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Introduction 
 
This Concerted Action continued the work of a previous Concerted Action1 that delivered 
among other deliverables a review2 and a questionnaire3 and held one meeting as a workshop 
on sensitivity analysis and assessment of uncertainties in numerical dosimetry. The 
quintessence of what was learnt in these actions was that not only the correct use of 
computational tools is necessary to meet the needs of modern radiation protection but also a 
careful sensitivity analysis and, based on this, a consistent and reliable stating of the 
uncertainties associated with the results of such calculations.  
 
It is astonishing to realise that virtually no scientist will accept experimental results unless the 
uncertainties associated with these results are stated. But the uncertainties associated with 
results of calculations are rarely stated!  The main tool of computational dosimetry is Monte 
Carlo transport. Since Monte Carlo techniques use stochastic sampling, uncertainty is 
associated with all results obtained using them.  Especially from the questionnaire it was 
learnt that users of such codes often do not state these uncertainties and that only very few 
care about the propagation of the uncertainties that are associated with the input parameters to 
the computational models that underlie such Monte Carlo calculations. This is insofar 
surprising as modern transport codes, e.g. MCNP4, do provide means for accounting for the 
major contributions to the combined uncertainty. 
 
In addition, it was learnt from the questionnaire that advanced methods for computing are not 
often employed, although this would be essential to get reliable results.  Especially low-
energy electron transport and the use of voxel (volume element) phantoms for the 
computation of reliable conversion coefficients were identified as useful advanced tools that 
are not yet widely applied. 
 
The group decided therefore to apply for a new contract and to address the issues of advanced 
tools, sensitivity analysis and uncertainty assessment in numerical dosimetry. The first issue 
needs no special justification: It is clearly necessary to spread information about advanced 
tools and to encourage their use in Europe in order to maintain the leading role of Europe in 
that field. The need to address the second issue is of increasing importance since laboratories 
that perform calibrations for radiation protection instruments are requested by the ISO 
Standard 17025 to provide the uncertainties associated with the resulting values. Here is a 
special need for harmonisation that can be achieved by convincing the scientists that work in 
the field of radiation protection to use the Guide to the Expression of Uncertainties in 
Measurement5 (GUM). 
 
In view of the situation described above, this Concerted Action was set up to further the 
quality-assured use of numerical methods for dosimetry by developing computational tasks 
                                                           
1 Contract No F14P-CT96-0060 – title: Investigation and quality assurance of numerical methods in radiation 

protection dosimetry. 
2 Tagziria, H. (editor): Review of Monte Carlo and Deterministic Codes in Radiation Protection and Dosimetry. 

NPL report (London (UK), 1999, ISBN 0 946754 32 2). 
3 Gualdrini, G., Großwendt, B., Siebert, B. R. L., Tanner, R. and Terrisol, M.: European Questionnaire on the 

Use of Computer Programmes in Radiation Dosimetry. ENEA report RT/AMB/99/14 (Bologna, Italy), 
ISSN/1120 5555 

4 MCNP – A General Monte Carlo N-Particle Transport Code, developed at Los Alamos. Information is 
available via email from mcnp@lanl.gov or from their website www-xdiv.lanl.gov/XTM.  In Europe the code 
can be obtained from the NEA databank in Paris. 

5 ISO: Guide to the Expression of Uncertainty in Measurement, International Organisation for Standardisation 
(ISO), Geneva (CH), 1995. 
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that are relevant in routine practice and invite the scientists working in the field of radiation 
protection to solve these tasks and to allow that their results be discussed at a workshop.  Fur-
thermore, this workshop should provide guidance on advanced tools and on practical methods 
for sensitivity analysis and uncertainty assessment. 
 
 
Objectives 
 
The overall objective of this Concerted Action was to further the development and quality 
assurance of computational methods in dosimetry by the use of advanced methods and a 
consequent and consistent sensitivity analysis and uncertainty assessment and to transfer the 
appropriate techniques from experts to other users within the European Union. 
 
