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1. lyfi2Radiizy

In normal operation, subject to certain conditions, Class | nuclear facilities and certain Class IIA
industrial facilities are authorised to release limited quantities of radioactivity® in a controlled manner:

1 into the atmosphere, in the form of gaseous effluents,
1 into surface waters, in the form of liquid effluents (Class | only).

These discharges are subject to strict rules, and are monitored continuously by the operators and the
public authorities.

Continuous monitoring of these discharges by the public authorities moreover forms part of a much
wider programme of radiological monitoring of the Belgian territory. This consists of analysing a series
of compartments of the biosphere (air, soil, water, fauna, flora, etc.) as well as the food chain and
therefore has the following objectives:

1 aiming to ensure compliance with legal and regulatory requirements relating to contamination
of the environment,

1 checking whether the discharges into the environment are carried out in accordance with the
authorised standards and limits,

T informing the public objectively and evaluating, where necessary, the potential doses received
by certain groups of the population.

The aim of this information folder is to inform the public, in the first place, about the ways in which
radioactive effluents from Class | and Class IIA facilities are discharged, as well as about the radiological
impact associated with these discharges for the local populations, but also about the whole of the
monitoring programme for the Belgian territory.

The results for the past year presented in this folder make it possible to check that the discharges of
effluents from these facilities remain in conformity (qualitatively and quantitatively) with the licenses
granted to the operators. The results of the monitoring programme also make it possible to decide on
the radiological situation of the Belgian territory. The radiological impact associated with the discharges
is also shown for each facility.

1 The terms highlighted in italics are explained in the glossary at the end of the folder.
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1. Classification of facilities

Depending on their nature and their characteristics, Belgian nuclear facilities are divided into four
classes: I, Il, lll and IV.

Class | facilities, which are the subject of this information folder, are the largest nuclear facilities:
reactors for the production of electricity, research centres, centres for the management of radioactive
waste, etc.

Among Class Il facilities, certain facilities presenting particular risks have been grouped together into a
dedicated class: Class IlIA. Class IlA facilities with a discharge authorisation are intended for the
manufacture of radioactive substances for medical use (particularly for cancer diagnosis) and/or for
scientific research. They include one or more cyclotron particle accelerators.

2. Class | facilities
In Belgium, four nuclear sites have one or more Class | facilities:
the Doel site, in the province of East Flanders (Flanders),
the Fleurus site, in the province of Hainaut (Wallonia),

the Mol-Dessel site, in the province of Antwerp (Flanders),
the Tihange site, in the province of Liege (Wallonia).
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Also, a French nuclear site (Chooz) borders on the province of Namur (Wallonia), a short distance away
from the border (3 km).
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Figure 1: Nuclear sites in Belgium and near the borders with one or more Class | facilities.



a. The Doel site

The Doel site is devoted to the nuclear
production of electricity.

It has four pressurised water nuclear reactors,
operated by the company ENGIE Electrabel in
the municipality of Beveren-Waas (9130):

1 Doel 1-2: twin reactors, each of 445
MWe, put into service in 1975. Doel 1
and Doel 2 were definitively shut down
in February and November 2025
respectively.

1 Doel 3: a 1,006 MWe reactor, put into
service in 1982, and definitively shut
down in September 2022.

1 Doel 4: a 1,039 MWe reactor, put into
service in 1985.

The site also has storage installations for spent
fuel, and a unit for treating waste and effluents.

b. The Fleurus site

The Fleurus site consists among other things of
an installation for the production of radioactive
isotopes used in medicine for diagnosis and
therapy, mainly °*Mo and 131,

This installation, commissioned in 1971, is
operated by the Institut national des
radioéléments (IRE) (National Institute for
Radioelements) in the municipalities of Fleurus
(6220) and Farciennes (6240).

Figure 2: ENGIE Electrabel at Doel.
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Figure 3: The IRE at Fleurus and Farciennes.


https://nuclear.engie-electrabel.be/en/powerplant/doel-nuclear-power-station
https://www.ire.eu/en/

c. The Mol-Dessel site

The Mol-Dessel site brings together the activities of:

1 the management of radioactive waste,
1 scientific and technical research,
1 metrology and applied research.

The management of radioactive waste is carried out by the company Belgoprocess (BP), which in the
municipalities of Dessel (2480) and Mol (2400) runs two centres for the treatment and storage of
radioactive waste coming from major nuclear operators and from other producers (industries, hospitals,
etc.).

The running of the installations on site 1, carried out since 1966 by the company Eurochemic, was taken
over by Belgoprocess in 1984. The running of the installations on site 2, carried out since 1956 by SCK
CEN, was taken over by Belgoprocess in 1989.

Some installations on the two sites are currently being decommissioned.

Figure 4: Belgoprocess at Dessel (site 1).

The scientific and technical research activities
are carried out by the Belgian Nuclear
Research Centre (SCK CEN), which operates
experimental reactors and specialist
laboratories in the municipality of Mol (2400).

The first installation of the Centre was put into
service in 1956.

The BR3 reactor is currently being
decommissioned.

Figure 6: The SCK CEN at Mol.


https://www.belgoprocess.be/?lang=en
https://www.sckcen.be/en

The metrology and applied research activities
are carried out by the European Commissionis
Joint Research Centre (JRC), which operates
several laboratories and particle accelerators in
the municipality of Geel (2440).

The Instituteis first installation was put into
service in 1962.

d. The Tihange site

The Tihange site is dedicated to the nuclear
production of electricity.

It consists of three pressurised water reactors
operated by the company ENGIE Electrabel in
the municipality of Huy (4500):

1 Tihange 1: a 962 Mwe reactor, put into
service in 1975, and definitively shut
down in September 2025.

1 Tihange 2: a 1,008 Mwe reactor, put
into service in 1983, and definitively
shut down in January 2023.

1 Tihange 3: a 1,038 Mwe reactor, put
into service in 1985.

The site also has storage installations for spent
fuel and a unit for treating waste and effluents.

For more information...

Website of Belgoprocess (Dessel, Mol)

Figure 7: JRC T Geel.
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Figure 8: Engie Electrabel at Tihange.

Website of ENGIE Electrabel (Doel nuclear power station)

Website of ENGIE Electrabel (Tihange nuclear power station)

Website of the national institute for radio-elements (IRE) (Fleurus)

Website of the Joint Research Centre (JRC) (Geel)

Website of the SCK CEN (Mol)



https://nuclear.engie-electrabel.be/en/powerplant/tihange-nuclear-power-station
https://www.belgoprocess.be/?lang=en
https://nuclear.engie-electrabel.be/en/powerplant/doel-nuclear-power-station
https://nuclear.engie-electrabel.be/en/powerplant/tihange-nuclear-power-station
https://www.ire.eu/en/
https://ec.europa.eu/jrc/en
https://www.sckcen.be/en

3. Class llA facilities
In Belgium, there are eight Class IIA facilities with discharge authorisation:

Beta Plus Pharma on the site of the Cliniques Universitaires Saint-Luc (Brussels),
the Cliniques Universitaires de Bruxelles on the site of the Hopital Erasme (Brussels),
the Vrije Universiteit Brussel (VUB) (Brussels),

Leuven University Hospital, in the province of Flemish Brabant (Flanders),

Antwerp University Hospital, in the province of Antwerp (Flanders),

Ghent University Hospital, in the province of East Flanders (Flanders),

IRE in Fleurus, in the province of Hainaut (Wallonia),

the University of Liége, in the province of Liege (Wallonia).
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Figure 9: Class IIA facilities with a discharge permit.

To date, Class IIA facilities with a discharge authorisation are only authorised to discharge gaseous
radioactive effluents. Radioactive liquids produced in small quantities in the facilities are collected and
managed as radioactive waste.



Beta Plus Pharma in Brussels

Béta Plus Pharma operates an 18 MeV
cyclotron and its ancillary faciliies on the
premises of the Université catholigue de
Louvain in the commune of Woluwe-Saint-
Lambert (1200).

The equipment is used to manufacture
radioactive substances for use in nuclear
medicine (diagnostic imaging) and medical
research.

The equipment was commissioned in 2004 and
is still in operation.

Figure 9a: Béta Plus Pharma in Brussels.

Cliniques Universitaires de Bruxelles (Erasmus Hospital)

The Cliniqgues Universitaires de Bruxelles
operated a 30 MeV cyclotron and its ancillary
facilities within the Erasmus Hospital in the
municipality of Anderlecht (1070).

The device was used for the manufacture of
radioactive substances for nuclear medicine
(diagnostic imaging), for medical research and
for training.

This equipment was commissioned in 1989.
Since the last quarter of 2024, the service has
been performing syntheses using fluorine
supplied by the VUB.

Vrije Universiteit Brussel (VUB)

The Vrije Universiteit Brussel (VUB) operates
an 18 MeV cyclotron and its ancillary facilities in
the municipality of Jette (1090). This was
installed in 2017.

The device is used for the manufacture of
radioactive substances for nuclear medicine
(diagnostic imaging).

The old 40 MeV cyclotron commissioned in
1985 is in dismantling.

Figure 9b: rasmus Hospitl.
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Figure 9c: Vrije Universiteit Brussel (VUB).
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University Hospital Leuven

The University Hospital of Leuven operates an
18 MeV cyclotron and its ancillary facilities on
its Gasthuisberg campus located in the
municipality of Leuven (3000).

The device is used for the manufacture of
radioactive substances for nuclear medicine
(diagnostic imaging), and for medical research.

This equipment was commissioned in 2004 and
is still in operation.

Antwerp University Hospital

The University Hospital of Antwerp operates an
11 MeV cyclotron and its ancillary facilities in
the municipality of Edegem (2650).

The device is used for the manufacture of
radioactive substances for nuclear medicine
(diagnostic imaging), and for medical research.

This equipment was commissioned in 2011 and
is still in operation.

_ = cties M
Figure 9d: University Hospital of Leuven.

University Hospital Ghent (formerly Beta Plus Pharma Ghent)

The University Hospital of Ghent operates an
18 MeV cyclotron and its ancillary facilities in
the municipality of Ghent (9000).

The device is used for the manufacture of
radioactive substances for nuclear medicine
(diagnostic imaging), and for medical research.

This equipment was commissioned in 2006 and
is still in operation.

Figure 9e: Ghent University Hospital.
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IRE in Fleurus

The company IRE operates a 14 MeV cyclotron
and its ancillary facilities in the municipality of
Fleurus (6220).

This equipment was commissioned in 2001.
The installations were taken over from IBA S.A.
in 2016 by IRE. The cyclotron was restarted in
2020 for research.

There were no gaseous radioactive releases at
this facility in 2025.
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Figure 9f: IRE in Fleurus.

University of Liege

The University of Liege operates an 18 MeV
cyclotron and its ancillary facilities in the
municipality of Liege (4000).

The device is used for the manufacture of
radioactive substances for nuclear medicine
(diagnostic imaging), and for research.

This equipment was commissioned in 1999 and
is still in operation.

Figure 9g: University of Liege.

For more information...

Website of the FANC (definition of class IIA)

Website of the group to which Beta Plus Pharma belongs

Website of the University Hospitals of Brussels (Erasmus Hospital)
Website of the Vrije Universiteit Brussel (VUB)

Website of the University Hospital Leuven

Website of the University Hospital Antwerp

Website of the University Hospital Ghent

Website of the University of Lieége

Website of IRE
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http://www.afcn.fgov.be/fr/professionnels/activites-industrielles/classe-iia
https://www.curiumpharma.com/
http://www.erasme.ulb.ac.be/page.asp?id=13445&langue=FR
https://www.uzbrussel.be/web/nucleaire-geneeskunde/netwerk
http://www.uzleuven.be/nucleaire-geneeskunde
http://www.uza.be/over-nucleaire-geneeskunde
https://www.uzgent.be/nucleaire-geneeskunde
https://www.gigacyclotron.uliege.be/cms/c_4221332/en/gigacyclotron
http://www.ire.eu/
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1. The requirements applicable to Class I/Class Il facilities

The operating of Class | nuclear facilities is regulated by a number of federal authority texts intended to
protect the public and the environment against the undesirable effects of ionising radiation.

The main legal and regulatory requirements applicable to these facilities arise from:

1 the Law of 15 April 1994 on the protection of the public and the environment against the
hazards of ionising radiation and on the Federal Agency for Nuclear Control,

1 the Royal Decree of 20 July 2001 laying down the General Regulations for the protection of
the public, workers and the environment against the hazards of ionising radiation,

1 the Royal Decree of 30 November 2011 on the safety requirements for nuclear installations.

These texts have been published in the Belgian Official Gazette.

The Law of 15 April 1994 establishes the creation of
the Federal Agency for Nuclear Control (FANC), BELGISCH = MONITEUR
one of whose tasks it is to ensure the monitoring and . ‘1 O
control of radioactivity on Belgian territory. This task STAATSBLAD ! BELGE
shall include regularly measuring the radioactivity of ﬁ

the air, water, soil and the food chain, as well as NS
assessing and monitoring the doses of ionising R
radiation received by the public.

The Royal Decree of 20 July 2001, adopted in
application of the law cited above, specifies in detail
the rules applicable to Class I/Class Il nuclear
facilities, in particular regarding the discharges of
liquid and gaseous radioactive effluents in
normal operation.

Figure 10: The Belgian Official Gazette.

According to the provisions of the royal decree, operating a Class I/Class Il nuclear facility requires
previously obtaining a license examined by the FANC and its technical subsidiary Bel V, and granted
by the King based on a dossier submitted by the operator.

This dossier includes a scientific study of the potential impacts of the installation on its
environment, describing all the direct and indirect effects, in the short, medium and long term, and
more particularly the effects associated with ionising radiation.

Assessment criteria must also be provided by the operator to present the main alternative solutions
intended for its project and explain the reasons for the choice made among the options studied,
regarding the potential effects on the environment.

The royal decree defines furthermore the conditions for discharges of liquid and gaseous radioactive
effluents by a Class I/Class Il operator whose dossier has been approved.
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https://www.belv.be/index.php/en/

The discharge limits must be fixed at a level as low as reasonably possible, the fireasonableo
character being assessed on a case by case basis taking into account technical factors (the use of the
best available technologies, the application of best international practice, etc.) and economic and
societal factors (seeking to obtain the best result at a cost that is acceptable for Belgian society).

In any event, the authorised discharge limits must be compatible with the regulatory limit of exposure
of the public to ionising radiation.

The European directives transposed into Belgian law set this exposure limit at 1 mSv (millisievert) per
year. This value applies solely to the additional exposure caused by human activities (in this case, the
operating of a Class | facility), independently of natural exposure (cosmic rays, radon, etc.) or medical
exposure (X-rays, scans, etc.). In actual fact, the authorised discharge limits must be sufficiently low so
that they can lead only to a fraction of the regulatory limit for the most exposed local populations.

On the basis of these principles, for each Class I/Class Il operator the FANC draws up a license for the
discharges of liquid and/or gaseous effluents in normal operation. The license stipulates the nature
of the radioactive materials that can be discharged (the radiological composition of the effluents), and
if applicable the ways in which the discharges can be made (maximum and mean radioactive
concentration of the effluents, the maximum amount of radioactivity discharged in a given year, etc.).

2. Legal and regulatory framework of radiological monitoring

Each Member State of the European Union is required to carry out radiological monitoring of the
territory and populations (Articles 35 and 36 of the EURATOM treaty and European Directive
2013/51/EURATOM).

This obligation is transposed by Articles 21 and 22 of the Law of 15 April 1994 and by Articles 70 and
71 of the Royal Decree of 20 July 2001. They provide that the control of radioactivity of the territory in
its entirety and of the doses received by the population fall under the responsibility of the FANC. As part
of its tasks, the FANC therefore initiates radiological monitoring programmes for the Belgian territory.

These monitoring programmes are also designed so as to comply fully with international requirements.
These international regulatory expectations are available on the FANC website (legal and regulatory
framework of the radiological monitoring).

3. Transparency and public information

The Law of 11 April 1994 on public accessibility of government matters defines the general context
for access by the public to documents held by a federal administrative authority. Apart from exceptions,
the law provides that anyone can view on site any administrative document, obtain explanations about
it and receive communications about it in the form of a copy.

The abovementioned Law of 15 April 1994, on the creation of the FANC, defines more specifically the
public information tasks that are the responsibility of the FANC in its area of competence.

Under the law, the FANC is responsible for providing neutral and objective information about the nuclear

field. Also, it must organise the distribution of technical information on nuclear safety and radiation
protection.
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https://fanc-my.sharepoint.com/personal/snoo_fanc_be/Documents/Documents/Website%20FANC/Surveillance_radiologique_du_territoire_EN.docx
https://fanc-my.sharepoint.com/personal/snoo_fanc_be/Documents/Documents/Website%20FANC/Surveillance_radiologique_du_territoire_EN.docx

The Law of 5 August 2006 on public access to environmental information reaffirms this wish for
transparency and extends it to all areas of activity, including outside the nuclear sector. Indeed, the law
assigns to all federal public services and public interest bodies subject to the authority, control or
monitoring of the federal authority, active public information tasks concerning the environment in their
respective areas of competence, in particular by using electronic means of communication.

Since its creation, the FANC has been
participating actively in public information
regarding nuclear safety and radiological
protection, in particular through its website.

EVENEMENTS INES >

This information folder is part of achieving this TELERAD >
ObJeCtIVE = = SAEE S FORMATIONS >

ATTESTATIONS >

Figure 11: The FANC website.

For more information...

Website of FANC (reqgulations) (In French or Dutch only)

Website of FANC (legal and regulatory framework for radiological monitoring)
Website of the Belgian Official Gazette (in French or Dutch only)

Website of Bel V
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https://afcn.fgov.be/fr/reglementation
https://5162.f2w.fedict.be/en/system/files/2021-04-02-surveillance-radiologique-du-territoire-en.pdf
http://www.ejustice.just.fgov.be/cgi/welcome.pl
https://www.belv.be/index.php/en/
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1. Types of radioactive effluents

The current operating of nuclear installations generates two types of radioactive effluents: liquid
effluents and gaseous effluents.

Liquid effluents contain radioactive materials in the form of solution when they are dissolved in ionic
salts, or in the form of suspension when they are solid particles mixed with the effluents.

These effluents are produced mainly from process circuits, for example treatment circuits of primary
coolant in nuclear power stations. They are also composed of sanitary wastewater (showers,
washbasins, etc.) and soil washing water produced in nuclear zones, which are managed as
potentially radioactive effluents even though they do not normally contain radioactivity.

Gaseous effluents contain radioactive materials in gaseous form (gas and vapors), or in the form of
aerosols when they are solid or liquid particles in suspension in the discharged air.

These effluents are produced mainly from certain process circuits, provided for example in nuclear
power stations for degassing primary coolant. Gaseous effluents also originate from the general
ventilation of nuclear buildings. In all nuclear installations, the safety rules require that the air present
inside the buildings is continuously refreshed, using forced ventilation systems. The volumes of air
discharged to the outside, which depend on the size of the buildings and the ventilation flow rates, are
specific to each installation.

2. The composition of radioactive effluents

The radiological composition of the liquid and gaseous effluents produced by nuclear installations is
specific to the type of installation and the activities carried out there. So there is no overall list
characterising radioactive effluents in general. Some representative radioactive atoms can, however,
be mentioned. They are the characteristic tracers of certain nuclear activities.

Tritium (3H) is an emitter of b radiation with a short radioactive half-life (12.3 years).

It is produced mainly in the primary coolant of nuclear reactors when it is circulating in the core. It
presents in the form of tritiated water (HTO) or tritium gas (HT), so it can be found both in liquid and
gaseous effluents. Tritium is also produced in nature, formed by the interaction of cosmic rays with
nitrogen in the air in the upper layers of the atmosphere.

Carbon-11 (*1C) is a b* emitter with a short radioactive half-life (20.4 minutes).

It is deliberately produced in particle accelerators, particularly for medical applications (PET-scan
diagnostic imaging). It is mainly found in gaseous effluents in the form of carbon dioxide or methane.
Carbon-11 is not present in the ambient environment in the natural state.

Nitrogen 13 (13N) emits b* radiation with a short radioactive half-life (10 minutes).

It is sometimes produced deliberately for medical applications, but at present it is mainly a by-product
of nuclear reactions in particle accelerators. It is found in solution in liquid waste and as a gas in gaseous
effluents.

Nitrogen-13 is not present in the ambient environment in the natural state.

Carbon 14 (**C) is an emitter of b radiation with a long radioactive half-life (5,730 years).

It is produced mainly in the primary coolant of nuclear reactors when it is circulating in the core. It can
be found both in liquid effluents and in gaseous effluents in the form of carbon dioxide.

Carbon-14 is also produced in nature, formed by the interaction of cosmic rays with nitrogen in the air
in the upper layers of the atmosphere.
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Oxygen 15 (3°0) is a b* emitter with a short radioactive half-life (2 minutes).

It is sometimes produced deliberately for medical applications, but at present it is mainly a by-product
of nuclear reactions in particle accelerators. It is found as water in liquid waste and as oxygen in
gaseous effluents.

Oxygen-15 is not present in the ambient environment in the natural state.

Fluorine 18 (18F) is a b* emitter with a short radioactive half-life (1.8 hours).

It is deliberately produced in particle accelerators, in particular for medical applications (PET-scan
diagnostic imaging). It is found in solution in liquid waste and as a gas in gaseous effluents.
Fluorine-18 is not present in the ambient environment in the natural state.

Cobalt 60 (5°Co) is an emitter of b and 2 radiation with a short radioactive half-life (5.3 years).

It is produced essentially in the primary coolant of nuclear reactors when it is circulating in the core. It
can be found in liquid effluents, and in the form of aerosols in gaseous effluents.

Cobalt-60 is not present in the ambient environment in the natural state.

Krypton 85 (8Kr) is an emitter of b and o radiation with a short radioactive half-life (10.7 years). It
belongs to the family of firare gaseso.

It is produced by the fission of the fuel in the core of nuclear reactors. It presents only in gaseous form,
so it is found only in gaseous effluents.

Krypton-85 is also produced in nature, by the interaction of cosmic rays with krypton in the air in the
upper layers of the atmosphere.

Strontium 90 (*°Sr) is an emitter of b radiation with a short radioactive half-life (29.1 years).

It is produced by the fission of the fuel in the core of nuclear reactors. It can be found in solution or in
suspension in liquid effluents, and in the form of aerosols in gaseous effluents.

Strontium 90 is not present in the ambient environment in the natural state.

lodine 131 (*311) is an emitter of b and 2 radiation with a short radioactive half-life (8 days).

It is produced by the fission of the fuel in the core of nuclear reactors. It is also prepared specifically for
applications in nuclear medicine, first in a research reactor then in the laboratory for the production of
radioelements. It can be found in liquid effluents, and in the form of gas in the gaseous effluents of
these installations.

lodine-131 is not present in the ambient environment in the natural state.

Xenon 133 (133Xe) is an emitter of b and o radiation with a short radioactive half-life (5.2 days). It belongs
to the family of firare gaseso.

It is produced by the fission of the fuel in the core of nuclear reactors. It presents only in gaseous form,
so it is found only in gaseous effluents.

Xenon-133 is not present in the ambient environment in the natural state.

Caesium 137 (*37Cs) is an emitter of b and 2 radiation with a short radioactive half-life (30 years).

It is produced by the fission of the fuel in the core of nuclear reactors. It can be found in liquid effluents,
and in the form of aerosols in gaseous effluents.

Caesium -137 is not present in the ambient environment in the natural state.

Uranium 235 and uranium 238 (235U, 238U) are emitters of U and 9 radiation with long radioactive half-
lives (704 million years and 4.47 billion years respectively).

