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Background

The long-term storage of radioactive wastes requires

the knowledge of the amount of long-lived and high-

ly radiotoxic nuclides present in the waste fluxes.

Their activity, which is presently masked by the

highly active beta- and gamma-emitting nuclides,

will indeed constitute the major safety problem in the

future.

At present, their determination is only possible by

using advanced separation techniques prior to their

measurement.

The concentration of these nuclides which are pro-

duced by activation of reactor materials (3H, 14C,

»Ni, 63Ni; 94]%) or by fission and transmutation in

the nuclear fuel (*>Sr, »Tc, i»I, «5Cs, 234U, 235U, 236U,
238TJ; 238pu> 2 3 9 ^ 240pUi 24ipu> 241 Am, 242Cm, 2«Cm) in

the nuclear reactor may be correlated to so-called key

nuclides (60Co and 137Cs) which are currently meas-

urable and are representative for activation or fission

reactions.

Objectives

This work is covered by a contract with the National

Agency for the Management of Radioactive Waste

and Fissile Materials (ONDRAF/NIRAS) and allows

to determine scaling factors for different isotopes in

evaporator concentrates, ion-exchange resins and

coolant particle filters from the reactor power plants

of Doel and Tihange.

The radionuclides that still remain to be analysed are

the actinides 23»Pu, 24lAm and 244Cm and the fission

products "Tc and 129I. This would lead to the finali-

sation of the report.

Achievements

Making use of the experience gathered during the

Radwaste project, we applied an extraction chro-

matographic separation technique to a few represen-

tative samples for the determination of 238Pu, 24IAm

and 244Cm by alpha-spectrometry. The results were

accepted by ONDRAF/NIRAS. Due to the low con-

tent of wTc and 129I in the waste matrices to be

analysed, the separation methods experimented

proved to be unsatisfactory to meet the requirements

for the radiochemical analyses techniques applied,

thus resulting in high detection limits.

Perspectives

The determination of *Tc and 129I by Inductively

Coupled Plasma - Mass Spectrometry (ICP-MS) in

the separated fractions will be examined.

The analyses of the remaining waste streams for the

presence of 238Pu, 241Am and 244Cm will be continued.

Radwaste - Qualification of
Radioanalystical Routines for
the Determination of Alpha-
emitting Nuclides in
Conditioned Radioactive Waste.

The classification of radioactive wastes is strongly

dependent on their alpha-emitting radionuclides con-

tent. However, their accurate measurement is not an

easy task due to the presence of high amounts of

gamma- and beta-emitting radionuclides and the

complexity of the matrices to be analysed. To pro-

ceed to a possible declassification of these wastes,

qualified standard procedures allowing the definition

of a reference level had to be set up. This project, co-

ordinated by SCK'CEN with the partnership of

ENEA (IT), CIEMAT (SP), NNC (UK) and FZJ

(GE) and executed in the frame of the 4th

Framework Program, lasted from 1997 to 1998.

The report entitled "Qualification of Re.dioanalytical

Routines for the Determination of Alpha-emitting

Nuclides in Conditioned Radioactive Waste" was

finalised and accepted in March 1999 (ref. EUR

19111 EN).

A new project has been introduced ami accepted in

the frame of the 5th Framework Program with the

purpose to proceed to an interlaboratory comparison

of the proposed methods on real reactor wastes.

Actinide Research In A Nuclear
Element (ARIANE)

The ARIANE project was initiated by

Belgonucleaire to improve the quality of the high

burnup UO2 and MOX source term prediction for

any licensing reasons such as the determination of

coolant activities, shielding, dose assessment, stor-

age, transport, accident consequences and environ-

mental impact, etc. The project covers the complete

spectrum of irradiated LWR fuel by the investigation

of UO2 and MOX samples unloaded either from

PWR or from BWR commercial power plants. The

experimental part of the project consists of the analy-

sis of 49 selected isotopes in high burnup UO2 and

MOX samples. These analyses are performed by the
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radiochemical laboratories of Transuranium Institute

(TUI) in Germany, the Paul Sherrer Institute (PSI) in

Switzerland and SCK'CEN and some samples were

exchanged between these laboratories.

The project was extended once more in 1999 with the

analysis of new samples for TUI and PSI, who both

also sent one (solid) sample to SCK'CEN for inter-

comparison. The determination of some isotopes in

previous samples as well as the complete analysis of

the new samples was planned for 1999.

Both new samples were successfully dissolved in a

shielded cell and SCK»CEN carried out the analysis

of the base programme (except for 99Tc) on both sam-

ples. The remaining residue after the first dissolution

(which still contains some isotopes of interest as
95Mo, »Tc, IO'RU, "»Ru, 103Rh, 125Sb,...) was also dis-

solved in a shielded cell using an alkaline fusion pro-

cedure.

Most of the isotopes have been determined by radio-

chemical measurements and by thermal ionisation

mass spectrometry.

In order to complete the project (in the first months

of 2000), 8 isotopes still have to be measured, most

of them by Inductively Coupled Plasma - Mass

Spectrometry (ICP-MS) adapted for glove box appli-

cations. Finally, an extensive report will be deliv-

ered, including all the methods of analysis used, the

corresponding results and an extensive uncertainty

evaluation.

Radiochemical Services

Accurate and reliable radiochemical and radioanalyt-

ical methods are essential to identify and quantify the

radionuclides present in nuclear fuels as well as

radioactive wastes. This implies not only a perfect

control of the measurement instruments, but also the

development of appropriate sample preparation tech-

niques.

