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ABSTRACT

Environmental restoration is of importance. In Belgium, there is primarily a need for restoring
radioactively contaminated sites and the need for assessing the radiological impact of waste disposal
or discharges. Participation in international programmes is necessary for keeping in touch with
important developments. SCKCEN has been performing site characterisation for more than twenty
years within the framework of its statutory mission, but also within the framework of international
programmes aiming to improve the safety of contaminated sites and the environment in general. The
paper presents the most important activities which has been performed in the following fields during
the period covered by the RCM.

1. RADIOLOGICAL CHARACTERISATION

1.1. Radiological characterisation of sites

Projects dealing with radiological characterisation of sites have been or are still carried out for
the Belgian Federal Government and for the private industry:

— Radiological characterisation of the surroundings of a former Radium production plant;
the co-contamination with heavy metals was characterised in cooperation with VITO
(Flemish Institute for Research in Technology, regionalised former part of the
SCK-CEN).

— Radiological characterisation of waste dumps of a Phosphate production plant.
— Radiological characterisation of the Belgian territory after the Chernobyl accident.
— Radiological survey programme of the Belgian territory.
— Monitoring and cleanup of roads in a site of power plants.

SCK-CEN developed the characterisation strategy for these projects, and developed or adapted
the necessary instrumentation for the specific needs of each project.

1.2. In-plant characterisation

In-plant characterisation is a daily activity of the SCK-CEN.

Personal dosimetry (external exposure, surface contamination, internal exposure),
measurements of the ambient radiation field, measurement of contamination (volumetric and
superficial, of air, ...), monitoring of waste streams, etc. are routinely performed as
management activities.
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1.3. Characterisation of radioactive materials

The SCK-CEN performs radio-chemical analysis of numerous type of materials (liquid and
solid) for private companies and institutional customers. Destructive and non destructive
measurements of waste, nuclear fuel and other nuclear materials are daily performed by the
Radiochemistry services. The SCK-CEN has been "accredited" by the BELTEST national
board for the QA-system for several of these measurement techniques.

1.4. Non radiological characterisation.

Non radiological characterisation of sites is an important part of running the projects dealing
with disposal of waste and site remediation.

Within the framework of assessing the Boom clay layer underneath its site as a potential host
rock formation for a high level radioactive waste repository, SCK-CEN has performed the
geological and hydrological characterisation of the region. The underground has been fully
characterised in order to estimate or determine the migration of radionuclide from the geo to
the biosphere. The studies include the mechanical, geological, hydro-geological, chemical etc.
characterisation of the site.

For near surface repositories, the policy followed by SCK-CEN with respect to the
quantification of important parameters is to determine best estimate values and uncertainty
ranges from literature review or from inquiries at competent services. These studies are
performed for NIRAS/ONDRAF.

In a study carried out on behalf of CEC-DGXI concerning a general guideline for the
radiological optimisation of site restoration [1], important parameters and site characteristics
in the radiological assessment procedures have been identified.

In a study carried out on behalf of CEC-DGXI concerning a general guideline for the
radiological optimisation of site restoration , important parameters and site characteristics in
the radiological assessment procedures have been identified. In this RESTRAT project [2] [3]
working packages are devoted to the characterization of sample sites (Drigg repository, Neet-
river, Ravenglass estuary, Ranstad) and to the dependence of the migration and transportation
of contaminants on the composition and state (e.g. pH) of liquid and solid phases.

2. POLICY SUPPORT ON RADIATION PROTECTION

Belgium, as a member of the European Union, has the obligation to monitor the level of
radioactivity in the air, water, and soil on its entire territory and to verify the discharge
authorisations of nuclear installations. In this respect, the know-how of SCK-CEN in radiation
protection and measurement techniques is placed at the service of the Federal authorities.

2.1. Objectives

— to support and advise the Belgian authorities on specific problems concerning existing
and potential hazards from exposure to ionising radiation in normal and accidental
situations;

— to provide training, education, and information regarding nuclear matters.
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2.2. Programme

The programme in policy support on radiation protection answers requests from three
customers:

— for the Federal Ministry of Public Health and Environment (DBIS/SPRI), an
environmental monitoring programme of the Belgian territory, to investigate the impact
of Belgian and neighbouring nuclear facilities, and the assessment of the radiological
impact of the former radium production factory at Sint-Jozef-Olen;

— for NIRAS/ONDRAF, the review of the actual knowledge on the effects of low doses;
— for the Ministry of Internal Affairs and DBIS/SPRI, the support and expert advice on

emergency planning and response.