They are used mainly as a fuel for nuclear reactors, and they are also handled in all fabrication and
treatment installations or research installations on new or spent fuel. They can be found in liquid
effluents, and in the form of aerosols in the gaseous effluents of these installations.

Uranium-235 and uranium-238 are naturally present in the ambient environment.
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Plutonium 239 (23°Pu) is an emitter of U radiation with a long radioactive half-life (24,100 years). It is
produced in the core of nuclear reactors from the uranium 238 present in the fuel and can also be
handled in treatment or research installations on spent fuel, as well as in fabrication plants for new fuel
based on plutonium. It can be found in liquid effluents, and in the form of aerosols in the gaseous
effluents of these installations.
Plutonium-239 is not present in the ambient environment in the natural state.

Americium 241 (22Am) is an emitter of U radiation with a long radioactive half-life (432 years). It does
not exist naturally but is produced in nuclear reactors from plutonium 241 (?*!Pu) by b decay.

Other radionuclides of interest frequently measured in the environment

. . Radioactive | Type of . -
Radionuclide(s) half-life radiation Main origin(s)
Natural radionuclide continuously produced in the
Bervilium 7 upper atmosphere by interaction of cosmic radiation
();Be) 53 days 2 on oxygen-16 atoms, and which moves towards the
surface of the Earth with the global atmospheric
circulation.
A natural radioactive isotope of potassium that has
Potassium 40 1.248 billion b remained in the Earth's crust since the formation of
(*°K) years the Earth. Potassium-40 is the main source of
radioactivity in organisms.
Lead 210 22 3 vears b and 5 Natural radionuclide, descending from radon-222
(?*°Pb) =Y (**Rn) in the uranium-238 (?%8U) decay chain.
Polonium 210 138 davs 0 Natural radionuclide, descending from radon-222
(?*°Po) Y (??2Rn) in the uranium-238 decay chain.
Natural gaseous radionuclide resulting from the
Radon 222 3.8 davs U decay of uranium-238, which has been naturally
(®**Rn) : Y present in the Earth's crust since the formation of the
Earth.
Radium 226 .
(***Ra) 1600 years U Natural radionuclides from the decay chains of 238U
Radium 228 b and 2%2Th present in the Earth's crust.
(2Ra) 5.75 years
Thorium 228 1.9 years U Natural radionuclide resulting from the decay of
(?%8Th) 232Th, present in the Earth's crust.
Thorium 232 14 billion U Natural radionuclide that has remained in the Earth's
(%%32Th) years crust since the creation of the Earth.
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3. Scrubbing of effluents before discharges

Before being discharged, liquid and gaseous effluents are scrubbed by physical/chemical processes in
order to trap as many radioactive materials as possible, which will then be packaged in the form of
waste.

For liquid effluents, the scrubbing techniques used can include one or more treatment(s) of filtration,
absorption, flocculation, sedimentation, precipitation and/or distillation depending on the nature and
initial concentration of the radioactive materials.

For gaseous effluents, the scrubbing consists of one or more treatment(s) of filtration, absorption and/or
washing depending on the case.

Certain effluents can also be stored temporarily
in tanks waiting for their radioactive decay.

These systematic practices meet the aim of the
applicable regulations, intending to limit the
guantities of radioactive materials discharged
into the ambient environment to as low a level
as reasonably possible. The liquid and
gaseous effluents discharged after these
successive treatments in fact contain much
less radioactivity than the untreated effluents.

Figure 12: Aerosol filtration caissons on a ventilation
network of the IRE, before discharge from the stack.

4. Monitoring of effluent discharges

Operators of nuclear installations are obliged at all times to comply with their license for the discharging
of radioactive effluents. To ensure this, operators are required to monitor their discharges in accordance
with predefined methods.

Depending on the case, prior checks are carried out in order to verify that the characteristics of the
effluents (concentration for example) comply with the discharge license.

To this end, liquid or gaseous samples can for example be taken from the tanks of the installation and
analysed in the laboratory.

If the results of the analysis are unfavorable, the operator decides what action to take, for example
temporary storage of the effluents in the installation waiting for radioactive decay.

Continuous checks on discharges are also carried out in Class 1 facilities in order to verify in real time
compliance with the discharge methods provided for in the license (maximum and mean concentration
of the effluents, maximum amount of radioactivity discharged, etc.).

To do this, radiation measuring instruments are arranged in the installations on each pipe for liquid
discharges and on each stack for gaseous discharges. These devices continuously analyse the
characteristics of the discharges taking place and send the results instantaneously to the control panels
monitored by the installationis personnel.

In case of an anomaly, or if there is a risk of one of the parameters monitored being exceeded, the
discharge is stopped. The pipes for discharging liquid effluents and the stacks for discharging gaseous
effluents of each nuclear installation are limited in number and clearly identified, which facilitates the
carrying out of these instantaneous checks.
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Figure 13: Devices for the continuous monitoring of Figure 14: Automatic sampling device for discharges
the discharges of gaseous effluents at the Tihange of liquid effluents at Belgoprocess (site 2).
nuclear power station.

Figure 15: Monitoring of the discharges by the operators.

5. Taking account of the ambient conditions

When nuclear installations discharge radioactive effluents, the materials they contain are dispersed
into the ambient environment. For liquid effluents, the receiving environment is a watercourse usually
close to the installation concerned. For gaseous effluents, the receiving environment is the atmosphere.

In order to obtain a mixing and optimal diffusion in the receiving environment for the discharged
effluents, practical measures are provided for from the design stage of the installations.

Therefore, to ensure good dispersion of the liquid effluents, discharge pipes lead into the watercourse
in the areas where there is a sufficient current.

Similarly, for gaseous effluents, the height of the discharge stacks on the one hand, and the ejection
speed of the gases on the other are determined such that the actual height of the discharges is high
enough above the ground and the buildings.
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The ambient conditions of the receiving environment are also taken into account in the ways in which
discharges take place from certain installations (nuclear power stations). As far as possible, the
discharges are preferably made when the dispersion conditions are the most favorable.

For liquid discharges, this means for example that the watercourse must have a sufficiently fast flow
rate. When the flow is weak, in particular in a period of low water, the discharges can be spread out
over a longer period, so that the effluent content in the watercourse remains limited. The discharge can
also be delayed until the flow rate of the watercourse has returned to a satisfactory level; in this case,
the liquid effluents are stored temporarily in the installations.

For gaseous discharges, the meteorological conditions are the most favorable in dry (no rainfall) and
windy weather.

6. Monitoring of effluent discharges
Radioactive discharges from Class | nuclear sites are monitored in different ways by the FANC:

1 TELERAD monitors are placed around the sites and in the rivers where the liquid effluents are
discharged. These monitors trigger alarms to the FANC in the event of an abnormal discharge
from a nuclear site.

1 Every month the operators of nuclear sites must declare their discharges to the FANC and to
Bel V. This declaration is sent in the form of a spreadsheet. The safety authority then checks
compliance with the discharge limits as well as that there is no sudden significant increase in
these discharges.

1 Every year the operators of nuclear sites send a report on the discharges for the past year to
the FANC and to Bel V. This report contains a summary of the activity discharged for each type
of discharge, as well as a calculation of the impact of each dose of discharges from the site for
the public. By the 1st July of each year, the FANC publishes an information folder on the
radioactive discharges, containing the summary of these reports. The ways in which the
discharges are declared, both monthly and annually, are described in a memorandum from the
FANC (Memo 010-106-FR).

1 Every year, for each site, the FANC carries out an inspection of the radiological impact of
nuclear sites, during which the tracking of radioactive discharges is addressed. Bel V also
carries out controls in conjunction with the management of radioactive discharges. These
inspections and controls are part of the general tasks of monitoring the nuclear safety and
radioprotection of the FANC and Bel V. These inspections and controls consist in particular of:

o verifying that the systems for measuring discharges of radioactive effluents in the
installations are appropriate for the nature of the discharges,

o verifying that the procedures for operating and maintaining these measuring systems
are applied properly, and that these systems are used in the conditions provided for in
the design,

o checking that the data provided by the operator and that provided by the discharge
measuring systems are consistent.

The inspections by the FANC and the controls carried out by Bel V are part of an integrated strategy
determined over a number of years. They can be planned (the operator is informed of them in advance)
or unannounced (the operator is not informed beforehand) and can take place both during the day or
at night, including at weekends and on public holidays. They can be carried out by the FANC and Bel
V either on the basis of predefined subjects or in response to a particular event (an uncontrolled
discharge declared by the operator, an anomaly measured in the environment of a site, etc.) or at the
request of a third party (the Parquet - the Belgian Federal Prosecutoris Office, for example).

For more information...

Website of FANC (control of nuclear facilities) (in French or Dutch only)
Website of FANC (integrated control and inspection strateqgy) (in French or Dutch only)
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http://afcn.fgov.be/fr/dossiers-dinformation/controle-nucleaire-en-belgique
https://afcn.fgov.be/fr/dossiers-dinformation/controle-nucleaire-en-belgique/controle-des-etablissements-de-classe-1
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1. The principles of monitoring

Following a discharge, the radioactive materials contained in the liquid and gaseous effluents are
distributed into the environment, according to the water cycle and weather phenomena.

The materials discharged into the watercourses will mainly be carried away by the currents but some
of them will be deposited in the sediment on the bed of the watercourse. Depending on the uses of the
water (agricultural irrigation for example) or sediments, some of these materials may also reach the
soil.

Similarly, materials discharged into the atmosphere are mainly carried away by the wind, but some are
deposited on the ground by progressive sedimentation and being washed by the rain.

Over time, a fraction of these radioactive materials will possibly be absorbed by the flora and fauna
and transferred to the food chain.

In the watercourses the algae, fish and other aquatic organisms can be imarkedi directly in contact with
the discharge waters.

On dry land, plants potentially imarked{ on the surface by atmospheric deposits can also absorb through
their roots certain materials carried by irrigation water or deposits on the soil. It is then possible for
radioactivity to be transferred from plants to herbivores.

These mechanisms have been studied for each nuclear site in impact studies on the environment
attached to each regulatory dossier requesting authorisation to operate.

In order to establish the actual impact of the operating of the installations, and possibly reveal
anomalies, the environment of the site is monitored regularly by certain operators themselves
(Belgoprocess, SCK CEN), as well as by the FANC throughout the whole of Belgium. This monitoring
involves periodic measurements and monitoring the development over time of certain radioactive
substances discharged into the environment.

Around the sites, the nature, location and the frequency of the sampling to be carried out in the
environment are determined taking into account the local environment.

To monitor the radioactive materials released into a watercourse by liquid discharges, sampling may
be carried out on:

1 the water itself (radioactivity levels in the watercourse),

1 sediments (radioactivity deposits in the bed of the watercourse),

1 algae, aquatic plants (transfer of radioactivity from the water to the aquatic flora),

1 fish, crustaceans (transfer of radioactivity from the water to the aquatic fauna).

These samplings are carried out upstream and downstream of the watercourse, at several distances
from the site. Upstream sampling can be used as a reference for evaluating the radiological impact of
the installation compared with the ambient background.

For monitoring radioactive materials released into the atmosphere by gaseous discharges, sampling
can be carried out on:

the ambient air (atmospheric aerosols, gases),

rainwater (washing out of aerosols and gases in the atmosphere),

soils (atmospheric deposits),

grass (atmospheric deposits, radioactivity transferred by the roots from the soil),

milk (transfer of radioactivity in the fodder to farm animals).

= —a —a _a _a
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Figure 16: Sampling in the environment.

2. Monitoring carried out by the operators

In addition to their obligation to comply with their radioactive effluent discharge licenses, some operators
are also obliged to run an environment monitoring programme. This programme describes in particular:

1 the types of measurements and samplings to be performed in the environment,

1 the location of each measurement point and sampling inside and around the site,
1 the frequency of the measurements and samplings,

1 the radioactive substance(s) to be detected in the samplings,

1 the type(s) of radiological test(s) performed on the samplings.

As far as the samplings are concerned, the
samples are collected directly by the operator.

The analysis of these samples is also carried
out by the operator. To do this, the operator
must also have radiological analysis
laboratories available.

Figure 17: Sampling of the surface water in the Molse
Nete river by Belgoprocess.
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3. Monitoring by the FANC

In addition to examining the operatorsi discharge declarations and monitoring how they change over
time, the FANC periodically carries out its own measurements of radioactivity in the environment,
as part of the radiological monitoring of the territory.The legal and regulatory framework under which
this monitoring is carried out is available on the FANC website.

Radiological monitoring of the territory is carried out in three additional ways:

1 A sampling programme which is based on many periodical samplings of several components
of the environment (water, sediment, air, soil, fauna, flora, food chain, etc.) across the whole of
the territory, and particularly around nuclear sites, the Brussels Capital region and the Belgian
coast, followed by radioactivity analyses.

A NORM? sampling programme which is also based on many samplings targeting certain
non-nuclear industrial sites in particular, discharges or building materials with enhanced natural
radioactivity.

1 A TELERAD automatic network which continually essentially measures dose rates at
numerous fixed points.

These sampling programmes represent around 4,000 - 4,500 samples collected each year over the
whole of Belgium and give rise to close to 25,000 radiological analyses. The measurements performed,
in particular near nuclear sites, therefore make it possible to confirm that the quality of the ambient
environment remains satisfactory over time.

If the FANC requires samples in areas that do not fall within its competence (in slaughterhouses,
customs (import) and wholesalers such as the fish auction), it can appeal to the Federal Agency for the
Safety of the Food Chain (FASFC). For imported foodstuffs, the latter can trace back the country of
origin of the products from import data at the points of entry into the territory.

The results of the sampling programmes can be found in the following chapters.

Figure 18: Rainwater samplings by the FANC near the Figure 19: Collection of milk samples by the FANC at
Tihange site. the Comité du lait [Milk Committee] in Battice.

In addition to these programmes, the FANC permanently carries out monitoring of the territory using
the TELERAD network. The TELERAD network is an automatic network of telemeasurement of the
radioactivity on Belgian territory. It consists of 254 stations which permanently measure the radioactivity
in the air and river water.

2 Materials exhibiting enhanced levels of natural radioactivity are commonly referred to by the acronym iNORM0
(Naturally Occurring Radioactive Materials).
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https://www.afcn.fgov.be/fr/dossiers/radioactivite-dans-lenvironnement/cadre-legal-et-reglementaire
http://www.afsca.be/

These measuring stations are distributed over -
the whole of the territory, with a greater density
around the nuclear installations at Tihange,
Doel, Mol-Dessel and Fleurus, as well as in
agglomerations close to these installations and
that of Chooz in France (Figures 20 and 21).
They are connected to a centralised system
which is automatically alerted if a threshold
value of radioactivity is exceeded. The network
is supplemented by meteorological masts
which measure the speed and direction of
winds and by mobile (doserate) measuring
stations which can be used everywhere on the
territory.

Figure 20: Measuring station of ambient gamma
radiation, situated at Bourseigne-Neuve close to the
Chooz site.

More information on the different stations is available on the FANC website and the results of the
measurements can be seen by the public on the TELERAD network website.

A A
~
& N £ Antwerpen ‘A’: A
; ~ 2
A L] N NG
o Oost-Viaanderen R
A

A
A Limburg
A

§ Viaams Brabant
' 0
A

A

A
Brabant Wallon A

A 2,5 A0

Telerad - ALL (2020)
® AER/IOD
o EMA
¢ EMW
4 IMA
4 IMN

s IMR
MW i
MET 30

MET 10 RS

MOBW 0 10 20 40 60 80 100 Ny
- 1Km

® v v m

Figure 21: Distribution of the TELERAD stations on Belgian territory in December 2020.

The TELERAD network has two objectives:

1 continually recording radiation levels detected in the country,
1 immediately triggering an alarm above a pre-defined threshold.

Normally, the network measures the ambient dose due to gamma radiation. This dose rate comes
from natural radioactivity, which is known as background. The measurements recorded therefore make
it possible to evaluate the average levels of gamma radiation at different points on the territory. If there
is an abnormal rise in the level above a pre-defined threshold, alerts are reported automatically to the
FANC for analysis and follow-up (permanently staffed 24 hours a day, 7 days a week).
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https://www.afcn.fgov.be/fr/dossiers/radioactivite-dans-lenvironnement/surveillance-radiologique-du-territoire-belge/reseau
https://www.telerad.be/

Regarding effluent discharges, the TELERAD network is therefore primarily designed as a crisis
management tool intended to detect, in real time, any abnormal situation that could, depending on its
severity, lead to the activation of the nuclear emergency response plan. Its role is essentially to identify
situations that may involve significant quantities of radioactive material.

As the TELERAD network continually measures a dose rate (uSv/h), it is possible to calculate the
annual dose of gamma exposure monitor by monitor. Grouping similar values under the same colour
therefore makes it possible to
construct an isodose map
(Figure 22). This map illustrates
the natural background due to
gamma radioactivity and shows
the annual exposure expressed
in mSv (gamma dose of external
exposure) received on the
territory.

The average gamma exposure
dose in Belgium is 1 mSv/year.
It varies from 0.6 to 0.7
mSv/year in the north, 0.8 t0 0.9
mSv/year globally in the center
and up to 1.0 to 1.1 mSv/year in
Wallonia and more particularly
in the Ardennes.

Figure 22: Isodose map of the external gamma radiation received on Belgian territory in 2025.

Exposure varies mainly according to the nature of the ground. The doses are generally higher in old

e terrains consisting of rocks such
Th? Netherlands 7 rs’;:dif as limestone, schists, psammites

and sandstones mixed with
limestone which are present, in
Belgium, mainly in the Ardennes
and in the Condroz region (Figure
23). Conversely, the doses are
weaker in Flanders because the
soils are mainly made up of
sedimentary terrain (sands, silts
and clays). It should be noted that
in the extreme south of the
country, a marly, clay region, with
layers of sand and silt on a
Schist and substrate of limestone, the dose is
Sandstone 4 less and reaches values
comparable to those found in
Flanders.
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Figure 23: Map of the geology of Belgian soil.

The dose limit of ionising radiation to the population, set at 1 mSv/year, does not take into account the
natural radiation connected with cosmic rays as well as radioactivity from the soil and subsoil nor the
radiation used for medical purposes. Hence it does not apply in the present case (hatural ambient
background).
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https://afcn.fgov.be/fr/situations-durgence/que-font-les-autorites/plan-durgence-nucleaire-et-radiologique
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1. Ways in which the public are exposed

Members of the public who live or spend time regularly near nuclear sites can be exposed to a certain
extent to radioactive materials coming from liquid and gaseous discharges of effluents from the
installations.

The ways in which exposure occurs are well known and can be divided into two separate categories:
external and internal exposure.

A person experiences external exposure when exposed to ionising radiation the source of which is
situated outside the body. This is the case, for example, during medical diagnostics by radiography or
a scan, where the patientis body is exposed to X-rays.

A person experiences internal exposure when exposed to ionising radiation the source of which is
situated inside the body. This is the case, for example, when medical diagnostics are carried out by
scintigraphy, where radioactive tracers are injected into the patientis body in order to identify certain
pathologies.

Figure 24: External exposure to ionising radiation. Figure 25: Internal exposure to ionising radiation.

For discharges of gaseous effluents, the various ways in which the public are exposed are as follows:

1 external exposure:

0 by radioactive gases and aerosols

0 by deposits of radioactive aerosols on the soil.
i internal exposure:

0 by inhaling radioactive gases and aerosols,

0 by ingesting plants (fruits, vegetables, cereals, etc.) imarkedi with radioactivity due to
the deposits on the ground, and/or ingesting meat and animal products (milk,
cheeses, etc.) from animals reared locally and having themselves consumed imarkeds
plants.

For discharges of liquid effluents, the main way in which the public are exposed is by internal exposure
which results from:

1 the farming of the aquatic environment receiving the discharged liquid effluents:
o the production of drinking water (if applicable),
o0 the consumption of fish and other fishing products.
1 theirrigation of plant products intended for:
o human consumption (fruits, vegetables, cereals, etc.),
o0 animal consumption (fodders, etc.).

27



Figure 26: Ways in which the public are exposed.

2. The reference groups around the nuclear sites

The exposure of members of the public, living or spending time regularly near nuclear sites therefore
depends on several factors:

1 the geographic location of where people live, in particular the proximity to the site or its
position under the prevailing winds.

1 the diet, in particular the consumption of local agricultural produce (fruits, vegetables, cereals,
meat, milk, cheeses, etc.), garden produce, produce foraged (mushrooms, etc.), as well as
products from fishing and hunting.

1 the uses of the water, in particular for domestic consumption or the irrigation of agricultural
land.
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Furthermore, peopleis sensitivity to ionising radiation differs according to their age. The Royal Decree
of 20 July 2001 considers six different age brackets to take account of this sensitivity:

1 babies: under 1 year of age,
1 children: aged between 1-2 years, 2-7 years, 7-12 years and 12-17 years,
1 and adults: over 17 years of age.

Taking account of these variables, theoretical reference groups (consisting of fictitious individuals) are
modelled in the local population in order to evaluate for each of them the radiological impact associated
with discharges from nuclear installations.

These groups are to be found at characteristic distances from the site (at the fencing around the site,
at the first dwellings, at the first villages, etc.), and cover several representative age brackets. The site
and the age of the reference groups define the ways in which exposure takes place (direction of the
prevailing winds, diet, etc.) and the sensitivity of the persons concerned.

3. Calculation of the radiological impact

In order to have envelope evaluations, penalising hypotheses are taken into account for calculating
the radiological impact on each reference group. This therefore leads to overestimating the actual
exposure of the people concerned.

The calculation takes into account the total activities (expressed in Becquerels) discharged in the year
in liquid or gaseous form, and their transfer to the people exposed. It is also taken into consideration
that these people are there permanently, and that, to a large extent, they eat produce from the garden
and local farms, as well as local products from hunting and fishing.

The result of the radiological impact calculations for each reference group is then compared with the
regulatory limit value for the public, which is 1 mSv (millisievert) per year.

In the case of normal operation, the discharges of radioactive liquid and gaseous effluents from
the nuclear installations only lead to a fraction of the regulatory limit for members of the public
who are most exposed and those who are most vulnerable.

By way of comparison, the average exposure of the public to natural radioactivity is of the order of 2.5
to 3 mSv per year in Belgium.

The results of the impact calculations near the sites for the past year can be found at the end of this
information folder.

For more information...

Website of FANC (average exposure to ionizing radiation in Belgium)
Website of FANC (radon exposure in Belgium) (in French or Dutch only)
Website of FANC (cosmic radiation) (in French or Dutch only)

Website of FANC (previous radiological monitoring reports of Belgium)
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https://5162.f2w.fedict.be/en/system/files/2021-04-02-surveillance-radiologique-du-territoire-en.pdf
http://afcn.fgov.be/fr/dossiers-dinformation/radon-et-radioactivite-dans-votre-habitation/radon
http://afcn.fgov.be/fr/professionnels/radioactivite-naturelle/rayonnement-cosmique
https://afcn.fgov.be/fr/publications/rapports-de-surveillance-radiologique-de-la-belgique
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This section of the information report gives the annual results of the discharges of liquid and/or gaseous
radioactive effluents and of the calculation of the associated radiological impact for each Class | and
Class IIA nuclear facility. These values are provided by the operators as part of their reporting
obligations. They cover all the individual installations present within each facility, whatever the number
of stacks or pipes discharging the effluents into the environment.

All the radiological monitoring data of the territory is also given. This monitoring meets the requirements
of international organizations and targets the regions around the nuclear sites, but also Brussels, the
Belgian coast and the food chain. The analyses are carried out in collaboration with external institutions
mentioned on page 2.

Releases of liquid and gaseous radioactive effluents from class | facilities:

l

The discharge results from each facility for the year 2025 remained in conformity with their
licenses.