In order to obtain a manageable work plan, the Concerted Action subdivided this overall 
objective by defining three sub-objectives: 
 
(i) To work out computational tasks that are relevant in routine practice and invite the sci-

entists working in the field of radiation protection to solve these tasks and to allow that 
their results be discussed at a workshop 

(ii) To provide help in the appropriate selection of advanced methods by providing 
guidance for their use 

(iii) To inform about sensitivity analysis and uncertainty assessment and provide guidance 
on their implementation. 

 
 
Results 
 
An inter-comparison was worked out that aimed at evaluating the use of computational codes 
for dosimetry in radiation protection physics. This inter-comparison was open to all users of 
Monte Carlo, analytic and semi-analytic codes or deterministic methods, from both inside and 
outside the European Union, regardless of their specific field of work. 
 
The aim was to provide a snapshot of the methods and codes currently in use and furnish 
information on the methods used to assess the reliability of computational results, to 
disseminate “good practice” throughout the radiation dosimetry community and provide the 
users of computational codes with an opportunity to quality assure their own procedures and 
to inform the community about the benefits to be obtained from sensitivity analysis and 
uncertainty assessment and about more sophisticated approaches that may be available to 
them. 
 
One of the presentations for each problem was given by the main authors of the corresponding 
problem. It served to summarise the results, provide paradigmatic solutions and to show 
anonymously the errors that have been found. A careless use of fluence estimators, wrong 
normalisations, inexact nomenclature and use of units have been identified as an important 
source of errors. QUADOS decided therefore to add a tutorial paper on these subjects to the 
proceedings. 
 
Eight problems have been selected for their relevance to the radiation dosimetry community. 
They are relatively undemanding in terms of set-up time and CPU required. Nevertheless, 
they provide reasonably relevant examples for those who use computational codes in their 
work. These eight problems were: 
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P1. Brachytherapy: 192Ir g-ray source. Calculation of angular anisotropy and dose distribution 
in water. (12 participants, 4 presentations) 
 
P2. Endovascular: 32P b- source. Calculation of the dose in the vessel wall along the longi-
tudinal axis of the source and the radial dose profile. (7 participants, 4 presentations) 
 
P3. Proton therapy on the eye: 50 MeV proton beam incident on an eye water phantom. Cal-
culation of the depth dose distribution and isodose curves in the water phantom. (9 par-
ticipants, 4 presentations)  
 
P4. TLD-albedo dosemeter response calculation: neutron and/or photon sources. Calculation 
of the neutron and/or photon response of a 4-element TL dosemeter mounted on a standard 
ISO slab phantom. (18 participants, 4 presentations) 
 
P5. Phantom backscatter: X ray ISO reference beams. Calculation of the air kerma backscatter 
factor profiles and the energy distribution of the backscatter photon fluence along the face of a 
standard ISO slab phantom. (18 participants, 7 presentations) 
 
P6. Environmental scatter: bare 252Cf neutron source located at the centre of a concrete walled 
calibration room. The use of a shadow cone is studied. (17 participants, 3 presentations) 
 
P7. Germanium detector: photon sources with energies in the range from 15 keV to 1 MeV. 
The pulse height distribution in a germanium detector is studied. (12 participants, 5 
presentations) 
 
P8. Consistency check device: 241Am-Be neutron source. Sensitivity to the relative position of 
the radioactive source and a simplified 3He neutron area survey meter. (3 participants, 2 
presentations). 
 
Six tutorials served to inform about advanced tools (T3-T5), sensitivity analysis (T2), 
uncertainty assessment (T1) and aircrew dosimetry (T6): 
 
T1 Assessment of uncertainties and their role in quality assurance 
 
T2 Nuclear data sensitivity and uncertainty analysis (with an overview on deterministic 
methods) 
 
T3 The emerging use of Monte Carlo in radiotherapy treatment planning, radiology and 
general medical physics 
 
T4 Monte Carlo simulations for the design of a hadron therapy centre  
 
T5 Advanced tools: Radiation transport at the DNA level 
 
T6 Aircrew dosimetry with EPCARD (see www.gsf.de/epcard). 
 