2.3. Achievements

The radiological surveillance of the Belgian territory has been continued. We monitored the
radioactivity of rainwater, airborne dust, water and sediments of the Scheldt and Nete, soil,
milk, moss, aquatic plants, and fish.

SCK-CEN continues its participation as expert in the committee established to propose a
restoration plan for the Olen site. The radiological impact of the Dl dumping ground [4] [5]
[6] for different restoration scenarios was studied under contract with Union Miniere.

Under contract with NIRAS/ONDRAF, SCK-CEN and AIB-Vincotte Nuclear (AVN)
synthesized the knowledge on the effects of low doses of ionising radiation. The resulting
book is intended for persons interested in science, but not professionally occupied with the
general subject. It tries to answer such questions as "what do we know?'", "what is still
uncertain?", "what do the authorities do to protect us against radiation?".
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FIG. 1. Rainfall in Belgium on May 3, 1986. FIG. 2. Radiocaesium contamination in soil
on May 3, 1986.

The in situ gamma spectrometry measurement technique for environmental radiation provides
a powerful tool for the complete characterisation of the gamma radiation field at a given
location. In 1995-1996, a decade after the Chernobyl accident, SCK-CEN and the Universiteit
Gent have measured the residual radiocaesium concentration in the soil at more than sixty
sites on the Belgian territory using in situ gamma spectrometry with low energy germanium
detectors. Some level of correlation has been found between the geographic variations of the
137Cs activity level in soil (Fig. 1) and the rainfall at the beginning of May 1986 (Fig. 2).
Measurements performed during the period 1995—1996 are complementary to the ones
performed in previous campaigns, shortly before and after the Chernobyl accident.
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F/G. 3. Monthly average of (from top to bottom):
— beta activity in airborne dust measured at SCK-CEN, Mol, Belgium;
— l37Cs activity in airborne dust at SCK-CEN;
— I3/Cs activity in grass samples from a farm in the vicinity of Mol (Dessel, Belgium);

I3/Cs activity in milk samples from the same farm;
— I3'Cs body burden for a standard man of 70 kg.

We summarised our systematic measurements on radiocaesium contamination in air, rain,
grass, milk, and humans in Belgium from the late 1950s to present day. The average impact of
atmospheric nuclear weapon tests on the human body burden in our region was shown to be
more than six times that of the Chernobyl accident. The cumulated body burden from internal
exposure to 137Cs was 154 uSv between 1959 and 1986, and 25 |aSv between 1986 and 1997
(Fig. 3).

In 1997, some additional in situ gamma spectrometry measurements on the Belgian territory
showed a clearer geographical correlation between the 137Cs activity level in soil and the
rainfall on May 3, 1986 (Fig. 4). The ambient 137Cs gamma ray field currently represents a
dose of 0.6 to 7 |iSv a year.
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FIG. 4. Cs soil contamination [Bqm ] measured at different locations in Belgium. The
measured activity level correlates well with the rainfall on May 3, 1986.

3. MIGRATION OF RADIONUCLIDES IN CONTAMINATED GEOMEDIA

The values of the model parameters for the migration of radionuclides and gases generated in
deeply contaminated soils (e.g. after deep injection low liquid waste) can be determined by
experiments on soil cores and by field tests. The models and the values of the model
parameters are validated by large scale in situ experiments.

3.1. Objectives

— to understand the basic phenomena involved in the migration of radionuclides in the
Boom Clay;

— to study the role of the Organic Matter (OM) in the migration of radionuclides
(TRANCOM CLAY project) [7] [8];

— to develop a conceptual and mathematical migration model, and to determine the values
of the model parameters by laboratory migration experiments on Boom Clay samples;

— to validate the migration model and the parameter values by large scale in situ migration
experiments;

— to study the generation of hydrogen gas, due to anaerobic corrosion of metals, and its
consecutive migration through the clay by diffusion and gas breakthrough (RESEAL,
PROGRESS, and MEGAS projects) [9] [10] [23] [11];

— to test the validity of the gas migration model by large scale in situ helium injection
experiments.
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3.2. Programme

The programme, initially directed towards the migration of radionuclides in the Boom Clay
formation, has been extended to the study of the generation and migration of gases, and to the
study of the influence of the OM present in the clay water.