Except for incidents at SCK CEN in 2019, the release trend is broadly stable compared to
previous years, and discharges are still far below the limits indicated in the discharge licenses.

The results of the radiological impact calculations for the year 2025 in the vicinity of nuclear
sites remained in conformity with the regulatory limit for the public of 1 mSv per year. These
results remained stable compared to previous years.

Releases of gaseous radioactive effluents from class IIA facilities:

1

The discharge limits were complied with in 2025, except for four one-off exceedances. These
events were reported to the FANC in accordance with the Technical Regulation of the Federal
Agency for Nuclear Control of 17 June 2020 and were followed up in order to take the necessary
measures. After analysis, the impact appears to be negligible and the current discharge
processes remain valid.

The results of the radiological impact calculations for the year 2025 in the vicinity of Class IIA
facilities remained within the regulatory limit for the public of 1 mSv per year.

Radiological monitoring of the territory:

l

The radiological monitoring programme implemented by the FANC confirms that the
radiological situation in Belgium remains generally satisfactory. Measured radioactivity levels
in air, soil, water, sediments, drinking water, the marine environment, and in fauna and flora
remain low and are largely dominated by natural radioactivity. Analyses performed in 2025
show that most of the artificial radionuclides investigated are not detected or are found only at
very low concentrations, generally close to the detection limits of analytical methods. When
measured, these radionuclides contribute only very marginally to the natural radioactivity
present in the environment and do not indicate any significant radiological impact on the
population or ecosystems.

Independent controls carried out by the FANC confirm that discharges from Belgian nuclear
installations comply with applicable regulatory limits. No measurable radiological impact is
observed around the sites of Tihange, Doel, and Fleurus. The low concentrations of artificial
radionuclides occasionally observed in certain environmental compartments remain consistent
with levels expected for facilities operating within their authorised discharge conditions. The
MolrDessel region and, more specifically, the Molse Nete T Nete T Scheldt catchment area,
remains the area requiring the most intensive monitoring. Artificial radionuclides linked to
current and historical nuclear activities remain detectable there in water, sediments, and certain
aguatic organisms. However, observed concentrations remain low, in compliance with
applicable authorisations, and show an overall decreasing trend over recent years. Sediments
constitute the main compartment for the accumulation of this historical contamination, while
concentrations measured in water and biota remain limited. Monitoring also confirms the
persistence of traces of historical radium contamination (??°Ra) in certain parts of the Grote
Laak and Winterbeek catchment, linked to former phosphate industry activities in the
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Tessenderlo region. Concentrations gradually decrease downstream, and the data show a
general downward trend over decades.

In the marine environment, radioactivity remains largely dominated by natural radionuclides.
Artificial radionuclides are detected only occasionally and at very low concentrations in
seawater, sediments, algae, or marine organisms. The results highlight a continuing decline in
the historical radiological footprint of nuclear activities in the Belgian North Sea. No significant
bioaccumulation or measurable radiological impact on the marine environment or human health
is observed.

Finally, the results for water intended for human consumption confirm compliance with the
requirements of Directive 2013/51/Euratom and the absence of any radiological issue for
drinking water supply in Belgium.

Overall, the monitoring programme demonstrates the effectiveness of the national
environmental radiological surveillance system. The collected data confirm that Belgium
complies with its national and international radiation protection obligations and that population
exposure resulting from nuclear activities remains very low.

31



1. Discharges and monitoring of the nuclear site at Tihange

The Tihange site

Place:

Main activity/activities:
Type(s) of installation:
First entered into service:

Current phase of life:

Monitoring of potential discharges:

ENGIE Electrabel
e

Huy (4500), Liege, Wallonia
Production of electricity

Pressurized water reactors, storage of spent fuel, treatment of
waste and effluents

1975

Definitively shut down: Tihange 1 and Tihange 2
In operation: Tihange 3

Liquids: 1 tritium (tritiated water HTO)
i aemitters (**°U, 2%%Pu, 2**Amé )
1 b-g emitters (°°Co, *Sr, 124Sh, 1311, 137Csé )

Atmospheric: 1 tritium (tritiated water HTO)
{ iodine (*311)
{ rare gases (¥Kr, 33Xeé )
{ a aerosols (#5U, 2%°Pu, 241Amé )
1 b-g aerosols (¥°Co, *°Sr, 124Sh, 1¥’Csé )
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A. Discharges

Total discharged activity

Liquid discharges

2021 2022 2023 2024 2025
Tritium (TBa) 29,9 55,4 31,7 32,0 30,6
U emitters (MBq) 1,87 1,69 0,81 0,95 0,96
b-o emitters (GBq) 6,1 8,2 4,39 4,17 6,41

Total discharged activity

Atmospheric discharges

2021 2022 2023 2024 2025
Tritium* (GBq) 5689,1 3336 4329 3452 3020
lodine (MBq) 8,8 7,54 7,28 13,6 6,68
Noble gases** (TBq) 4,74 4,41 8,42 7,08 11,3
U aerosols*** (kBq) . . . . .

b-o aerosols (MBq) 218 255 13,05 11,9 11,2

* Since 2020, calculated at CNT1 using the produced power and measured at CNT2 and CNT3

** expressed in equivalent **Xe 5

*** | aerosols are only measured in the gaseous discharges when the mean activity in U emitters of the primary circuit exceeds a pre-defined
threshold

Interpretation of the results of the year 2025

In 2025, liquid and gaseous radioactive discharges from the facility conformed with the discharge
license requirements.

No discharge limits were exceeded during the year.

Liquid radioactive discharges in 2025 remain stable compared to 2024. Liquid discharges were reduced
since 2023. The increase in tritium activity released in 2022 is because the tritium activity released
depends on the amount of energy produced in the reactor and the burn-up of the fuel. All three units
have reached the end of their 18 months of operation in 2022 and have been refueled. In 2023, Tihange
2 was definitively shut down, and only one unit reached the end of its 18 months of operation, which
explains the decrease in tritium discharges. In 2025, the quantities of tritium and alpha emitters
remained stable compared with 2024. The increase in discharges of b-2 emitters in 2025 is mainly due
to the treatment of effluent water following increased water movements, particularly at Tihange 2
(involving several refills and drains of the pools). The shutdown of Tihange 1 and the maintenance
shutdown of Tihange 3 also contributed to this.

Regarding gaseous discharges, the reduction in aerosol emissions since 2023 is due to a change in
the method used to account for emissions. Only isotopes that are actually detected are counted,;
isotopes that are not detected are no longer counted after 12 months without detection (whereas
previously a llump sumi was always considered). The total discharged activities of tritium and carbon-
14 in the gaseous effluents of Tihange in 2025 are determined based on the calculated discharges for
Tihange 1 on the one hand, and the measured discharges for Tihange 2 and Tihange 3 on the other
hand. The higher quantities of noble gases since 2023 are mainly due to the use for reporting emissions
of a redundant measurement chain with a higher detection limit. By taking into account the associated
uncertainties the reported value increases. The increase in iodine emissions in 2024 is due, on the one
hand, to ongoing investigations into micro-leaks in the TEG (gaseous discharges treatment) tanks at
Tihange 1 and, on the other hand, to a short shutdown of Tihange 3 in August 2024 for maintenance,
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which led to higher production of gaseous effluents and a shorter decay time before release. In 2025,
iodine discharges fell again, returning to levels similar to those seen in 2023.

The maximum calculated radiological impact for the public in 2025 due to discharges of liquid and
gaseous radioactive effluents from the facility is 0.0212 mSv, which is slightly lower than the value for
2024 (0.0228 mSv). This result is determined using the measured values for atmospheric discharges
of tritium and carbon-14 from Tihange 2 and 3, which are significantly lower than the calculated values
over the years. The impact remains within the regulatory limit for the public of 1 mSv per year.
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B. Monitoring around the nuclear site at Tihange

The program monitors the discharges emitted by the 3 reactors of the Tihange nuclear power plant
located along the Meuse between Huy and Ampsin, as well as by several agglomerations (Namur,
Liege) including many hospitals or research centers. The Meuse also receives contamination from its
tributary, the Sambre. The results of the analyses in 2025 are available in annex (Table S1). Sampling

includes:

1 The atmosphere: air samples (collection of aerosols and dust particles deposited on the filters)
by automated air volume samplers near Tihange and Lixhe (Belgium-Netherlands border). At
these two locations, surface particle deposition is collected from known surface deposition
tanks containing a thin layer of water to trap fine particles (dry deposition) or leached by rain
(wet deposition). The analysis of this total deposit is made on the filtrate (which is liquid) and

the residue (which is solid).
1 The soil: soil samples in Tihange and Lixhe.

1 The river: waters, sediments and samples of fauna and flora of the Meuse River.
1 The liquid effluents: analysis of liquid discharges from the nuclear power plant.

For more information...

Website of FANC (radiological monitoring - sampling and taking measurements on site)

a. Atmospheric radioactivity

The analysis of airborne dust is an effective method of
detecting the release of radioactive material into the
atmosphere. Indeed, aerosols (particles > 0.5 em) are one of
the forms of atmospheric discharges from nuclear
installations; they essentially contain fission products (b-2
emitters) recondensed on a particulate nucleus. This method
of detecting air radioactivity has been particularly used for the
monitoring of atmospheric nuclear tests when they were
carried out (“fallout”) as well as for the monitoring of the
passage of radioactive clouds following the Chernobyl
accident. Dust from the air is collected by means of pumps,
with air passing through a filter which stops dust (Figure 27).

Dust can also be deposited directly on the ground (dry
deposition) or leached by rain (wet deposit). The dust is then
collected in deposit tanks where it is trapped by a thin blade
of water distributed over a known surface (Figure 28).

Figure 27: Air dust collection for

analysis.

Figure 28: Deposit bin for air dust

collection.
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Measurements (Table S1) show that:

T Natural radioactivity is mainly responsible for the very low level of radioactive contamination of
the air. "Be (natural cosmogenic) is well measured, with values generally between 1 and 10
mBg/m3. These values are of the same order of magnitude as those observed in other
European countries (Sweden, France, Germany, Austria or Italy).

1 The Tihange nuclear power plant in routine operation has no measurable radiological impact
on its environment. Indeed, outside of any accident scenario, the impact on the atmosphere
and indirectly on the environment is always negligible or even non-measurable. Only traces of
beta emitters (total b measurements) - mainly of natural origin - are detected. The radiological
situation of the air in the vicinity of these sites is excellent.

Figure 29 shows measurements of atmospheric radioactivity at Tihange over the last 10 years, with a
focus on the year 2025.

Figure 29: Radioactivity in the air (in mBg/m3) at Tihange since 2016 with a zoom on the year 2025. Only what is actually
measured (i.e. above the detection limit) is shown. For clarity, measurement uncertainties are omitted.
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b. Soil radioactivity

Soil contamination (grasslands/surface soils) is mainly due to the fallout of radioactive material from the
atmosphere (most often associated with very fine particles or aerosols) through dry or wet deposition
(leaching from the atmosphere by rain). Soil samples are taken once a year in Tihange and Lixhe. The
possible deposition of radioactivity is sought via grass samples (surface deposits). Detection limits vary
depending on the quantity and density of soils collected, the geometry used to perform the
measurements, and the overall activity level of the sample. Soil density ranges from 1.6 to 1.8 kg/L and
sampling depth is 20 cm. Measurements of soil radioactivity (Table S1, Figure 30) show that:

T Natural radioactivity is mainly responsible for the level of radioactive contamination of soils.
Indeed, we observe the broad preponderance of the natural radioactivity emitted by the 4°K of
soils which behaves chemically like stable potassium (the 4°K represents 0.0119% of the total
potassium) whose concentration varies from one soil to another and according to the seasons.
The natural alpha emitters (226228Ra, 228Th) are also regularly detected.

1 Concerning artificial radioactivity, traces of 137Cs from 1 to 30 Bg/kg are measured every year.
They come from the fallout of the Chernobyl accident and older fallout from atmospheric nuclear
testing (which peaked in the 1960s). The long persistence of 137Cs in the environment (half-life
a 30 years) explains why some traces are still measured today. The artificial transuranic alpha
emitters (plutonium - Pu - and americium - Am) are not measurable.

1 The Tihange plant has no radiological impact on the surrounding soil.

Figure 30: Soil radioactivity measured in Tihange and Lixhe from 2014 to the end of 2025. Only radionuclides detected
above the measurement detection limits are shown. For clarity, measurement uncertainties and “°K activity
concentrations & which account for the vast majority of the measured radioactivity & are not included.
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c. River radioactivity

The Meuse receives radioactive discharges from the
French nuclear site of Chooz, Tihange and the IRE via
its tributary the Sambre. These two rivers also collect
radioactive discharges from hospitals and laboratories
in large cities. The Meuse is, after treatment, a source
of drinking water for a significant part of the Belgian and
Dutch populations, which explains why an extensive
analysis of the Meuse River is performed.

Water samples are collected automatically by
independent collectors (PPMQOS) installed in the
containers of the TELERAD river beacons (Figure 31).

In order to evaluate the fixing potential of the
radioactivity of suspended solids and fine sediment
particles which constitute an important compartment for
the fixation of radionuclides, analyses are carried out on
the sediments collected monthly in sedimentation tanks
(Figure 32). These tanks are installed in the containers

of the TELERAD beacons for continuous measurement Figure 31: River water collectors installed in

of the gamma radioactivity of rivers. They continuously the containers of TELERAD beacons.
recover suspended patrticles in the water via a bypass

on the water pumping circuit of the TELERAD beacons.

Sampling also includes aquatic biocenosis: mosses
(Cinclidotus danubicus), aquatic plants (Salix sp.) and
bivalve molluscs (Dreissena polymorpha) which are
good biological indicators ("bioindicators") of the
presence of radioactivity. Indeed, mosses and aquatic
plants are particularly sensitive in the short and medium
term to liquid discharges because these organisms
have a high potential for concentration of stable or

radioactive chemical elements. Dreissena, like all filter-
feeding bivalve molluscs, are very good integrators of
radioactivity over average periods of time (of the order
of a month).

sediments.

Figure 32: Sedimentation tank to harvest river

The monitoring points for the radioactivity of water, fresh sediment and biocenosis are chosen in order
to be able to verify the radiological impact of the Tihange power plant along the Meuse:

1 The sites of Huy, Andenne, Lives-sur-Meuse or Gives integrate the input from the Sambre as
well as the discharges from the hospitals in the agglomerations of Namur and Charleroi and
allow the radiological analysis of the river upstream of the Tihange power plant.

1 The sites of Ampsin or Amay and Flémalle, downstream of Tihange, allow the impact of liquid
discharges from Tihange on the Meuse to be monitored by comparison with the above data.

1 The Lixhe site includes all the Belgian inputs at the Dutch border.

The measurements of the radioactivity of the Meuse (Table S1 and Figures 33, 34) show that:

1

The radioactivity observed in the Meuse River (water, fresh sediments, aquatic fauna and flora)
is mainly of natural origin. It is dominated by 4°K (not shown in the figures), "Be (a cosmogenic
radionuclide naturally deposited through precipitation) and, to a lesser extent, by 22°Ra, ?2Ra
and 226Th. The observed concentrations reflect hydrological conditions, suspended matter
transport processes and the geological characteristics of the river basin. They remain
comparable between the different monitoring stations and show no abnormal trend over the
study period. By way of illustration, 4°K concentrations in aquatic plants and mosses may reach
several hundred Bg/kg dry weight.
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Regarding artificial radioactivity, the radionuclides detected in the Meuse are mainly tritium (3H)
in water and biota, as well as %Co, 1¥’Cs and, more occasionally, 119"Ag and 31| in certain
sediment or biota samples.

Tritium (3H) is the artificial radionuclide most frequently measured in the Meuse. Concentrations
observed at Ampsin, downstream of the Tihange Nuclear Power Plant, reach at most a few
tens of Bg/L (maximum observed in 2025: 43 Bg/L) and remain well below the parametric value
of 100 Bg/L established by Directive 2013/51/Euratom for water intended for human
consumption. These concentrations mainly reflect authorised liquid discharges from nuclear
installations within the Meuse basin, combined with the natural dilution processes of the river.
They do not represent any radiological concern for either the population or the environment.

In the sediments, ¢°Co is the artificial radionuclide most regularly detected downstream of the
power plant (Ampsin). Concentrations vary over time, notably under the influence of
hydrological conditions in the Meuse, which affect the dilution, transport and deposition of fine
particles. However, an overall decrease has been observed in recent years: only very low traces
of 89Co were detected in 2023 and 2024, and the maximum concentrations measured in 2025
remain significantly lower than those observed between 2014 and 2020. This trend is consistent
with the gradual decrease in 8°Co concentrations in the plantis liquid discharges, as reported
by the operator and confirmed by independent monitoring carried out by the FANC (see section
fid. Liquid dischargeso).

Traces of 137Cs are also observed in some sediment samples. This radionuclide may originate
both from historical fallout resulting from atmospheric nuclear weapons testing and the
Chernobyl accident and, to a lesser extent, from authorised discharges from nuclear
installations. At the low concentrations measured in the environment, it is generally not possible
to accurately distinguish the contribution of each source.

Occasional detections of 119mAg and 13! have also been reported in the past, but only at very
low concentrations and without any particular trend. No 31| was detected in Meuse sediments
in 2025.

Analyses performed on freshwater mussels, used as bioindicators, confirm these observations.
Tritium is occasionally detected, whereas 137Cs and %°Co are only found sporadically and at low
concentrations. No significant bioaccumulation is observed.

Finally, the comparison of monitoring stations located upstream of the power plant (Andenne),
immediately downstream (Ampsin) and further downstream at the Belgian-Dutch border (Lixhe)
does not reveal any significant radiological impact of the nuclear power plant on the aquatic
ecosystem of the Meuse.

Overall, the results confirm that the Tihange Nuclear Power Plant has no significant radiological

impact on the Meuse River. The artificial radionuclides detected remain at low concentrations,
with no measurable consequences for the aquatic environment or human health.
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Figure 33: Measured radioactivity in Meuse River sediments at Ampsin (downstream of the Tihange nuclear power plant),
Andenne (upstream of the Tihange nuclear power plant) and Lixhe (at the Belgian-Dutch border) since 2014. Only
radionuclides effectively detected (i.e. above the detection limits) are shown. For clarity, measurement uncertainties
and “K (which is by far the dominant radionuclide) are omitted.
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Water from the Meuse at Ampsin (downstream of the Tihange power plant)

Water from the Meuse at Andenne (Gives) (upstream of the Tihange power plant)

Figure 34: Radioactivity of the Meuse River water upstream and downstream of Tihange since 2014. Only nuclides
actually measured (i.e. above the detection limits) are reported. For the sake of clarity, the measurement uncertainties
are omitted.
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d. Liquid effluents

For the Tihange nuclear power plant, liquid discharges from primary effluents are the most radioactive
releases (Figure 35). These discharges are largely dominated by tritum (3H), whose activity
concentrations are several orders of magnitude higher than those of the other radionuclides. Apart from
tritium, the most frequently detected radionuclides are mainly activation and corrosion products such
as cobalt-60 (6°Co), silver-110m (*1°mAg), cobalt-58 (°8Co), as well as certain cesium isotopes.

The highest concentrations were mainly observed between 2014 and 2017, with some occasional peaks
still visible afterwards, particularly for 6°Co. Since 2023, a marked decrease in 89Co concentrations has
been observed, and this trend continues through 2025, with the exception of a single discharge event
recorded in October 2024. This event could explain the slight rebound in 69Co concentrations measured
in fresh sediments collected downstream of the power plant, at Ampsin, during 2025. Overall, this
evolution remains consistent with the decreasing trend in 6°Co levels observed in fresh Meuse
sediments collected downstream of the site.

Overall, the data highlight a gradual decrease in concentrations and relatively low levels for the majority
of artificial radionuclides over recent years.

It should also be emphasized that these effluents are not discharged directly into the Meuse River. They
are first diluted with so-called ficoldd effluents originating from technical areas and buildings, as well as
with condensation water recovered from the cooling towers. Considering these results, no particular
radiological concern has been identified.

Figure 35: Radioactivity of primary liquid discharges from the Tihange nuclear power plant since 2014. Only the nuclides
actually measured are reported. For clarity reasons, uncertainties are omitted.
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/ SUMMARY BOX. The monitoring programme around the nuclear site at Tihange: \

1 The radiological situation of the air and soil around Tihange is excellent and does not
present any radiological problems.

1 Inthe Meuse, tritium (H) is regularly detected in the water, although the reported levels
are low. The reduction in cobalt (6°Co) levels in liquid discharges in recent years has led
to a significant reduction in cobalt levels in sediments after the plant. The radiological
impact of the Tihange facilities on the Meuse remains negligible and of no consequence

k to human health. /
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2. Discharges and monitoring of the nuclear site at Fleurus

The Fleurus site

Institut National des Radioelements

Place:

Main activity/activities:
Type(s) of installation:
First entered into service:

Current phase of life:

Monitoring of potential discharges:

Fleurus (6220) and Farciennes (6240), Hainaut, Wallonia
Production of radioactive substances for medical applications

Production cells

1971

In operation

Liquids: 1 b-gemitters (5°Co, %Ru, 1?4Sb, 11...)
Atmospheric: 7 iodine (*311, 133)

{ rare gases (*33Xe, 3°Xeé )
1 b-g aerosols (**Mo, %MTc, 1%Ru, 1¥’Csé )
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A. Discharges

Total discharged activity

Liquid discharges
2021 2022 2023 2024 2025

b-o emitters(GBq) 0,44 0,17 0,13 0,10 0,07

Total discharged activity

Atmospheric discharges*

2021 2022 2023 2024 2025
lodine** (MBQ) 1664 1508 1762 2126 1196
Noble gases*** (TBQ) 1291 981 901 609 668

* b-0 aerosol releases of the IRE are below the regulatory thresholds requiring license
** expressed in equivalent 3%
=+ expressed in equivalent 133Xe

Interpretation of the results of the year 2025

In 2025, liquid and gaseous radioactive discharges from the facility conformed with the discharge
license requirements.

No discharge limits were exceeded during the year.

The radioactive activity discharged in 2025 in liquid effluents is of the same order of magnitude as in
previous years.

Between 2021 and 2025, the atmospheric discharges expressed in iodine equivalent fluctuate between
1100 and 2100 MBg. These fluctuations are due to several factors such as possible small incidents in
the controlled area or climatic conditions. Noble gas discharges decreased significantly since 2020. The
assumption of a decrease in discharges due to the increasing use of low enriched uranium production
facilities that better contain xenon (made in 2020) is confirmed. The proportion of LEU (Low Enriched
Uranium) targets processed has been steadily increasing since 2019. This proportion reached 100% in
2023. 2024 was the first year in which the IRE has used only LEU targets and the values for 2025 are
relatively similar to those for 2024.

The maximum calculated radiological impact on the public in 2025 due to the discharges of liquid and
gaseous radioactive effluents from the facility is equal to 0.0048 mSv, which is lower than the result for
2024 (0.0076 mSv). This result represents less than 1% of the regulatory limit for the public of 1 mSv
per year.

45



B. Surveillance around the nuclear site at Fleurus

The program monitors the discharges emitted by the Fleurus nuclear site (IRE) as well as by several
agglomerations such as Charleroi, crossed by the Sambre, which includes many hospitals or research
centers. The results of the analyses in 2025 are available in annex (Table S2). Sampling includes:

1 The atmosphere: air samples (collection of aerosols and dust particles deposited on the filters)
by automated air volume samplers in the vicinity of the IRE. At this location, surface particle
deposits are collected from known surface deposition tanks containing a thin layer of water to
trap fine particles (dry deposition) or leached by rain (wet deposition). The analysis of this total
deposit is made on the filtrate and the residue.

