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Xenon equals interference
The performance of the International Monitoring System relies on 

the accurate measurement of radioactivity. Is the system capable 

of detecting a nuclear test? This will depend on the sensitivity of 

the measuring stations and the geographical distribution of the 

stations across the globe. The main indicator of an underground or 

atmospheric nuclear test is radioactive 

xenon. But there is one problem: 

worldwide interference from background 

radioactive xenon is so strong that it 

diminishes the sensitivity of the network. 

Xenon is a noble gas made primarily by 

a small number of producers of medical 

radioisotopes for nuclear medicine. 

Their xenon emissions prevent accurate 

measurements. Can emissions of 

radioactive xenon be limited? If so, that 

would substantially improve our ability to 

detect nuclear tests. 

Filtration
To answer that question, SCK•CEN 

went in search of efficient methods 

and materials to filter out radioactive 

xenon. The project, funded by the 

European Union, is in support of the 

Comprehensive nuclear Test-Ban Treaty Organization (CTBTO). 

Researchers at SCK•CEN are currently building a prototype installation 

to test a reduction of xenon emissions at the Institute for Radioelements 

(IRE), one of the leading producers of medical radioisotopes. This is 

technology that may be useful anywhere in the world, especially in 

countries neighbouring nations that are engaged in unlawful nuclear 

activities.

Worldwide application?
If the project for reducing xenon emissions is a success, the technique 

may be extended to several medical radioisotope producers worldwide. 

This would really help to diminish the worldwide background xenon 

level. The experience gained in this way may also be used to enhance 

the sensitivity of the xenon measuring stations in the International 

Monitoring System, for instance by filtering out radioactive xenon 

from the air more efficiently, particularly after a nuclear test or nuclear 

incident.

BEST 
PRESENTATION 

The ‘EU European Star Award 
2013’ for the best presentation 
on a topic that may improve the 
verification of nuclear tests was 
awarded to SCK•CEN during 
the CTBTO Science and Tech-
nology conference in Vienna.

Surface disposal of low-level and 
medium-level short-lived waste
How safe is the disposal facility in Dessel in the long term? 

A disposal facility for low-level and medium-level 

short-lived waste will be built on a site situated 

in Dessel. The facility will consist of 34 modules, 

which corresponds to a storage volume of 

approximately 70,000 m3. The waste containers 

are encapsulated in a concrete box which is filled 

with mortar. Approximately 900 of these blocks, 

or monoliths, fit inside each module. Such an 

imposing facility as this is only possible after an 

equally impressive study.

On 23 June 2006, the authorities decided 

to store low-level and medium-level 

short-lived waste – category A waste in 

short – in Belgium in a surface disposal 

facility in Dessel. ONDRAF/NIRAS, the 

Belgian Agency for Radioactive Waste 

and Enriched Fissile Materials, must 

submit a safety study to the Belgian 

Federal Agency for Nuclear Control 

(FANC) in order to obtain a construction 

and operating permit. It goes without 

saying that safety is the overriding 

parameter when it comes to planning 

and constructing a facility such as this. 

A team of researchers from SCK•CEN 

is working on the evaluation of the 

long-term safety and the fundamental 

science underlying this study. 

© CTBTO - Marianne Weiss
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Safety above all else
Safety is the highest priority for this 

project. In order to evaluate safety, 

the characteristics of the disposal 

facility need to be described in detail. 

It will not only store the waste, but 

also shield it from the environment. In 

addition, the precise characteristics of 

the stored waste products at the time 

of disposal need to be known. And 

finally, surveillance and monitoring of the 

facility will be indispensable in order to 

guarantee safety. 

Nobody can look into 
the future, but computer 
models can provide a 
valuable simulation.

Surface disposal 
The category A waste facility in Dessel is a surface disposal 

facility. This means that it will be built above ground. The 

installation is, therefore, in direct contact with the biosphere, 

and the safety evaluation must take into account the effect of 

future developments at the site, e.g. earthquakes, erosion and 

climatic changes. 

Water barrier 
Water seeping into the facility is the main way in which the 

waste radionuclides could be dissolved and then transported 

outside the facility. It is crucial to avoid any water infiltration 

during the initial operating phase (~ 50 years). A steel roof 

above the modules will ensure this. The roof will be removed 

at a later stage and replaced by a permanent covering layer. 

The performance of this layer will be followed up meticulously in 

such a manner that any water infiltration can be minimized for 

yet longer periods. 

A covering layer made from natural materials constitutes a first 

barrier against long-term water infiltration. The biological top 

layer (with vegetation) maximises evaporation from above. A 

stone layer in the middle of the covering protects the underlying 

compacted clay layer from plant roots and burrowing animals. 

The clay layers, underneath the cover, have low permeabilities. 