A similar method is followed for the three issues. First, the basic phenomena are studied; then
a model is developed to help to design, simulate, and interpret the laboratory tests. Different
types of experiments are performed for measuring the model parameters. These models and
parameter values are used for performance assessment calculations and are validated by large
scale in situ experiments.

Migration tests are carried out to study the diffusion of actinides, fission products, and
nonretarded species, and the mobility of the dissolved OM in the interstitial clay water.
Experiments with labelled OM allow to understand the role of the OM in the migration of
radionuclides.

Large scale 3-D experiments with tritiated water and with 14C-labelled bicarbonate, installed
at the underground research facility, are in progress. They aim to confirm the anisotropy of the
hydraulic parameters and to validate the migration model and the parameter values.

Two large scale in situ gas injection experiments are performed to validate the gas migration
model. One large scale gas generation experiment is in preparation.

An existing shaft, lined with porous concrete blocks, is used as a macropermeameter to
validate the values of the hydraulic parameters obtained from small scale tests.

3.3. Achievements

New migration experiments on clay cores were started for the following three radionuclides:
14C,24]Am,and 95Zr.
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FIG. 5. After eight years, we still observe a good agreement between calculated (lines) and
measured (symbols) tritium concentrations for the injection filter, for filters at a distance
of one metre, and for filters at a distance of two metres.
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The monitoring and sampling of the large scale in situ injection experiment with tritiated
water, started in January 1988, was continued. After nine years, tritium has been detected at
two metres from the injection point. The measured concentrations in the interstitial water
agree very well with the results of the MICOF computer code simulation [12]. Figure 5 shows
the good agreement between the experiment and the model calculation.

A large scale 3-D in situ migration experiment has been started in 1995. Tritiated water and
14C-labelled bicarbonate have been injected. The first water samples from the filters at
distances of one metre have been collected. Tritium is detected in three filters in the horizontal
plane, but the 14C level is below the detection limit.

To study the influence of temperature and radiations on the migration properties of
radionuclides through Boom Clay, an in situ migration experiment with 241Am and 99Tc was
performed in the surroundings of the CERBERUS demonstration test [13]. This experiment is
now complete and interpretation is in progress.

Hydrogen gas reaction experiments with Boom Clay slurries showed the presence of methane
and methane-forming bacteria, and also of sulfur-reducing bacteria.

In situ gas injection experiments indicate that, at breakthrough, the gas flows along
preferential pathways alongside the injection piezometer (de-stressed zone). The breakthrough
pressure is considerably lower than the value measured on confined clay cores. The local
disturbance of the in situ stress field seems to govern the gas flow. After gas breakthrough,
water has been injected to test the influence of the gas breakthrough on the local hydraulic
parameters. The results indicate no change in the hydraulic parameters and no fracture flow.

The results after two years of an in situ macropermeameter test show that the values of the
hydraulic parameters obtained from small scale tests on clay cores and on small in situ filters
are reliable for large scale calculations.

A new method using an electric field for accelerating the migration of radionuclides has been
developed (Fig 6) [15]. The first results are promising. We demonstrated and validated the
applicability of the electrokinetic methods to determine diffusion coefficients in porous media
(Fig. 7):

— diffusion coefficients can be obtained by independent calculation methods;
— the experimental time for diffusion studies is reduced markedly.

FIG. 6. Experimental set-up of the electrokinetic migration experiments.
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FIG. 7. Distribution profiles after electromigration ofH:iSr (72
V-m', 71 hrs), 22Na (84 V-m', 20 hrs), HTO (79 V-m',
20hrs), l3lI(81 V-rri1, 20 hrs).

In the framework of the collaborative EU/Russian Federation programme on radioactive waste
management, the SCK-CEN evaluates the consequences of the injection of liquid high level
waste in thin sand layers surrounded by thick clay layers in Siberia (Russia, CIS). SCK-CEN
also contributed to an international project on the improvement of the safety of the radioactive
waste management in the North West of Russia (Kola peninsula). The primary role of
SCK-CEN is to transfer technology to the Russian partners (i.e. performance assessment
methodologies including numerical models, parameter databases, etc.) and to assist them in
performing safety studies for potential repositories in hard rock.

The use of networks of glass fibres for the monitoring of contaminated sites as well as for a
post-remediation monitoring is being examined.

