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ABSTRACT 

The main task of the Early Warning System in Slovenia is to warn the competent 
authorities of the increase of external radiation. Only an efficient EWS can cope with the 
situation that we have in case of nuclear or radiation accident. For such purposes the 
measuring locations have to fulfil some basic radiation monitoring criteria (population 
density, distance from NPP, precipitation, land use). In this article the results of each criterion 
as well as the total set is described. The results of the applied criteria are presented with 
colour contour images. The purpose of this article is to allocate the critical areas on the 
territory of Slovenia that have to be considered in final determination of the appropriate 
measuring locations. 

1 INTRODUCTION 

Slovenian Nuclear Safety Administration (SNSA) is the regulatory body responsible for 
nuclear and radiation safety of nuclear facilities as well as radiation monitoring in the 
environment and early notification in case of nuclear or radiation accidents. The major system 
of radiation monitoring in the environment is the Central Radiation Early Warning System 
(CROSS) for immediate detection of increase of radiation on the territory of Slovenia due to a 
potential nuclear or radiation accident in the country or abroad [1]. The Central Radiation 
Early Warning System includes real-time measurement of external radiation as well as data 
on aerosol activity in the air. Measuring locations are spread throughout the country and are 
equipped with gamma dose rate probes for external radiation measuring. Some measuring 
stations are also equipped with devices for meteorological parameters measurements as well 
as with aerosol measuring detectors. SNSA collects data from 44 measuring locations of 
external gamma radiation that are managed by four different operators [1]. The following 
organisations operate the network system: the Krško NPP, the Environmental Agency (Office 
for Hydrometeorolgy), the SNSA and the Milan Vidmar Elektroinstitut. The disposition of the 
current gamma dose rate measuring locations is shown on figure 1. Data from measuring 
locations are transmitted to the CROSS system, which analyses, archives and presents the 
information of the external radiation on the SNSA web site. In order to improve the reliability 
of the data and to reduce the vulnerability of the existing EWS system, the SNSA applied for 
Phare project “Upgrading the EWS in Slovenia” for financial support of the system 
modernisation. The Phare programme is one of the three pre-accession instruments financed 
by the European Communities to assist the applicant countries of central Europe in their 
preparations for joining the European Union [2]. 
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Figure 1: Measuring locations of the external gamma radiation in Slovenia 

  The project was approved this year and will make possible to install new software, to 
replace some measuring devices with new ones and to introduce new locations for control of 
the external radiation. The determination of new locations is based upon the existing 
territorial distribution of gamma probes and predefined criteria. Criteria like population 
density, distance from the nuclear power plants, precipitation and land use were considered in 
the determination of new locations.   

2 MATERIAL AND METHODS 

The actual territorial distribution of gamma probes does not completely match with the 
defined criteria of design of EWS [3]. One of the main objectives of EWS is to provide 
accurate and timely data of the radiation situation in the environment. Four major criteria 
(population density, distance from NPPs, precipitation and land use) for the selection of the 
appropriate locations were considered. 

 
2.1 Population density 

Slovenia has two million inhabitants, from which about 40% live in cities with more 
than 5000 inhabitants. Territory of the Republic of Slovenia has a surface area of 20273 km2 
with population density of 96.1 man per km2 [4]. The distribution of the population on the 
territory of Slovenia is presented on figure 2. 
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Figure 2: Population density in Slovenia in relative units 

 
The figure shows the areas with high population that would, according to the population 

density criterion, require monitoring of the external radiation. Population density criterion 
demands the monitoring of the population areas to provide information to the public in case of 
an increased external radiation. The demand is higher in the areas with high density. This 
indicates that the cities with 5000 or more inhabitants will play a major role in the decision of 
choosing the appropriate locations for the dose rate measurements. This information is also 
important for the Administration for Civil Protection and Disaster Relief of the Republic of 
Slovenia, which makes decisions about the radiation precautions. The recent trend shows the 
growth of the population in towns and the decline in villages [4]. 
 
