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Abstract. The TELERAD network is primarily a measurement and early warning network. Its 212 stations 
constantly measure the overall radioactivity of the air, atmospheric dusts and river waters (Meuse, Sambre and 
Molse Nete) on the Belgian territory. These stations are linked to a centralised system that is automatically 
alerted in case an abnormal rise in radioactivity level is detected. The TELERAD network is supplemented by 
meteorological masts (10 meters and 30 meters height), which measure wind speed and direction, and by a set of 
mobile stations that can be deployed at any location on the territory. In the event of a nuclear accident, the 
discharge of radioactive substances into the atmosphere could lead to the launch of the nuclear emergency plan 
foreseen by the authorities. The TELERAD network would then play a crucial role in assessing the gravity of the 
accident, supporting decision making, optimising interventions and measures to be implemented to avert the 
effects of the accident and, subsequently, to remedy them, as well as informing the population on an ongoing 
basis. In normal circumstances, the TELERAD network measures the ambient dose rate due to external gamma 
radiation. This dose rate is essentially linked to the level of natural radioactivity. 
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1. Introduction 
 
The TELERAD network is the automatic remote radioactivity measuring network in Belgium. It 
comprises 212 stations, which constantly measure the radioactivity of the air and river waters. 
 
The stations are distributed throughout the entire country, around the Tihange, Doel, Mol and Fleurus 
nuclear sites, as well as in the urban areas close to these installations and in those around the Chooz 
nuclear site in France. The distribution of the measurement stations over the Belgian territory is shown 
in Fig. 1. These stations are linked to a centralised system that is automatically alerted in case an 
abnormal rise in radioactivity level is detected. 
 
2. Objectives of the network 
 
The TELERAD network is a measuring and early warning network and, as such, pursues the following 
two major objectives:  

− The continuous recording of measurements to provide all necessary statistical information on 
the level of radiation found in the country; 

− The setting off, without delay, of an alarm to signal the exceeding of a warning threshold. 
 
TELERAD is thus an alarm network that enables the real-time detection of any abnormal situation, 
which may lead, at its highest level of severity, to the activation of the national emergency plan for 
nuclear risks in Belgium. In the event of a nuclear accident, TELERAD will play an important role in 
supporting decision making, optimising interventions and countermeasures implemented by the 
relevant authorities, as well as keeping the country’s citizens informed on an ongoing basis. 

                                                 
* Presenting author, E-mail: michel.sonck@fanc.fgov.be 
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Figure 1: Distribution of the measurement stations over the Belgian territory 
 

 
 
3. TELERAD as a radiological instrument 
 
The stations used in the TELERAD network for measuring radioactivity in the air are of three types. 
 
The dosimetry stations for measuring the ambient gamma radioactivity, of which there are 128 on the 
territory and 61 around the nuclear sites of SCK•CEN (Mol), Tihange, Doel, IRE and around the Givet 
area for monitoring the Chooz nuclear site. Fig. 2 gives a view of the three detectors and the 
electronics inside this type of measurement stations. Each of these stations is furthermore equipped 
with a rain detector which provides information about the presence and duration of rainy periods. 
 
Figure 2: Exposed dosimetry station with view of its 3 detectors and connected electronics 
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The aerosol stations, of which there are 7, for measuring the radioactivity of dusts suspended in the 
air (aerosols and fine particles), which determine the total alpha and total beta radioactivity. Three 
aerosol stations (situated on the sites of SCK•CEN, IRE and FANC) are linked to a gamma spectrometry 
unit. The left part of Fig. 3 shows the alpha/beta measuring unit with a view of the unreeling filter tape 
which collects the dusts and particles impacted when air is pumped. These stations are supplemented 
by a unit measuring radioactive iodine on the aerosols and the air particles when a pre-determined 
threshold of beta radioactivity is exceeded. If the warning thresholds for total beta activity are 
exceeded, active carbon cartridges, intended to trap the radioactive iodine, are automatically measured 
after pumping in the outside air. The right part of Fig. 3 shows the detector in its casing (cylinder) with 
the tube containing the active carbon cartridges on the right. 
 
Figure 3: View of an aerosol station: total alpha and beta counter (left) and iodine counter (right) 
 

   
 
 
TELERAD also has 6 river stations which continuously measure the gamma radioactivity of river 
waters. These stations are installed close to the three rivers receiving discharges from nuclear sites and 
waste waters from major urban centres (combining research centres, universities and hospitals): the 
Meuse, the Sambre and the Molse Nete. These stations are large containers (see Fig. 4) from which an 
inlet and an outlet pipe allow river water to be pumped to the detector and returned after the 
radioactivity has been measured. 
 