The use of voxel (volume element) phantoms as an advanced computational tool was not 
covered in the workshop since their use is yet too difficult for routine applications. However, 
intense discussion among the members of QUADOS lead to some co-operation among them. 
Voxel phantoms are models used for the representation of the human body in dose 
calculations.  They are anatomically realistic mathematical models derived from medical 
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imaging data. To convert the information gained from computed (CT) or magnetic resonance 
(MR) tomographic data to voxels is very difficult and time-consuming. Only few institutes 
have the capability to perform this work – see for example the reference given below6. 
 
The workshop in Bologna, hosted by ENEA, provided a free discussion opportunity for all 
scientists that took part in the inter-comparison (carried out in 2002) and also for other 
scientists interested in the application of numerical tools in the field of radiation dosimetry. 
The workshop, as shown in the table below, attracted 90 participants from 13 member states 
and 4 other countries. 
 
 

Participation at the workshop 

Country Participants Country Participants Country Participants 

Australia 1 Israel 1 Switzerland 3 

Austria 2 Italy 34 The Netherlands 1 

Belgium 2 Japan 1 Ukraine 2 

Czech Republic 2 Poland 1 United Kingdom 8 

France 11 Portugal 3 USA 5 

Germany 7 Slovenia 1   

Greece 1 Spain 4 TOTAL 90 

 
 
Implications 
 
The main achievement of this Concerted Action is the information given via the deliverables 
workshop and proceedings of the workshop. In addition, the members of this Concerted 
Action come from five different countries, from universities, national metrological institutes, 
hospitals, larger and smaller research institutions and reach via their colleagues at these 
organisations quite different parts of the scientific community. 
 
Above and beyond the success in producing the aforementioned deliverables the Concerted 
Action functioned as a forum for the discussion of practical numerical problems encountered 
at the member institutions and even discussed problems made known to members by third 
parties. Several co-operations among the members of the Concerted Action and between 
members and third parties have been initiated. 
 
The impact the Concerted Action group hopes for is an increasing awareness among the users 
of numerical methods in radiation protection dosimetry of the need of quality assurance of 
their work by using appropriate and where necessary advanced tools and by sensitivity 
analysis and uncertainty assessment: 
 
• The four tutorials devoted to advanced tools demonstrate the use of advanced methods. 

They provide literature and examples that serve as guidance to scientists in the field of 
radiation protection dosimetry. 

• The two tutorials devoted to sensitivity analysis and the assessment of the uncertainties 
                                                           
6 Petoussi-Hendd, N., Zankl, M., Fill, U., and Regulla, D.: The GSF family of voxel phantoms. Phys. Med. Biol. 

47 (2002), pp. 89-106. 
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associated with computed results demonstrate their increasing importance. The latter is 
nowadays requested by any reasonable scheme of quality management. Sensitivity 
analysis, especially of the cross-section data used in the calculations, provides the basis 
for uncertainty assessment. Stating the uncertainty associated with the values of meas-
ured or computed quantities is mandatory for calibration laboratories and the tutorials 
provide specific guidance. 

• The proceedings of the workshop provide this information in compact form. They are 
expected to contribute to harmonising the use of modern computational tools and stating 
the uncertainty within the field of radiation protection in Europe. 

 
 
 
Publications 
 
Proceedings of the workshop Inter-comparison on the usage of computational codes in 
radiation protection dosimetry, held in Bologna, 14-16 July 2003. The proceedings were 
printed in October 2004 and are also available on CD. G.-F. Gualdrini (ENEA) acts as 
responsible editor 
 
Tanner, R. J., Chartier, J.-L., Siebert, B. R. L., Agosteo, S., Großwendt, B., Gualdrini, G.-F., 
Kodeli, I., Leuthold, G. P., Ménard, S., Price, R. A., Tagziria, H., Terrissol, M., and Zankl, 
M.: Inter-comparison on the usage of computational codes in radiation protection, Radiation 
Protection Dosimetry; published in 2004. 
 
 