2.2 Distance from NPPs 

The distance from NPPs is the second important factor, when determining the 
appropriate monitoring locations. The relative distances of NPP Krško and NPP Paks were 
considered. The NPP Paks was taken into account because its distance (178 km from the 
Slovenian border). The distance from NPP is considered as an air distance and no relief of 
Slovenia is taken into account. 
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Figure 3: The relative risk of the exposure of external radiation in dependence from distance 

of NPPs 

With increasing the distance from the NPP the risk of the exposure to the radioactivity 
from nuclear accident is decreasing. It was taken a linear dependence between the distance 
and the risk, since the spreading speed (wind speed) of the radioactive material is more or less 
constant at the time of the radioactive release. The risk was normalized into relative units. The 
relative risks of NPP Krško and NPP Paks were summed together, giving the result presented 
on figure 3. The risk values are higher in the areas where the relative distance from both NPPs 
in short.  

 
2.3 Precipitation 

Another important factor in the case of a nuclear accident is precipitation. In case of an 
accident the released radioactive material can be deposited by precipitation, which produces 
higher contamination and consequently higher dose rate. The effect of precipitation was 
clearly seen in the Chernobyl accident where contamination was not uniformly distributed 
because of the rain. [5]. At the areas with rainfall the contamination was much higher even 
though the area was far from the area of the initiall release. The map of average yearly 
amount of precipitation in 1961-1990 period is shown on figure 4 [6]. The data are evaluated 
into percentage of the maximum value.  
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Figure 4: Relative distribution of the average yearly amount of rain in Slovenia  

The risk of contamination of the environment is higher at the areas with greater amount 
of rain, since the amount of rain indirectly presents the risk, if we have rain at the time of the 
radioactive release. 
 
2.4 The land use 

The last criterion that was considered in choosing of the appropriate monitoring 
locations was the use of land. In the table 1 the distribution of the land use in Slovenia is 
presented [4]. 

Table 1: Surfaces of different types of area in the Slovenia [4] 

Type of area Surface [km2] Surface [%] 
Forest area 12175.47 60.06 
Rural area 6915.74 34.11 
Water area 135.03 0.66 
Urban area 545.32 2.69 
Road area 198.71 0.98 
Railway 21.43 0.10 
Open area 281.30 1.40 
TOTAL 20273 100.00 

 
The forest areas are considered to be the natural forest plus trees in the urban areas, 

while the rural areas are the cultivated rural areas plus grassland (natural, grassland in urban 
areas). The open areas are all the areas on which there is no vegetation (rocks in the 
mountains, quarries, building sites). Upon the table 1 the monitors for the external radiation 
should be placed in the vicinity of the rural areas since they cover 34% of the territory of 
Slovenia and contribute in the food chain. The figure 5 [7] shows the areas with forest (green) 
on the territory of Slovenia and the others (yellow) of which 85% are the rural areas.  
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Figure 5: The forest areas on the territory of Slovenia [7] 

The figure is based on statistical data from year 1997, but since then there was no major 
change of the forest distribution, that would drastically influence the results. 

3 RESULTS 

The result leading to the final outcome was evaluated by summing the results of 
population density, distance from the NPPs and the precipitation criteria. 

  
Figure 6: Relative weights of important areas in Slovenia for monitoring of external radiation 
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All three criteria were weighted with different conversion factors because the criterion 
is not equivalent. The final outcome is shown on figure 6. From the figure the influence of 
each criterion can be seen. To go one step further to the final result we have to consider the 
rural areas. We get the final result if we consider the three-dimensional configuration of 
Slovenian territory shown on figure 7 [8].  

 
 

Figure 7: Three-dimensional configuration of Slovenian territory [8] 

The last figure makes the decisive step in determination of the new dose rate measuring 
locations. Namely the monitor can be put on top of some hill or mountain although there is 
low population density as well as low amount of rain. This way the passage of the radioactive 
cloud from the NPP can be detected and early radiation precautions can be taken. 

The three-dimensional configuration also helps defining, together with the figure of 
forest areas, the rural areas. The intention of results is to locate the important areas on the 
level  of the country for the Early Warning System.  

4 CONCLUSIONS 

Present part of the EWS related to external radiation consists of 44 monitoring sites and 
20 of them are installed in clusters. This makes and effective site density of 1.2 probes per 
1000 km2. With the upgrade of the EWS we will achieve site density of 3.2 probes per 1000 
km2. Considering the criteria such as population density, NPPs distance, precipitation and 
land use we define the areas that should have monitors for external radiation. For the final 
determination of locations we also have to consider the vicinity of the country borders as well 
as the existing infrastructure sites maintained by the Environmental Agency.  
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