Figure 4: Outside view of a river station with inlet and outlet pipes 
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Inside is a gamma spectrometry unit (NaI crystal coupled to a two channel analyser) housed in its own 
tank, surrounded by a strong lead screen, protected by a stainless steel casing in which the water 
pumped from the river enters and leaves (Fig. 5). To the left of the gamma spectrometry unit is a large 
volume water sampler (SwedMeter type) which enables a sample of the water in the pipe to be taken 
automatically as soon as a pre-set action level is exceeded. This water is stored in a 25-litre flask for 
subsequent gamma (and beta) spectrometry analyses in the laboratory. 
 
Figure 5: Inside view of a river station: view of the detector and the large volume water sampler and 
PP MOS 
 

 
 
On the far left of Fig. 5, a programmable automatic sampler (Buhler type PP MOS) enables water to 
be pumped into flasks for gamma, alpha and beta spectrometry (for additional radiologic monitoring 
of the territory). Fig. 6 shows the inside of the PP MOS with the pumping instruments in its upper 
section and all the 2.9-litre flasks (12 in total) at the bottom. This fully programmable unit enables pre-
determined volumes of water to be collected over a fixed time period and frequency. Above the 
PP MOS are the counting unit and the high voltage supply of the river station detector. 
 
Figure 6: Exposed view of an automatic sampler PP MOS 
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Finally, the TELERAD network is supplemented by a set of 24 new mobile stations for the 
measurement of ambient gamma radioactivity, shown in Fig. 7. These stations - now in a testing phase 
- will be installed in places to be subjected to more detailed examination. 
 
Figure 7: One of the 24 new mobile stations for ambient gamma dose measurement 
 

 
 
The TELERAD network has generated in 2007 a total of 161 alarms without any radiological impact: 
these alarms have mainly been induced by industrial operations and / or meteorological conditions. 
 
4. TELERAD as a radiological instrument for the nuclear emergency planning 
 
In the framework of the nuclear emergency planning, the TELERAD network gives essential data to the 
experts who evaluate the radiological situation and who propose countermeasures in case of a 
radiological incident or accident. 
 
These data will help to assess the gravity of the incident/accident, to optimise interventions and 
measures to be implemented to avert the effects of the incident/accident and, subsequently, to remedy 
them, as well as informing the population on an ongoing basis. 
 
Experts analyse the radiological situation by way of a software interface that shows the on line 
situation and condition of the different stations of the network (see Fig. 8). 
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Figure 8: Interface available to the experts for evaluating the radiological situation 
 

 
 
 
5. TELERAD as a meteorological instrument 
 
Along the borders and around nuclear sites, TELERAD also has 9 meteorological measuring 
instruments (wind speed and direction) installed on 10 m masts. There are also 4 additional 30 m 
meteorological masts located near the nuclear sites measuring wind speed and direction and sunshine. 
Presence, duration and intensity of rain are also monitored by rain detectors and pluviometers. 
 
These data are essential to detect quickly the origin of any foreign source of radioactivity and, 
depending on the wind speed and direction, to forecast what regions may be over-flown by a 
radioactive cloud and at what time this will happen. 
 
6. TELERAD as an instrument for calculating the external exposure dose rate 
 
In 2004-2005, a study was done by the FANC based on the data of 2002 and 2003 produced by the 
TELERAD network (accuracy, reliability…). The study led to the conclusions presented hereafter. 
 
The unavailability of the monitoring system, being defined as the time the stations do not produce 
useful data due to maintenance, malfunction…, is given for some monitoring station in Fig. 9. The 
overall unavailability of the entire network was 1.7%, respectively 0.9% for the years 2002 and 2003. 
Knowing that not all stations are out of order at the same time, we can conclude that the territory is 
effectively monitored continuously. 
 
The equivalent isodose charts from 2002 & 2003 (100% outside occupancy) varied between 0.8 and 
1.1 mSv/y (depending upon the region or soil composition) with a maximum standard deviation of 
0.4 mSv/y. Comparison of the TELERAD dose rates with data from the European Commission and with 
calculated dose rates according to soil composition showed that values were of the same order of 
magnitude (± 10% difference). We therefore can conclude that the dose rate values of the TELERAD 
network are representative and can be used to calculate equivalent or effective external doses with 
sufficient accuracy. 