4. NON RADIOACTIVE CHARACTERISATION OF SITES

Since aquifers are essential components of the evolution of contaminated geomatrices due to
their capacity for transportation of contaminants, accurate hydrogeological modelling is a
critical element for assessing the long term behaviour of the environment.

4.1. Objectives

— to collect geological, piezometric, and hydraulic data required for studying the
hydrogeological system in the Mol area;

— to develop a regional aquifer model for Northeastern Belgium;
— to test and validate computer codes used in the performance assessments for simulating

water flow and transport of radionuclides in aquifers.
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4.2. Programme

The hydrogeological studies sponsored by NIRAS/ONDRAF are piezometric measurements
in the boreholes of SCK-CEN's hydrogeological network and the elaboration of a data-
acquisition campaign aiming to collect data needed for the further development of the
multilayer regional aquifer model of Northeastern Belgium. The data-acquisition campaign is
complemented by an internal R&D project investigating the spatial variability of the hydraulic
conductivity of the Boom Clay.

4.3. Achievements

For simulating the transport of radionuclides released from the host clay layer through the
Neogene aquifer into the biosphere, an intermediate scale aquifer model is being developed
using the Groundwater Modelling System (GMS) package [14]. The modelled area is roughly
triangular in shape and limited by natural borders consisting of the rivers Kleine and Grote
Nete and the water divide Scheldt-Meuse.

We started to develop a system of quality-assurance procedures for the following aspects of
the performance assessment: collection of data for consequence calculations, verification of
the software applied in the assessment, and keeping of complete records of the performed
calculations.

Four boreholes have been foreseen as part of the hydrogeological data-acquisition campaign.
The boreholes reach the top of the leper Clay. Piezometers are installed in the two aquifers
underlying the Boom Clay, i.e., the Ruisbroek-Berg and Lede-Brussel aquifers. Geophysical
loggings have been carried out in the three boreholes. Cores have been taken from the
borehole located at Zoersel. The hydraulic conductivity of clay cores taken from boreholes at
Zoersel, Mol, and Weelde are measured in our laboratory to study the variation with depth of
the hydraulic conductivity of the Boom Clay, and to look for correlations with the litho-
stratigraphy of the clay layer. In the framework of an internal R&D project we collected clay
cores in clay pits and during the excavation of the second shaft on the SCK-CEN site. In situ
measurements of the hydraulic conductivity of the Boom Clay at Doel were carried out. The
results of these measurements together with those obtained from the measurements on clay
cores taken during the data-acquisition campaign will allow us to study the spatial variability
of the hydraulic conductivity of the Boom Clay on a regional scale.

In the framework of an internal R&D project, we collected clay cores in clay pits and
determined their vertical and horizontal hydraulic conductivity. The results of these
measurements, together with those obtained from measurements on clay cores taken during
the data-acquisition campaign, will allow us to study the spatial variability of the hydraulic
conductivity of the Boom Clay on a regional scale.

5. RADON IN THE INDOOR ENVIRONMENT

Radon progeny is responsible for by far the largest part of the human exposure to ionising
radiation. The key to a correct assessment of the health risk ensuing is a better understanding
of the deposition behaviour of this progeny in the respiratory tract. This deposition depends
critically on the interactions between the radon progeny and airborne indoor aerosol.
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5.1. Objectives

— to investigate the deposition of radon progeny in the human respiratory tract by means
of direct measurements as a function of aerosol conditions;

— to assess retrospectively the radon concentrations in buildings by means of volume
traps.

5.2. Programme

The programme foresees the direct measurement of deposited radon progeny in the human
respiratory tract by means of the bronchial dosimeter, an instrument simulating the airflow in
the respiratory tract. In a first stage, these measurements will take place in the well controlled
environment of a reference chamber, and in a second stage, in real field conditions of actual
dwellings. The retrospective assessment programme foresees the development of the volume
trap technique and is carried out in the framework of the Radiation Protection Research
Programme of the EC, more precisely by taking part in one shared cost action and two
concerted actions.

