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Background

Health physics measurements are important for
workers in the nuclear environment in assuring them
safe working conditions. These measurements
involve an accurate determination of the dose, both
gamma and neutron, the analysis of foodstuff sam-
ples on radioactive contamination, whole body meas-
urements of the workers to detect internal contami-
nation

A proper functioning of the equipment is assured
through a regular calibration and an appropriate
maintenance.

These laboratories make routine measurements for
external and internal customers.

Several of these laboratories are Quality Assurance
accredited. The work in the laboratories is supported
by ongoing R&D to support and improve current
methods and to develop new ones when necessary,
which guarantees state-of-the-art working methods.

Objectives
• To maintain expertise and to render services in a

wide range of health physics measurements:
dosimetry, nuclear calibrations and instrumenta-
tion;

ss To make low-level gamma-ray analyses on food-
stuff, environmental samples, in-vivo measure-
ments of the human body, within the frame of
either radiation protection survey programmes, as
support in case of nuclear emergencies;

w To produce standard sources for the calibration
and validation of the instruments and methods
and to maintain expertise in the field of absolute
nuclear measurements;

B To perform non-destructive assay on SCK'CEN
waste in order to fulfil waste characterisation as
required by ONDRAF/NIRAS.

Programme
8 To assure dose determinations (gamma and neu-

tron) on a regular basis, calibrations of doseme-
ters and health physics equipment and to perform
precise irradiations in terms of dose and/or doser-
ate.

a To assure proper functioning and maintenance of
health physics equipment.

a To enlarge the field of gammaspectrometric
measurements in order to cope with activity
determination for complex geometries and to

improve measurement accuracy for those samples
that substantially deviate from the standard
geometry.

8! Extend the in-vivo measurement methods to
detect activation products in the human body pro-
duced in criticality accidents by use of room tem-
perature diodes .

B To upgrade hardware and software for waste
characterisation equipment.

Achievements

Dosimetry

The dosimetry service is in charge of the personal
dosimetry of more than 4600 workers in different
companies and hospitals. Of this 4600. about 800 are
for SCK'CEN. We also supply extremity and ambi-
ent dosemeters. All these dosemeters are based on
the thermoluminescence principle (TL).

While the QA-system for the environmental dosime-
try service is in operation, we took the: first steps for
QA accreditation of the personal dosimetry. Next to
the finalisation of the first set of instructions, several
quality control measures are already operational.
These include a systematic control of the glow
curves, a daily check of the read-out system and the
introduction of a "dummy" customer.

The fading of the thermoluminescent dosimetry sys-
tem at SCK'CEN was studied. The study showed
clearly that next to the fading of the induced signal,
there is also a fading of the sensitivity of the unirra-
diated detectors. We use the results of this study now
in the quality control programs. The study also
showed that in the routine operation, no corrections
for fading are necessary.

SCK'CEN participated actively in the EURADOS
action group concerning the "Harmonisation and
Dosimetric Quality Assurance in Individual
Monitoring for External Radiation". The final report
was published in 2000 in Radiation Protection and
Dosimetry and received a lot of attention. The report
gives for all EU member states plus Switzerland, a
comparison of the present procedures and regula-
tions for personal dosimetry, a catalogue of the exist-
ing dosimetry systems and the results of an extensive
intercomparison for gamma's, beta's and neutrons.

Calibration

The calibration service calibrates all radiation detec-
tors at SCK'CEN. We also calibrate neutron moni-
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tors, gamma monitors and electronic personal
dosemeters for external customers. In total about 220
calibration orders were treated in 2000.

The calibrations with 252Cf neutrons and those of the
Siemens Electronic Personal Dosemeters obtained a
BKO (Belgian Calibration Organisation) QA accred-
itation in the beginning of the year. Such accredita-
tion is also being prepared for calibrations with l37Cs
and "Co in different set-ups. The horizontal calibra-
tion set-up has already been successfully audited
internally.

