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EURADOS working group 6, computational dosimetry, a history of promoting good practice via 
intercomparisons and training 

EURADOS was founded in 1982 (Rühm et al., 2020) and since that 
time it has managed research programmes in radiation protection via a 
set of Working Groups covering the topics of primary interest in the 
field. The fields covered by the working groups have evolved over the 
years, with new working groups being formed as new areas of interest 
are identified, with working groups being discontinued as their useful-
ness declines. Ever present in EURADOS has been a Computational 
Dosimetry working group that has brought together scientists working 
in numerical methods. 

Whilst EURADOS Working Group 6 (WG6) is strongly associated 
with Monte Carlo methods, its remit has always covered other numerical 
methods used in radiation protection, especially unfolding methods for 
neutron spectrometry (Alevra et al., 1990). The radiation modelling 
methods covered have also included deterministic calculations, though 
those are not commonly used in radiation protection nowadays because 
of the availability of powerful computers and Monte Carlo codes that are 
widely distributed. Over the past four decades the membership of WG6 
has evolved with too many contributors to list. In this time, it has, 
however, only been chaired by Siegfried Wagner, Bernd Siebert, Gian-
franco Gualdrini, Rick Tanner and Hans Rabus. 

During the lifetime of WG6, the field of computational dosimetry has 
evolved dramatically. When WG6 started, the members of the working 
group were largely writing their own codes to perform Monte Carlo or 
deterministic calculations, and most of the computational dosimetry 
experts working in radiation protection in Europe were concentrated 
within the working group. The codes used had the great merit of inde-
pendence, since each one was a unique attempt to solve a problem. 
Comparisons between such codes were hence necessary as a quality 
assurance check. Poor application of the code, however, was not such a 
problem, because only the originator knew how to use it. 

One of the earliest tasks of the computational dosimetry was an 
intercomparison of unfolding codes (Alevra et al., 1990) which pro-
moted high quality neutron spectrum unfolding at a number of Euro-
pean laboratories. In that case, the laboratories involved in the 
intercomparison were the ones that were developing the methods for 
neutron spectrometry, but more recently it has been necessary to 
perform an open intercomparison (Gómez-Ros et al., 2018, 2022), 
because the methods are used widely across many dosimetry labora-
tories. The results were largely good, but in several cases, they were 
clearly incorrect in ways that are hard to explain. 

Though not technically an intercomparison, WG6’s highest profile 
achievement was the generation of the data for the operational dose 
quantities and the protection quantities as described in ICRU Report 51 
(ICRU, 1987) and ICRP Publication 60 (ICRP, 1991). This yielded the 

joint ICRU and ICRP publications ICRU Report 57 (ICRU, 1998) and 
ICRP Publication 74 (ICRP, 1996). The operational quantity conversion 
coefficients in those publications remain in use today, though the pro-
tection quantity conversion coefficients have been superseded by those 
in ICRP Publication 116 (Petoussi-Henss et al., 2010). The generation of 
the conversion coefficients was, in essence, an intercomparison between 
the members of WG6, since at that time these calculations were at the 
limit of what could be achieved with the codes and computers that were 
available: participants presented their results and refined methods to get 
good agreement, and a “reference solution” produced using a weighted 
sum of the results. There was not even standardization using reference 
phantoms at that time. This concept of a “reference solution” has 
become one of the key issues in computational intercomparisons: what is 
the “right” answer? At that time, coupled calculations that included the 
transport of the secondary electrons to produce true estimates of the 
absorbed dose was in its infancy. It is hence fascinating to see where we 
are now; with recent calculations of using full secondary particle 
transport, voxel and now mesh phantoms to represent the individual, 
and wide ranges of particle type and energy. However, it must be 
remembered that the calculations performed by EURADOS WG6 to 
produce ICRU Report 57 and ICRP Publication 74 were cutting edge at 
the time, and that EURADOS co-ordinated work produced data that are 
still in use today, almost 30 years later. 

Codes produced by an individual scientists suffer from the limited 
effort available for code development, and the tendency of those codes 
to retire from the field with their originator. Those codes also tended not 
to cover all types of radiation and hence could not be applied for all 
problems. Scientists writing their own codes from scratch are now 
largely replaced by large teams producing codes that can be applied to a 
wide range of problems, with relatively little expertise on behalf of the 
user. The main codes in use in radiation protection today are the product 
of many person-years of coding to produce a programme that covers a 
huge range of applications, with a potentially user-friendly interface. 
Additionally, running Monte Carlo codes used to require mainframe 
computers, whereas today the codes can be run on PCs or laptops, 
though for the most cpu intensive calculations PC clusters are often 
preferred. In the past, running enough starting particles to get conver-
gence was a problem, but now there are more likely to be issues of 
exceeding the random number stride and getting correlated histories. 

In the early days of EURADOS, numerical methods were largely 
restricted to the activities of WG6. However, today all WGs have a 
computational element to their work programme. Running Monte Carlo 
simulations is a basic part of the skillset of most young scientists in ra-
diation protection and dosimetry and a high fraction of scientific papers 
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in radiation protection and dosimetry have a Monte Carlo component. 
This leads to the important question: how reliable are the results? 

