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ABSTRACT 

Local decision support system has been developed based on the needs of  Krško 
Nuclear Power Plant for quick dose projection and it is one of  important features required for  
proposal of intervention before actual release may occur. Radiological emergency assessment 
in the case of nuclear accident is based on plant status analysis, radiation monitoring data and 
on prediction of release of radioactive sources to the environment. There are possibilities to 
use automatic features to predict release source term  and manual options for selection of 
release parameters. Advanced environmental modelling is used for assessment of  
atmospheric dispersion of radioactive contamination in the environment. 

1 INTRODUCTION  

A real time operating system for decision making support at Krško NPP has been 
developed during recent years. Besides providing radiation and meteorological monitoring 
data,  its main feature is dose projection together with real time calculations of reactor core 
activity (source term), and the connection to the advanced modelling of  atmospheric 
dispersion. 

The system's software gives a user friendly information to the operator about actual 
release or provides him a possibility to model a potential release. 

Protective action decision making is derived from plant status emergency classification 
and supported by  the radiological projections and measurements. The recommendations to 
the authorities can be prepared in a short time using some of radiological emergency 
assessment procedures.  

The procedures and algorithms were prepared by Radiation Protection Departement of 
Krško NPP. The selection of radionuclides for dose calculation was done based on their 
radiological importance. A specialised company has designed data acquisition system, and it 
was engaged in software development. An option to use different selections of radiological 
source term, advanced dispersion model,  and user friendly software with real time 
information are  advantages of this decision support system. 
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2 SYSTEM FUNCTION DESCRIPTION 

The central unit of the system is personal computer with software application providing 
the following:  

- using of meteorological data from local environmental stations, 
- display of environmental radiation monitoring data, 
- using real time reactor power data for source term calculation,  
- receiving information from plant effluent monitoring channels, 
- manual options also for most automatic data inputs, 
- core damage assessment based on basic information, 
- definition of release source term based on measurements or safety assessments, 
- dose calculation and presentation for early exposure pathways, and 
- graphical modules for  presentation of the results. 
Meteorological and radiation monitoring data acquisition and processing is performed 

by additional communication computer unit.  Meteorological data are provided from site 
meteorological tower and sodar unit. Additional or backup data can be used from three other 
meteorological stations around the plant or from state prognostic service. Flowchart of main 
system functions is presented in the Table 1 below. 

  
Table 1: System function flowchart 
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orographic and land use resolution of 250m. The data acquisition and modelling calculations 
are made every half an hour and are completely automated. Radiation monitoring data are 
refreshed every minute. 

The software is written in a user friendly way, automated as much as possible and made 
on Windows platform for the PCs. 
 
2.1 Calculation of core radioactivity 

Radioactivity of the nuclides in the reactor core is calculated in real time using 
measured reactor power data. About forty nuclides were selected to be important in potential 
containment release source term [1]. Display of activity of a selected nuclide’s may provide 
follow-up of dose calculation procedure from the beginning. 

 
2.2 Core damage assessment 

Core damage assessment is based on the recommendations of Westinghouse Owners 
Group [2]. Basic data are provided from reactor core exit thermocouples, containment 
radiation monitoring, indication of reactor vessel level, and some verification to define extent 
of damage.  These data are used in the plant status analysis according to the radiological 
emergency plan.  Screen of core damage assessment module is presented in the Figure 1.   

 
 

 
 

Figure 1: Computer screen for core damage data input selection and presentation 
 
 

2.3 Definition of release source term  

The software provides some options to select the release source terms based on: 
- core damage monitoring and assessment 
- in-containment sampling and radiochemical analysis 
- effluent monitoring 
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- tables of pre-defined specific release scenarios 
- tables of conservative release scenarios of regulatory guide 

The reliable source term definition is possible by using real monitoring data and there 
are also other options using default data from probabilistic safety assessments [3] or from the 
regulatory guide [4].  The release source definition is supported by screen displays.   

 
2.4 Effluent monitoring 

The effluent monitoring system is composed of the old low range noble gases monitors, 
particulate and iodine monitors. The system was modernised by post accident radiation 
monitoring channels for noble gasses providing also redundant low range channels and 
sampling of high activities of particulates and iodine [5]. There is also sampling for 
continuous gamma analysis of noble gases from the plant vent.   
 