An impermeable concrete sheet is then placed on top of the 

storage modules. The various natural covering layers and the 

large quantity of concrete on top of the module, including the 

monolith itself, guarantee minor water infiltration in the facility for 

the longest period possible (several hundred years). 

Solid monoliths
Monoliths offer even more advantages. 

Thanks to the concrete shielding, they 

are safe to work with. The concrete 

also slows down the migration of 

radionuclides, thanks to the chemical 

bonding with the minerals in the cement. 

The thick concrete base of the module is 

underneath the monoliths which, in turn, 

results in a slow migration. The entire 

disposal facility will be built on a sandy 

soil and a sand-cement layer, sufficiently 

high enough above the water table that 

water cannot enter from below. 

Study into the effect of 
nuclides
Over time (hundreds to thousands of 

years), a fraction of the radionuclides 

which have not yet completely decayed 

inside the facility, will slowly migrate via 

the groundwater. This migration is an 

important aspect which will determine 

the radiological impact of the disposal 

facility. The main ways in which 

groundwater reaches the biosphere and 

mankind are via extraction wells, rivers 

or simply via rising water. SCK•CEN 

researchers have made different 

computer models which confirm that the 

radiological impact is small compared to 

the dose people are subjected to from 

natural radiation, and that in all cases, 

the legal dose restrictions are complied 

with.

© ONDRAF/NIRAS
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More research expected
In the next phase, SCK•CEN will 

contribute to finding answers to 

FANC’s additional questions, within 

the context of obtaining the permit for 

the disposal facility. At that time, a new 

phase of the research, development 

and demonstration programme for the 

ONDRAF/NIRAS surface disposal facility 

will be launched. SCK•CEN can play 

a further part in this phase by trying to 

minimise any uncertainties and thereby 

reinforcing trust and confidence in the 

long-term safety. 

In addition, a long-term experiment over 

30 years is planned for the final covering. 

In this study, SCK•CEN would study 

aspects such as percolation, stability, 

permeability and chemical variables. 

The interaction of the concrete with different environments, as 

well the theoretical and experimental work on this, will be an 

important issue in the future. Currently, three PhD students at 

SCK•CEN are studying the microstructural evolution of concrete 

when it comes into contact with an environment other than 

concrete. They are also carrying out experimental work on the 

degradation mechanisms of concrete, and scaling up laboratory 

and microstructural information to the real scale.

A several metres high file
An extremely detailed and compre-

hensive application file is required 

in order to request a permit for a 

category  A waste facility. SCK•CEN 

contributed substantially to ONDRAF/

NIRAS’s safety file, especially concerning 

those aspects related to long-term 

safety. The researchers’ main role was 

to provide scientific support for discus-

sions concerning safety. They trans-

formed phenomenological knowledge 

and possible evolutions in the disposal 

facility into numerical models which 

enabled thorough safety calculations 

to be performed. SCK•CEN provided 

important information about the flow of 

water through the covering, the chemical 

bonding of radionuclides to concrete, the 

biosphere characteristics, the geology of 

the site and the possible consequences 

of future climate changes. 

Calculate and simulate
Nobody can predict the future, but it is possible to make 

valid simulations using computer models. The covering layers 

were designed very carefully, using numerical simulations and 

experimental data to optimise the composition, in order to 

minimise water infiltration. The concrete barriers are one of 

the most important elements regarding long-term safety of the 

surface disposal facility.

How did the team at SCK•CEN approach the study? The first 

step to demonstrate long-term safety is to gather, select and 

document the existing data and knowledge. There is a huge 

amount of data relating to the physical and chemical properties 

of concrete. Because the concrete comes into contact with 

the environment, its properties will change gradually and it will 

therefore contribute less and less to the safety of the facility. 

This evolution has been studied on a geochemical basis and by 

using simplified models. 

To assess uncertainties about any future developments and the 

evolution of the facility, numerous scenarios were considered 

and safety analyses were carried out. They demonstrate the 

safety margins associated with any radiological consequences.

In cooperation with ONDRAF/NIRAS and other partners, a team 

at SCK•CEN has developed scenarios to assess the impact of 

the properties of the different components, and their evolution, in 

the installation in terms of security and operational reliability. The 

hydrogeological conditions have been studied using numerical 

simulation to model the groundwater. A regional model over a 

large-scale was also built, with its own extensive experimental 

network. And finally, the processes taking place in the biosphere 

have been analysed, and much associated data collected.

The permit procedure for the disposal facility in Dessel is a 

stepwise process. In January 2013, ONDRAF/NIRAS presented 

the results of more than six years of research to FANC, which 

will ask a number of additional questions regarding this file. 

SCK•CEN will 
contribute to finding 
answers to FANC’s 
additional questions.
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