The results in Monte Carlo calculations are limited by the available 
data for cross-sections and materials, and the physics models imple-
mented in them. They are also limited by the available computing 
power. It is, however, clear that, in the hands of experts, a range of codes 
and scientists can produce consistent results even for difficult compu-
tational problems (Petoussi-Henss et al., 2010). But how reliable are the 
codes in the hands of less experience and less expert users? 

These questions led to a series of computational intercomparisons 
that were run by EURADOS WG6. These sought to test how well the 
users of computational codes in radiation protection and dosimetry 
actually use their codes. This special issue of Radiation Measurements 
summarizes the recent intercomparisons performed with the remit and 
in collaboration with other EURADOS Working Groups. However, even 
though performing intercomparisons has become a major part of the 
EURADOS work programme, as recognized in our Strategic Research 
Agendas (Rühm et al., 2016; Harrison et al., 2021), EURADOS in-
tercomparisons on computational methods have been running 
throughout the history of this WG. In particular, the QUADOS (QUality 
Assurance of computational tools for DOSimetry) set of eight problems 
formed a concerted set of intercomparisons (Tanner et al., 2004; Siebert 
et al., 2006), that became the basis for much of the future work of WG6. 
These culminated in a workshop in Bologna in 2003 that drew together 
experts and young scientists working in radiation protection and 
dosimetry to discuss the often impressive, and frequently concerning 
accuracy of the submitted solutions. 

The papers gathered together in this special issue of Radiation 
Measurements carry this work programme forward. They cover more 
complex problems in terms of geometry, particle types, energy ranges, 
coupled calculations and also scale, with the possibility of performing 
Monte Carlo calculations on micro and nano dosimetric scales now 
feasible. They also required computer power that was not feasible dur-
ing the QUADOS intercomparison. 

A summary of the exercises is provided in the last article of the 
Special Issue (Rabus et al., 2022), which presents the findings and 
common conclusions from the ten articles reporting the results of each 
exercise (De Saint-Hubert et al., 2021, 2022; Eakins et al., 2021; 
Gómez-Ros et al., 2021, 2022; Huet et al., 2022; Rabus et al., 2021; 
Villagrasa et al., 2022; Zankl et al., 2021b, 2021c). One of these issues 
was the correct assessment of bone marrow dose, which prompted the 
inclusion of an article in this special issue explaining the 
ICRP-recommended method for bone marrow dosimetry (Zankl et al., 
2021a). 

Whilst WG6 has in many respects led the way for EURADOS in terms 
of intercomparisons, one area in which we are left behind is accredita-
tion. The many intercomparisons that EURADOS has run for personal 
dosemeters now constitute evidence for ISO 17025 (Petrovic et al., 
2020) accreditation of those services. Perhaps this is a future direction of 
travel for Monte Carlo calculations? Accredited Monte Carlo or 
Computational Dosimetry expert? 
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Gómez-Ros, J.M., Moraleda, M., Arce, P., Bui, D.-K., Dang, T.-M.-L., Desorgher, L., 
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Miljanic, S., 2020. The European radiation dosimetry group – review of recent sci-
entific achievements. Radiat. Phys. Chem. 168, 108514. 

Rühm, W., Fantuzzi, E., Harrison, R., Schuhmacher, H., Vanhavere, F., Alves, J., Bot-
tollier Depois, J.F., Fattibene, P., Knezevic, Z., Lopez, M.A., Mayer, S., Miljanic, S., 
Neumaier, S., Olko, P., Stadtmann, H., Tanner, R., Woda, C., 2016. EURADOS 
strategic research agenda: vision for dosimetry of ionising radiation. Radiat. Protect. 
Dosim. 168, 223–234. 

Siebert, B., Tanner, R., Chartier, J.-L., Agosteo, S., Großwendt, B., Gualdrini, G., 
Ménard, S., Kodeli, I., Leuthold, G., Price, R., 2006. Pitfalls and modelling in-
consistencies in computational radiation dosimetry: lessons learnt from the QUADOS 
intercomparison. Part I: neutrons and uncertainties. Radiat. Protect. Dosim. 118, 
144–154. 

Tanner, R.J., Chartier, J.-L., Siebert, B.R.L., Agosteo, S., Großwendt, B., Gualdrini, G., 
Kodeli, I., Leuthold, G.P., Ménard, S., Price, R.A., Tagziria, H., Terrissol, M., 
Zankl, M., 2004. Intercomparison on the usage of computational codes in radiation 
dosimetry. Radiat. Protect. Dosim. 110, 769–780. 