Instrumentation

The instrumentation service is responsible for the
maintenance of all the electronic measuring devices
used in radiation protection at SCK«CEN. We also
maintain the radiation and meteorological survey sta-
tions located near SCK«CEN. We did in total 110
repairs in the field and in the laboratory.

Gamma-ray spectrometry

The laboratory for gamma-ray spectrometry makes
gamma spectrometric analysis on various low to very
low activity samples. In 2000, we made more than
1800 analyses. We perform routinely analyses of
foodstuff and environmental samples in the frame-
work of the Belgian radiological surveillance pro-
gramme, the monitoring programme of the Institute
for Veterinary Control (IVK) on meat and fish, and
for shipping companies. Another important part of
the work is done in the frame of safe operation of the
BR2 reactor and more generally for SCK«CEN's
radiation protection services. The laboratory has
been accepted by the Ministry of Public Health for
making analyses on foodstuff samples.

There is an increasing demand for analyses of sam-
ples containing radionuclides resulting from specific
experiments performed at SCK«CEN. Well specified
uncertainty estimations are often required. For this
reason, we started the calibration of our detector
chains complemented with numerical calibrations
based on computations with SOLCOI and SOLMAR
(DSM Research BV Geleen, Nl). These softwares
allow to compute correction factors for density,
material composition and geometric differences
between the sample and the reference calibration as
well as true coincidence summing effects. Previous
validations of the measurement methods are comple-
mented with data from these simulations now and a

more detailed approach to uncertainty estimation in
the analysis is made.

Whole Body Counting

For routine measurements, we use very large Nal(Tl)
scintillators for whole body counting, while a dual
Low Energy Germanium (LEGe) detection system is
used for the quantification of 241Am and possible
other low energy gamma emitters in the lungs. The
assessment of 232c28Th burden in the lungs is now
done also with the LEGe detector system, in parallel
with the previous method using a large Nal(Tl) scin-
tillator.

Techniques for the in-vivo measurement of low-
energy gamma-ray emitters with room temperature
diodes are progressively applied to measure contam-
inated wounds and to track localised contamination.

In collaboration with other organisations, the labora-
tory has finalised the writing of procedures to be
adopted in the development and use of a facility for
in-vivo counting. This book will be published by the
ICRU (International Committee for Radiological
Units) with the title "Direct Determination of the
Body Content of Radionuclides".

In 2000, the laboratory performed 1127 in-vivo
measurements, consisting of the regular control of
workers from a nuclear environment and measure-
ments made in case of accidents involving the risk of
internal radioactive contamination.

We are progressively upgrading the analysis software
to run under Windows.

Preparation of Standard Sources

This laboratory is equipped with the required instru-
ments for making absolute (47tp-y coincidence
counter, source preparation tools) and relative
(Nal(Tl) well detector a chamber) activity measure-
ments and to make dilutions of reference solutions by
gravimetric methods. The laboratory produces
sources for internal and external customers and
offers a particular service by producing sources of
quite uncommon geometry (e.g. simulating an exter-
nal contamination of a fuel pin, surface sources ...)
which cannot be obtained from standard source sup-
pliers. Recalibrations of a-sources are also per-
formed.

The laboratory also measures the alpha activity in
radon monitors using track etch analysis (see Radon
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in the Indoor Environment). In 2000 we made more
then 50 track etch analyses.

Non-detructive assay

The laboratory performs non-destructive assay of
SCK«CEN's nuclear waste packages (mostly low
level waste) and for external customers. In 2000 we
measured 100 drums with the Q2 Low Level Waste
Assay System. The 3Ax gamma scanner, developed
in 1999, was installed; we made preliminary calibra-
tions , and a first set of 4001 drums was assayed with
this system.

Maintenance ofEuratom Fork detectors

We have given support to Euratom's verification of
spent fuel and of fresh MOX fuel in reactor storage
ponds, by assuring maintenance, repair, test, upgrad-
ing of the existing Fork detectors for PWR and BWR
fuel assemblies and for fresh PWR type MOX fuel,
in order to increase performance and reliability of the
detectors.