The main objectives of the services are:

- to provide reliable and accurate methods for the

identification and quantification of alpha and

gamma emitting radionuclides in a variety of

matrices for internal and external clients.

to develop and optimise separation schemes to

satisfy the requirements for source preparation

for these measurement techniques.

-"; to maintain and improve the existing Quality

Assurance procedures in the framework of the

Beltest accreditation.

Two supplementary samples of spent fuel for the

ARIANE project were dissolved in the hotcell and,

after appropriate dilution and separation, were

analysed by alpha- and gamma-spectrometry and

thermal ionisation mass spectrometry.

In the frame of the project Development of Advanced

Wet-Reprocessing System Technology financed by

the Japanese 'Institute of Research and Innovation'

(IRI) the separation of a custom made solution of

simulated spent fuel on a novel anion exchange resin

AR-01 was performed in a glove box. More than 50

separate fractions of 10 ml were collected and

analysed by alpha- and gamma-spectrometry and by

ICP/MS. A beginning was made with the preparation

of an equivalent experiment with a real spent fuel

solution in a hotcell in collaboration with the

Laboratories for Hot and Medium Activities

(LHMA).

Four neutron monitors with respectively 237Np, 239Pu,
241 Am and 244Cm irradiated in the KNK-II reactor had

to be dissolved and analysed for the presence of acti-

vation and fission products.

In addition to those specific actions, various analyses

were performed for external and internal clients.

The number of analyses of Pu by alpha-spectrometry

and of Am-241 by gamma-spectrometry in MOX

fuel from Belgonucleaire has slightly increased as

compared to 1998. This accounts for about 75 % of

the workload of the group.

A series of analyses of ashes resulting from the com-

bustion of suspected alpha contaminated wastes in

the Cilva furnace of Belgoprocess required an appro-

priate preparation in our laboratories before being

analysed by the Low Level Measurements services.

For internal clients, a wide variety of radionuclides

were determined by alpha- and gamma-spectrometry

in different matrices (waste effluents, MOX,

clay,...).

We will proceed to the calibration and evaluation of

a newly acquired high purity Ge detector for low-

energy photon measurements.

The direct measurement of alpha-emitting radionu-

clides in clay wafers using ZnS-detectors to study

uranium migration behaviour in clay must be opti-

mised.

We will continue the study of the separation of a real

spent fuel solution on AR-01 resin and determination

of distribution coefficient for Pu in the framework of

the IRI-project.
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Chemical Analyses Services

Accurate and reliable chemical analyses are essential
in a production environment (e.g. for the control of
the specifications of nuclear fuels) as well as in R&D
environment (e.g. for the support of the experiments
performed in internal R&D projects). The laboratory
aims to fulfil the requirements of internal and exter-
nal clients by offering performant analytical methods
applied by experienced operators.

The aim of the services is:

f-« to provide an answer for internal and external
clients to all the problems that could be solved by
an appropriate chemical analysis

to maintain and develop the reached expertise by
the development of new methods and the contin-
uous training of the people

to maintain the accreditation for the granted tech-
niques and to extend the scope to new ones.

The ICP/MS for glove box applications has been
made operational for the analysis of radioactive sam-
ples. More than 50 samples were analysed for their
actinides and fission products content in the frame of
the IRI-project. Due to a sudden increase of analysis
demands from internal clients (a.o. determination of
neptunium in clay water) and to some delay due to
maintenance problems, the validation of the method
for the determination of impurities in nuclear fuels
had to be postponed by one year.

A new laboratory has been equipped to host the
recently acquired Inductively Coupled Plasma
Atomic Emission Spetrometry (ICP/AES) instru-
ment. Obsolete instruments like an old ICP/AES
instrument, an X-ray fluorescence spectrometer and
an optical emission spectrograph were dismantled
and discarded.

The validation of the new ICP/AES was completed
and the method obtained the accreditation during the
BELTEST audit in September. The validation of the
T.O.C. (Total Organic Carbon) instrument has been
completed and the method was accredited as well.

We have participated to various intercomparison
exercises to maintain our proficiency for both tech-
niques. We tested not only ICP/AES and T.O.C. but
also the "cold" and the "warm" ICP/MS instruments.
The scored results were excellent.

Despite some problems encountered for one method
(AES in glove box), the accreditation of BELTEST
was extended after the audit of September. Most of
the corrective actions have already been taken.

As usually, many routine analyses were performed
for our internal clients.

About 44% of the total work was requested by Waste
Characterisation, whilst 32% were analyses, support-
ing experiments of Diffusion and Migration in Clay.
The rest of the demands is shared between BR2
(16%), BR3 (6%) and others (2%).

Although the total amount of these was slightly less-
er than in 1998, the great number of measurements
necessary for the validation of ICP/AES and T.O.C.,
made the net workload in 1999 even heavier.

The requests from external clients - particularly
Belgonucleaire - reached about the same level as last
year. These analyses represent about 50 % of the
workload of the group.

The validation of the ICP/MS in glove box as well as
the qualification of the operator needs to be pursued.

A temporary recruitment is foreseen in order to get
easier through the overload of work wnich is expect-
ed as usually at the end of next year.

Abbreviations

ENEA: Ente Nuove Tecnologie, Energia e
Ambiente (Italy)

CIEMAT: Centro de Investigationes Energeticas,
Medioambientales i Technologicas
(Spain)

FZJ: Forschungszentrum Jiilich (Germany)

NNC Ltd: Nuclear engineering and consultancy
(United Kingdom)
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