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ABSTRACT 

When designing an upgrade of early warning network for radiological emergencies one 
has to consider physical criteria as well as technical and financial possibilities, making the 
system the best possible compromise between the above mentioned aspects. In the case of the 
Slovenian Early Warning System (EWS) upgrade, the design was even harder because of the 
need to implement the existing measuring sites into the new scheme. We plan to add 35 new 
locations with external radiation and meteorology measurements to the 42 already existing 
sites. 

In the article we will describe the selection criteria for measuring sites and the 
requirements for the measuring equipment as well as a discussion of the physical quantities 
that need to be measured. In addition to gamma dose rate measurements, which are essential 
for radiological emergencies, meteorological measurements also provide vital information for 
the assessment of the situation. Especially we describe an additional necessary meteorological 
equipment which has to be installed.  

Today’s communication technologies offer many possibilities for data transfer from the 
measuring site to the central data gathering unit and one has to choose the most appropriate 
one, primarily considering reliability but also cost effectiveness. For that reason new 
measuring sites will be at the locations already used for meteorological measurements by the 
Environmental Agency of the Republic of Slovenia. 

The Central Unit (CU) of such a network is the core of the system were all data have to 
be controlled, analysed and presented to the operator providing him with as much data as 
possible in a simple and clear fashion. 

1 INTRODUCTION 

An Early Warning System (EWS) for radiological emergencies has to be able to give 
real time, reliable and complete information to the operators and decision makers. At the same 
time it has to be simple to use and easily accessed on-line. While designing an EWS one must 
strive to fulfil these requirements. When making an upgrade of an already existing EWS [1] is 
very important to identify the areas where the present system is lacking while making sure to 
keep all the good elements. In the upgrade of the Slovenian EWS the Slovenian Nuclear 
Safety Administration (SNSA) [2] decided to keep all 42 existing stations while adding 35 
new ones. This alone would be a great improvement in the coverage of the Slovenian territory 
and inhabitants, but we also plan to completely redo the software of the central unit (CU) for 
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data gathering, archiving, analysis, reporting and alarming. The CU will poll the probes at 30 
minute intervals which can automatically switch to 5 minutes in case of increased radiation 
levels. 

2 SITE SELECTION CRITERIA 

For such purposes the measuring locations have to fulfil some basic radiation moni-
toring criteria (population density, distance from border, distance from NPP, precipitation 
rate, land use) [3]. New stations are presented on Figure 1 as circles, old ones as triangles. 

 
Figure 1: Old stations are denoted with blue colour, new with red 

The final site selection was done in co-operation with the Environmental Agency of the 
Republic of Slovenia (EARS). The EARS is already the biggest radiological and 
meteorological data provider in the existing system, thus it was decided to expand their 
measuring network. 34 sites for meteorological measurements previously used off-line will be 
connected to the EWS and 1 new site will be introduced. 

3 MEASURING EQUIPMENT 

Although the EWS is designed for radiological purposes, it is of utmost importance to 
also include meteorological measurements since it is essential to have both for data 
evaluation. All the new sites will be equipped with new gamma radiation measuring probes. A 
majority of the sites were used for various meteorological and hydrological measurements so 
the existing equipment will be used wherever it is possible and upgraded where it is 
necessary. Since precipitation is the most important meteorological quantity for radiological 
evaluation, all sites where there is no information on rainfall will be equipped with 
precipitation gauges (ombrometers). 

 
3.1 Radiological measuring equipment 

The gamma radiation measuring probes must provide accurate readings of the measured 
physical quantity as well as reliable data transfer to the system central unit. The measuring 
range of the probes must be from 0,05 µSv/h, which is just below natural background, to 1 
Sv/h. The response in this range must be linear with a maximum error of 10%. Energy 
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response must also be linear through the whole gamma radiation energy range so the maximal 
error compared to the 137Cs response (662 keV) is 30%. The required sensitivity of the probes 
is 0,01 µSv/h, since more accurate measurements are meaningless due to the 30 minute 
integration time. The probe should have and integrated data logging device which will enable 
data storage and communication with the central unit. In the case of increased radiation levels, 
the probes must be able to decrease the default measuring interval to provide data at a faster 
rate. It is essential for the probes to have an internal memory for at least 7 days in case of data 
transfer breakdown, as well as an uninterrupted power supply for protection and power 
failures. In addition to the conditions mentioned above, the probes must operate in a wide 
temperature range and be protected against lightning and humidity. 