7 

Figure 9: Unavailability of the IMN and IMA measurement stations for 2002 and 2003 
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Using the TELERAD outdoor dose rate data for estimating rapidly the annual effective dose received by 
man with indoor-and outdoor activities of respectively 80 and 20% displayed promising results. After 
subtraction of the cosmic contribution from the measured dose rates, the remaining values were 
increased by 20% which served as an estimation of the indoor dose rates. The average effective annual 
dose resulted in a value of 0.76 mSv/y, which is similar to the 0.75 mSv/y from [1] (1% difference). 
Although it is not a 100% accurate, the procedure has shown to be satisfactory for estimating quickly 
the annual effective dose with results that are representative within a margin of about 10%. 
 
As the TELERAD network measures a dose rate (µSv/h) continuously – and, as shown in previous 
paragraphs, data are accurate and reliable - it is possible to calculate the annual gamma exposure dose 
on a station-by-station basis and represent this in a map, which is shown in Fig. 10. The annual report 
of the radiological surveillance of the Belgian territory [2] integrates the TELERAD data through this 
graphical synthesis. The map in Fig. 10 represents the annual external exposure expressed in mSv 
(external gamma exposure dose) to which the territory is subjected.  
 
An analysis of the exposure map shows that the average gamma exposure dose in Belgium is 
1 mSv/year, that it varies from 0.8 mSv/year in the north to 0.9 mSv/year overall in Flanders and 
1.1 mSv/year overall in Wallonia and, more particularly, in the Ardennes. 
 
The exposure varies according to the nature of the soil. The doses are generally higher in old terrains 
made up of rock such as sandstone and schist, which is for Belgium the case in the Ardennes – see the 
geological map in Fig. 11. In Flanders, where the soil is predominantly made up of sedimentary 
terrains (sand, alluvium and clay), the doses are lower. It is noted that, in the far south of the country, 
i.e. a marly, clayey region with sandy-silty layers over a chalk sub-stratum, the dose declines to reach 
values comparable to those in the north/central part of the country. 
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Figure 10: Overview of the external annual dose measured by the TELERAD stations 
 

 
 
Figure 11: Geological situation of the Belgian territory 
 

 
 
7. Modernizations of the TELERAD network 
 
As a result of several technical shortcomings of the original TELERAD network, installed in 1998, the 
FANC decided in 2004 to modernize the system. These modernizations concerned mainly the ICT and 
telecommunication part of the system and not the detectors and related measurement systems. The old 
and new TELERAD systems coexisted for about 2 years.  
 
During 2006 a major external audit of the TELERAD system was performed. Although the results of 
this audit were positive for the new TELERAD system, some modifications and additions to the system 
were suggested. Following this audit, the FANC implemented these suggestions and by April 2007, 
the old TELERAD system was permanently put out of order. 



9 

The most important features of the new TELERAD system are discussed hereafter. 
 
The measurement results of all stations are sent every 10 minutes to the central servers and stored in a 
database. With the old system these data were sent to the servers only once a day, exception for 
particular stations in case of an alarm. Moreover, the system today uses standard telephone lines 
(ISDN), whereas the old system used expensive privately leased lines. Hence, in spite of the rise of the 
total number of communications, the costs related to telecommunication have substantially been 
reduced. 
 
Furthermore, the experts have access to the measurement results through the Internet. Thanks to the 
development of a VPN module, the experts can consult the database and evaluate the radiological 
condition of the territory from any place in the world. From the office they have direct access to the 
TELERAD servers and from any other place with Internet access, they can use a secured VPN 
connection. In case there would be no Internet connection available, a wireless GPRS connection still 
allows consulting the database. In all cases the access is realized through the user-friendly interface 
shown in Fig. 8, giving a clear overview of the radiological condition of the territory. This overview is 
based upon a color code indicating the status of each measurement station: green (OK), orange or red 
(radiological situation), blue (technical problem) … 
 
Thanks to the generalized accessibility to the system and thanks to the development of an automated 
alarming module, a 24/7 role of duty was organized for immediately analyzing all radiological 
situations that are detected by the TELERAD network. 
 
The availability of the modernized network is guaranteed by a complete redundant server cluster and 
database on a back-up site. In case the server cluster at the FANC HQ would not be available, the 
server cluster at the back-up site automatically takes over all tasks and functionalities. Hence, all 
manipulations remain at all times possible for the experts. 
 
8. Conclusions 
 
An overview of the current status of the Telerad network, the radiological surveillance network and 
early warning system of Belgium, was given. Its recent modernizations were discussed and the high 
availability of the system was presented. It was also shown how the system can be used for calculating 
the average external exposure to the population, clearly indicating variations in function of the nature 
of the soil. 
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