1 The soil: soil samples at Fleurus.

1 The river: samples of the fauna and flora of the Sambre.

For more information...

Website of FANC (radiological monitoring - sampling and taking measurements on site)

a. Atmospheric radioactivity

The results near the IRE show that (Figure 36):

1 Natural radioactivity is mainly responsible for the very low level of radioactive contamination of
the atmosphere.

1 The Fleurus site, in routine operation, has no measurable radiological impact on its
environment. Indeed, outside any accident scenario, the radiological impact of installations on
the atmosphere and indirectly in the environment is always negligible or even non-measurable.
Only traces of beta emitter T mainly of natural origin T are detectable. The radiological situation
of the air is excellent near the site.

Figure 36: Radioactivity in the air in Fleurus since 2016 with a zoom on the year 2025. Only what is actually measured
(i.e. above the detection limit) is shown. For greater clarity, uncertainties are omitted.
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b. Soil radioactivity

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the
atmosphere by rain).

Soil samples are taken once a year near the IRE nuclear site in Fleurus. The possible deposition of
radioactivity is sought via grass samples (surface deposits). Soil density varies from 1.6 to 1.8 kg/L and
sampling depth is 20 cm. The analyses focus on the detection of gamma, beta and alpha emitters.
Detection limits vary depending on the quantity and density of soils collected, the geometry used to
perform the measurements, and the overall activity level of the sample.

Measurements of soil radioactivity (grasslands/surface soils) at Fleurus (Table S2) show that:

1 The observed radioactivity is mainly of natural origin. The dominant radionuclide is 4°K, with
concentrations of around 400 Bg/kg (not shown in the figure for readability purposes). Natural
alpha-emitting radionuclides (*?°Ra, 2?8Ra, 2?8Th) are also systematically detected at relatively
stable levels of around 40 Bg/kg.

1 Regarding artificial radioactivity, only traces of 137Cs (around 4 Bg/kg) are measured. These
originate from fallout from the Chernobyl accident and atmospheric nuclear weapons testing.
The persistence of 137Cs in the environment is explained by its relatively long half-life of
approximately 30 years, although a gradual decrease in concentrations has been observed
over the decades.

1 Overall, the results do not indicate any significant radiological impact of the IRE nuclear facilities
on the surrounding soils.

Figure 37: Radioactivity in the soil at Fleurus since 2014. Only nuclides actually measured are reported. For greater
clarity, the measurement uncertainties and the “°K (which is in the vast majority) are omitted.
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C.

River radioactivity

The Sambre collects radioactive discharges from hospitals and laboratories in Charleroi as well as
potential liquid discharges from the IRE before discharging into the Meuse. In order to verify its
radiological status, samples of fauna and flora are taken in Floriffoux, Mornimont or Sambreville.

The radioactivity measurements of the Sambre (Table S2, Figure 38) show that:

1
1

The large majority of the radioactivity detected in the fauna and flora of the Sambre comes from
natural radioactivity (“°K, 7Be and to a lower extent 226.226Ra and 228Th).

Depending on the year, traces of (artificial) *H and 137Cs are sometimes measured in mosses
and aquatic plants. For example, in 2025, 3H was identified in a moss sample and in 3 plant
samples, while 137Cs was identified in 3 moss samples.

lodine (*31) is not measured in the fauna and flora of the Sambre while this radionuclide could
be rejected by the IRE. The values are indeed below the detection limits.

The IRE's facilities have no significant radiological impact on the Sambre.

Figure 38: Radioactivity measured in aquatic mosses at Floriffoux since 2014. Only radionuclides detected above the
detection limits are shown. For clarity, °K and measurement uncertainties are omitted.

SUMMARY BOX. The monitoring program around the nuclear site at Fleurus:

l

There are no radiological problems with the air and soil around nuclear facilities. The
measured contents are all below or close to the detection thresholds T very low T of the
measuring devices.

The radiological impact of nuclear installations on river water is negligible and has no
consequences for human health.
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3. Monitoring of Belgian territory around the French nuclear site at Chooz

The programme monitors the discharges emitted by the French nuclear power plant at Chooz and its
potential impact on Belgian territory. Around the Boot of Givet, in Belgian territory, an extensive soil
control also aims to verify the good radiological status of agricultural areas and their crop production.
The results of the analyses in 2024 are available in annex (Table S3). Sampling includes:

l

The atmosphere: In Heer-Agimont, a Belgian village on the Franco-Belgian border, surface
particle deposits are collected from bins of known surface deposits containing a thin layer of
water to trap fine particles (dry deposition) or leached by rain (wet deposition). The analysis of
this total deposit is made on the filtrate (liquid) and the residue (solid).

The soil: soil samples from a permanent meadow in Heer-Agimont. Around the Boot of Givet,
Belgian agricultural soils as well as samples of agricultural crop production are also analysed.
The river: water, sediment and samples of fauna and flora from the Meuse to Heer-Agimont.

For more information...

Website of FANC (radiological monitoring - sampling and taking measurements on site)

a. Atmospheric radioactivity

The results obtained at Heer-Agimont show that the radiological situation of the air is excellent around
the site (Table S3, Figure 39). It can be observed that:

1
1

The radioactivity measured in the atmosphere is mainly of natural origin: 4°K, ’Be (a cosmogenic
radionuclide), etc. The observed levels remain very low and relatively stable over time.

In total deposition liquid samples, traces of 3H (artificial) are occasionally detected. However,
the measured concentrations remain very low and highly variable over time, with no increasing
trend. No other specific artificial radionuclides that could be significantly attributed to the Chooz
nuclear facilities are identified.

Overall, the results confirm that the radiological impact of the Chooz nuclear facilities on the
atmosphere and the surrounding environment remains negligible, or even not measurable,
under normal operating conditions.
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a)

b)

Figure 39: Radioactivity of the liquid filtrate (a) and dry residue (b) from total deposition at Heer-Agimont since 2014.
Only values actually measured (i.e. above the detection limit) are shown. For clarity, measurement uncertainties are not
displayed.
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b. Soil radioactivity

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the
atmosphere by rain).

Samples of permanent grassland soil are collected once a year in Heer-Agimont. In addition, around
the Boot of Givet, in Belgian territory, an extensive control aims to verify the good radiological status of
agricultural soils and their crop production. Thus, out of 24 predefined locations, 12 are analysed
annually (soil and crop production analyses). This control is part of the Franco-Belgian agreement on
the Chooz nuclear power plant. Soil density ranges from 1.6 to 1.8 kg/L and sampling depth is 20 cm.
Detection limits vary depending on the quantity and density of soils collected, the geometry used to
perform the measurements, and the overall activity level of the sample.

Measurements of soil radioactivity (permanent grassland, agricultural soil and crop production) around
the Givet Boot (Table S3, Figure 40) show that:

1 Natural radioactivity is mainly responsible for the level of soil contamination with a large
preponderance of 4°K. The natural alpha emitters (?26228Ra, 234235238 228Th) are also
systematically detected.

1 Concerning artificial radioactivity, traces of 137Cs are measured everywhere in soils (2 to 7
Ba/kg) but only in 2 samples out of 12 in agricultural productions. They come from the fallout of
the Chernobyl accident and from the older fallout of nuclear tests in the atmosphere (peak in
the 1960s). The long persistence of 137Cs in the environment explains why some traces are still
measured today. Depending of the year, traces of °°Sr are also found in soils and/or agricultural
products. This beta emitter is still present in the biosphere following the testing of nuclear
weapons in the atmosphere. Transuranic artificial alpha emitters (Pu and Am) are generally
hardly ever identified anymore.

1 The nuclear power plant at Chooz has no significant radiological impact on the surrounding
soils.

a)
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b)

Figure 40: Analysis of radioactivity in (a) twelve agricultural soils around Chooz and one permanent grassland at Heer-
Agimont, and (b) twelve agricultural products cultivated around Chooz since 2014. Only radionuclides actually
measured (i.e. above detection limits) are shown. “°K and measurement uncertainties are not displayed.

Tritium (3H, half-life of approximately 12.3 years) is one of the main radionuclides routinely released in
very small quantities, in both liquid and gaseous form, by nuclear power plants. Due to its high mobility
in the environment and its behaviour similar to that of natural water when present as tritiated water
(HTO), it constitutes a relevant environmental tracer of low but continuous releases associated with the
normal operation of nuclear facilities.

Tritium directly follows the hydrological cycle and may be incorporated into plants through soil water,
precipitation and atmospheric exchanges at leaf level. Its analysis in agricultural products therefore
makes it possible to assess potential transfer to the food chain.

Figure 40b shows the evolution of 3H concentrations measured in agricultural products sampled in the
Givet area since 2014. Detailed results, together with the associated detection limits, are provided in
Table 1.

The number of samples in which 3H is detected varies significantly from year to year, with a particularly
high detection frequency observed in 2020. This variability is mainly explained by the very low activity
levels measured, often close to the analytical detection limits, as well as by variations in meteorological,
hydrological and agronomic conditions influencing tritium transfer into crops.

Despite some occasional detections, sometimes associated with higher concentrations, no sustained
increasing trend can be identified over the entire study period. The observed concentrations remain low
and consistent with the limited radiological impact expected from authorised releases under normal
operating conditions of the Chooz nuclear facilities.
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Table 1: ®H concentrations in agricultural products around the Givet area since 2014.
Values are expressed in Bg/kg dry matter.

Number of
analyses DL Number of Measurements
Number of
Year below the (mean and measureme (mean and
analyses . . .
detection min-max range) nts min-max range)
limit (DL)
2014 24 19 < 25.55 (24 - 33.6) 5 26.38 (24 - 33.6)
2015 24 15 <5.229 (4.92 - 5.71) 9 7.457 (1.12 - 12.5)
2016 24 24 <11.85(11.3-12.2) 0
2017 12 9 <12.5(11.1-13.5) 3 19.63 (12.3 - 32.1)
2018 12 12 <13.63(13.4-13.9) 0
2019 12 5 <12.6 (12 -13.3) 7 18.43 (13.6 - 23.4)
2020 12 1 <19.2 11 46.43 (18.97 - 77.4)
2021 12 11 <21.02 (18.6 - 26.2) 1 47.7
2022 12 12 < 23.05(21.34 - 25.16) 0
2023 12 11 <23.93(19.35- 36.7) 1 31.58
2024 12 12 < 18.86 (13.77 - 23.24) 0
2025 12 10 < 5.736 (5.532 - 6.093) 2 8.04 (7.603 - 8.477)
c. River radioactivity

Water, sediment, aquatic fauna and flora samples are collected at Heer-Agimont, Riviere or Godinne in
order to assess the radiological status of the Meuse River at its entry into Belgium, downstream of the
discharges from the Chooz nuclear power plant. As the Meuse constitutes an important source of
drinking water after treatment, comprehensive radiological monitoring is carried out.

Measurements performed in the Meuse downstream of the Chooz nuclear power plant on Belgian
territory (Table S3, Figure 41) show that:

1

The radioactivity observed in water, sediments, fauna and flora is mainly of natural origin, with
a predominance of “°K and "Be, as well as, to a lesser extent, naturally occurring radionuclides
from the uranium and thorium decay series (?26228Ra and 228Th).

Regarding artificial radioactivity, 3H is regularly detected in Meuse water at concentrations
ranging from 1 to 47 Bg/L, i.e. well below the parametric value of 100 Bg/L established by
Directive 2013/51/EURATOM relating to water intended for human consumption. Traces of 2H
are also identified in certain aquatic plants and mosses, due to the behaviour of tritium within
the hydrological cycle.

For the other artificial radionuclides, sediments mainly contain traces of 13’Cs attributable to
historical fallout from atmospheric nuclear weapons testing and the Chernobyl accident.
Occasional traces of 8°Co and 119™Ag, which may be associated with authorised discharges
from the Chooz nuclear power plant, are also observed. However, the measured concentrations
remain very low and generally close to the detection limits. A slight peak of %9Co was
nevertheless observed during the summer of 2022, in a context of low Meuse River flow linked
to drought conditions, which reduced the dilution of authorised discharges.

Overall, the results confirm that the Chooz nuclear power plant has no significant radiological
impact on the Meuse River within Belgian territory.
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Figure 41: Radioactivity of Meuse River sediments at Heer-Agimont since 2014. Only radionuclides actually measured
(i.e. above detection limits) are shown. Measurement uncertainties and “°K are not displayed.

/SUMMARY BOX. The monitoring programme around the nuclear site at Chooz: \

! Airand soils do not show any significant radiological impact. The measured radionuclides
are mainly of natural origin and the observed concentrations generally remain below or
close to the detection limits of the analytical methods.

f The radiological impact of the nuclear facilities on the Meuse River remains negligible
and without consequence for human health. Only tritium is regularly detected in the water,
at low concentrations (a few Bg/L), well below the regulatory reference values. The other
artificial radionuclides are only occasionally detected at very low levels, close to theJ

K detection limits.
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4. Discharges and monitoring of the nuclear site at Mol-Dessel

The Mol-Dessel site

Belgoprocess site 1

Place:

Main activity/activities:
Type(s) of installation:
First entered into service:

Current phase of life:

Monitoring of potential discharges:

Dessel (2480), Anvers, Flanders

Treatment and storage of radioactive waste
Treatment facilities and storage buildings

1984

In operation, partially in the process of dismantling

Liquids: 1 no direct discharges of liquid radioactive effluents
(taken over at Belgoprocess site 2 in Mol)

Atmospheric: { tritium (HTO tritiated water)
{ radon (???Rn)
{ a aerosols (38Pu, 2°Pu, 221Amé )
1 b-g aerosols (¢°Co, °°Sr, 137Csé )
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A. Belgoprocess site 1 discharges

Total discharged activity

Liquid discharges

Belgoprocess site 1 does not discharge liquid radioactive effluents (discharges are carried out via Belgoprocess
site 2).

Total discharged activity

Atmospheric discharges

2021 2022 2023 2024 2025
Tritium (GBQ) 2,7 4,7 4,43 6,61 5,23
Radon (GBq) 1,22 1,48 1,45 1,14 1,36
U aerosols (kBq) 204,5 200,5 134,0 72,7 39.43
b-o aerosols (MBq) 0,64 0,68 0,62 0,12 0,22

Interpretation of the results of the year 2025

In 2025, liquid and gaseous radioactive discharges from the facility conformed with the discharge
license requirements.

No discharge limits were exceeded during the year.

The gaseous radioactive discharges from the facility are similar to previous years and remain well below
the discharge limits. Since 2023, aerosol discharges have decreased because of several reasons:
- The detection limits were adjusted in 2024. For the alpha channel, this is 0.003 Bq instead of
0.005 Bg.
- A new stack monitoring system has been in use since 2024.
- The annual discharge volume has decreased slightly.

The maximum calculated radiological impact to the public in 2025 due to radioactive gaseous

discharges from the facility is less than 0.001 mSv. This result is less than 1% of the regulatory limit for
the public of 1 mSv per year.
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The Mol-Dessel site

Place:

Main activity/activities:
Type(s) of installation:
First entered into service:

Current phase of life:

Monitoring of potential discharges:

Belgoprocess site 2
-~ -

Mol (2400), Antwerp, Flanders
Treatment and storage of radioactive waste
Treatment facilities and storage buildings
1956 (installations then operated by the SCK CEN)
In operation, partially in the process of dismantling
Liquids: 1 tritium (tritiated water HTO)

1 a emitters (*Pu, 23°Pu, 21Amé )

1 b-g emitters (®°Co, °°Sr, 134Cs, 137Cs)
Atmospheric: 1 tritium (tritiated water HTO)

{ radon (?2Rn)

1 a aerosols (?%8Pu, 23%Pu, 21Amé )
1 b-g aerosols (6°Co, °°Sr, 137Csé )
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B. Belgoprocess site 2 releases

Total discharged activity

Liquid discharges

2021 2022 2023 2024 2025
Tritium (TBa) 1,29 1,73 3,03 2,46 2,88
U emitters (MBq) 33,9 30,2 27,4 34,23 30,83
b-o emitters (GBQ) 0,156 0,169 0,227 0,255 0,201

Total discharged activity

Atmospheric discharges

2021 2022 2023 2024 2025
Tritium (GBq) 0,638 1,6 1,07 1,84 0,28
Radon (GBaq) 2065,4 1541,4 35454 3269,9 1831,5
U aerosols (kBq) 29,1 16,8 25,3 21,3 25,94
b-o aerosols (MBq) 0,10 0,12 0,07 0,08 0,11

Interpretation of the results of the year 2025

In 2025, liquid and gaseous radioactive discharges from the facility conformed with the discharge
license requirements.

No discharge limits were exceeded during the year.

The radioactive liquid discharges for the year 2025 are stable compared to previous years. Tritium
discharges mainly come from the BR2 research reactor at the SCK CEN nuclear site. Since 2023,
discharges of b-2 emitters have sightly increased due to an increase in waste processing at a facility on
site (Cilva) and an increase in the amount of wastewater (from SCK CEN) treated at the BRE facility
during certain months.

Atmospheric discharges are also stable compared with previous years. The operation of building 280X
will lead to the treatment of all radium drums in the course of time, so that the radon releases from
Belgoprocess site 2 will also cease.

The maximum calculated radiological impact on the public in 2025 due to radioactive discharges from
the facility is about 2.2uSv. This result is lower than that of 2024 (0.005 mSv) and lower than the
regulatory limit of 1 mSv per year. This value is mainly due to the inhalation of radon released via the
chimney of building 280X.
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The Mol-Dessel site JRC-Geel

Place: Geel (2440), Anvers, Flanders

Main activity/activities: Metrology and applied research

Type(s) of installation: Laboratories, particle accelerators

First entered into service: 1962

Current phase of life: In operation

Monitoring of potential discharges: Liquids: 1 no direct discharges of liquid radioactive effluents

(taken over by Belgoprocess)

Atmospheric: { a aerosols (?°U, 23%Pu, 21Amé )
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C. JRC-Geel discharges

Total discharged activity

Liquid discharges

JRC-Geel does not discharge liquid radioactive effluents.

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024 2025

U aerosols (kBq) 11 1,0 1,0 1,2 1,1

Interpretation of the results of the year 2025

In 2025, gaseous radioactive discharges from the facility conformed with the discharge license's
requirements.

No discharge limits were exceeded during the year.
The maximum calculated radiological impact for the public in 2025 due to the radioactive gaseous

discharges from the facility is less than 0.0001 mSv. This result is stable compared to previous years
and is in line with the regulatory limit for the public of 1 mSv per year.
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The Mol-Dessel site

SCK CEN

Place:

Main activity/activities:
Type(s) of installation:
First entered into service:

Current phase of life:

Monitoring of potential discharges:

Mol (2400), Antwerp, Flanders

Scientific and technological research
Research reactors, laboratories...

1956

In operation, BR3 reactor being dismantled

Liquids: no direct discharges of liquid radioactive discharges
(taken over and treated by Belgoprocess)

Atmospheric:  { tritium (tritiated water HTO, tritium gas HT)
{liodine (*3)
{ rare gases (*Ar, 85mKr, 87Kr, 88Kr, 133Xe)
{ a aerosols (?*°U, 23°Pu, 41Am...)
1 b-g aerosols (¢°Co, 110mAg, 125Gh, 137Csé )
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D. Discharges of SCK CEN

Total discharged activity

Liquid discharges

SCK CEN does not discharge liquid radioactive effluents.

Total discharged activity

Atmospheric discharges

2021 2022 2023 2024 2025
Tritium (GBq) 2580,05 2420,03 3525,8 2543,2 2810
lodine (MBq) 1,68 4,03 2,01 4,48 16,2
Noble gases (TBq) 33,3 33,9 30,3 20,9 33,7
U aerosols (kBq) 26,6 24,3 25,1 26,6 28,4
b- aerosols (MBq) 8,134 1,6 0,41 0,21 0,33

|
Interpretation of the results of the year 2025

In 2025, gaseous radioactive discharges from the facility conformed with the discharge license's
requirements.

No discharge limits were exceeded during the year.

Radioactive gaseous discharges for 2025 are stable compared to previous years. There has been a
sharp decrease in b-2 aerosol emissions since 2020. For the record, in 2019, there was an exceedance
of the discharge limits for b-2 aerosol emissions, which must be attributed to two selenium (Se-75)
incidents that took place in May and August 2019.

The maximum impact of SCK CENis routine annual atmospheric releases for the year 2025 is 1.01 0Sv
for the most exposed individual. This maximum calculated radiological impact to the public in 2025 due
to gaseous radioactive discharges from the facility is far below the regulatory limit for the public of 1
mSv per year.
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E. Monitoring around the nuclear site at Mol-Dessel

The programme monitors the discharges emitted from the Mol-Dessel site, which contains the SCK
CEN and JRC-Geel research centres, as well as Belgoprocess, which is responsible for the treatment
and storage of radioactive waste from nuclear power plants, the industrial sector, hospitals, laboratories
and decommissioning operations. FBFC International, a manufacturer of 235U-enriched nuclear fuel and
of MOX3, and Belgonucleaire, a former manufacturer of MOX fuel, were also present at the site but
have now been dismantled. The results of the analyses in 2025 are available in appendix (Table S4).
Sampling includes:

1 The atmosphere: air samples (collection of aerosols and dust particles deposited on the filters)
by automated air volume samplers in Mol-Dessel. At this location, surface particle deposits are
collected from known surface deposition tanks containing a thin layer of water to trap fine
particles (dry deposition) or leached by rain (wet deposition). The analysis of this total deposit
is made on the filtrate (which is liquid) and the residue (which is solid);

1 The soil: soil samples in Mol;

The river: water, sediment and flora samples from the Molse Nete;

The liquid effluents (liquid discharges) from the nuclear site: these discharges are carried out

in the Molse Nete via the Belgoprocess 2 installations.*

= —.

For more information...

Website of FANC (radiological monitoring - sampling and taking measurements on site)

a. Atmospheric radioactivity

The results obtained for the atmospheric compartment around the Mol-Dessel site do not reveal any
radiological problems (Table S4, Figure 42). It can be observed that:

1 Natural radioactivity is mainly responsible for the very low level of air radioactivity: 4°K, "Be
(cosmogenic), etc.

1 Traces of 2H (artificial) are sometimes measured in the filtrate of the deposition (liquid) but are
barely above the detection limits.

1 The radiological impact of nuclear installations on the atmosphere and indirectly on the
environment is negligible or even non-measurable: only traces of alpha and beta emitters
(measurements in U and total b) T mainly of natural origin T are detectable near Mol-Dessel.

3 MOX: MOX (Mixed Oxide Fuel) is a nuclear fuel made from a mixture of uranium and plutonium oxides.
4 Although FBFC International's liquid discharges were stopped in September 2016, analyses have been carried
out in the site's piezometers until March 2021 (during decommissioning).
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Figure 42: Air radioactivity in Mol-Dessel since 2016 with a zoom on the year 2025. Only what is actually measured (i.e.
above the detection limit) is shown. For greater clarity, uncertainties are omitted.

b. Soil radioactivity

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the
atmosphere by rain). Samples of surface soil and grass are taken from a permanent meadow near Mol
once a year.

The measurements of radioactivity of soils in the Mol-Dessel region (Table S4, Figure 43) show that:

1

Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with
a large preponderance of 4°K. The natural alpha emitters (?26228Ra, 234,235,238 228Th) are also
regularly detected.

Regarding artificial radioactivity, only traces of 13’Cs (a few Bqg/kg) are measured. This
radionuclide originates from historical fallout related to the Chernobyl accident and atmospheric
nuclear weapons tests carried out mainly during the 1950s and 1960s.