 
3.2 Meteorological measuring equipment 

The most important meteorological equipment from the radiological point of view are 
ombrometers. These measuring devices will have weighing gauges sensor types and a heated 
collecting ring. In addition to those, two complete automatic meteorological stations with 
temperature, air pressure, wind speed and direction, humidity and precipitation sensors will be 
installed, as well as several sets of sensors for existing meteorological stations. These data are 
valuable as input for dispersion modelling and programs like RODOS that require real time 
data for interactive calculation of radiological release consequences. 

4 EARLY WARNING SYSTEM CENTRAL UNIT 

The Central unit (CU) is the most important part of the system. It’s role is to gather, 
archive and analyse data, make reports on the situation automatically or at operator request, as 
well as provide alarm signals in case of increased radiation levels. It has to ensure high 
availability of the data in real time for the operators and other systems that depend upon it. 
Since the new system will be introduced through co-operation with the EARS there will be 
two central units, one at the SNSA and one at the EARS. Figure 2 shows a simplified scheme 
of the EWS. New measuring locations will form a new subsystem at the EARS, the polling of 
these stations will be done from there along with the existing stations and the results will be 
sent to the SNSA via fast government computer network (HKOM). 

 

 
Figure 2: Overview of the EWS system 



307.4 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 6-9, 2004 

Data will then be analysed, prepared for expert and public use and also archived. The 
data from other previously used subsystems (Krško NPP, SNSA, Milan Vidmar Institute - 
EIMV, Thermal Power Plants - TPP) will be integrated into the new system. The data that are 
available only at the SNSA (international exchange data, aerosol measurements and dry 
deposition evaluation) will be sent to the EARS, so both centres will have a complete picture 
of the radiological situation. 

 
4.1 Data flow diagram 

The new gamma probes will be connected via ISDN line to the communication module 
of the Central Unit at EARS, which polls the probes at regular intervals. The data carrying 
elements are shown in the Figure 3. 

 

 
Figure 3: Data flow diagram. 

Measuring probes should be connected via RS232C or standard Ethernet. Connection of 
the probe to the central unit at the EARS should be achieved through ISDN modem and 
telephone line. At the EARS, the data are stored and forwarded to the SNSA via fast 
government computer network (HKOM), where the analysis, archiving and preparation for 
public use take place.  

 
4.2 Hardware requirements 

While it is inevitable for some probes to fail from time to time, it is essential for the 
Central Units to function with a level of availability close to 100%. This can be achieved 
through the use of two industrial standard computers working in parallel and independently. 
There will be 2 communication servers performing polling tasks at EARS and 2 database 
servers both at the SNSA and EARS performing archiving, analysis, alarming and data 
visualisation. The software must be adapted to this hardware solution. 
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5 EWS SOFTWARE CHARACTERISTICS 

One of the most important parts of the EWS is data management. All data are received 
in form of short ASCII files from measuring probes. These have to be checked for validity 
first, then stored in a database, which will be duplicated in the EARS and the SNSA. All 
stations, regardless of origin and data format will be incorporated in that database uniformly. 
All EWS functions, from simple data presentation to complex analysis, will later be 
performed with the data retrieved from that database. 

 
5.1 Main principles 

The EWS software must be thin client based so it can be run from any computer with 
suitable access to the servers at SNSA or EARS. There will be 3 levels of access:  
• PUBLIC PORTAL, intended for the public which will include basic time diagram and 

table forms representing various data, as well as simple geographical presentations.  
• INTERNAL PORTAL, intended for the SNSA and EARS staff, will consist of all features 

mentioned above with added presentation and additional analytical tools. It should be 
password protected. 

• ADMINISTRATION PORTAL is intended for user as well as station administration. It 
should be password protected. 

 
The idea is that the public portal should be available at the SNSA web site for anyone 

who wishes to get basic information on radiation levels available in the EWS. All data will be 
on-line or with a slight delay. In this part of the system users will have access to data tables, 
time diagrams of different measurements and simple geographic presentations. The internal 
portal, in addition to all public features, will have a wider range of presentation modes. More 
important are the analytical tools available to SNSA and EARS staff. These will ensure that 
the operators can easily and quickly analyse any data sent by the measuring stations and act 
upon the conclusions. The administration portal access will be restricted to system 
administrators and will be used to determine privileges and levels of access for different 
users, as well as station management. 