2.5 Meteorological monitoring 

Environmental Information System consists of three ground level meteorological 
stations, tower station and SODAR. Ground level meteorological stations in the surroundings 
of the NPP measure basic meteorological parameters (wind speed and direction on 10m, air 
temperature, precipitation and relative humidity). The tower station on the NPP site has a 70m 
tower that measures basic meteorological parameters on 2m, 10m, 40m and 70m. It also 
measures global solar radiation and air pressure. The SODAR is near the tower station and it 
measures wind speed and direction on several levels above the tower level (up to 300 m or 
500 m). All data are collected every half hour. 

 
2.6 Atmospheric dispersion modelling  

The intention was to use all available automatic on-line measurements of the 
radiological monitors in the NPP, meteorological sensors in the surrounding and a modern 
atmospheric dispersion model capable of accurate calculations in the complex orography.  
The old software version uses only simple Gaussian air pollution dispersion model. In the 
new version the numerical Lagrangian particle model “Spray” with three dimensional wind 
and turbulence field reconstruction was introduced in the year 2003 [6]. The model is having 
good references for regulatory purposes [7] and it is believed that is state of the art especially 
for the industry applications.  The special paper about atmospheric dispersion modelling 
modules of the system is also available on the conference [8].   

 
2.7 Dose calculation 

Dose modelling is dealing only with three exposure pathways: radiation from the cloud, 
internal exposure due to inhalation and external exposure from wet or dry deposition. For the 
first two pathways the modelling is more reliable than in the case of deposition, but for wet 
deposition actual measurements will be available as the input.  Useful simplification was 
introduced for the decay time calculation within numerical modelling by taking into account 
average travelling time from the source to the point of exposure. Dose is calculated by use of 
dose conversion factors as they are defined in the regulation for noble gases [9] and for intake 
of other release fractions [10]. 
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3 RADIOLOGICAL EMERGENCY ASSESSMENT 

3.1 Dose projection 

Dose is projected for the entire release of the source term for exposed person in the 
surrounding. This kind of projection is possible in early stage of the accident before release 
may happen for the 25 km by 25 km area with the Krško town basin and some nearby hills 
and valleys. 

For severe accident scenarios, it may be expected, that on-line parameters would not be 
completely available and the alternative possibilities are included in the software. It depends 
on the operator to decide how to select the release parameters according to the available data. 

Dose is projected and presented for different fractions of the source term (Figure 2). 
External exposure is calculated due to noble gases and volatile elements in the cloud. External 
dose may be of reasonable concern since noble gas release is most probable scenario. Internal 
dose is calculated as committed effective dose and thyroid dose due to inhalation of iodine 
and tellurium. The assessment of volatile fraction (with iodine and caesium) is important due 
to high radiological risk. No protection measures are taken into account for this dose 
projection since it is an input for their recommendations. Thyroid dose projection is the 
important input for iodine prophylaxis. Dose calculation due to deposition will be introduced 
in the near future  taking into account that uncertainties in this case are very high and the user 
should easy check the result if necessary according to actual conditions. 

 
 

 
 

Figure 2: Table of  dose projection results 
 
 
3.2 Dose rate calculation 

In the case of the release of noble gases which are monitored by the effluent radiation 
monitors, the software has an automatic option to present a map of the plant’s surrounding 
with the mark-up of dose rates. The iso-dose rate curves are displayed according to the plant 
emergency action levels which are defined (at the distance of 500 m from the reactor) as 
follows: 0.57 µSv/h for Unusual Event, 5.7 µSv/h  for Alert,  0.5 mSv/h for ½ h for Site 
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Emergency and 10 mSv/h for General Emergency. This kind of presentation is provided 
already by the simple Gaussian model. 

Dose rate from iodine to thyroid is calculated as one hour exposure due to the inhalation 
of  the effluents monitored by low range monitor or defined after release by post accident 
effluent sampling procedures.   
 
3.3 Usage of the system 

Local decision support system with its radiological source term and dose projection 
modules  is one of the tools for a quick evaluation of possible consequences of nuclear 
accident before actual release to the environment may occur. It is a parallel feature to the set 
of pre-defined actions related to plant emergency conditions which may help in decision 
making about protection measures such as evacuation. Figure 3 shows an example of 
comparison to the intervention levels. 

 

 
 

Figure 3: Comparison of calculated doses to the intervention levels 
 
 
One of the system function is also to follow up and display readings of effluent 

monitors.  It provides a quick printing of these data together with initial dose assessment.  
The automatic connection to the advanced dispersion modelling provides at the present 

the most accurate assessment of the transport of radioactive materials using current 
meteorological parameters.  The transport of radioactive materials is displayed by the system 
in three dimensions (3D),  dose projection is in 2D map. The dose projection map is showed 
in Figure 4.   