With the exception of a sporadic trace of 24?Am (0.02 Bg/kg) detected in 2014, no transuranic
elements such as plutonium (Pu) or americium (Am) have been identified. These radionuclides
could potentially be released by the facilities, which include:

0 Belgoprocess 1 (Cilva: solid waste incinerator, Pamela: vitrification plant for high-level
radioactive waste);

0 Belgoprocess 2 (former liquid waste treatment plant of SCK CEN);

o the former installations, now dismantled, of Belgonucléaire (which released alpha
emitters and Pu) and of FBFC International (whose atmospheric discharges were
negligible in terms of activity).

The nuclear installations have no measurable radiological impact on the surrounding soils (via
atmospheric discharges).
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Figure 43: Radioactivity of soil at Mol since 2014. Only radionuclides actually measured (i.e. above detection limits) are
shown. Measurement uncertainties as well as *°K (which is overwhelmingly predominant) are not displayed.

c. River radioactivity

The main watercourse concerned is the Molse Nete (Figure 44a), which receives liquid discharges from
Belgoprocess 2, the liquid radioactive waste treatment plant at the Mol-Dessel site. Originally designed
for the treatment of liquid effluents from the SCK CEN, Belgoprocess 2 now centralises the treatment
of radioactive liquid waste produced by the various facilities located on the site (SCK CEN and
Belgoprocess) prior to their controlled discharge into the environment.

Figure 44a: The Nete basin.
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Since 2020, discharge limits into the Molse Nete have been reduced and may not exceed 10 GBg/month
of alpha, beta and gamma radioactivity according to the following formula:

2.5 [atotal] + 0.4 [°°Sr-20Y] + 2.5 105 [°?H] + [°Co] + 1.5 ['3*Cs] + 1.5 [¥Cs] + 0.1 [#] ¢ 10 GBg/month (maximum
50 GBqg/year with a concentration limit of 15 MBg/m3)
with [4] = [btotal] T ([*°Sr-0Y] + [6°Co] + [134Cs] + [*3"Cs]))

Radiological monitoring of the Molse Nete is carried out close to the Belgoprocess 2 discharge point
and includes analyses of water, freshly deposited sediments in the riverbed and along the banks
(sedimentation traps), as well as aquatic flora. The measurements include total alpha and beta activity,
gamma spectrometry and specific radiological analyses (radium, transuranics, technetium and tritium).

Radioactivity measurements in the Molse Nete (Table S4, Figure 45) show that artificial radioactivity,
mainly 3H, is detected. The following observations can be made:

1 In general, radioactivity in the Molse Nete remains dominated by natural radioactivity (“°K and,
to a lesser extent, 226Ra, 228Th and 234238U)).

1 In water, the main artificial radionuclide detected is tritium (3H), with concentrations fluctuating
throughout the year between 6 and 349 Bqg/L (annual average: 122 Bg/L). These variations
reflect authorised liquid discharges from Belgoprocess 2 combined with hydrological variations
in flow and dilution conditions in the Molse Nete. The observed concentrations remain
consistent with authorised discharges and with the limited radiological impact expected for this
type of installation. Very low traces of transuranic elements are also measured in water, hotably
241Am (maximum observed: 0.0009 Bg/L) and 238239Py (maximum observed: 0.00034 Bqg/L).
These extremely low concentrations remain close to the analytical detection limits.

1 In sediments, radioactivity also remains mainly of natural origin ("Be, 4°K, 226.228Ra). Radium is
detected in the Molse Nete at concentrations ranging from 35 to 110 Bg/kg dry weight.
Concentrations decrease progressively downstream towards the Scheldt basin (see following
section). Regarding artificial radioactivity, freshly deposited sediments in the Molse Nete
contain:

0 1¥Cs in all samples (between 36 and 66 Bg/kg dry weight). Concentrations show a
gradual decrease over the past decade, consistent with the reduction in liquid
discharges from Belgoprocess (see section fid. Liquid dischargest), as well as with
radioactive decay and the progressive burial of historical deposits;

o Puand Am in all samples, ranging respectively from 2 to 19 Bg/kg dry weight and from
11 to 31 Bg/kg dry weight;

0 9Tc, occasionally detected up to 60 Bg/kg dry weight.

o0 This artificial radioactivity is attributed to liquid discharges from Belgoprocess 2 (within
authorised discharge limits) and to possible resuspension of older contaminated
sediments. These radionuclides rapidly become difficult to detect further downstream
towards the estuary (see following section).

1 In aquatic flora, 4°K is the main source of radioactivity. However, traces of ¥7Cs (~3 Bg/kg dry
weight), as well as traces of 24*Am and %°Tc, are sometimes detected in aquatic plants from the
Molse Nete. These radionuclides also reflect the signature of artificial radioactive discharges
from the site operated through Belgoprocess 2.

Figure 45 shows that artificial radionuclides display significantly higher concentrations in sediments than
in water. This behaviour is explained by the strong affinity of certain particulate artificial radionuclides
(Pu, Am, Cs) for suspended matter and fine sediments, which therefore act as an integrating
compartment for the historical contamination of the river system.
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(@)

(b)

Figure 45: Radioactivity in (a) water and (b) sediments of the Molse Nete since 2014. Only radionuclides actually
measured (i.e. above detection limits) are shown. Measurement uncertainties and “°K are not displayed.
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Discussion on the ecological situation of the Molse Nete

The ecological situation of the Molse Nete is more problematic from the point of view of chemical
contamination in general. Indeed, from the radiological point of view, this watercourse contains artificial
radionuclides (especially cesium and tritium), that result from the nuclear industrial activity of the Mol-
Dessel site which nevertheless respects the discharge limits set for it. However, the situation has
improved in recent years. It should be noted that these waters may not be intended as such for human
consumption. However, they bathe agricultural areas that can be contaminated locally T especially
chemically (banks, dredged sludge deposit areas, etc.). The contribution of chemical and radioactive
contaminants must be reduced in the future.

The situation is even more problematic when we consider the entire Nete basin (Figure 44a):

1 Grote Laak and Winterbeek, which received discharges from the Kwaad-Mechelen and
Tessenderlo food phosphate manufacturing site (discharges of 226Ra).

1 the Grote Nete into which the Molse Nete and Grote Laak flow.

1 the Rupel where the Grote Nete ends, it also receives the waters of the Winterbeek via the
Demer which flows itself into the Dijle which finally leads to the Rupel.

1 the Scheldt, which drains the entire Nete basin and ends in a sea-drawn (marinized) area before
emptying into the North Sea.

As these rivers are classified as iNORM Industries and historically contaminated sites", they are also
discussed in the next section.

Radioactivity in the Grote Nete valley

The radiological situation in the Grote Nete basin has already been discussed in previous reports on
radiological monitoring of the territory. After the cessation of phosphate production activities at the end
of 2013, and thus the cessation of associated discharges, several environmental remediation projects
have been initiated to remediate the valleys of the Grote Laak and the Winterbeek rives, contaminated
with heavy metals and radium. The remediation is phased in several trajectories where the pollution is
removed from the bedding, the shores and some of the flooding zones, and is replaced by clean ground.
These remediation project are in their last phase for the Winterbeek and in the second phase for the
Grote Laak.

Historically, the extensive radiological characterization of riverbanks and sediments has focused on the
rivers directly receiving discharges: Molse Nete, Winterbeek and Grote Laak. However, studies carried
out in the early 2000is by the Flemish region showed that the banks of the Grote Nete T which receives
water from the Molse Nete and the Grote Laak T also showed contamination in ??6Ra in flood zones
near the city of lvy comparable to that present on the banks of the Grote Laak. This shows that some
of the radium present in the discharges was deposited tens of kilometers downstream of the mouth of
the Grote Laak. Since the areas identified were largely inaccessible and the radiological risk negligible,
a more detailed characterization of the areas was almost neither possible nor justified®.

Recently, however, the presence of radium in the Grote Nete has again returned to the agenda following
the discoveries made as part of the work planned by the Flemish Region in this valley to develop the
bed and the banks (Sigma Plan). During the ecological study of certain areas, greatly increased
concentrations of heavy metals were also measured in the same areas. For this reason, the FANC has
contacted the OVAM, which is responsible for non-radiological pollution issues.

The FANC and the OVAM identified different areas in the valley of the Grote Nete where a more detailed
exploratory review of the soil in the short term was appropriate. This complementary studies confirmed
that contamination in 2?Ra in shores and dykes of some areas along the Grote Nete, as well as in
certain zones which in the past suffered frequent flooding (either by occasional flooding or due to the
effect of tides) is present. The values are in an order of magnitude of a few Bg/g of ??°Ra.

At the end of 2016, a soil study was launched at the initiative of the OVAM, the aim of which is to identify
and characterize the chemical and radiological pollution of the bed and banks of the Grote Nete between

5 VMM (2002) Complement to the inventory and characterization of increased concentrations of natural
radionuclides of industrial origin in Flanders.
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Geel and lvy. Because it concerns an extensive area, this research will take place in various phases
and sub-areas, for which the investigations have now been completed for some sub-areas. The FANC
has investigated the radiological aspects and published the findings in the annex of the descriptive soil
investigation. The following Figure 44b shows the variations in external gamma dose rate relative to
background, measured along the Grote Nete river.

Figure 44b: Measured radioactivity (gamma dose rate) along the shores of the Grote Nete river. Values are expressed in
counts per second (CPS), with typical background values in this area between 80 and 150 CPS. The map shows how
large parts of the Grote Nete trajectory shows enhanced values of activity concentration (of radium-226).

In general, it can be stated that, although in some zones the bedding, banks and some flooding areas
contain radionuclide concentrations above the reference levels, the radiological impact on man and
environment remains limited and does not give rise to a need for soil remediation. However, in the case
of works and earthmoving, a declaration must be made to the FANC in order to guarantee the
appropriate measures for the removal of contaminated material and protective measures for the
workers. More details about the problem of the Grote Nete can be found in the website of the FANC.

d. Liquid discharges

Liquid discharges from the Mol-Dessel site are released into the Molse Nete via the Belgoprocess 2
facilities. Although these discharges remain well below the authorised regulatory limits, their radiological
signature remains detectable in the nearby environment, as demonstrated by the measurements
performed in water, sediments and aquatic flora.

Table S4 and Figure 46 present the evolution of the radioactivity measured directly in the siteis liquid
discharges since 2014. Samples are collected from the drainage pipeline immediately before discharge
into the Molse Nete. The results show that tritium (3H) is the main radionuclide discharged, with temporal
variability linked to effluent treatment activities and discharge campaigns. Other artificial radionuclides
(Cs, Co, Pu, Am, Tc, etc.) have clearly decreased over the past decade and are now only detected at
very low concentrations, often close to the analytical detection limits.

The measurements confirm that the discharges remain compliant with the applicable authorisations and
that no significant radiological impact on the environment or the population is identified. Nevertheless,
maintaining regular monitoring both at the source and within the various environmental compartments
remains essential to ensure long-term surveillance of the facilities and their discharges.
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Figure 46: Radioactivity of liquid discharges from Belgoprocess since 2014. Only nuclides actually measured (i.e. above
detection limits) are reported. The measurement uncertainties are omitted.

SUMMARY BOX. The monitoring programme around the nuclear site at Mol-Dessel:

f Air and soils around the Mol-Dessel site do not show any significant radiological
impact. The radionuclides measured are mainly of natural origin and the observed
concentrations generally remain below or close to the detection limits.

1 Radiological monitoring of the Nete basin receives particular attention due to
authorised liquid discharges from the Belgoprocess 2 facilities, as well as historical
contamination linked to former industrial activities in the region, notably radium
discharges from the Tessenderlo facilities into the Grote Laak and the Winterbeek.

1 In the Molse Nete, certain artificial radionuclides (mainly tritium, as well as traces of
Cs, Pu, Am and Tc) remain detectable in water, sediments and occasionally aquatic
flora near the discharge point. However, the observed concentrations remain low,
compatible with the applicable regulatory limits and without any significant radiological
impact identified for the population or the environment.

1 Sediments constitute the main accumulation compartment for historical artificial
radioactivity, as certain particulate radionuclides show a strong affinity for suspended
matter and fine deposits. Overall, the measured concentrations show a decreasing
trend over the past decade.
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5. Discharges and monitoring of the nuclear site at Doel

The Doel site

Place:

Main activity/activities:
Type(s) of installation:
First entered into service:

Current phase of life:

Monitoring of potential discharges:

ENGIE Electrabel
|

Beveren-Waas (9130), East Flanders, Flanders
Production of electricity

Pressurised water reactors, storage of spent fuel, treatment of
waste and effluents

1975

Definitively shut down: Doel 1, Doel 2 and Doel 3
In operation: Doel 4

Liquids: { tritium (tritiated water HTO)
 a emitters (25U, 23%Pu, 21 Amé )
1 b-g emitters (%°Co, 9°Sr, 124Sb, 131] 137Csé )

Atmospheric: { tritium (tritiated water HTO)
{ iodine (*31)
{ rare gases (85Kr, 133Xeé )
{ a aerosols (25U, 2°Pu, 2**Amé )
1 b-g aerosols (¢°Co, °°Sr, 124Sh, 137Csé )
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A. Discharges

Total discharged activity

Liquid discharges

2021 2022 2023 2024 2025
Tritium (TBa) 47,37 42,76 31,59 32,27 13,93
U emitters (MBq) 1,9 1,9 2,3 2,6 2,7
b-o emitters(GBq) 4,53 6,01 4,53 6,73 5,71

Total discharged activity

Atmospheric discharges

2021 2022 2023 2024 2025
Tritium (GBq) 3334,7 2733,2 2550,9 2318,8 2837
lodine (MBq) 20,1 19,2 20,9 15,3 18,7
Noble gases (TBq) 30,79 26,88 30,13 27,78 23,61
U aerosols (MBq) 0,4 0,4 0,4 0,4 0,5
b-5 aerosols (MBq) 27,8 24,2 30,1 26,7 30,1

Interpretation of the results of the year 2025

In 2025, gaseous radioactive discharges from the facility conformed with the discharge license's
requirements.

No discharge limits were exceeded during the year.

Liquid radioactive discharges remain stable compared to previous years. The increase in b-2 emitter
activity in 2022 is due to the release of boric acid water during the emptying of circuits and tanks
following the shutdown of Doel 3 in September 2022. The increase in b-2 discharges in 2024 is due to
filtered water discharges from the shutdown of Doel 3, as well as discharges containing boric acid with
higher activity. This approach was continued in 2025, which explains why the figures follow the same
trend as in previous years. Despite this, the releases in U- b-o remain below 1% of the annual limit. The
decrease in discharged liquid tritium since 2023 is due to the progressive shutdown of the reactors:
Doel 3 in 2023, followed by Doel 1 and Doel 2 in 2025.

In terms of radioactive gas releases, the discharges remain stable compared to previous years.
The maximum calculated radiological impact on the population in 2025 due to the discharge of liquid
and gaseous radioactive effluents from the facility is 0.0149 mSv. This result, which is lower than the

value of 2024 (0.0151 mSv) and the average over the last ten years (0.021 mSv), respects the legal
limit for the public of 1 mSv per year.
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B. Monitoring around the nuclear site at Doel

The programme monitors the discharges emitted by the 4 reactors of the Doel nuclear site, located
along the Scheldt, as well as the discharges emitted by large conurbations such as Antwerp, which
includes many hospitals and research centres. The Scheldt also receives the waters of the Molse Nete
basin, the latter requiring special monitoring. The results of the analyses in 2025 are available in annex
(Table S5). Sampling includes:

1 The atmosphere: air samples (collection of aerosols and dust particles deposited on the filters)
by automated air volume samplers near Doel. At this location, surface particle deposits are
collected from known surface deposition tanks containing a thin layer of water to trap fine
particles or leached by rain. The analysis of this total deposit is made on the filtrate and the
residue.

The soil: soil samples from a permanent meadow near Doel.

The river: waters, sediments and samples of fauna and flora of the Scheldt in front of Doel.
The liquid effluents (discharges) from the nuclear power plant.

= —a _—a

For more information...

Website of FANC (radiological monitoring - sampling and taking measurements on site)

a. Atmospheric radioactivity

The results do not reveal any radiological problems (Table S5, Figure 47). It can be observed that:

Activity concentration (mBg/m?)

1 Natural radioactivity is almost solely responsible for the low atmospheric contamination.

1 The radiological impact of nuclear installations on the atmosphere is negligible or even non-
measurable: only traces of alpha and beta emitters (measurements in U and total b) T mainly
of natural origin T are detectable near the Doel site. The Doel nuclear power plant has no
measurable radiological impact on the atmosphere.
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Figure 47: Radioactivity in the air at Doel since 2016 with a zoom on 2025. Only what is actually measured (i.e. above
the detection limit) is shown. For greater clarity, uncertainties are omitted.
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b. Soil radioactivity

Soil contamination is mainly due to the fallout of radioactive material from the atmosphere (most often
associated with very fine particles or aerosols) through dry or wet deposition (leaching from the
atmosphere by rain). Samples are collected from permanent meadows once a year near Doel. The
possible deposition of radioactivity is sought via samples of grasses and surface soil.

The radioactivity measurements of the soils at Doel (Table S5, Figure 48) show that:

T Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with
a large preponderance of 4°K and to a lesser extent the natural U emitters (226228Ra and 228Th).

1 Regarding artificial radioactivity, only traces of 13’Cs (+ 3 Bg/kg) are measured and come from
the fallout from the Chernobyl accident and the older ones from nuclear tests in the atmosphere.
The long persistence of 13’Cs in the environment explains why some traces are still being
measured. Transuranic artificial alpha emitters (Pu and Am) are never measurable.

1 The Doel nuclear power plant has no measurable radiological impact on nearby soils (via

atmospheric emissions).
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Figure 48: Radioactivity in soil at Doel since 2014. Only radionuclides actually measured (i.e. above detection limits) are
shown. Measurement uncertainties as well as K (which is overwhelmingly predominant) are not displayed.
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c. River radioactivity

In addition to receiving authorised radioactive discharges from the Doel nuclear power plant, as well as
discharges originating from hospitals and laboratories in the Antwerp region, the Scheldt also drains
the entire Nete basin, which has historically been influenced by various industrial and nuclear activities.
Downstream of Doel, the Scheldt gradually evolves into an estuarine environment under marine
influence before flowing into the North Sea.

Radiological monitoring covers several environmental compartments: water, fresh sediments and the
aquatic biocenosis. Biological samples include aquatic mosses (Cinclidotus danubicus), aquatic plants
and algae (Fucus vesiculosus when available), as well as, in the estuarine area, mussels (Mytilus
edulis), wild oysters and shrimps (Crangon sp.). These organisms constitute good bioindicators of
radioactive contamination because of their ability to accumulate certain radionuclides present in the
aquatic environment.

Sampling locations were selected:

on the Scheldt near Doel for water and sediments;

further downstream in the estuary for aquatic fauna and flora, notably at Kieldrecht (shrimps),
Kloosterzande and Hoofdplaat (algae and oysters), located in the estuarine zone north of the
Belgian-Dutch border.

1
1

Radioactivity measurements in the Scheldt (Table S5, Figures 49a and 49b) show that:

1 The observed radioactivity is mainly of natural origin, dominated by “°K and, to a lesser extent,
226Ra and 228Th. The radium measured in Scheldt sediments (12.7 to 36 Bg/kg dry weight)
mainly originates from historical contamination of the Nete basin related to former industrial
activities. The concentrations observed at Doel are significantly lower than those measured in
the Molse Nete (35 to 110 Bg/kg dry weight) and therefore progressively decrease with
increasing distance from historically contaminated areas. The data also show a gradual
decrease in ??°Ra concentrations in Doel sediments over recent decades (Figure 49b).

In the estuarine environment, traces of ??Ra may still occasionally be detected in certain
aquatic organisms (algae, oysters, shrimps), reflecting the limited but measurable transfer of
natural radionuclides into the aquatic food chain.

1 Regarding artificial radioactivity, the main radionuclide detected in water is tritium (3H),

occasionally measured downstream of the Doel nuclear power plant (7 samples out of 26, with
concentrations ranging from 6 to 11 Bg/L).
Very low traces of artificial radionuclides such as 24*Am, 13’Cs or 8°Co may occasionally be
detected in water, sediments or certain aquatic bioindicators. However, the concentrations
observed in the Scheldt remain significantly lower than those measured in the Molse Nete,
where freshly deposited sediments still contain more marked traces of artificial radionuclides
(*¥7Cs, Pu, Am, %Tc). This contamination results from:

o historical liquid discharges related to former industrial and nuclear activities in the Nete
basin, together with the occasional remobilisation (re-suspension) of older
contaminated sediment deposits present in riverbeds;

o0 current authorised liquid discharges from Belgoprocess 2.

The results show that this artificial radioactivity rapidly becomes difficult to detect further away
from the discharge points and towards the estuary. Similarly, the concentrations measured in
aquatic flora and fauna remain low and do not indicate any significant bioaccumulation
phenomenon.

1 Overall, the results confirm that the Doel nuclear power plant has no measurable radiological
impact on the Scheldt and its estuary.
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Figure 49a: Radioactivity of the sediments in the Scheldt at Doel since 2014. Only nuclides actually measured (i.e. above
detection limits) are reported. Measurement uncertainties and “°K are omitted.
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Figure 49b: ]] Ra concentrations (in Bg/kg) in freshly deposited Scheldt sediments at Doel from 1992 to 2025. Green
circles represent the measurements and the black vertical bars represent the measurement uncertainties.
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d. Liguid effluents

At the Doel power station, liquid discharges of primary effluents are the most radioactive. These
effluents are not discharged as such, they are diluted by "cold" effluents from technical areas and
premises as well as by condensation of water recovered at the cooling towers. No radiological problems
to report given these results.

SUMMARY BOX. The monitoring programme around the nuclear site at Doel:

f The air around Doel does not show any significant radiological impact. The
radionuclides measured are mainly of natural origin and the observed concentrations
generally remain below or close to the detection limits.

f  Measurements carried out in soils do not reveal any measurable radiological impact
related to atmospheric releases from the Doel nuclear power plant.

! The radiological impact of the nuclear installations on the Scheldt remains negligible
and without consequence for human health or the environment. Only low traces of
certain artificial radionuclides (mainly tritium) are occasionally detected in water,
sediments or certain aquatic bioindicators.

1 Nevertheless, the Scheldt is subject to particular monitoring because it receives waters
from the Nete basin, historically influenced by liquid discharges from the Mol-Dessel
site as well as former radium contamination linked to industrial activities in Tessenderlo
(Grote Laak, Winterbeek). However, the observed concentrations decrease
significantly downstream and remain low in the Scheldt estuary.
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6. Discharges from class IIA industrial facilities

This section presents the annual results of radioactive effluent discharges and the associated
radiological impact calculation for each Class IlA facility with a discharge authorisation. These values
are provided by the operators as part of their reporting obligations.

Brussels Beta Plus Pharma

Implantation: Woluwe-Saint-Lambert (1200), Brussels

Main activity(ies): Manufacture of radioactive substances for nuclear medicine, medical
research

Type(s) of installation: Cyclotron and ancillary facilities

First commissioning: 2004

Current phase of life: In operation

Monitoring of potential discharges: Liquids: no direct discharges of liquid radioactive effluents (managed

as radioactive waste)

Atmospheric: b+ emitters (}C, 13N, 50, 18F)

Discharges for the years 2021-2025

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024 2025

b+ transmitters (GBQq) 1647 295 121 141 137

Interpretation of the results of the year 2025

In 2025, the facility's gaseous radioactive effluent discharges remained in compliance with the
requirements of the discharge permit.

The activity rejected by the establishment represents 0.06% of the activity that was produced
(231727 GBq).

