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Project execution 
 
Mankind is constantly exposed to ionising radiation, from natural background if from no-
where else, but some individuals are exposed to increased levels of risk from radiation as a 
result of their occupation, for example workers in the nuclear industry, hospital staff utilising 
radiation in medicine, and even aircraft crews. The determination of the exposure of individu-
als is often difficult at acceptable levels of accuracy even for a single type of radiation. In 
reality people are exposed in a variety of ways, to a variety of different types of radiation, 
each with its own problems, and the overall task is extremely complex. The number of estab-
lishments undertaking radiation protection research in Europe is very limited, and the need for 
collaboration is evident. The CONRAD project, Coordinated Network for Radiation Do-
simetry, has provided the necessary framework. 
 
The project involved seven work packages (WPs). Four of these (WP4-WP7) coordinated 
European research in specific technical areas, namely computational dosimetry, dose assess-
ment for internal exposure, dosimetry and spectrometry of complex radiation fields at work-
places, and radiation protection dosimetry of medical staff. WP1 covered the management of 
the project, WP3 concentrated on dissemination of the knowledge, and WP2 was a novel and 
timely study of the feasibility of a future sustainable network for radiation protection do-
simetry and the possibility of a European ‘network of excellence’ (NoE). The overall organ-
isational framework of CONRAD was provided by the European Radiation Dosimetry Group 
(EURADOS), which has nearly 200 individual members from more than 50 European institu-
tions in 24 countries, and includes most of the radiation protection expertise in Europe. About 
140 scientists contributed to CONRAD. 
 
 
Major achievements 
Potential for a sustainable network 
 
One important European Commission (EC) instrument for implementing the Sixth Frame-
work Programme (FP6) to help realising the European Research Area is the network of excel-
lence (NoE) concept. In the absence of an EC NoE in radiation dosimetry, a study was under-
taken to investigate the most appropriate stable arrangement for networking in this technical 
area. The study utilised the extensive experience in network research of the Technical Man-
agement Institute at the Universität Sankt Gallen. The work was undertaken via a question-
naire and an extensive series of interviews with EURADOS members, both individuals and 
representatives of institutions, and with outside stakeholders concerned with radiation do-
simetry. The study is now completed and a report has been submitted to the EC. It details the 
strengths and weaknesses of EURADOS, assess the NoE approach and gives recommenda-
tions for the way forward.  
 
EURADOS is characterised by personal ties between members, i.e. it is a network at the op-
erational level, not at the institutional level. Its open and democratic structure, with a balanced 
mix of members, has undeniably resulted in extremely successful coordination of research and 
in harmonisation of dosimetry. Other important features have been the frequent meetings for 
organisation and knowledge transfer, and the availability of some EC funding to provide a 
stamp of approval that often helps members when attempting to obtain national funding. 
 
In contrast to the above strengths that have had a positive impact on improving radiation do-
simetry throughout Europe, some weaknesses were revealed when the view of the ‘outside 
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world’ was investigated. They included: a low visibility outside the network, restricted suc-
cess in influencing EC research programmes, some lack of support of members when transfer-
ring information to their home institutions, and the lack of underpinning financial resources.  
 
A task group was set up by the EURADOS Council to analyse these results and address the 
weaknesses. A prerequisite for future activities is a permanent, sound financial basis to under-
pin the coordination of EURADOS. To this end the membership support has been increased 
via sponsorship and a levy at the annual meeting. Bids for financial support will be made to a 
wider range of organisations. Comparisons and training activities organised by EURADOS 
will be at least self-funding and ideally will generate a profit. To enable these changes 
EURADOS has changed its legal status becoming a registered society (eingetragener Verein) 
in Germany. The NoE concept was found not to be suitable for EURADOS; however, any 
initiative from major institutions to form such a network would be supported by EURADOS. 
 
WP4: Coordination of research on computational dosimetry 
 
The use of complex computational codes, often based on the Monte Carlo (MC) method, is 
now an integral part of managing radiation exposure at all levels from therapy to environ-
mental. When used correctly these codes provide accurate and reliable information that can 
often not be obtained in other ways. Experience has shown, however, that errors in the results 
of these calculations can easily occur, usually because the person modelling the problem does 
not fully understand how the code works or the important features of the item being modelled, 
but also occasionally because of errors in the codes or the underlying data they use. Even 
when a problem is correctly modelled, the assessment of the true uncertainties in the results is 
very difficult. Often the only uncertainty presented is that from the statistics of the MC proc-
ess. This is unsatisfactory as it neglects other sources of uncertainties, such as those in the 
data, which in many instances far outweigh the statistical uncertainties. The objective of this 
WP was to promote and coordinate research into the use of these computational tools in 
workplace dosimetry (both internal and external), and to disseminate the findings. A major 
focus was the assessment of uncertainties. There were significant cross-links with the activi-
ties carried out in the three other WPs.  
 