5.3. Achievements

In 1996, we completed the design, construction, and testing of the radon reference chamber.
Figure 8 shows a picture of part of the installation. It actually consists of three separate
chambers. The first chamber is a large one, with a volume of 4.15 m and a surface-to-volume
ratio of 3.75/m. It is equipped with special outlets for connecting the bronchial dosimeter.
Absolute filters have been installed for obtaining an aerosol-free environment, and suitable in
and outlets have been foreseen for connecting aerosol producing and measuring equipment
and radon measuring devices. The radon concentration can be varied up to values of 0.5
MBq/m3, using three separate radon sources. We purchased an atomiser for producing a
standard aerosol, and a condensation nucleus counter for counting the aerosol particles. Both
are state of the art devices produced by TSI, the firm that sets the standards in these very
specific applications. The second chamber is small, with a volume of 0.075 mJ, to be used for
calibrations of radon detectors, experiments with the volume traps, or other smaller
experiments. The third chamber has a volume of only 0.010 m3 and will be used as a buffer
volume. All chambers were extensively tested for leaks and were found to be leak free. Figure
9 shows the results of such a leak test for the large chamber. In a next stage, accurate
calibrations should enable us to determine the response of the bronchial dosimeter in well-
controlled conditions.

Within the framework of the Radiation Protection Research programme of the EC, we made
further efforts to extend the applicability of our volume trap technique for assessing radon
exposures in the past. More specifically, due to the great difficulties encountered in some
areas to find spongy volume traps, we tried to extend the technique to other materials, such as
wood or fibreboard. A simple, accurate and fast technique was developed for the purpose of
testing all relevant characteristics of any candidate volume trap material. It allows within one
week to assess the response of the material to radon exposure, and to calibrate it in terms of
210Po activity to be expected per volume unit of volume trap material for a certain radon
exposure. It also gives the necessary information on the speed of radon diffusion throughout
the material. All of this can be achieved by a simple radon exposure during typically two days,
followed by a monitored exhalation of the absorbed radon. There is no need for detailed
knowledge of the structure of the material itself, neither for complex radon transport models.
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Moreover, for testing a new volume trap material, there is no need to wait for the actual
ingrowth of 210Po, followed by chemical separation, which would take at least three to six
months. The method was applied to several types of wood and fibre board. More careful
numerical analysis however has shown that none of these materials are good volume traps,
since they contain a too high and very variable natural Po background. Unfortunately this is
almost always the case for wood, thus making wood generally unsuitable as a volume trap
material. It is possible that in the future other materials with little or no Po background can
be found for use as volume traps. Certain types of synthetic materials, such as polyethylene,
might be deemed good volume trap candidates using this technique.

Slope / lambda Rn = 1.0017

Time [days]

FIG. 9. Evolution of the radon concentration in the large chamber
during one week following initial filling. The slope accurately
matches the radon decay constant, showing the absence of leaks.

FIG. 8. The radon reference
chamber. On the left is the
large cylindrical radon
chamber, connected to the
three different measuring
heads of the bronchial
dosimeter. The smaller
rectangular radon chamber
is visible on the right. Fixed
tubing interconnects all
chambers and connects
them to the three radon
sources (bottom right).

In 1998, a considerable amount of field work with volume traps has been carried out [16] [17]
[18]. A decisive attempt was made to obtain them from interesting field locations, and to
actually assess retrospective radon concentrations in dwellings from them. In total over two
hundred volume traps were obtained from locations in Norway, Sweden, Germany, and
Serbia. The ages of the retrieved volume traps varied between a minimum of two years up to
as much as 60 years, with an average age between 15 and 20 years. Over 80% of them were
polyester sponges from mattresses, chairs, cushions etc., of different sizes and shapes,
densities and degree of cleanliness. The rest of them were mostly industrial wool or cotton, or
even straw or seaweed. For the spongy samples, very reproducible and very good results were
obtained. This was particularly the case for samples obtained from dwellings where a good
radon history record was available. It was shown that very dirty sponges have to be treated
more carefully, since in some cases radon decay products, coming from radon decay outside
the volume trap, can penetrate to some extent into the volume trap, thus falsely increasing the
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resulting retro radon concentration. Figure 10 shows this phenomenon for a very dirty sponge
retrieved from Serbia.
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F/G. 70. Polyester spongy volume trap retrieved from a Serbian dwelling. The graph shows that
only the central part which is free from dust yields a reliable retro radon.

6. CHARACTERISATION OF THE POPULATION (EPIDEMIOLOGY)

Radiation workers are studied to allow direct estimation of cancer risk in populations with
long term exposure to low doses of ionising radiation. An international multicentre study, co-
ordinated by the International Agency for Research on Cancer (IARC/WHO) in Lyon, will
combine data on radiation workers from 14 countries.

The methodology used for this study could be applied to the population living on
contaminated sites.