The use of new media for filtration (new type of activated carbon), since 2022, has reduced discharges.
The maximum radiological impact calculated for the public in 2025 due to the discharge of gaseous

radioactive effluents from the facility is equal to 0.001 mSv. This result is in line with the regulatory limit
for the public of 1 mSv per year.
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Brussels Erasmus Hospital

Implantation: Anderlecht (1070), Brussels

Main activity(ies): Manufacture of radioactive substances for nuclear medicine, medical
research and training

Type(s) of installation: Cyclotron and ancillary facilities

First commissioning: 1989

Current phase of life: In operation

Monitoring of potential discharges: Liquids: no direct discharges of liquid radioactive effluents (managed

as radioactive waste)

Atmospheric: b+ emitters (}1C, 13N, 150, 18F)

Discharges for the years 2021-2025

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024 2025

b+ transmitters (GBq) 280 230 160 4,6 0,8

Interpretation of the results of the year 2025

In 2025, the facility's gaseous radioactive effluent discharges remained in compliance with the
requirements of the discharge permit.

The activity rejected by the establishment represents 0.05% of the activity produced (8440 GBq).

The sharp decline in production at Erasmus Hospital can be explained by a significant transfer of
activities to the VUB, as well as by the shutdown of the facility due to a malfunction of the cyclotron in
the last quarter of 2024.

The maximum radiological impact calculated for the public in 2025 due to the release of gaseous

radioactive effluents from the facility is less than 0.001 mSv. This result is in line with the regulatory limit
for the public of 1 mSv per year.
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Brussels Vrije Universiteit Brussel (VUB)

Implantation: Jette (1090), Brussels

Main activity(ies): Manufacture of radioactive substances for nuclear medicine, physics
research

Type(s) of installation: Cyclotron and ancillary facilities

First commissioning: 1985

Current phase of life: In operation

Monitoring of potential discharges: Liquids: no direct discharges of liquid radioactive effluents (managed

as radioactive waste)

Atmospheric: b+ emitters (1C, N, 150, 18F)

Discharges for the years 2021-2025

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024 2025

b+ transmitters (GBq) 65,7 230,7 180 190 97

Interpretation of the results of the year 2025

In 2025, the facility's gaseous radioactive effluent discharges remained in compliance with the
requirements of the discharge permit.

No exceedances of release limits were recorded during the year. The activity rejected by the
establishment represents 0.05% of the activity that was produced (211651 GBq).

The maximum radiological impact calculated for the public in 2025 due to the release of gaseous

radioactive effluents from the facility is less than 0.001 mSv. This result is in line with the regulatory limit
for the public of 1 mSv per year.
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Leuven

University Hospital of Leuven

Implantation:

Main activity(ies):

Type(s) of installation:
First commissioning:
Current phase of life:

Monitoring of potential discharges:

Leuven (3000), Flanders

Manufacture of radioactive substances for nuclear medicine, medical
research

Cyclotron and ancillary facilities
2004
In operation

Liquids: no direct discharges of liquid radioactive effluents (managed
as radioactive waste)

Atmospheric: b+ emitters (1C, N, 150, 18F)

Discharges for the years 2021-2025

Atmospheric discharges

b+ transmitters (GBQq)

Total discharged activity

2021 2022 2023 2024 2025

277 188 199 186 187

Interpretation of the results of the year 2025

In 2025, the facility's gaseous radioactive effluent discharges remained in compliance with the

requirements of the discharge permit.

In 2025, an exceedance of the daily C-11 release limits was recorded due to a leak at a connection
between metal and polyethylene transfer lines, likely caused by cooling or movement.

The activity rejected by the establishment represents 0.11% of the activity that was produced

(169585 GBQ).

The maximum radiological impact calculated for the public in 2025 due to the release of gaseous
radioactive effluents from the facility is less than 0.003 mSv. This result is in line with the regulatory limit

for the public of 1 mSv per year.
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Antwerp Antwerp University Hospital

Implantation: Edegem (2650), Flanders

Main activity(ies): Manufacture of radioactive substances for nuclear medicine, medical
research

Type(s) of installation: Cyclotron and ancillary facilities

First commissioning: 2011

Current phase of life: In operation

Monitoring of potential discharges: Liquids: no direct discharges of liquid radioactive effluents (managed

as radioactive waste)

Atmospheric: b+ emitters (1C, N, 150, 18F)

Discharges for the years 2021-2025

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024 2025

b+ transmitters (GBq) 95.4 66.3 43.6 49.3 95

Interpretation of the results of the year 2025

In 2025, the facility's gaseous radioactive effluent discharges remained in compliance with the
requirements of the discharge permit.

In 2025, one exceedance of the daily C-11 release limits was recorded during the year following a leak
at a connection point.

The activity rejected by the establishment represents 0.2% of the activity that was produced
(46290 GBQ).

The maximum radiological impact calculated for the public in 2025 due to the discharge of gaseous

radioactive effluents from the facility is equal to 0.001 mSv. This result is in line with the regulatory limit
for the public of 1 mSv per year.
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Ghent Ghent University Hospital

Implantation: Ghent (9000), Flanders

Main activity(ies): Manufacture of radioactive substances for nuclear medicine, medical
research

Type(s) of installation: Cyclotron and ancillary facilities

First commissioning: 2006

Current phase of life: In operation

Monitoring of potential discharges: Liquids: no direct discharges of liquid radioactive effluents (managed

as radioactive waste)

Atmospheric: b+ emitters (1C, N, 150, 18F)

Discharges for the years 2021-2025

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024 2025

b+ transmitters (GBq) 279.3 214.3 250.1 337.9 286.2

Interpretation of the results of the year 2025

In 2025, the facility's gaseous radioactive effluent discharges remained in compliance with the
requirements of the discharge permit.

The main accidental emissions of 2025 were attributed to leaks at the connections between the
synthesis modules and the collection bags for radioactive gases. The connections have been optimized,
and a preventive maintenance program has been developed to further reduce, in the future, the
frequency and magnitude of such incidents.

No exceedances of release limits were recorded during the year.

The activity rejected by the establishment represents 0.45% of the activity that was produced
(64097 GBQ).

The maximum radiological impact calculated for the public in 2025 due to the discharge of gaseous

radioactive effluents from the facility is less than 0.002 mSv. This result is in line with the regulatory limit
for the public of 1 mSv per year.

83



Fleurus IRE
Implantation: Fleurus (6220), Wallonia

Main activity(ies): Research

Type(s) of installation: Cyclotron and ancillary facilities

First commissioning: 2001

Current phase of life: In operation

Monitoring of potential discharges: Liquids: no direct discharges of liquid radioactive effluents (managed

as radioactive waste)

Atmospheric: b+ emitters (*'1C, N, 150, 18F)

Discharges for the years 2021-2025

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024

2025

b+ transmitters (GBq) 0 0 0 0

Interpretation of the results of the year 2025

In 2025, there were no activities that could lead to radioactive gaseous releases.
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Liege University of Liege

Implantation: Liege (4000), Liege, Wallonia

Main activity(ies): Manufacture of radioactive substances for nuclear medicine, medical
research

Type(s) of installation: Cyclotron and ancillary facilities

First commissioning: 1999

Current phase of life: In operation

Monitoring of potential discharges: Liquids: no direct discharges of liquid radioactive effluents (managed

as radioactive waste)

Atmospheric: b+ emitters (}1C, 13N, 150, 18F)

Discharges for the years 2021-2025

Total discharged activity

Atmospheric discharges
2021 2022 2023 2024

2025

b+ transmitters (GBq) 484 731 857 1236

1161

Interpretation of the results of the year 2025

In 2025, two exceedances of the daily F-18 release limits were recorded due to the phenomenon of

radioactive material adhering to the chimney and a miss connexion.

The activity rejected by the establishment represents 0.8% of the activity produced (142183 GBq).

The maximum radiological impact calculated for the public in 2025 due to the discharge of gaseous
radioactive effluents from the facility is equal to 0.013 mSv. This result is in line with the regulatory limit

for the public of 1 mSv per year.
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7. Monitoring of the Brussels-Capital Region

The programme monitors the Brussels-Capital Region as a reference area for Belgian territory. Indeed,
the aim is to periodically take samples that are not influenced by potential releases of artificial and/or
natural radioactivity made by man in his activities throughout the territory. In addition, the high
population density (1/10 of the total population of Belgium) also makes it an interesting representative
area. The results of the analyses in 2025 are available in annex (Table S6). Sampling includes:

1 The atmosphere: air samples (collection of aerosols and dust particles deposited on the filters)
by automated air volume samplers in Brussels (site of the Royal Institute of Meteorology of
Belgium - RIM in Uccle). In addition, surface particle deposition is collected from known surface
deposition tanks containing a thin layer of water to trap fine particles or leached by rain. The
analysis of this total deposit is made on the filtrate and the residue.

1 The soil: soil samples taken from the RIM site.

For more information...

Website of FANC (radiological monitoring - sampling and taking measurements on site)

a. Atmospheric radioactivity

The results (air dust and deposits collected in the deposit tanks) show that the air in the Brussels
conurbation presents no radiological problems (Table S6, Figure 50). The levels measured are below
or close to the - very low - detection limits of the measuring instruments. Natural radioactivity is mainly
responsible for the very low level of radioactive contamination of the atmosphere.
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Figure 50: Radioactivity in the air in Brussels since 2016 with a zoom on the year 2025. Only what is actually measured
(i.e. above the detection limit) is shown. Measurement uncertainties are omitted.
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b. Soil radioactivity

Soil samples are taken once a year. The possible deposition of radioactivity is sought via samples of
grassy soils (surface deposits).

The results for soils in Brussels (Table S6, Figure 51) show that:

1 Natural radioactivity is mainly responsible for the level of radioactive contamination of soils with
a large preponderance of 4°K and to a lesser extent the natural alpha emitters (?26226Ra and
228Th),

1 Regarding artificial radioactivity, only traces of 13’Cs are measured in the soil and come from
the fallout of atmospheric tests of nuclear weapons during the 60is as well as the passage of
the radioactive cloud of Chernobyl. The levels measured are logically lower than those found
in the Sambre - Meuse basin where the deposits due to this cloud were somewhat greater.
Transuranic artificial alpha emitters (2**Am, etc.) are not measurable.
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Figure 51: Radioactivity in soil in Brussels since 2014. Only radionuclides actually measured are reported. Measurement
uncertainties as well as K-40 are omitted.

SUMMARY BOX. The monitoring programme of the Brussels-Capital Region:

The radiological situation in the Brussels conurbation is excellent.
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8. Monitoring of the Belgian coast

The programme monitors the North Sea, which receives liquid discharges from several nuclear sites
(the French nuclear power plants at Gravelines, Paluel and Flamanville, as well as the English nuclear
power plants at Dungeness, Bradwell and Sizewell, and the reprocessing plants at La Hague in France
and Sellafield in the UK), as well as non-nuclear sites. As the North Sea also receives radioactive
effluent from several rivers, themselves originating from nuclear sites, it is closely monitored by the
neighboring countries. The results of the 2025 analyses are available in the appendix (Table S7).
Sampling includes:

1 The atmosphere: dust samples from the air (filters) near Coxyde.
1 The soil: soil samples in meadows near Coxyde.
1 The sea: samples of water, sediment,
fauna (crustaceans, bivalves, fish) and
flora (algae) are collected. Several
sampling points were chosen off the
Belgian coast, where seawater, sediment
and bottom fish sampling campaigns were
organized four times a year by the
oceanographic vessel Belgica® (Figure
52). A number of samples are taken in an
area ranging from 5 to 37 km off the coast
of Coxyde, Nieuwpoort, Ostend and
Blankenberge. If necessary, fish can also
be purchased at the Ostend fish auction.
f On the coast, algae, fish, molluscs and Figure 52: The Belgica_(picture from the Managem?_nt
crustaceans are mainly taken, because of Unit of the Mathemat;\(;SIMthl))del of the North Sea i
their capacity for accumulation and —
concentration, to measure the main fission
and activation products as well as thorium
(Th), plutonium (Pu) and uranium (U).

For more information...

Website of FANC (radiological monitoring - sampling and taking measurements on site)

a. Atmospheric radioactivity

The measurements of radioactivity in the atmosphere (airborne dust particles) of the Belgian coastline
do not show any radiological problems (Table S7, Figure 53). Only natural radioactivity (‘Be) can be
sufficiently measured in 2025.

6 Other vessels may be used if the Belgica is unavailable.
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Figure 53: Air radioactivity in Coxyde since 2016 with a zoom on 2025. Only what is actually measured (i.e. above the
detection limit) is shown. Measurement uncertainties are omitted.
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b. Soil radioactivity

Prairie soil samples are collected once a year in Coxyde. The possible deposition of radioactivity is
sought via samples of grasses and surface soils (surface deposits). The measurements of radioactivity
of the soil (meadows / surface soils) of the Belgian coast (Table S7, Figure 54) show that:

1 Natural radioactivity is mainly responsible for the level of contamination of soils with a large
preponderance of K and to a lesser extent the natural alpha emitters (?26226Ra and 2%2Th).

1 Regarding artificial radioactivity, traces of 3’Cs are always measured in the soil which come
from the fallout from the Chernobyl accident and from nuclear tests in the atmosphere.
Nevertheless, the levels measured are logically lower than those found in the Sambre-Meuse
basin, where the deposits following the Chernobyl accident were somewhat higher than in
Flanders.
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Figure 54: Soil radioactivity in Coxyde since 2014. Only nuclides actually measured (i.e. above detection limits) are
reported. Measurement uncertainties and “°K are omitted.
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c. Radioactivity in the marine environment

The monitoring programme covers several complementary environmental compartments: seawater,
surface marine sediments, aquatic flora (seaweeds), and various animal species (mussels, oysters,
shrimps and flatfish). These organisms are selected because of their ability to incorporate or accumulate
certain radionuclides present in the marine environment, making them excellent bioindicators of the

radiological quality of the environment.

In practice, several sampling locations are visited on a
qguarterly basis by the oceanographic research vessel
Belgica’. They are located in a fringe ranging from 5 to 25 km
off the cities of Coxyde, Nieuwpoort, Ostend and
Blankenberge (a point is located 37 km above Wenduine near
Blankenberge).

Seaweed samples (Fucus vesiculosus) are taken from a pier
in Ostend, shrimps (Crangon sp.) and mussels (Mytilus
edulis) are also sampled.

Seawater sampling is carried out using “"Niskin" bottles
(Figure 55).

The sediments are collected using a "Van Veen" dumpster
(Figure 56), a kind of grapple descended on the bottom of the
sea at the end of a steel cable, with the jaws open. As soon
as the jaws touch the bottom, the spring that keeps the jaws
open is released. At the time of ascent, the jaws close and
trap a quantity of sand or sediment from the sea floor.

Using a trawl, samples of the fauna (fish) are collected for
conditioning for subsequent analyses of radioactivity (Figure
57).

N ’l‘l
Figure 55: "Niskin" bottle for the
abstraction of seawater.

Figure 56: "Van Veen" dumpster for
the collection of sea sediments.

o -

Figure 57: Trawl for sampling wildlife (fish).

7 Or another vessel if the Belgica is unavailable.
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The simultaneous analysis of seawater, sediments and living organisms makes it possible to detect
potential transfers of radioactivity within marine ecosystems and to assess potential exposure of the
population through the food chain.

The measurements carried out in the marine environment (Table S7, Figures 58a and 58b) confirm the
absence of any radiological concern and show that:

1 Natural radioactivity (*°K, Ra, Th) is by far the main contributor to the total radioactivity
observed.

1 Traces of artificial radionuclides are sporadically detected, but at levels only slightly above the
detection limits: H (one aquatic plant sample and one shrimp sample), °°Tc (two fish samples)
and 21Am (one mussel sample). These radionuclides are specifically monitored because they
are produced and released by nuclear power plants and the nuclear fuel reprocessing industry.
No 137Cs was detected in 2025.

The results confirm the absence of significant bioaccumulation of artificial radionuclides in the
fauna and flora of the North Sea.

More generally, the data show a progressive decline in artificial radionuclide concentrations in
the marine environment. While several of these radionuclides were regularly detected in North
Sea sediments during the 1990s and early 2000s, their concentrations have decreased
markedly over time as a result of the combined effects of reduced discharges, environmental
dispersion and radioactive decay.

Figure 58b clearly illustrates this trend for °Co, a radionuclide with a half-life of 5.27 years, historically
associated with discharges from nuclear installations. Concentrations measured in marine sediments
still reached several Bg/kg in the late 1990s, with occasional values exceeding 5 Bg/kg. Since then, a
continuous decline has been observed and no detection has been recorded since 2014. Concentrations
are now below the detection limits of the analytical methods.
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Figure 58a: Radioactivity in North Sea sediments since 2014. Only nuclides actually measured (i.e. above detection
limits) are reported. Measurement uncertainties and “°K are omitted.
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Figure 58b: ®°Co concentrations (Bg/kg dry weight) measured in recent North Sea sediments from 1995 to 2025. The
orange circles represent the measurements and the black vertical bars the associated measurement uncertainties. The
orange crosses indicate results below the detection limit.

SUMMARY BOX. The Belgian coast monitoring programme:

1 The radiological situation of the Belgian North Sea does not give rise to any particular
remarks and requires no specific action other than the continuation of the
environmental monitoring programme. The radioactivity observed in the marine
environment is mainly of natural origin (“°K and certain natural radionuclides from the
uranium and thorium decay chains). Artificial radionuclides are only occasionally
detected in water, sediments, flora, or marine fauna, at very low concentrations,
generally close to the detection limits of analytical methods.

1 The results show a gradual decrease in the concentrations of artificial radionuclides in
marine sediments over recent decades. This trend reflects the ongoing reduction of
the historical radiological footprint of nuclear activities in the Belgian marine
environment and confirms the long-term improvement of its radiological status.

1 No significant bioaccumulation phenomena or measurable radiological impact on the
marine environment or human health are observed. The rare traces of artificial
radioactivity still observed today remain negligible from a radiological perspective.
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9. Monitoring of the food chain

The programme monitors the products of the food chain on Belgian territory in order to assess as
broadly as possible all the pathways of entry of radioactivity into humans. The food chain can potentially
be contaminated by all the nuclear and non-nuclear sites mentioned as well as by the import of food
from countries affected by nuclear incidents or accidents (Chernobyl and Fukushima). The results of
the analyses in 2025 are available in appendix (Table S8).

The analyses carried out in Belgium shall cover:

l

Drinking water is primarily monitored through the self-monitoring
programmes of drinking water producers and distributors, in accordance
with applicable regulations. These controls cover the entire Belgian
territory and notably address the radiological parameters defined in
Directive 2013/51/EURATOM. The FANC complements this system with
independent sampling carried out in Brussels to ensure autonomous
radiological surveillance and external verification of the results.

Milk: taken from all over the country in dairies and farms. Milk is a
sensitive vector in case of radioactive contamination such as iodine (*311)
which passes rapidly from grass to cows and ends up in milk. The milk
distribution chain being fast, iodine would quickly find itself ingested by
the population with the associated risks of thyroid irradiation.

Foodstuffs (meat, sea and river fish and fruits and vegetables): taken
from mass distribution and markets. Marine fish are also controlled from
fisheries on the Belgian coast.

Control meals: collected monthly in company restaurants in the Brussels-
Capital Region, Flanders and Wallonia.

For more information...

Website of FANC (food chain monitoring: drinking water, milk, food and meals)

Samples of tap water, milk, foodstuffs and sample meals are regularly collected and analysed to
determine their radionuclide content.

Artificial radioactivity in the food chain comes mainly from the possible presence of long-lived fission
products (°°Sr, 137Cs), which are mainly the result of nuclear tests carried out in the atmosphere in the
1960s.) In the event of an accident (e.g. Chernobyl), an increase in contamination will be caused mainly
in the short term by the possible presence of 13! and in the long term by that of 134137Cs, 90Sr, possibly
103,106Ry, etc.
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a. Drinking water

Until 1998, there were no European standards for radioactivity in drinking water, where the "ALARA"
principle (As Low As Reasonably Achievable) applied. A WHO recommendation nevertheless set the
following levels: 7,800 Bg/L in 3H, 5 Bg/L in °°Sr, 6 Bg/L in 311, 10 Bg/L in *3’Cs, 1 Bg/L in 2?6228Ra, etc.
In November 1998, Council Directive 98/83/EC set quality standards for water intended for human
consumption, including microbiological, chemical and radioactive aspects.

It set two parametric values:

f  Tritium (®*H) < 100 Bg/L
f  Total Indicative Dose (TID) < 0.1 mSv/year

The TDI represents the committed effective dose resulting from the annual ingestion of 730 L of water
(2 L per day) containing various natural and artificial radionuclides, not including tritium (3H), potassium-
40 (*°K), radon-222 (?22Rn) and its short half-life progeny. This dose is calculated on the basis of
radionuclide concentrations and dose coefficients adapted to adults and children over the age of 10.

On 22 October 2013, Directive 2013/51/EURATOM added a new requirement for radon: ??Rn < 100
Bqg/L, and included the technical annexes that were to be incorporated into the previous directive. These
annexes set out two approaches for determining the need to calculate the TID, using "screening” values,
which makes it easier to monitor water and avoids the need for a large number of costly analyses. In
both cases, the value of 100 Bqg/L for 2H is also used as a screening value. Member States can choose
their approach according to their radiological monitoring practices:

1 An assessment of overall radioactivity with screening values of 0.1 Bg/L for total alpha (gross
alpha) and 1 Bg/L for total beta (gross beta). If these values are exceeded, the natural source
of the radioactivity must be checked or more radionuclides analysed (U, b, 9 spectrometry).
Belgium uses this approach, but with a screening value of 0.2 Bg/L for residual beta (total beta
- 40K)8 instead of total beta.

1 Measuring several radionuclides and ensuring that their activity is less than 20% of the
reference value (which corresponds to the concentration of a radionuclide that would induce a
dose of 0.1 mSv on its own).

To comply with these regulations, suppliers of drinking water and foodstuffs are required to submit a
self-monitoring programme to the FANC and to carry out, at their own expense, periodic radioactivity
analyses.

Until 2024, the FANC complemented this system with quarterly sampling of distribution water in each
province as well as in Brussels, focusing in particular on total U/b parameters, tritium (3H), potassium-
40 (*°K), and radon (?*?Rn). Since 2025, the monitoring of drinking water has been primarily based on
data derived from these self-monitoring programmes, providing broader coverage and a more
statistically representative overview of the territory. However, the FANC maintains quarterly sampling
in Brussels to ensure independence from operators, in line with European Commission expectations.
As the capital and the most densely populated area of the country, Brussels also represents a key point
in the European monitoring network.

Figure 59a presents all locations in Belgium where water quality analyses have been regularly carried
out since the implementation of self-monitoring programmes in 2017. The annual frequency of analyses
varies according to several factors, such as the origin of the water (groundwater or not), the type of
product (drinking water or food item), and distribution volumes (in m3/day). In 2025, a total of 3,754
radioactivity analyses were carried out by all suppliers as part of the radiological water quality monitoring
programmes.

8 Royal Decree of 31 May 2016 supplemented by the FANC Decree of 24 November 2016.
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Figure 59a: All locations in Belgium where regular analyses of the radiological quality of water have been carried out
since 2017.

Considering only the data from drinking water suppliers (distributed water), Figure 59b presents, by
province and for Brussels, the concentrations of 3H, 222Rn, total alpha and residual beta (total beta
excluding 4°K). The results (Table S9) show that:

l

Low levels of 3H (artificial) are detected throughout Belgium (except in the provinces of Limburg
and West Flanders). These values are always well below the parametric value of 100 Bg/L
defined in the European Drinking Water Directive. The maximum value observed in 2025 was
38 Bg/L.