To achieve the objectives a comparison exercise was organised where scientists throughout 
the world were invited to use their codes to solve one or more computational problems from a 
set of 9 proposed. Participants were encouraged to provide detailed uncertainty budgets in-
cluding, for some of the problems, systematic effects as well as statistics. To define a varied 
set of problems input was sought from the members of this WP, from the other CONRAD 
WPs, and from scientists active in computational dosimetry. Problems included calculation 
of: the responses of radiation detectors, the characteristics of neutron and a photon calibration 
facilities, the spectrum from a neutron source in an iron sphere, and the corrections involved 
in a manganese bath measurement of neutron source emission rate. One additional problem 
addressed the use of voxel phantoms in internal dosimetry. In all cases experimental results 
were available to validate the calculations. 
 
The problems were distributed early in 2007, giving participants ample opportunity to per-
form their calculations and report in time for a workshop on the exercise that was held in Bo-
logna in October 2007. It attracted 80 participants from Europe and beyond. In addition to 
reporting on and analysing the results for the problems, a series of tutorials was presented, 
including: uncertainty assessment in computational dosimetry, development of voxel models, 
micro- and nano-dosimetry, and the importance of treating photon polarisation effects in 
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transport calculations. The workshop achieved its aim of increasing awareness of problems in 
computational dosimetry. Conclusions drawn included: (a) there had been improvements in 
the quality of results compared to a similar exercise held in 2003; (b) dialog between experi-
mentalists and the computational modellers is very important. 
 
WP5: Coordination of research on internal dosimetry 
 
This WP included several initiatives to improve reliability when assessing internal exposures 
from all contamination modes, including accidents and general workplace practice. This is an 
area where the uncertainty in dose assessment is presently unacceptably large. 
 
Two web pages originating from the IDEAS project were maintained and updated. One, 
www.bologna.enea.it/attivita/ideas.html, is an information forum for internal dosimetry, the 
second, www.sckcen.be/ideas, is a database of published internal contamination cases. These 
have several applications, including training. Scattering factors (SF) characterise the uncer-
tainty of measurements used in the evaluation of intakes and internal doses. Calculations of 
SF were carried out for different radionuclides and types of monitoring data using real cases 
from the IDEAS databases. The data have improved IDEAS guidelines contributing to har-
monised assessment of uncertainties associated with internal doses.  
 
The impact of the application of new biokinetic models for dose assessment following human 
intakes has been evaluated. Comparisons of calculations were performed for different opera-
tional situations and good agreement between codes was achieved. Results of this task are 
important as support for ongoing efforts of the DOCAL group of ICRP Committee 2. 
 

To extend and improve the development of 
numerical anthropomorphic phantoms, work 
has been performed on MC applications for 
in vivo assessment of intakes taking advan-
tage of recent progress in image-processing 
codes. Innovative approaches were devel-
oped for the application of voxel phantoms to 
whole-body counting systems. Applications 
studied included collaborative work with the 
computational dosimetry WP to model am-
ericium in a knee phantom. It confirmed that 
this approach is a valuable tool for calculat-
ing in vivo calibration factors for whole-body 
counting.  
 
A European emergency network (EURE-
MON) has been established to coordinate 

procedures and methodologies applied for the interpretation of dosimetric data for emergency 
workers after accidental or deliberate releases of radionuclides. It has 50 members from 21 
EU countries, 9 members from non-EU states, and also the IAEA. Information has been com-
piled about available portable and transportable monitoring equipment. This can be used by 
countries requiring assistance in response to a nuclear emergency. The compilation has been 
published together with contact details for obtaining assistance. 

 

Knee phantom and two gamma-ray detectors 
used to study 241Am contamination in the bone 

http://www.bologna.enea.it/attivita/ideas.html
http://www.sckcen.be/ideas/
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WP6: Coordination of research on complex mixed radiation fields at workplaces 
 
This WP coordinated research in two areas: (a) development of new and improved techniques 
for characterising complex mixed workplace fields (addressing problems in high-energy fields 
and pulsed fields) and (b) improvement of dose assessment for solar particle events. 
  
A report was published, in the CERN ‘Yellow Series’, entitled Complex workplace radiation 
fields at European high-energy accelerators and thermonuclear fusion facilities. It reviews 
and addresses the suitability of the techniques and instrumentation employed for monitoring 
neutron and photon fields at these facilities and also at radiotherapy facilities. Calibration 
problems were also addressed and an overview provided of the neutron calibration facilities 
available in Europe. 
 