Perspectives
a A large programme of type tests with the different

dosemeters is in progress. These tests are required
for the QA accreditation of the dosimetry sys-
tems.

a The current OCR (Optical Character
Recognition) labels on the personal dosemeters
will.be changed to barcodes.

8! A basic set-up will be prepared to do optically
Stimulated luminescence experiments.

H A new EURADOS project will be started, contin-
uing the work previously mentioned.

ffi A continuous effort will be made for the BKO
(Belgische Kalibratie Organisatie) accreditation
of each type of calibration that is being done.

m We will calibrate each detector in use for spec-
trometry analysis by means of the SOLCOI and
SOLMAR software. Analyses requiring correc-
tions for sample geometry and configuration will
be automated in order to minimise possible errors
and to maximise traceability of correction proce-
dures and data used.

a Equipment for in-situ gamma-ray spectrometry,
in the past mainly used for the survey of soil con-
tamination, will be updated with new hardware
and software. The aim is to use the gamma spec-
trometer together with the home made software
package Solidang, which assists in making

numerical calibrations even for complex counting
configurations.

SS Improve the quality of lung measurements by a
better estimation of the background, signal and by
improving the uncertainty estimation.

« In order to minimise human errors and to max-
imise traceability, the implementation of a digital
readout of the instruments by computer and of
well documented data files will be pursued.

B Further develop the software for the 3 Ax scanner.

Publications

J.W.E. Van Dijk, I.M. Bordy, F. Vanhavere, C. Wernli
and M. Zamani-Valasiadou, "A Catalogue of
Dosemeters and Dosimetric Services within EU
Member States and Switzerland able to Estimate
External Radiation Doses as Personal Dose
Equivalent", Rad. Prot. Dosim. 89 (1-2), pp. 53-105
(2000).

F. Hardeman, J-L. Genicot, S. Pomme, J-P. Alzetta,
P. Willeborts, "Experiences and specific problems
during the accredition of the Nuclear Measurements
Laboratory", Proceedings of the International
Workshop on Quality Requirements of NDA
Measurements, C. Foggi, E. Petraglia eds., Ispra,
Italy, 2000, pp. 129

J. Uyttenhove, S. Pornme, B. Van Waeyenberge,
"Measurement of natural gamma radiation in
Belgium by means of high resolution in-situ spec-
trometry", Annalen van de Bejgische Vereniging
voqr Stralingsbescherming 25 (2000) pp. 227-232

J.L. Genicot, "L'anthroporadiametrie: Une technique
evolutive pour repondre aux directives de la CIPR."
Annales de ^Association Beige de Radioprotectipn-
Belgische Vereniging voor Stralingbescherming",
Vol. 25, n° 2, pp. 175-192 (2000).

D. Franck, J.L. Genicot, P. Pihet, K. Schnuer, H.
Spitz: Proceedings of the International Workshop
"In-Vivo Monitoring for Internal Contamination:
New Techniques for New Needs" Mol, Belgium 21-
24, 1999, Radiat. Prot. Dosimetry Vol. 89 Nos. 3-4
2000 - EUR 19618/EN.

J.L. Genicot, "The In-Vivo Detection of Low Energy
Photon Emitters in Radiation Protection and in
Nuclear Medicine. A New Philospophy for New
Needs in In-Vivo Counting".

Radiat. Prot. Dosim. 339-342 (2000).

Radiation Protection 119



Presentations

F. Vanhavere, "The Fading of Thermoluminescent
Detectors LiF:Mg,Ti", Harshaw TLD Users' Group
Symposium (invited), Washington, September 17-
20, 2000.

F. Vanhavere, M. Coeck, "Comparison between
Thermoluminescent and Electronic Dosimetry
Results at the SCK'CEN", European Workshop on
Individual Monitoring of External Radiation,
Helsinki September 4-6, 2000.

J.L. Genicot: "In-Vivo Measurement of Internal
Contamination in the Low Energy Range: A study of
the Background Effect." Poster presented at the 10th

Intern. Congress of the International Radiation
Protection Association held in Hiroshima,
Hiroshima, Japan, May 14-19, 2000.

120 Radiation Protection


