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1. PROJECT OBJECTIVES 
 
The main objective of the workshop RADE 2006 was to disseminate the new reactor do-
simetry results obtained in the context of the Fifth Euratom Framework Programme (Euratom 
FP5) EC projects. The long-term objectives of the workshop were: transmitting and preserv-
ing knowledge by involving professionals and young researchers in the recent achievements 
of reactor dosimetry; and stimulating the enhanced application of the new results for more 
precise determination of the irradiation embrittlement ageing of VVER structure materials. 
 
The workshop had to review the state of the art in the reactor pressure vessel dosimetry field 
emphasising the trends in development of neutron fluence calculation methods and measure-
ment techniques. 
 
The RADE workshop was addressed at research organisations, utilities, regulatory bodies, and 
to the young generation through the awarding of grants. 
 
 
2. ACTIVITIES 
 
Following the invitation from Dr Manolatos, DG Research of the EC, who was the scientific 
officer of the RADE project, a poster was prepared for the FISA 2006 conference and pre-
sented by Dr Ilieva in Luxembourg on 13-16 March 2006. The main objectives, list of lectur-
ers, and titles of their presentations were included in the poster. 
 
The workshop was held in the town of Bansko, Bulgaria, from 1 to 8 April 2006. There were 
43 participants attending the workshop from countries operating VVER-type reactors (Russia, 
Ukraine, the Czech Republic, Finland, Hungary, and Bulgaria) as well as from Western Euro-
pean countries operating PWR- and BWR-type reactors (France, Spain, Germany, Belgium, 
the Netherlands, and the UK). This includes senior specialists in the reactor dosimetry field, 
representatives from utilities and regulatory bodies, and young researchers.  
 
The workshop was executed during five days within the planned scope and schedule. A bro-
chure with extended summaries of presentations as well as a “Questionnaire on the Useful-
ness of the Workshop” were distributed to the attendees at the workshop. 
 
New reactor dosimetry results, important for the justification of the safe operation and the 
prolongation of the lifetime of nuclear power plants with VVER-type of reactors, which were 
obtained within the REDOS, RETROSPEC, TACIS, and COBRA projects of Euratom FP5, 
were presented and discussed at the workshop RADE 2006. The main experimental base was 
the critical assembly LR0 of the Nuclear Research Institute Řež in the Czech Republic. All 
obtained results show the applicability of the different calculation methods, the sources of un-
certainties, as well as approaches for more precise determination of RPV neutron fluence and 
lifetime prediction. They were obtained by the efforts of researchers from the Czech Republic, 
Spain, Russia, Germany, Bulgaria, Hungary, and Ukraine. 
 
The workshop reviewed the state of the art in the reactor pressure vessel dosimetry field and 
emphasised the trends in further development of neutron fluence calculation methods and 
measurement techniques. It was shown that R&D is needed to compare material stability, to 
allow prediction of damage, to quantify material damage, to assess/verify safety margins for 
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PLIM, to know the remaining RPV lifetime, and to support plant lifetime management 
(PLIM) strategies (Luigi Debarberis).  
 
The importance of these items requires that the increasing of the accuracy and reliability of 
the RPV fluence determination be a continuous task (Krassimira Ilieva). The RPV neutron 
fluence is determined by calculation. Comparative calculation results obtained by discrete or-
dinate code TORT and Monte Carlo code MCNP have been demonstrated (Sergey Belousov).  
 
The results of the benchmarks for the RPV of VVER-1000- and VVER-440-type reactors de-
veloped at the critical assembly LR0 of the Institute for Nuclear Research in Řež, near Prague, 
during the last ten years (Bohumil Ošmera) have been presented. The presented experimental 
results are at the up-to-date level of measurements of neutron and gamma field parameters. 
These results are obtained in three realistic mock-ups: one of VVER-1000 and two of VVER-
440 reactors (one for VVER-440 with standard core pattern loading and another with dummy 
cassettes in the core periphery) for the region between the core boundary and the outer surface 
of the pressure vessel.  
 
The results of many independent calculations with different calculation methods, reactor mod-
els and nuclear data libraries have been presented (Bertram Böhmer), and their comparison 
with experiments. The results of the conformity study between LR0 VVER mock-ups and 
NPP VVER RPV attenuation have been presented (Krassimira Ilieva). It was concluded that 
the VVER mock-ups could be used as benchmarks for validating the calculations of NPP 
RPV irradiation conditions.  
 