 

Ambient dose equivalent distribution due to secondary radiation produced by 400 MeV/u carbon ions on a thick 
carbon target inside Cave A and behind shielding (calculated with FLUKA) 

 
A benchmark measurement was performed, in July 2006, in a mixed workplace field at the 
Gesellschaft für Schwerionenforschung (GSI). One week of beam time (night shifts, whilst 
the beam was used for therapy during the day) was made available to compare the response of 
several devices in the stray field of a beam used for hadron therapy and radiobiological stud-
ies. MC simulations of the fields were performed in collaboration with the WP on computa-
tional dosimetry. The combined results provide valuable information on the fields in these 
environments and hence on the types of devices best suited for monitoring them.  
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Solar events that significantly affect cosmic ray dose rates at altitude are rare, but potentially 
very important in terms of their impact. Two approaches to determining the extent of this 
problem have been followed. Firstly, participating groups coordinated their in-flight meas-
urements for comparison with calculations for any large ground-level event (GLE). The re-
sults acquired during long-term monitoring onboard a CSA aircraft over a period of 30 
months were reported and compared with data from cosmic ray neutron monitors. Secondly, 
the different methods of dose assessment for large GLEs were compared with each other and 
with any measurement results for historic events. Progress has been achieved for the 3 codes 
used. Nevertheless, the analysis of GLEs remains complex and available solar particle event 
models can disagree significantly. Development and validation of the codes with on-board 
measurement results needs to be continued. 
 
WP7: Coordination of research on radiation protection dosimetry of medical staff 
 
The aim was to coordinate and promote European research in the assessment of occupational 
exposures to staff in therapeutic and diagnostic radiology workplaces. Three areas were con-
sidered:  
 
A sub-group completed a first ever literature review of current practice in extremity dosimetry 
in nuclear medicine, interventional radiology, interventional cardiology and brachytherapy. It 
highlighted differences between countries and revealed that targeted studies indicate extrem-
ity doses significantly higher than those routinely reported, suggesting either that highly ex-
posed workers are not monitored or that dosemeters are not routinely worn, or not worn at 
appropriate positions. It would appear that radiological risks are being underestimated. The 
review concluded that ring dosemeters are better estimators of the maximum doses to the ex-
tremity than those worn on the wrist, and that identification of ‘the most exposed areas’ is an 
important step towards a harmonised EU approach. The sub-group also conducted a compari-
son of extremity dosemeters involving 24 services from 16 countries. A wide range of photon  
 

Realistic nuclear medicine set-up with dosemeters on phantoms. The syringe with the radiopharmaceutical is 
inside the circle 
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and beta sources was used. It was found that most dosemeters provide satisfactory measure-
ments of the dose equivalent for photons but that there were difficulties for low energy beta 
radiation and for positron emitters. 
 
The practice of double dosimetry, where dosemeters are placed above and below lead aprons 
(especially in interventional radiology), was reviewed by a second sub-group. Dose assess-
ment methods and algorithms employed in both established and novel practices where double 
dosimetry is used were evaluated. A questionnaire revealed that regulations for double do-
simetry do not exist in some countries, and experience of the algorithms is often very limited. 
A literature review indicated that algorithms significantly overestimate effective dose, and 
that there might not be a single algorithm which is best for all procedures. To investigate the 
situation a series of experiments and calculations (in collaboration with the computational 
dosimetry WP) was coordinated to evaluate currently used algorithms. It was found that the 
algorithms often overestimate effective dose although, in some irradiation conditions during 
interventional radiology, underestimation may occur. Two of the algorithms tested seemed to 
comply with the chosen performance criteria; however, it might not be justified to generalise 
the results. It is recommended that whenever personal doses approach or exceed the dose 
limit, the procedures be further investigated.  
 
Sub-group 3, with the support of the WP on computational dosimetry, coordinated a compari-
son of selected active personal dosemeters (APDs) in continuous and pulsed radiation fields 
similar to those encountered by staff engaged in interventional procedures. APDs are of par-
ticular interest where there are high doses and/or dose rates, e.g. when an individual stands 
close to the X-ray field and is exposed to radiation scattered by the patient. In these situations, 
APDs should respond accurately to low energies (10-100 keV) and pulsed photon fields. The 
comparison showed that one dosemeter, out of six, was not sensitive to the single-pulsed ra-
diation used for this comparison. Standards dealing with active dosemeters do not include 
criteria for pulsed radiation fields, and additional type tests need to be specified involving 
variation of the frequency and intensity of the pulsed radiation. It was concluded that it would 
be useful to undertake calibrations in the radiation fields in which the APDs are used. Large 
discrepancies (up to 14 %) were found between two dosemeters of a specific type indicating 
the necessity to check the dosemeter calibration on receipt. APDs for extremities and the eye 
lens need to be developed. Specific calibration procedures or conversion coefficients to calcu-
late the dose equivalent to the eye lens for X-rays do not yet exist. 
 