6.1. Objectives

The overall objective of our study is to study cancer mortality and morbidity in nuclear
workers in Belgium, to document the feasibility of retrospective cohort studies in Belgium,
and to participate in the IARC study.
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Specific objectives were:

— to extend our study in the Mol-Dessel region to other nuclear facilities in Belgium;
— to complete data collection in the three participating facilities in Mol-Dessel.

6.2. Programme

We set up a retrospective cohort study (1953-1994) at five nuclear facilities in Belgium:
SCK-CEN, Belgonucleaire, Belgoprocess, and the power plants of Doel and Tihange. The data
will be pooled in the IARC study. Prospective follow-up of the present cohort study will be
set up to monitor cancer mortality in these workers (cancer mortality registry).

6.3. Achievements

So far, we included in our study 4,859 workers from SCK-CEN, Belgonucleaire, and
Belgoprocess. Electrabel NV agreed to participate, and data collection has already started in
its power plants of Doel and Tihange. We added about 3,000 workers to the study in 1997
[19] [20] [21].

A joint proposal of IARC and four European countries entitled "Studies of Cancer Risk
among Radiation Workers in the Nuclear Industry" has been accepted by the Nuclear Fission
and Safety Programme of the EC (concerted action). The collaborators are Belgium, France,
Germany, and the United Kingdom.

7. BELGIAN CONTAMINATED SITES

7.1. Objectives

— to evaluate the radiological impact of environmental contamination from natural
occuring radioactive materials (NORMs) from inter alia the former radium industry
(Olen), the phosphate industry, coal-fired power plants (fly-ash), the oil and gas
exploration and production industry, the building material industry (phosphogypsum),
and the metal recycling industry (contaminated metal scrap). The use of the recycled
materials is also considered.

7.2. Programme

There are many contamination situations where the unintentional presence of natural
radioactivity leads to a significant increase in the exposure of workers and members of the
public. Important industries where these problems exist:

— relics from the former radium industry (environmental contamination, lost sources,
disposal areas, etc.) — Union Miniere Olen;

— phosphate industry (phosphogypsum and calciumfluoride disposal areas, liquid
effluents, etc.) — Prayon, Kuhlman and Tessenderlo Chemie;

— fly-ash form coal-fired power plants (fly-ash disposal areas);
— the oil and gas exploration and production industry (NORM can be found in the forms

of sludge, scale, production water and radon in natural gas);
— the building materials industry (phosphogypsum and fly-ash are widely utilized in

Belgium);
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— the metal recycling industry (most of the contamination in scrap metal is in the form of
NORM).

Our activities in this field mainly consist of evaluating the radiological impact of these natural
sources of ionising radiation on workers and members of the public on behalf of the
authorities and the industries in question.

7.3. Achievements

7.3.1. Radium extraction plant

As a consequence of operating, from 1922 till 1969, of one of the world's largest radium
extraction plants, radium has been dispersed in Sint-Jozef-Olen and Geel (Belgium). An
extensive radiological characterisation programme identified several contaminated sites. The
parties concerned agree increasingly in favour of a global restoration plan, not because of the
current population exposure, but because most of the scenarios concerning the future use of
these areas show enhanced exposure of future generations.

The site of Olen, around the Bankloop brook, provides also a test scenario for BIOMASS
(BlOsphere Modelling and ASSessment methods), an IAEA Co-ordinated Research
Programme (CRP), providing an international focal point in biospheric assessment modelling
[22]. The two major themes of BIOMASS are indeed radioactive waste disposal and
environmental releases, the latter further divided into dose reconstruction and remediation
assessment. SCK>CEN is participating in the first theme on behalf of NIRAS/ONDRAF in the
framework of its radiological impact assessments for radioactive waste disposal or discharges,
and is leading the working group on remediation assessment in the second theme.

On behalf of the Belgian Federal Government (DBIS/SPRI), SCK-CEN wrote a compilation
of all relevant information, so that the competent authorities can decide on the necessary
licences to carry out the environmental restoration in Sint-Jozef-Olen and Geel. The waste
volumes to be removed depend on the selected action levels (Table 1).

TABLE 1 SUMMARY OF THE PROPOSED ACTION LEVELS AND THE RESULTING
(ROUNDED) WASTE VOLUMES. THE DUMPING GROUND CAN HAVE 0.4
^SV/H IF DUG DEEPER THAN ONE METRE AND THEN COVERED WITH
CLEAN SOIL.

