected from the launch customers and users 
will also serve as reference test capsules for the commissioning phase. 
The Milieu Effect Rapport delivery and the application for the build and operation license will 
require deep insight in the whole project integrated results and devices. This effort will be the 
responsibility of the project team as  a whole  with the close and well defined co-operation 
with the industry. With the formal framework in  place and the continuation of the 
proffessionalism, enthousiams and dedication already shown in the tender phase by all 
involved the PALLAS project will become a great research and isotope reactor. 
 
 
7. Conclusion 
 
1. The role of PALLAS in the EU future reasearch and isotope utilization is well established. 
2. The tender process has lead to offers that technically seem feasible. The compettition and 
dialogue procedure for the tender was most effective in arriving in stable requirements and 
clear offers. 
3. The financial arrangements for the project continuation have not yet been concluded. 
4. The licensing path has been started with the Environmental Impact Assessment, based on 
the results of publc hearings following the Netherlands practices. 
5. The project organisation for the PALLAS project is ready for the next phase: the design 
and license preparation, followed by construction and commissoning as soon as the building 
and operating license has been awarded.   
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