Villagrasa, C., Rabus, H., Baiocco, G., Perrot, Y., Parisi, A., Struelens, L., Qiu, R., 
Beuve, M., Poignant, F., Pietrzak, M., Nettelbeck, H., 2022. Intercomparison of 
micro- and nanodosimetry Monte Carlo simulations: an approach to assess the 

R. Tanner et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S1350-4487(22)00120-2/sref1
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref1
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref1
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref2
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref2
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref2
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref2
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref3
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref3
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref3
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref4
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref4
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref4
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref4
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref4
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref5
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref5
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref5
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref5
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref6
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref6
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref6
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref6
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref6
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref7
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref7
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref7
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref8
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref8
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref8
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref8
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref8
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref8
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref9
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref10
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref10
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref11
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref11
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref12
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref12
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref13
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref13
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref14
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref14
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref14
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref14
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref14
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref15
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref15
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref15
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref15
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref16
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref16
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref16
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref16
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref16
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref17
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref17
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref17
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref18
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref18
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref18
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref18
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref18
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref18
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref19
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref19
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref19
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref19
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref19
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref20
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref20
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref20
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref20
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref20
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref21
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref21
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref21
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref21
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref22
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref22
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref22


Radiation Measurements 156 (2022) 106829

3

influence of different cross-sections for low-energy electrons on the dispersion of 
results. Radiat. Meas. 150, 106675. 
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Zankl, M., Gómez Ros, J.-M., Moraleda, M., Reichelt, U., Akar, D.K., Borbinha, J., 
Desorgher, L., Di Maria, S., EL Bakkali, J., Fantinova, K., Ferrari, P., Gossio, S., 
Hunt, J., Jovanovic, Z., Kim, H.S., Krstic, D., Lee, Y.-K., Nadar, M.Y., Nikezic, D., 
Patni, H.K., Murugan, M., Triviño, S., 2021c. Monte Carlo calculation of organ dose 
coefficients for internal dosimetry: results of an international intercomparison ex-
ercise. Radiat. Meas. 148, 106661.  

Hans Rabus has worked with the Physikalisch-Technische 
Bundesanstalt (PTB) since 1992, where he became head of 
the department “Fundamental of Dosimetry” in 2009 (later 
renamed to “Radiation Effects”), which performed research in 
the fields of nanodosimetry, track structure simulations and 
radiobiology with an ion microbeam. Hans has been active in 
EURADOS since 2009, mainly in Working Group 6 Computa-
tional Dosimetry, where he led the task group on computational 
micro- and nanodosimetry from 2012 to 2018. From 2012 to 
2015 he was the PI of the European Research Project BioQuaRT, 
studying the link between track structure and biological effec-
tiveness and aiming at new radiation quantities for radio-
therapy based on micro- and nanodosimetry. Since 2019 Hans 

is Chair of EURADOS WG6.  

Rick Tanner has worked in radiation protection since 1988 
when he started at the National Radiological Protection Board 
in the UK. He currently works for the United Kingdom Health 
Protection Agency as Head of the Dosimetry Services Depart-
ment. His areas of expertise are mainly focussed in external 
dosimetry, for all types or ionizing radiation with a particular 
emphasis on neutrons and Monte Carlo modelling. 

He is in his 2nd spell as an elected member of EURADOS 
Council and Chaired EURADOS WG6, Computational Dosimetry, 
from 2014 to 2019, but has been a member of the working 
group since 1994.  

Stefano Agosteo is a full professor in the field of Nuclear 
Measurements and Instrumentation at the Politecnico di 
Milano. Since 1992 he has been collaborating with the TERA 
program for constructing a hadron-therapy centre in Italy, 
presently operating in Pavia (CNAO). His research interests are 
also focused on radiation dosimetry, microdosimetry and 
neutron spectrometry. In particular, the research in the field of 
microdosimetry is addressed to the assessment of radiation 
quality of hadron-therapy fields. He was/is responsible (at the 
local and/or national level) for several research programs of the 
INFN in the field of BNCT, neutron spectrometry with silicon 
detectors, silicon microdosimetry and microdosimetry at the 
nanometric level. In the period 2010–2017 he acted as the 

Chairman of the MSc Course in Nuclear Engineering of the Politecnico di Milano. He is a 
member of the PhD Council in Energy and Nuclear Science and Technology of the Poli-
tecnico di Milano. He is a corresponding member of the Istituto Lombardo Accademia di 
Scienze e Lettere. He is a member of the Editorial Board of Radiation Measurements, and 
he acts as a reviewer for several international journals. 

Rick Tanner 
United Kingdom Health Security Agency, Chilton, Didcot, Oxon, OX11 0RQ, 

United Kingdom 

Stefano Agosteo 
Politecnico di Milano, Milano, Italy 

Hans Rabus* 

Physikalisch Technische Bundesanstalt (PTB), Braunschweig and Berlin, 
Germany 

* Corresponding author. 
E-mail address: hans.rabus@ptb.de (H. Rabus). 

R. Tanner et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S1350-4487(22)00120-2/sref22
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref22
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref23
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref23
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref24
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref24
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref24
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref25
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref25
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref25
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref25
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref25
http://refhub.elsevier.com/S1350-4487(22)00120-2/sref25
mailto:hans.rabus@ptb.de

	EURADOS working group 6, computational dosimetry, a history of promoting good practice via intercomparisons and training
	Acknowledgement
	References