 
5.2 Data presentation 

Data will be presented in tables and time series, as well as geographical presentations. 
All stations will be grouped according to the physical values they measure (dose rate, 
meteorology, aerosol concentration in air, dry deposition) and geographically (Krško and 
Ljubljana regions, Slovenia, Croatia, Austria). This will enable the user to concentrate on the 
specific data which he/she is interested in. User will be able to chose pre-set reports (i.e. last 
measurements) or interactively choose an interval and see all measured data in a tabelaric 
form or a time diagram. 

 
5.3 Geographical presentation 

Geographical presentations are a powerful tool for data presentation because of the 
large amount of data that can be shown in this way. Figure 4 shows a simple example where 
measuring locations in Slovenia are shown. The colour of the dot represents the measuring 
interval so the user can quickly survey many stations, which would not be the case for 
tabelaric presentations. Many additional layers of data are available, for instance numerical 
values, meteorological data or station status. These data can be superimposed on the map by 
the user if he/she needs them. 
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Figure 4: Geographical presentation of data. 

Isoline graphical presentation is shown in the Figure 5. It is made of a smooth 3D plot 
calculated from on-line measurements. Two kinds of isoline presentations will be available: 
one for measured values and one for the deviation from 1 year background, which will be of 
great help for quick identification of areas with increased levels of radiation. 

 
Figure 5: Isoline graphical presentation of gamma dose rate measurements. 

5.4 Analytical tools 

The analytical tools will be the biggest improvement in the EWS software compared to 
the old one. They will enable the operators to better understand the data and provide quicker 
solutions in case of any problems. One of the areas of greatest interest to the operator is the 
delay of data from the time it is measured in the station to the time it is received by the EWS 
software. This time must be as short as possible to enable quick response in case of elevated 
measurement values. The Figure 6 shows a diagram of data delay measured in 30 minute 
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intervals. Ideally, this diagram would show all zero values. The peaks represent data received 
later, typically when a broken down communication line is repaired. 

Daily and monthly summaries are also of great value to the operators with information 
on measurement averages, which can indicate long term level deviations, and data 
availability, which is the most important factor and needs to be as close to 100% as possible. 

Simplified model for contamination propagation will also be on operator’s disposal. The 
system will calculate short term dispersion of pollution from the Krško nuclear power plant, 
based on on-line measurements. 

 
5.5 Pre-set data reports 

Apart from periodical reports for internal or public use [4], the SNSA has contracted 
obligation with other countries and international organisations concerning data exchange. For 
this reason the EWS will have a tool for developing various user defined reports. Templates 
for reports will be defined by the system administrator, which will be filled with live data at 
pre-set intervals and sent to recipients. 

 
5.6 Alarming 

The SNSA has an officer on duty at all times. He/she will be the recipient of alarms 
generated by the system and will act accordingly to the nature of the alarm. The alarm 
messages will be sent by email and GSM short message service (SMS) and will indicate a 
wide range of categories from maintenance warning to elevated gamma dose rate. Elevated 
measurement alarms are of special interest, and are shown in the Table 1. 

Table 1: Alarm types. 

Alarm type Condition 
Level 1 warning alarm one gamma probe over 250 nSv/h 
Level 2 alarm three gamma probes over 300 nSv/h 
Level 3 alarm three gamma probes over 500 nSv/h 
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Figure 5: Data delay analytical tool. 
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Responses for different alarm categories are indicated in the procedures defining the 
work of the officer on duty. He/she will have access to the system remotely, via laptop or 
hand-held computer. This will enable him/her to verify received data without being at the 
SNSA building, which greatly reduces response times in case of emergency. 

 

6 CONCLUSION 

In the process of designing the new Early Warning System the SNSA and EARS staff 
have used the existing system and working experience along with information on similar 
systems in other countries. The main benefit of the upgrade is the addition of 34 new stations 
making the total number 75, which will enable much better coverage of the Slovenian 
territory. The main intent with all hardware changes in both SNSA and EARS central units 
was to improve the reliability of the system by introducing backup elements both for 
communication and data storage and analysis. New software features and properties were 
defined based on our working experience in the SNSA radiation monitoring department. Main 
improvements will be in the area of data presentation, with the introduction of new analytical 
tools. Alarming features and data reporting will be greatly simplified as well as remote access 
to the system which will significantly shorten response times in case of radiological 
emergency. 
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