Contaminated site
Dumping ground
River
Farmland
Streets
Total

Action level (gamma dose rate, pSv/h)
0.2

0.15
not considered

0.2

Waste flxl03m3l
125
10
30
1

136

Our radiological assessment of the five options for restoration of the dumping ground was
based on the following selection criteria: the cost of restoration, the surface area of the new
storage facility, the collective dose of the intervention workers, and the individual dose for
people who will be living above the storage facility after the period of institutional control has
ended. The best solution turned out to be removing the waste to a nearby location (with the
radioactive waste burned under the chemical one) and applying a multilayer cover. The cost
for the global restoration plan is estimated to be around 370 Million Belgian Francs, of which
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81% is for restoring the dumping ground and constructing the storage facility, 17% for
cleaning up the river, and 1% each for the streets and for the builtup ground. The municipal
authorities of Olen decided to clean up the Kapellekensstraat in 1998 and to dispose of
radioactively contaminated soil onto the dumping grounds. The action level for the cleanup of
the Kapellekensstraat was set at 0.2 p.Sv/h. 500 to 600 m3 of contaminated material, mostly
slag, with a dose rate between 0.5 and 15 u.Sv/h was removed to the so-called Dl dumping
ground. The radium concentrations of the slag were up to 21 000 Bq/kg. During the cleanup
activities a point source of 0.542 g and with a total radium activity of 122 kBq was
discovered.

This cleanup work was monitored by SCK-CEN.

7.4. Tessenderlo Chemie

For more than half a century, the liquid effluents of Tessenderlo Chemie containing enhanced
concentrations of radium and heavy metals from phosphate production, are discharged into the
Grote Laak, a small river in the South of the Campine region. This has caused a significant
contamination of the river and its surroundings. On behalf of the Flemish authorities
(AMINAL) SCK-CEN has performed a large scale gamma scanning of the river banks and the
flooded zones in combination with an extended sampling programme. The purpose is to map
the radium contamination but also the heavy metal contamination, using radium as tracer. The
report is due at the beginning of 1999.

8. SUMMARY

The fist objective of site characterisation is to collect sufficient environmental data to make a
decision whether a remedial action is necessary. Although a radiological characterisation of
the site is essential, non radiological characterisation is as important to predict the evolution
of the contamination and to decide "how clean the site must become". There must be data
collected, among others, on the anthropology, irrigation practices, meteorology, pedology,
geology, hydrology, etc. of the site.

The activities of SCK-CEN covers most of these aspects. Characterisations methods have
been developed and applied before and after remediation. In some cases, SCK-CEN
participated also in the remediation actions.

8.1. Radiological characterisation

SCK-CEN has carried out, inter alia, the following radiological characterisations of
contaminated sites for the federal government and for the private industry:

— Characterisation of the site of a former radium factory (Olen);
— Radiological characterisation of the water and banks of the Molse Nete river

(Contamination is due to release of low level liquid waste);
— Radiological characterisation and follow-up of the Belgian territory after the Chernobyl

accident;
— Radiological characterisation of the roads in the city of Geel;
— Radiological survey programme for the Belgian territory (DBIS/SPRI);
— Monitoring of entrance roads at the KC Doel nuclear power plant.
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8.2. Non radiological characterisation

In the framework of remediation projects (Drigg repository, Neet-river, radium factory, etc.),
SCK-CEN determine also parameters which are essential to know before starting the
remediation work (Kd, pH, hydrological characteristics, organics, ...). SCK-CEN iniates also
projects dealing with the bacterial characterisation of contaminated sites, as it is proven by
long term monitoring of contaminated sites that the evolution of contaminations is influenced
by microorganisms.

Further, SCK-CEN developed a elektro-kinetic method, accelerating the assessment of the
migration radionuclides in soils, reducing the time needed by more than a factor of 100 and
retaining a comparable accuracy.

In general, the experience of SCK-CEN in non radiological characterisation allows to predict
the natural evolution of a contamination, and also to gather the parameters needed to assess
remediation technology (transfer from soil to water, secondary effects of decontamination
processes, etc.)

8.3. Other activities

SCK-CEN also has been, and remains, active in the collection of data (characterisation)
needed to decide on remedial actions, e.g. epidemiology, evaluation of individual and global
doses vs. remediation strategy (from "natural remediation" to "full restoration", i.e. removal,
treatment, conditioning, temporary storage and disposal of the radioactive or mixed
contamination).
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