It has been shown (Antonio Ballesteros) that the gamma contribution to the total (neutron + 
gamma) DPA is not significant for PWRs and VVERs RPV; the R.G. 1.99-2 formula is still 
somewhat non-conservative relative to actual DPA attenuation; and the neutron flux/fluence 
(E > 0.5 MeV) attenuation through RPVs for VVER-440 and VVER-1000 is slower than the 
DPA attenuation. The agreement has been demonstrated of the full characterisation of the 
neutron field in the surveillance position of VVER-440 of Kola NPP measured by the Kurcha-
tov Institute and the AMES Common Reference Dosimeter monitor set types ACORD1 and 
ACORD2 developed by NRG (Antonio Ballesteros).  
 
The possibility for application of the activation reaction 93Nb(n.n’)93mNb in RPV material for 
retrospective assessment of neutron fluence (Willem Voorbraak) has been shown for the clad-
ding of VVER-440 and VVER-1000 RPV containing sufficient amount of niobium. A special 
device designed and manufactured by Škoda JS was used for the scraping of samples of inner 
cladding material of RPV of the third unit of the Dukovany NPP. Results of activity meas-
urements of 58Co, 54Mn, and 93mNb activity of cladding material which contains approxi-
mately 1 % of niobium have been presented (Josef Hógel). The neutron monitoring in accor-
dance with the RPV surveillance programme of Belgian NPPs was also presented (Jan Wage-
mans).  
 
The results of fluence adjustment procedure for “best estimated” neutron fluence determina-
tion on the VVER RPV has been presented (Sergey Belousov) and discussed. The adjustment 
was based on the discrepancies between the NPP measurement and calculation results only.  
 
Some features of the VVER-1000 surveillance programme and the role of a precise and reli-
able surveillance specimen dosimetry for improvement of RPV embrittlement determination 
and RPV lifetime evaluation have been discussed (Sergey Zaritsky). It was demonstrated that 
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improvement of VVER-1000 surveillance dosimetry can change significantly the interpreta-
tion of surveillance specimens’ mechanical testing results and trend curves (Sergey Zaritsky). 
Experimental and calculation research carried out by RRC KI and SCK•CEN on the Balakovo 
Unit 1 VVER-1000 have been presented. The application of diamond as a neutron fluence de-
tector was discussed (Sergey Zaritsky).  
 
The new improved surveillance programme for the Loviisa-1 NPP has been presented (Tom 
Serén). Progressive and modern possibilities of reactor parameters and dosimetry calculations 
on the basis of multiprocessor clusters and parallel algorithms have been presented (Mikhail 
Gurevich).  
 
A round-table discussion chaired by Willem Voorbraak was held. It aimed at summing up and 
discussing topics that had not been treated in sufficient detail within the workshop sessions or 
where open questions had remained. 
 
A conclusive summary on the state of the art and a recommendation regarding the necessity 
of prospective studies in reactor dosimetry were elaborated. 
 
Assessment based on the participants’ responses to the Questionnaire on the Usefulness of the 
Workshop have shown that the workshop has been assessed as very successful regarding the 
lectures, presentation, problems discussed, form for transfer and preservation of knowledge as 
well as place, hotel, and conference facilities. 
 
The proceedings of the workshop have been issued on a CD-ROM. The contents of the pro-
ceedings are: presentations in PDF, extended summaries, full-text lectures, conclusive sum-
mary, the RADE poster prepared for the FISA 2006 conference, and selected photos of the 
event. CD-ROMs were distributed to all participants in June 2006. 
 
A RADE project presentation was prepared and published in Volume II of the Euratom FP6 
projects brochure of the EC (EUR 21229). 
 
During the workshop, an EWGRD Programme Committee meeting was held. The organisa-
tion of the 13th ISRD in Petten, the Netherlands, as well as the preparation of a Euratom pro-
ject proposal named HARDOS, “Harmonisation of Reactor Dosimetry Practices for Nuclear 
Safety in Europe”, were subjects of the meeting. 
 
A major benefit of the workshop has been, through dissemination of the results obtained 
within EC projects, the improvement of both operation and plant lifetime extension, as well as 
transmission of knowledge to the young generation. The dissemination and preservation of 
knowledge contribute to the competitiveness of the EU and decrease EU dependence on the 
rest of the world. 
 
 