222Rn (natural) is present in drinking water, with considerable regional variability. While it is
virtually absent in Flanders and Brussels, occasional exceedances of the parametric value of
100 Bg/L are observed mainly in the provinces of Liége, Luxembourg and Namur, with
maximum concentrations of 345 Bg/L, 195 Bg/L and 253 Bg/L, respectively. However, the
provincial average concentrations remain well below the parametric value, indicating that these
exceedances are limited to specific abstraction sites and do not call into question the overall
compliance of the drinking water supply.

Residual beta activities (i.e. gross beta activity after subtraction of the contribution from 4°K) are
generally low in drinking water. Occasional exceedances of the screening value of 0.2 Bg/L are
observed in several Flemish provinces (Limburg, West Flanders and East Flanders), but these
remain limited to certain abstraction sites, while the majority of measurements are at low levels.
Additional investigations are carried out where necessary to identify the radionuclides
responsible for these residual beta activities.

Gross alpha activities measured in drinking water are generally low. Occasional exceedances
of the screening value of 0.1 Bg/L are nevertheless observed in certain provinces, mainly in
Hainaut and, to a lesser extent, in West Flanders. These exceedances are explained by the
presence of naturally occurring radionuclides, notably 22Ra (natural), in certain groundwater
bodies in Hainaut. Part of this water is also distributed to West Flanders, which explains the
higher concentrations observed in that province. These results reflect the local geological
characteristics of the aquifers concerned and do not call into question the overall compliance
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of drinking water. In 2025, the Total Indicative Dose (TID) remained systematically below the
regulatory limit of 0.1 mSv/year. Regular monitoring of these water resources is therefore
maintained.

The radiological impact of the nuclear industry is not measurable in distributed drinking water:

all measured concentrations comply with the requirements of the European Drinking Water
Directive.
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* Alle analysen liggen onder de detectielimiet
* Toutes les analyses sont inférieures a la limite de détection
* All analyses are below the detection limits
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NB: The absence of 222Rn measurements in Brussels in 2025 is due to the implementation of a FANC-approved
reduction in monitoring frequency, which may result in the discontinuation of this parameter when several years of
compliant results demonstrate consistently low radon concentrations.

Mean per provincel/region - R-BETA

O Mean 0.40
0.40 >
0.36 ¢
0.35 A
30 30 b
._E 0.25- o)
£ 0.21 q 0.21
§ 0.20F===-=mmmmmmmmmmm e Y e el e F -~
z 5 ¢
0.1
2, 013 42 ©0.14 0.13
= 0.10 0.08 @ 8
S 0.08 #0.08 @ 0.06
0.05 0.06 : 0.06 @006 0.05
‘ 0% 005 o00a 005 g 005 005 =7 0.05
0.00 0.02 i N
: N N & < €] (€] Q& o & o
& S S S
& N & Na N %) o % & Q &
¢ K & s N S s S
& & X v \ys? & \ys‘-*\
P & & S
¢ S J S
%0 ef.) OO ) \.&\f(/
&
N
Q_
Q

98



Mean per provincel/region - T-ALFA
O Mean

o o o ol o
[ w IS o o

Activity concentration (Bg/.)

o
—
1
i
Q
=}
=1
]
1
L]

0.11 0.1 '
BN CRR [T B Y7 2
0.04 iﬂ.oa

o
o

Mean per provincel/region - RA-226
O Mean

0.24-
0.22-
Qo.zo-
50.13-
e 0.16]
o
g 0.14-
£0.12-
o
£ 0.10-
o
2008
= 0.06]
o
< 0.04-

Figure 59b: Radioactivity in distributed drinking water in Belgium in 2025, by province and in the Brussels-Capital
Region. The green numbers indicate the minimum and maximum values measured in each province (and in the Brussels-
Capital Region), while the red numbers represent the average values. The red horizontal lines indicate the parametric
values to be complied with (< 100 Bg/L for tritium (*H) and radon (???Rn)), as well as the screening values (0.2 Bg/L for
residual beta (= total beta - “°K) and 0.1 Bg/L for total alpha).
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Radiological status of groundwater in Belgium

As part of its activities, the FANC regularly collects data on the natural radioactivity of Belgian aquifers,
in particular through NORM declaration dossiers - in which groundwater analyses are often required -
and site monitoring. This data, supplemented by scientific studies, is used to determine average levels
of radioactivity in groundwater. Since 2014, the FANC has launched an initiative to gather this
information and create an overall picture of the radiological status of groundwater in Belgium. In
addition, the FANC is collaborating with the Institut Scientifique de Service Public (ISSeP) in Wallonia
to carry out radiological analyses on certain samples from its respective groundwater quality monitoring
networks. In 2025, the 1SSeP provided the FANC with 39 samples taken from the following Walloon
groundwater bodies:

- EO13 7T Limestones of Peruwelz-Ath- - MO023 T Limestones and sandstones of the
Soignies Calestienne and the Famenne

- EO30 T Chalk of the Haine basin - MO040 T Chalk of the Geer basin

- EO51 T Sands of Bruxellien - MO092 T Lower Lias (Sinemurian)

- EO061 T Sands of Flanders - MO093 T Upper Lias (Domerian)

- EO080 T Chalk of Brabant - M094 7T Bajocian-Bathonian limestone

- E160 T Base of Brabant (Dogger)

- MO12 T Limestones of the Meuse basin - M103 T Sandstone and shales of the
southern edge Ardennes massif: Semois, Chiers, Houille

- MO021 T Limestones and sandstones of and Viroin
Condroz - M151 7 Chalks of the land of Herve

- MO022 T Limestones and sandstones of the - R101 T Sandstones and shales of the
Sambre basin Ardennes massif: Moselle basin

Of all the measurements made on Walloon groundwater bodies since 2017, only 9% of the samples
show an exceedance of the screening value in overall alpha (0.1 Bg/l). These exceedances generally
correspond to a higher value for the activity concentration of 226Ra. Figure 60 shows the distribution of
the results in activity concentrations of total alpha and 2?¢Ra of all groundwater samples.
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Figure 60: Distribution of activity concentrations of total alpha and ??°Ra (in Bg/L) on Walloon groundwater samples
analyzed since 2017.
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Table 2 shows the average levels of screening parameters in waters from Belgian aquifers for which
at least three independent analyses are available. For four aquifers, the average value in total alpha
exceeds the screening value of 0,1 Bg/L provided for in Directive 2013/51/EURATOM. For three others,
the sum of the mean and its standard deviation also exceed this value. Note also the exceedance of
the radon screening value (100 Bg/L) for the aquifer of the Shale Massif of the Ardennes. For some
aquifers, the FANC has several analyses of the complete natural radiological vector (Table 3).

Table 2: Values of radiological screening parameters in Belgian groundwater. The values are expressed in Bg/L. Each
value is a mean + standard deviation of at least 3 analyses. Means exceeding the screening values are shown in bold and
underlined. Values for which the mean + standard deviation exceeds the screening value are marked in bold italics.

Parameter 40K Beta-T Alpha-T Rn-222
Screening value (Bg/L) - 1 0,1 100
Basement of the Brabant Formation 0.44 +0.28 0.6+0.5 0.27 +0.17 68 + 29
Tournaisian carboniferous limestone 0.38 £ 0.09 0.54 +0.12 0.27+0.14 17+9
Namur Basin carboniferous limestone 0.06 £ 0.03 0.14 £ 0.04 0.24+0.15 29 + 30
Chalk of the Mons Basin 0.14 +£0.10 0.22+0.14 0.13 +0.09 12+4
Devonian limestone of Dinant 0.08 + 0.06 0.11 +0.07 0.083 £0.023 11+2
Landenian 0.23+0.17 0.18 £ 0.10 0.06 + 0.04 239
Chalk 0.26 + 0.06 0.25+0.15 0.06 + 0.04

Carboniferous limestone of Dinant 0.057 £0.020  0.090 + 0.009 0.06 +0.01 19+15
Virtonien 0.032+0.016 0.078+0.017  0.053 +0.023 13+3

Brusseliaan 0.044 +0.013 0.12 £0.09 0.0447 = 0.027

Shale Formation of the Ardennes 0.03 +0.04 0.06 + 0.04 0.029 +0.015 128 + 101
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Table 3: Measurement of natural radioactivity in Belgian groundwater. The values are expressed in Bg/L. Means exceeding
the screening values are shown in bold and underlined. Values for which the mean + standard deviation exceeds the screening
value are marked in bold italics. The indicative dose is calculated by dividing each measured radionuclide concentration by its
screening value (2013/51/EURATOM) and then taking the sum of the ratios thus obtained. A sum of 1 corresponds to an annual
dose of 0.1 mSv/year.

Tournaisian Basement of Shale Massif of
carboniferous the Brabant
. . the Ardennes
limestone Formation
Screening value _ _ _
Parameter (Bq/L) N=2 N=3 N=2
222Rn 100 17 +9 68 + 29 128 + 101
238y 2.8 < 0.003 0.011 + 0.005 < 0.002
234y 3 0.010 +0.007 0.019 +0.016 < 0.003
226Ra 0.5 0.31+0.04 0.059 + 0.009 <0.021
228Ra 0.2 0.07 £ 0.05 0.101 £ 0.015 <0.028
210po 0.1 <0.02 0.004 + 0.004 0.03+£0.03
210pp 0.2 0.015 +0.007 0.045 +0.003 0.0333 £ 0.0016
'”‘ggzg"e 0.1 mSv/an 0.104 + 0.026 0.090 + 0.009 0.05 + 0.03

This summary, although it is currently based on a very limited number of analyses, nevertheless
contains some important elements:

1 The waters from the Tournaisian carboniferous limestone show the highest values of natural
radioactivity of the four aquifers studied. The indicative dose, as defined in 2013/51/EURATOM,
exceeds 0.1 mSv/year. The greatest contribution to this dose comes from the presence of 226Ra
and 2?8Ra. This observation is important because the aquifer is one of the most important
sources of groundwater for water distribution in Wallonia. It should be noted, however, that this
is untreated groundwater, and most of the radioactivity is removed during treatment by filtration
or ion exchange.

1 The basement of the Brabant Formation shows high levels of 228Ra, as well as a concentration
of 222Rn closer to the screening value of 100 Bg/L. Note also radon progeny, such as 21°Pb,
which contribute to a relatively high indicative dose.

1 The Shale Massif of the Ardennes is well known for its radiferous properties, which translates
into water rich in both radon and 21°Pb and 219Po. At the same time, it should be noted that
uranium and radium are markedly absent from these waters.

The purpose of this exercise is to establish reference values that can be used as a benchmark for each
aquifer or even each geographical part of an aquifer. These values will then make it possible to better
detect radiological anomalies resulting from human activity, as well as to identify risk areas in the
context of the control of water for human consumption. In the future, these tables will be supplemented
with historical data for all other Belgian aquifers, which will already give global values, which do not
consider geographical variations within a single aquifer. In a second phase, a geographical analysis will
be carried out, which will eventually allow a mapping of natural radioactivity in Belgian groundwater.
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b. Milk

Milk is a staple food and an important biological indicator of the transfer of radionuclides to humans via
the food chain. That is why it is subject to special monitoring. Regular monitoring of the radioactivity of
milk from dairies is preferable to sampling, often more random, of the food consumed. This measure
reflects fairly well the average total intake of artificial radionuclides by the population. Indeed, the
dairies, scattered throughout the territory, collect the milk produced by the cows who play a role of
"integrator" of the radioactivity deposited or fixed in the plants consumed. The contamination of milk
thus gives a fairly accurate and rapid picture of the state of radioactive contamination of a territory.

In practice, milk is collected from farms and dairies. The dairies selected for sampling are located within
a radius close to nuclear power plants (20 km) depending on the size of their production. They integrate
practically all the dairy production of the region (Chooz, Fleurus, Tihange). For the Doel and Mol-Dessel
sites, the farms selected are located in the prevailing wind axis near the nuclear sites. In addition, milk
samples are collected in Beersel (Brussels), which is the national reference area.

The radionuclides analysed in milk are 4°K (natural) and %°Sr, 134137Cs and 13! (artificial). The
radioactivity measurements (Table S8, Figure 61) show that:

T Natural radioactivity (*°K) is by far the most predominant. The average content of a liter of milk
remains constant at about 45-50 Bq.

1 Artificial radioactivity was not detected in 2025, except for a trace of °°Sr of 0.03 + 0.005 Bq/L
measured around Chooz. The milk distributed in Belgium therefore fully complies with the limits
set by the EC (max. 370 Bg/kg in 134Cs and 137Cs in milk and milk derivatives).

1 Nuclear installations have no impact on the radiological quality of milk in Belgium.
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Figure 61: Radioactivity in milk since 2014. Measurement uncertainties are omitted.

103



c. Foodstuffs

Sampling of different foodstuffs is carried out on the national territory, targeting small and large retailers,
markets, slaughterhouses, fishmongers, etc.

1 The fruits and vegetables analyzed are very varied: lettuces, leeks, celery, cabbage, broccoli,
carrots, chicory, asparagus, tomatoes, cucumbers, peppers, zucchini, spinach, apples,
nectarines, kiwis, plums, oranges, etc.

1 Meat comes from markets and slaughterhouses: beef, veal, pork, mutton, goat, rabbit, lamb,
poultry, roe deer, etc.

1 The fish come from fisheries and fishmongers: freshwater fish (tilapia, catfish, etc.) and open-
water marine fish (tuna, swordfish, sea bream, sea bass, sea bass, cod, herring, whiting,
salmon, etc.) and groundfish (plaice, sole, etc.).

In the same animal, the organs concentrate radionuclides differently. These differences are related to
the metabolic pathways used by radionuclides to penetrate and eventually settle in the body. For
example, cesium attaches mainly in the muscles (and in the longer term in the bones), strontium
behaves like calcium and binds in bone structures. Physiological concentration factors, such as
differences in the fat and water content of organs, can also influence the concentration mechanisms of
radionuclides. However, the edible part is, in general, made up of the muscles. Also, it is enough for
example to look at the 137Cs content of the muscles (meat) to have an overall idea of the amount of
radioactivity that can be transferred to humans.

Measurements of the radioactivity of foodstuffs in Belgium (Table S8, Figure 62) show that:

1 The samples show almost no detectable artificial radioactivity.

1 The results amply confirm the positive findings of the previous years: the foodstuffs put into
circulation in Belgium as well as the national production are of an excellent radiological level
and fully comply with the limits set by the EC: maximum 600 Bg/kg in 13*Cs and *¥"Cs.

Foodstuffs for everyday consumption in Belgium have no radiological problems. However, this control

is necessary because it is a good tool for detecting a nuclear incident or accident, since these products
often act as an indicator of radioactive pollution.
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Figure 62: Radioactivity of fruit and vegetables in Belgium since 2014. Only the nuclides actually measured are reported.
Measurement uncertainties are omitted. The methodology for determining the K-40 has changed in recent years.

d. Control meals

Control meals are collected monthly in the Brussels-Capital Region (Drogenbos), Flanders (Mol-
Tessenderlo) and Wallonia (Fleurus) from local restaurants, supermarkets or company messes for
laboratory analysis. The radioactivity measurements of these control meals (Table S8) confirm the
observation drawn from the analysis of the radioactivity of foodstuffs: no radiological problems for
Belgian consumers.

SUMMARY BOX. The food chain monitoring programme:

{ The radiological status of drinking water, milk, foodstuffs and control meals is quite normal
in Belgium.

f Decades of analysis confirm that there is no evidence of any influence of nuclear
installations on food.
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Belgium has a number of NORM industries still in operation, notably in the phosphate or titanium dioxide
sector. The waste from these industries is in some cases stored in mono-landfills; due to the large
volumes involved (several million m3) the radiological environmental impact of these mono-discharges
can be significant, which justifies the implementation of a monitoring system.

In addition, there are a number of sites in Belgium that are contaminated by radioactive substances as
a result of past activities (fhistorically contaminatedo or flegacy sitest). Besides sites related to the
NORM industry, such as former phosphogypsum stacks, there are also sites related to former radium
and uranium mining activities.

Since 2013, some sites are monitored under the radiological monitoring programme of the FANC. In
some cases, environmental monitoring is carried out by the site operator.

For more information...

Website of FANC (NORM industries) (in French or Dutch only)

1. Sites related to the phosphate industry
1.1. Sites related to the activities of Tessenderlo Chemie NV

Tessenderlo Chemie nv produced in particular animal feed phosphates from sedimentary phosphate
rocks of North African origin. The phosphate unit closed at the end of 2013 and completed most of its
dismantling in 2015. Phosphate ores were dissolved using hydrochloric acid. The result was the
production of large quantities of calcium fluoride-based waste. This waste was put in mono-landfill.

a. Grote Laak and Winterbeek

Until the 90is, a significant part of the radium present in phosphate ores was discharged via discharge
water. The radium concentration in discharge water could then reach 20 to 25 Bg/L. In order to reduce
this concentration, the barium co-precipitation process was implemented: this led to a clear decrease
in the radium concentration in the water.

Since 2000, the discharges operated by Tessenderlo Chemie have been measured directly into the
discharge channel that flows into the Winterbeek. However, the end of phosphate production at the end
of 2013 and the dismantling of the facilities eliminated the source of radium releases. Control measures
confirmed that the concentrations of 226Ra in the facilityis liquid releases had become negligible.

This natural radioactivity was therefore artificially injected into the Nete basin historically via the Grote
Laak and also via the Winterbeek in the Demer basin. This led to contamination of the Grote Laak,
Winterbeek and the bottom of these streams. The dredging of these and the deposit of sediments on
their shores has led to contamination of these. Radium concentrations of the order of several Bg/g were
found. The remediation of the Winterbeek (riverbed, banks and flood zones) began in 2017 around the
discharge point in Tessenderlo and has been finalised in 2023 around the estuary. The remediation
project has been followed by a support group in which the FANC participates. Control analyses were
carried out on the remediation materials as part of the radiological monitoring. They reported an average
concentration of 226Ra of 0.4 Bg/g with a maximum of 12.6 Bg/g. The remediation works of the Grote
Laak were started in 2021 and are currently in the third phase. Here, the remediation material contains
226Ra concentrations of up to 5.7 Bg/g in 2025.
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b. Landfills

The sludge pond (mono-landfill) iVeldhovend on which Tessenderlo Chemie nv dumps its solid residues
is also being monitored radiologically. Some waste streams from the dismantling of the phosphate unit
have also been deposited there T the conditions for this landfill having been defined in the permit issued
by the FANC. The concentration of radon in the open air on and around the landfill is monitored. Table
4 shows the radon concentrations measured since 2014. Zones S1 and S2 are the oldest areas of the
landfill. Table 4 also shows the radon concentration (in Bg/m3) on an old landfill located inside the
company compound.

Table 4: Radon concentration (in Bg/m3) on a former landfill located inside the Tessenderlo Chemie NV.

Ogla:r?dnseg r()?;ﬁzs s3 Surroundings of Landfill within the premises of
landfill the landfill the factory
2014 45 35 15 53
2015 40 25 15 37
2016 35 25 15 32
2017 40 25 15 B
2018 50 25 15 17
2019 40 30 15 >3
2020 35 25 15 20
2021 35 20 15 3
2022 50 45 20 33
2023 35 25 15 >3
2024 30 20 15 18
2025 43 23 1 >3

Besides the Veldhoven mono-landfill still (partially) in operation, Tessenderlo Chemie also has other
landfills and basins that are no longer in operation.

Tessenderlo Chemie has also commissioned a remediation landfill facility on the former Kepkensberg
landfill. This facility includes materials resulting from the remediation of the Winterbeek and the Grote
Laak as well as remediation materials from various sites in Tessenderlo Chemie. This facility is also
subject to radiological monitoring.

1.2. Sites related to the activities of Prayon SA

Prayonis company produces phosphoric acid and fertilizers. It uses the process of dissolution by sulfuric
acid which leads to the production of residues of phosphogypsum. The company currently has two
production sites in Belgium: one in Puurs and the other in Engis near Liége.

Currently, the Puurs site is produced directly from phosphoric acid, so that only marginal amounts of
phosphogypsum are produced. The Engis site uses phosphate ores of essentially magmatic origin as
raw materials. These have a significantly lower concentration of natural radioactive elements than
sedimentary phosphates.

Prayon has next to its production site in Engis a mono-landfill in operation T the CET (Technical Landfill
Center) class 5.2 of Engihoul T on which are discharged the phosphogypsum surpluses from the
production process®.

There is also a fihistorico phosphogypsum landfill in Engis T the Hardémont site T which is currently no
longer in operation (see the 2010 radiological monitoring report). Radon concentrations in the air on the
Engihoul CET and the Hardémont site are monitored, as are the waters of the Engihoul CET.

9 Class 5.2 TLCis are single landfills for non-hazardous waste.
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1.3. Site of the ex-Rhodia Chemie company in Ghent

The phosphogypsum landfill located on the border of the municipalities of Zelzate and Ghent was first
operated from 1925 to 2009 by the company Rhodia, then NILEFOS nv. The latter company declared
bankruptcy in 2009. The area of this landfill amounts to about 65 ha and the total volume of
phosphogypsum to ~18 million tons.

The total alpha and total beta values of the groundwater and percolation water of this landfill are
monitored every six months. For groundwater, the maximum total alpha (resp. beta) value was < 0.15
Bg/L (resp. 1 Bg/L). The total alpha value in the percolation water before treatment is less than 0.11
Bg/L. The total beta value in 2023 was 13 Bg/L due to a high concentration of potassium in the percolate.

In consultation with the various stakeholders, the FANC continued to monitor the problem of soil
contamination outside the landfill site, within the perimeter of the former production units. The last parts
of these contaminations have been remediated.

2. Other NORM sites
2.1. River sediments in Wallonia

In 2025, the FANC continued its collaboration with ISSeP in Wallonia to carry out radioactivity analyses
on sediments from various rivers across the country. ISSeP manages a sediment monitoring network
and provides the FANC with sediment samples from selected rivers. In total, 34 sediment samples from
the following watercourses were analysed:

- Our in Burg-Reuland

- Grande Gette in Jodoigne

- Senne in Rebecq

- Qise in Momignies

- Wiltz in Bastogne

- Sure in Martelange

- Lesse in Houyet

- Lhomme in Rochefort

- Salm in Trois-Ponts

- Gueule in Plombiéres

- Hoyoux in Modave

- Molignee in Anhée

- Eau diheure in Ham-sur-Heure-Nalinnes
- Biesme in Aiseau-Presles

- Rhosnes in Mont-de-I'Enclus

- Masblette in Nassogne

- Samson in Andenne

- Ambléve in Stoumont

- Meuse in Huy

- Canal Albert in Bassenge

- Canal Pommeroeil Condé in Saint-Aybert
- Canal Pommeroeil Condé in Hensies

- Haine in Hensies

- Ourthe in Chénée

- Sambre in Charleroi

- Canal Charleroi - Bruxelles in Braine-le-Comte

The activity concentrations of the isotopes of thorium-232 are between 28 and 690 Bg/kg. These values
are comparable to the fibottomd values in Walloon soils. For the uranium decay chain (U-238 and Ra-
226), the activity concentration of Ra-226 exceeds 100 Bg/kg for three samples: the Wiltz in Bastogne,
the Salm in Trois-Ponts and the Gueule in Plombiéeres (Figure 63).

108



Among the artificial isotopes, only cesium-137 (to a greater extent) and cobalt-60 (to a lesser extent)
were identified. The measured values are quite diverse, ranging from 1 to more than 16 Bqg/kg for
cesium-137, but are similar to the 'background' values for Cs-137 in Belgian soils and largely beneath
the liberation limit of 100 Bg/kg. The maximal detected activity concentration of Co-60 equals 4.3 Bg/kg,
measured in the Salm in Trois-Ponts. This is largely beneath the liberation limit for Co-60, which equals
100 Bg/kg.

Figure 63 compares the concentrations of radium-226, uranium-238 and cesium-137 in all Walloon
rivers investigated in 2025.