 

Impact and future needs 
 
The results of the research coordinated in this project lead to improved protection of radiation 
workers due to (1) a better assessment of the uncertainty of results from computational meth-
ods, (2) reduced uncertainty in internal dose assessment due to improved models, guidance for 
practitioners, and better databases, (3) reduced uncertainty of radiation doses at high-energy 
particle accelerators and in aircraft due to a better understanding of the radiation fields and the 
methods employed for monitoring, and (4) the establishment of improved procedures to as-
sess radiation doses to medical staff. 
 
The project also identified some areas where further research in dosimetry for radiation work-
ers and medical staff is needed and should be coordinated. This includes (1) the need to fur-
ther investigate the influence of pulsed radiation to active instruments, (2) research into the 
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internal dosimetry in the case of nuclear emergencies, (3) the development of methods for 
retrospective dosimetry, and (4) the improvement of standards of protection for medical staff 
for procedures resulting in potentially high exposures. 
 
In addition, the need for transferring research results to everyday routine became evident. 
EURADOS responded by organising a regular winter school in connection with its annual 
meetings and by carrying out training courses in dedicated subjects. 
 
 
Dissemination and use 
 
Prompt dissemination of the results generated by CONRAD was a goal of all the WPs, how-
ever, WP3 coordinated this activity. This work package was the backbone of the communica-
tion action plan accepted by the Commission. Considerable exchange of information occurred 
at the meetings, usually twice a year, of the work groups. Knowledge transfer out of CON-
RAD was achieved via the ERRS newsletter, www.euradnews.org, and via publications, 
workshops and conferences. 
  
Events or reports organised partly or entirely under the auspices of CONRAD include: 
 
• A dedicated workshop, Uncertainty Assessment in Computational Dosimetry, a Com-

parison of Approaches, Bologna, Italy, 8-10 October 2007, ISBN 978-3-9805741-9-8 

• Presentation of CONRAD results at the EURADOS annual meeting and winter school 
on Uncertainties in Dosimetry – Principles through to Practice, Oxford, UK, 2006 

• Presentation of CONRAD results at the EURADOS annual meeting and symposium 
Characterisation of workplaces for the assessment of individual doses, Madrid, Spain, 
2007 

• Presentation of CONRAD results at the EURADOS annual meeting and joint CON-
RAD, MAESTRO, SENTINEL workshop on Dosimetric Issues in Medical Use of Ion-
ising Radiation, Paris, France, 2008 (the proceedings of the symposia associated with 
the annual meetings have been published as special issues of the journal Radiation Pro-
tection Dosimetry) 

• M. Silari (ed.): Complex workplace radiation fields at European high-energy accelera-
tors and thermonuclear fusion facilities, http://doc.cern.ch/yellowrep/2006/2006-
007/full_document.pdf, CERN Report 2006-007, 24 July 2006 

• Results from the complex workplace radiation fields WP will be published in three pa-
pers in the journal Radiation Measurements, where they will be preceded by an editorial 

• Maintenance and development of two websites: 
www.bologna.enea.it/attivita/ideas.html, a forum for internal dosimetry, and 
www.sckcen.be/ideas, a database of internal contamination cases 

• Contributions based on CONRAD have been presented at: 

o The International Workshop on Individual Monitoring of Ionising Radiation (IM-
2005), Vienna, April 2005. Proceedings published in Radiat. Prot. Dosim. 125 (1-
4) (2007) 

http://www.euradnews.org/
http://doc.cern.ch/yellowrep/2006/2006-007/full_document.pdf
http://doc.cern.ch/yellowrep/2006/2006-007/full_document.pdf
http://www.bologna.enea.it/attivita/ideas.html
http://www.sckcen.be/ideas/
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o The 10th Symposium on Neutron Dosimetry (NEUDOS10), Uppsala, June 2006. 
Proceedings published in Radiat. Prot. Dosim. 126 (1-4) (2007) 

o The workshop on Internal Dosimetry of Radionuclides Occupational, Public and 
Medical Exposure, Montpellier, October 2006. Proceedings published in Radiat. 
Prot. Dosim. 127 (1-4) (2007) 

o The SENTINEL Workshop, Delft, the Netherlands, April 2007. Proceedings pub-
lished in Radiat. Prot. Dosim. 129 (2008) 

o The 15th Solid State Dosimetry Conference, Delft, the Netherlands, July 2007. 
Proceedings published in Radiat. Meas. 43, 2-6 (2008) 
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