In case of dose projection for changing atmospheric conditions the system can be up-
graded to include  typical local meteorological patterns. The radiological release source term 



604.7 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 8-11, 2003 

provided by the system in a short time and its three dimensional air pollution dispersion 
reconstruction may be also needed as input for larger scale dose projections. 

The system is installed in Technical Support Centre of the Plant and in Offsite 
Emergency Facility in Ljubljana. It provides the efficient tools in case of emergency as well 
as for radiological emergency drills.  

 

 
 

Figure 4: Example of a map with dose projection 
 

4 CONCLUSIONS 

The described local decision support system and its radiological emergency assessment 
provide accurate initial reactor core radioactivity calculations, effluent monitoring, core 
damage and potential release source term assessment.  User is provided with quick assessment 
procedures and may define release pathway. Advanced 3D numerical atmospheric dispersion 
modelling ensures state of the art tool for local situation. The exposure pathways taken into 
account are relevant for recommendation of the protection measures.  

ACKNOWLEDGMENTS 

We would like to expres our gratitude to Mr. Stane Rožman, president of the Krško 
NPP Management Board, to his full support in successful completion of this project,  as well 
as  to Prof. Borut Mavko, member of Krško Safety Committee, for his support in initial stage 
of the procedures development. Introduction of the advanced  atmospheric dispersion 
modelling was a request of Slovenian Nuclear Safety Administration which is also 
acknowledged.    



604.8 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 8-11, 2003 

REFERENCES  

[1] B. Breznik, M. Božnar, P.  Mlakar, "Dose Projection Procedure", Proc. Int. Conf. Nuclear 
Energy in Central Europe '97, Bled, Slovenia, September 7-10, Nuclear Society of 
Slovenia, 1997, pp. 145-152. 

[2] Westinghouse Electric Corp., Westinghouse Owners Group Core Damage Assessment 
Guidance, Systems and Major Projects Division, P.O.Box  355, Pittsburg 1996, WCAP-
14696. 

[3] NE Krško-Westinghouse, Individual Plant Examination of Krško NPP, Level 2 Report, 
Vol 3, Source Term Notebook, WENX/94/42. 

[4] U.S.NRC, Accident Source Terms for Light-Water Nuclear Power Plants, 1995, NUREG-
1465. 

[5] B. Breznik, G. Champion, "Additional Continuous and Post Accident Radiation 
Monitoring and Effluent Sampling at Krško Plant", Proc. Annual Meeting of  Slovenian 
Nuclear Society '94, Rogaška Slatina, Slovenia, September 18-21, Nuclear Society of 
Slovenia, 1994, pp. 351-357. 

[6] B. Breznik, M. Z. Božnar, P. Mlakar, G. Tinarelli "Dose Projection Using Dispersion 
Models", Proc. 8th Int. Conf. on Harmonisation within Atmospheric Dispersion Modelling 
for Regulatory Purposes, Sofia, Bulgaria, 14-17 October 2002, pp. 409-413 

[7] S. Finardi et al., "Integrated Air Quality Assessment of an Alpine Region: Evaluation of 
the Mont Blanc Tunnel Re-Opening Effects", Proc. 8th Int. Conf. on Harmonisation within 
Atmospheric Dispersion Modelling for Regulatory Purposes, Sofia, Bulgaria, 14-17 
October 2002, pp. 404-408 

[8] M. Z. Božnar, P. Mlakar, B. Breznik " Advanced modeling of potential air pollution 
dispersion around Krško NPP using 3D wind field reconstruction and numerical 
Lagrangean particle model", Proc. Int. Conf. Nuclear Energy for New Europe 2003, 
Portorož, Slovenia, September 8-11, Nuclear Society of Slovenia, 2003, (paper 602, this 
proceedings) 

[9] IAEA, Safety Series No.115 – International Basic Safety Standards, Vienna, 1996, page 
278. 

[10] Council Directive 96/29 Directive, “Basic safety standards for the protection of the 
health of workers and the general public against the dangers arising from ionizing 
radiation”, Official Journal EC, L 157, 1996, Table B.  


	INTRODUCTION
	SYSTEM FUNCTION DESCRIPTION
	Calculation of core radioactivity
	Core damage assessment
	Definition of release source term
	Effluent monitoring
	Meteorological monitoring
	Atmospheric dispersion modelling
	Dose calculation

	RADIOLOGICAL EMERGENCY ASSESSMENT
	Dose projection
	Dose rate calculation
	Usage of the system
	The system is installed in Technical Support Centre of the Plant and in Offsite Emergency Facility in Ljubljana. It provides the efficient tools in case of emergency as well as for radiological emergency drills.

	CONCLUSIONS