Activity concentrationin sediments: Ra-226 and U-238 (Bqg/kg)
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Figure 63: Concentration of activity of U-238 and Ra-226 (in Bg/kg) in the sediments of Walloon rivers sampled in 2025.
2.2. C.E.T.in Wallonia

Within the framework of the agreement between the FANC and the ISSeP, radioactivity analyses have
been carried out on the groundwater, surface water, leachate and effluent of some Walloon landfill sites
of class 5. This involved the following active landfill sites:

- Duferco (Rouge Bouton)
- Prayon (Engihoul)

- Vibrantz

- Burgo-Ardennes

- Inovyn

- Arcelormittal (Chatqueue)

In the framework of the continuous follow-up of the potential influence of the old phosphogypsum landfill
of Hardémont (Engis), radioactivity analyses were carried out on samples of groundwater and surface
water.

Measurements of total alpha, residual beta, potassium-40, uranium and radium-226 were systematically
carried out on each water sample.

No high concentration of radioactivity was found in groundwater or surface water at any of the sites
surveyed.
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2.3. Measurement of groundwater and percolation of operating landfills

In Flanders, the percolate and groundwater of the landfill operated by VANHEEDE in Rumbeke was
also analysed. This landfill is authorized by the FANC for the acceptance of NORM residues. Monitoring
results show that tin the percolate the measured radionuclide concentrations are below the release
limits of the Royal Decree of 20 July 2001.

2.4. Titanium dioxide production: Kronos Europe(s site

The company KRONOS EUROPE in Ghent produces titanium dioxide; the production process is based
on a reaction of the raw materials with hydrochloric acid. The production residues (mainly filter cakes)
are disposed of in landfills on the companyis premises: see the 2012 radiological monitoring report.

The company is subject to the reporting obligation under Article 9 of the Royal Decree of 20 July 2001.
In this context, the FANC imposed a monitoring of the radioactivity in the discharge water (Ra-226 and
Ra-228) and in the groundwater around the active landfill.

The activity concentrations of Ra-226 and Ra-228 in the discharge water are monitored quarterly. The
values vary between 0.27 and 1.32 Bg/L (resp. 0.40 and 1.41 Bqg/L) for Ra-226 (resp. Ra-228). The
maximum values are nevertheless below the release limits of the Royal Decree of 20 July 2001.

Measurements of total alpha and beta were also carried out on the groundwater of a piezometer located
around the active landfill. The results are below the detection limits and below the screening values for
drinking water.

2.5. Varia

The metallurgical company UMICORE nv in Olen is also subject to the reporting obligation set out in
Article 9 of the Royal Decree of 20 July 2001 for its production of cobalt and other non-ferrous metals°.
The FANC imposed a monitoring of the radioactivity of the groundwater and the percolate of its active
landfill (stortplaats fiDe Rendelaerd). The percolate shows a significant concentration of uranium (max.
43 pgl/l in 2023), probably of historical nature. Traces of uranium (a few pg/l) were found in previous
years in one of the piezometers, with an unranium concentration of 1.9 g/l measured in 2025.

In addition, monitoring of the various historical NORM sites is also necessary: although their current
environmental impact is also limited, any change of use of these contaminated lands must be subject
to a risk analysis. For example, the radon exhalation rates of phosphogypsum are significant and a
possible conversion of former phosphogypsum dump sites into building land (either housing or work
buildings) could lead to significant exposure if no precautionary measures against radon ingress are
taken in the construction of these buildings. These sites are considered by the FANC as areas with
anthropogenic radon risk.

SUMMARY BOX.

The current radiological impact of the NORM industries still active in Belgium is limited.
Nevertheless, the activity levels of the residues put in single dumping by some producers justify
a radiological monitoring of these dumps. In particular, any new use of these landfills should
be subject to a radiological impact assessment.

10 Regardless of its historical radium and uranium production activities.
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3. Another historically contaminated site: UMICORE site in Olen

Between 1922 and 1969, the metallurgical plant of the former Mining Union (now UMICORE) located
in Olen (province of Antwerp) was active in the extraction of radium and uranium and the production of
radium sources. In addition to its radium mining activities, this firm has also been active in the production
of other metals, including cobalt. Some of the production tailings (tailings, radium needles,...) and
dismantling waste were placed in a licensed storage facility: the Uranium Mill Tailings Remedial Action
Project (UMTRAP).

Between 2006 and 2008, the banks of the Bankloop River that had been contaminated as a result of
the companyis activities were remediated. The materials resulting from this remediation project were
placed in another licensed storage facility. Contaminated materials excavated during infrastructure work
on the plant site are stored in a third authorized storage facility (iLRAJ).

These three licensed facilities are located on the companyis site and are subject to a radiological
monitoring programme imposed by the safety authority. Radon concentrations in the open air as well
as radium concentrations in surface and deep groundwater are measured around each facility. Table 5
shows the minimum and maximum values for each quantity measured in 2025 around the iUMTRAPY,
fiBankloopo and iLRAW facilities. Variations include the location of measurement points and atmospheric
conditions.

Table 5: Minimum and maximum values for each quantity measured in 2025 around the AUMPTRAPO, fiBankloopd and
ALRAO facilities.

UMTRAP Bankloop LRA
# # #
measurement | Min | Max | measurement | Min | Max | measurement | Min | Max
points points points
Concentration
Rn-222, open air 3 0 124 6 5 27 3 8 56
(Bg/m®
Ra-226
concentration,
shallow 2 7 21 2 <5 169 1 10 30
groundwater
(mBg/L)
Concentration
Ra-226, 4 <5 | 18 4 <5 | 34 1 NA | NA
groundwater
(mBqg/L)
Concentration
Ra-226, percolat 1 <5 6 1 <5 10 NA - -
(mBg/L)

Furthermore, although the radium concentration values in the water are normal, radiological monitoring
of the groundwater around these facilities revealed uranium contamination of groundwater (with a
maximum concentration of 150 g/L).

In addition to the materials stored in these three licensed facilities, there are a number of sites on and
around the companyis site with significant radium contamination that have yet to undergo remediation.

In particular, some production waste and dismantling waste from the radium extraction unit had also
been deposited at two landfills, landfills D1 and S1. The D1 landfill shows the highest levels of
contamination: the average activity concentration of Ra-226 over the entire volume of the landfill
(217,000 m?3) is between 5 and 20 Bg/g but the maximum concentration of some fihot spotsé approaches
1 kBg/g. In 2022, FANC measured outdoor radon concentrations on and around these landfills.
Although elevated outdoor air concentrations were measured on and around the D1 landfill, the
measured values in the residential areas around the landfills were normal (see Figure 66).

111



However, landfills D1 and S1 are not publicly accessible: the current radiological impact is therefore not
significant.

Figure 66: Outdoor radon measurements around landfills D1 and S1.

Radium contamination is also found outside the two landfills, particularly on the companyis own land,
but also in some streets in Olen and Geel and on the paths along landfill D1. Most of these
contaminations were identified during measurement campaigns carried out in the 1960s and 1990s.
The FANC carried out a series of measurements in 2021 which confirmed the results of the
measurements carried out during the campaigns of the previous decades and identified some additional
areas or points of contamination. This allowed the mapping of the contaminated areas in Olen and Geel
to be improved. Figure 67 gives an overview of the location of these contaminations. Measurements
carried out in 2025 revealed one new point source of contamination: near Lichtaartseweg (in the
municipality of Geel), a pile of rubble of unknown origin containing radioactive material was found at the
side of the road. The necessary precautionary measures were taken pending the removal of the
material. The building debris has been evacuated in early 2026 by the competent services.
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Figure 67: Location of contamination in Olen and Geel (blue and yellow points and lines).

In 2021, the FANC joined the investigation of the Kneutersloop sediments initiated by OVAM. The dose
rate measurements carried out during this investigation phase showed an increase in the order of two
to four times the background in the Olens Broek area. About ten water and soil samples were taken,
revealing a contamination dominated by uranium. The activity concentrations reached a maximum of
2200, 900 and 380 Bg/kg for uranium-238, radium-226 and thorium-230 respectively. Moderate uranium
contamination (max. 13.5 pg/L) was observed in the water of the Olens Broek ponds and ditches. A
point value for Po-210 activity concentration equal to 0.110 Bg/L was also observed. This value exceeds
the parametric value used for drinking water of 0.1 Bg/L. Additional investigation in 2023 of the
sediments and solid bottom of the Kneutersloop upstream (south of the Bocholt-Herentals canal)
revealed no elevated concentrations of radionuclides.

In addition, two point contaminations were also found on the right bank of the Kleine Nete. The

maximum contamination values were 1570 and 710 Bqg/kg for radium-226 and thorium-230,
respectively.
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Figure 68: External radiation level in the Olens Broek area.

For more information...

Website of FANC (historical radiological contamination in Olen) (in French or Dutch only)

SUMMARY BOX.

The current radiological impact of the land contaminated by the former radium and uranium
extraction activities does not require urgent action. However, it could become significant in the
event of a change of use of the land concerned. Work carried out in contaminated areas must
nevertheless be monitored. The level of contamination also requires further monitoring.
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https://www.afcn.fgov.be/fr/dossiers/radioactivite-dans-lenvironnement/sols-pollues/contamination-radiologique-historique-olen

9.  bHidl WI-R21-08dNi@ 27 odntRly3 Y HiSHIEA iy HAHp
1. Introduction

Directive 2013/59/EURATOM (European basic safety standards T Art. 75) sets a reference level of
1 mSvlyear for the external exposure of the population to building materials. It also asks member states
to draw up a list of materials of potential ficoncernd from a radiation protection point of view. An indicative
list of such materials is provided in Annex XlII to the Directive: it includes on the one hand natural
building materials such as granites, and on the other hand building materials which incorporate by-
products of the NORM industry, for example fly ash or slag.

In order to identify possible building materials of concern in Belgium, the FANC has included the
monitoring of natural radioactivity in building materials in its radiological monitoring programme. In total,
30 construction products were analysed in 2025.

2. Analysis and results

In accordance with the requirements of Directive 2013/59/EURATOM, the samples were analysed by
gamma spectrometry to determine the concentrations of the representative natural isotopes: Ra-226,
Th-232 and K-40. The directive defines a screening index | T weighted sum of the concentrations of
these three isotopes where the activity concentrations are expressed in Bg/kg:

| = Cra-226/ 300 + Crh-232/ 200 + Cx-40/ 3000

1 If Lis less than 1, there is no risk of exceeding the reference exposure level of 1 mSv/year
defined in the EURATOM Directive.

T If_Lis greater than 1,the specific use and characteristics of the material (density, thickness, ...)
must be considered when assessing the risk of exposure.

Table 6a shows the results of the campaign in 2025 (product category, number of samples and | index
values) while Table 6b reports the whole data since the beginning of the monitoring of construction
products. The latter is also represented in Figure 69.

Table 6a: Results of the monitoring of building materials in 2025.

Type # Samples | min | max | mean
Brick 1 0.58 0.58 0.58
Cement 14 0.04 0.85 0.38
Gypsum 7 0.08 0.54 0.36
Concrete 6 0.02 0.18 0.09
Ceramic tiles 1 0.73 0.73 0.73
Insulation wool 1 0.17 0.17 0.17

Table 6b: Global results of the monitoring campaigns of building materials by FANC.

Type # Samples I min I max I mean Standard deviation
Cement 117 0.02 0.96 0.40 0.18
Bricks 18 0.40 0.69 0.56 0.08
Aggregate - Concrete - Beton 34 0.02 0.74 0.24 0.23
Natural stones 91 0.01 5.56 0.69 0.72
Ceramic tiles 64 0.01 1.36 0.74 0.23
Gypsum 30 0.04 0.54 0.29 0.17
Insulation products 10 0.09 0.28 0.18 0.07
Roof tiles 2 0.50 0.67 0.58 0.12
Sand 3 0.04 0.12 0.08 0.04
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Figure 69: Global results of the monitoring campaigns of building materials by FANC.

Building materials analysis campaigns over the years confirm that certain natural stones and ceramic
tiles have a screening index | greater than 1 and require a risk analysis (see 3. External dose
assessment).

3. External dose assessment

In 2025, no examined building material has an activity index greater than 1. In the past some examined
granite and ceramic tiles had an activity index greater than 1. Such tiles however, are superficial
materials and the activity index is far too conservative to assess their real impact on the external dose
to the population. The European Committee for Standardisation (CEN) has developed a standard
describing the method for assessing the external dose from gamma radiation emitted by building
materials. This method takes into account the density and thickness of the material and its use in order
to assess the external dose. It has recently been approved by the CEN member organisations and
replaces the method described in the CEN technical report!! used in previous monitoring reports.

The CEN standard tables allow the contributions of each construction material to the total external dose
to be calculated. A similar calculation can be performed using a specific calculation code such as
RESRAD-BUILD.

Such a calculation allows to evaluate the external exposure of a person living in a room of standard
size consisting of the building materials that have been analysed in 2025 or in any of the previous
measurement campaigns. The standard NEC room of size 4 x 3 x 2.5 m is considered. The elements
of the room are made up of the following materials:

1 the walls are made of brick and covered with ceramic tiles,
1 the floor is concrete and covered with granite tiles,
1 the ceiling is also made of a concrete layer.

The data used for the calculation is shown in Table 7. For each material the maximum activity values
measured over the full measurement campaign (since 2017) in the corresponding product category
were used.

11 Technical Report, CEN/TR 17113:2017 E, Radiation from Construction Products T Dose assessment of emitted
gamma radiation, European Committee for Standardization (CEN), 2017.
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Table 7: Parameter values used for external exposure assessment in a standard room.

Granite slab Bricks concrete Ceramic tiles
C (Ra-226) 453 48 24 130
C (Th-232) Ba/kg 690 53 24 123
C (K-40) 1810 780 410 920
Index | - 5.56 0.69 0.33 1,36
D cm 1 20 20 0.9
R glcm? 2.7 2 2.35 2.28
Mass per unit area kg/m? 27 400 470 205

The calculation leads to an external dose?'? for the person living in this "standard room" of 0.46 mSv/year
using the CEN method. If the same calculation is made for a room with a floor not covered with granite
tiles the external dose is 0.32 mSv/year using the CEN method. The external dose increment caused
by the presence of the granite slabs is therefore 0.14 mSv/year. Figure 70 shows the respective
contributions of each element of the "standard room" to the external dose.

e

4

m bricks walls m ceramic tiles on walls » floor (concrete)

m granite tiles on floor = ceiling (concrete)

Figure 70: Respective contributions of the elements of the "standard room" to the external dose.

The external dose in a room made of building materials analysed in the framework of territorial
monitoring is below the reference level of 1 mSv/year.

/ SUMMARY BOX. \
l

Among all building materials analysed in 2025, no materials of concern were identified.
The activity concentration index was below the screening level of | = 1 for all samples.

A worst-case assessment of the external dose received by a person living in a dstandard
roomé constructed from the material showing the highest levels among those analysed
throughout the entire measurement campaign (since 2017) does not exceed 0.46

\ mSv/year. J

12 Additional to the background.
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10. Df2aalHe

Activity: number of radioactive transformations observed each second in a given sample

Radioactive aerosol: solid or liquid particle in suspension in the air, consisting of radioactive material(s)
or to which radioactive materials can adhere

Becquerel (Bq): radiological unit characterising the activity of a given sample, often expressed in
multiples of Bq

1 kBq (kilobecquerel) = 102 Bq = 1 000 Bq

1 MBg (megabecquerel) = 106 Bq = 1 million Bq

1 GBq (gigabecquerel) = 10°Bq = 1 billion Bq

1 TBq (terabecquerel) = 102 Bq = 1 000 billion Bq

Background: average level of ambient radioactivity in a given place

Radioactive decay: gradual disappearance of a radioactive substance over time, because of its
successive radioactive transformations

Dose: size (expressed in sieverts) characterising the effects on health of exposure to ionising radiation,
depending on the quantity of radiation received by the body and the type of radiation concerned (U, b,
9, X, etc.)

Electronvolt (eV): physical unit characterising the energy acquired by an electron when it is accelerated
by an electrical voltage of 1 volt, often expressed in multiples of eV
1 MeV (mega-electronvolt) = 10% eV = 1 million eV

U emitter: radioactive atom which transforms itself spontaneously emitting alpha radiation (particle
presenting a risk of internal exposure)

b emitter: radioactive atom which transforms itself spontaneously emitting beta radiation (particle
presenting risks of external and internal exposure)

2 emitter: radioactive atom which transforms itself spontaneously emitting one or more gamma
radiation particles (electromagnetic radiation presenting risks of external and internal exposure)

b-o emitter: radioactive atom which transforms itself spontaneously emitting one or more gamma
and/or beta radiation particles

Rare gas (or noble gas): family of gaseous elements consisting of helium, neon, argon, krypton, xenon
and radon

Radioactive half-life: period at the end of which the radioactivity of a given radioelement has halved
By convention:
short radioactive half-life = 30 years or less
long radioactive half-life = more than 30 years

Radioactive: property of an atom transforming itself spontaneously into another atom with emission of
one or more ionising radiation particles

lonising radiation: radiation with sufficient energy to ionise the material encountered as it proceeds
(examples: X-rays, U, b, o radiation, etc.)

Sievert (Sv): health unit showing the effects on the body of ionising radiation, often expressed as
fractions of Sv

1 mSv (millisievert) = 10 Sv = 1 thousandth of a Sv

1 pSv (microsievert) = 10 Sv = 1 millionth of a Sv
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Are radioactive effluents radioactive waste?

Radioactive effluents and radioactive waste are both the result of the operation of nuclear installations
but there is a fundamental difference: from a radiological point of view, effluents are far less
concentrated in radioactive materials than waste. This distinction is essential because it determines the
way in which waste is managed and eliminated on the one hand and effluent on the other.

The strategy used to treat radioactive waste, when possible, is to concentrate its radioactivity more
while reducing its geometric volume (by compacting for example). Therefore a given quantity of
radioactivity can be stored in a very small volume. This limits the size of the storage facilities for
radioactive waste, for the same quantity of radioactivity disposed of.

On the other hand, radioactive effluents have too weak a concentration to be able to be concentrated
effectively and be reduced in volume to a significant extent, for final storage. The elimination strategy
therefore favours controlled dispersion in the receiving environment (the atmosphere for gaseous
effluents, and a watercourse for liquid effluents).

Are the discharges of radioactive effluents indispensable for nuclear installations to operate?

The normal operation of any industrial process results in the production of liquid and gaseous effluents
in variable quantities, with particular characteristics according to the sector of activity concerned. The
chemical or petroleum industries generate effluents containing mineral chemical substances (ammonia,
chlorine, etc.) or organic substances (hydrocarbons, solvents, etc.), according to the types of products
handled and the procedures used.

The nuclear facilities themselves have the characteristic of generating effluents containing radioactive
substances. The radiological composition, concentration and quantities of effluents produced depend
on the type of installation and the operations that are being carried out there.

From a technical point of view, the production of liquid and gaseous effluents (radioactive or not), form
part of the normal functioning of any installation and cannot be completely eliminated. However, the
choices of design, construction and operation should focus on the reduction of these effluents in order
to limit the quantities discharged into the environment and minimise their impact on the environment as
much as reasonably possible. The FANC and Bel V ensure that these principles are applied properly
by the operator.

What is the difference between a discharge of radioactive effluents in normal operation and an
accidental discharge of radioactive effluents?

During normal operation, the discharges of effluents are kept under control: these are managed
discharges, which comply with the methods defined in the licences issued by the Federal Authority
(quantities of radioactivity discharged, concentration of radioactive material, duration of the discharges,
etc.). The quantities of radioactive material discharged are limited and spread throughout a year. This
category of discharges forms part of the current operation of the installations.

Accidental discharges are involuntary or poorly managed discharges, following technical failures or
human error. The quantities of radioactivity may be greater and released over a shorter period of time
than planned in the discharge licences.

This category of discharges, which is very exceptional, corresponds to degraded operation of the
installations and must be declared immediately to the FANC and to Bel V. In these situations, the FANC
can impose a temporary or permanent halt on the installation, demand corrective actions (technical,
organisation, human), apply administrative fines, and start judicial proceedings (penal, civil) against the
operators concerned.
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Do discharges of radioactive effluents from nuclear installations pose a risk to the health of the
population?

The effects of ionising radiation on living organisms are well-known. At high doses, this radiation causes
systemic biological effects which occur as soon as exposure thresholds are exceeded. At low doses,
the biological effects are random, with a probability of appearing which increases with the dose.

During normal operation, discharges of radioactive effluents from nuclear installations over a year can
only cause very low doses of radiation. By way of comparison, these doses only represent a small
fraction of the average exposure of the public to natural radioactivity. The probability of an effect
appearing on health induced by discharges of radioactive effluents from nuclear installations is therefore
very small.

In the case of accidental discharge, exposure of the population to radiation could be greater, and this
is why the authorities could require people to shelter, or even evacuate, as well as putting restrictions
on consuming certain foodstuffs as part of emergency plans.

I live near a nuclear facility, can | eat vegetables from my garden without risk to my health?

During normal operation, discharges of radioactive effluents from nuclear facilities are sufficiently low
to allow free use of produce from your vegetable garden.

If an accidental discharge were to occur, the authorities may, on a case-by-case basis, temporarily
advise against eating garden vegetables grown in the areas concerned, depending on the local
radiological conditions. These restrictions would be the subject of an official information campaign
among the inhabitants.

My farm is close to a nuclear facility, can the sale of my produce be prohibited?

During normal operation, the discharges of radioactive effluents from nuclear facilities are sufficiently
low to dispense with any restrictions on the sale or consumption of agricultural products.

In the case of an accidental discharge, the authorities could be forced, on a case-by-case basis, to limit
or temporarily prohibit the marketing and consumption of certain agricultural products coming from the
areas concerned, depending on the local radiological conditions. These restrictions would be the subject
of an official information campaign among producers and consumers.

| fish in the river downstream of a nuclear facility, can | eat fish without risk to my health?

During normal operation, discharges of radioactive effluents from nuclear facilities are sufficiently low
to allow free consumption of fishing products.

In the case of an accidental discharge, the authorities could be forced, on a case-by-case basis, to limit
or temporarily prohibit fishing in the areas concerned, depending on the local radiological conditions.
These restrictions would be the subject of an official information campaign among populations.
Caution: In some watercourses, the products of fishing could be prohibited from consumption for other
reasons (examples: old chemical pollution, contamination by micro-organisms, etc.). In case of doubt,
the regional authorities should be contacted to find out if there are any restrictions.

| hunt on an estate close to a nuclear facility, can | consume the game without risk to my health?

During normal operation, discharges of radioactive effluents from nuclear facilities are sufficiently low
to allow free consumption of the products of hunting.
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In the case of an accidental discharge, the authorities could be forced, on a case-by-case basis, to limit
or temporarily prohibit hunting in the areas concerned, depending on the local radiological conditions.
These restrictions would be the subject of an official information campaign among populations.

Caution: In some areas, hunting could be prohibited for other reasons (e.g. avian flu). In case of doubt,
the regional authorities should be contacted to find out if there are any restrictions.

Is it possible to obtain additional information on discharges of radioactive effluents from nuclear
facilities?

The FANC has a point of contact on its website for any questions relating to discharges of radioactive
effluents, and, more generally, for anything concerning nuclear safety and radiological protection. The
public can contact the FANC by telephone, fax, post, email or via the contact form available on the

website.

As far as discharges in an accidental situation are concerned, there is more information for the public
and there are measures to protect the food chain available on the fiNuclear risko website.

Information can also be obtained directly from the nuclear operators concerned.

For more information...

Website of FANC (point of contact)
Website "Nuclear Risk"
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