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ABSTRACT 

In Slovenia the protective measures for population in case of a nuclear accident are 

determined by the National emergency response plan for nuclear and radiological accidents 

that was upgraded last time in 2010. The bases of the plan were prepared three decades ago at 

the time when Krško NPP started its operation. These bases comprise also the determination 

of the emergency planning zones around the NPP as well as predetermined measures for 

protection of population in these zones. 

The paper describes analyses that were performed at the Slovenian Nuclear Safety 

Administration to produce updated assessment of potential threat to the population in the NPP 

vicinity in case of severe accidents.  

The results of performed analyses give a valuable comparison with the bases for the 

National emergency response plan for nuclear and radiological accidents. Since this is a rather 

complex issue to be solved additional analyses shall be performed in the future. 

1 INTRODUCTION 

The implementation of countermeasures in the event of a nuclear accident in Slovenia is 

determined with the National emergency response plan for nuclear and radiological accidents 

[1]. The plan was updated in 2010. Fundamental assumptions of this plan based on NUREG-

0396 [2] were prepared three decades ago during the beginning of the Krško NPP operation. 

Basic assumptions also included determination of the size of the emergency planning zones 

around the plant and the measures envisaged for the implementation of protection measures 

for the population within these zones. NUREG 0396 proposed the Urgent Protective Action 

Planning Zone (UPZ) area of 10 miles (16 km) and the Long Term Protective Planning Zone 

(LPZ) area of 25 miles (40 km). 

Three major nuclear accidents contributed to the development of the emergency 

preparedness in the nuclear countries: accident at the Unit 2 of the Three Miles Island NPP in 

the USA in 1979, the accident at the Unit 4 of the Chernobyl NPP in the Ukraïne in 1986 and 

the accident at the Fukushima Daiichi NPP in Japan in 2011. 

In March 2011, a meltdown of reactor cores of Units 1, 2 and 3 of the Fukushima 

Daiichi NPP occurred as a consequence of damage caused by a strong earthquake and 

resulting tsunami. Spent fuel storages of the Fukushima Daiichi NPP were also threatened. A 

large quantity of radioactive material with activity of several thousands TBq was released in 
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the following weeks into the environment contaminating large area of Japan. Hundreds of 

thousands of people from the surrounding areas had to be permanently relocated and the 

economic loss was extensive.  

Each of these accidents had different consequences for the environment and from each 

of them new lessons regarding the planning of protective measures have been learned [3], [4]. 

For this reason a need for a thorough overhaul of the main assumptions in the National 

emergency response plan for nuclear and radiological accidents has increased.  

This article describes the analyzes which were carried out at the Slovenian Nuclear 

Safety Administration in order to come up with a new evaluation of potential threats to the 

NPP  and surrounding area in the event of a severe nuclear accident. With the knowledge and 

tools we have had at our disposal, we have simulated various scenarios of large releases of 

radioactivity from the nuclear power plant. The data on actual weather conditions provided by 

Slovenian Environmental Agency were used and the spread of radioactive materials was 

simulated with the program RODOS [5]. The latest recommendations of the IAEA [5] were 

also taken into account for these analyzes.  

2 BASIS FOR CALCULATIONS FROM THE IAEA STANDARDS 

New IAEA recommendations [6] defines four emergency planning zones around a NPP 

site and proposes their sizes. However it should be noted that this reference also says sizes of 

emergency planning zones could be established based on specific analysis of the nuclear 

power plant and local conditions, as long as releases that are representative of those expected 

for an emergency involving severe damage to reactor fuel are considered: 

1. PAZ - precautionary action zone, is an area within a radius of 3-5 km around the 

NPP. Measures in PAZ aim to prevent deterministic effects.  

2. UPZ - urgent protective action planning zone, is an area within a radius of 15-30 km 

around the NPP. Measures in UPZ are intended to prevent stochastic effects. 

Implementation of these measures shall not hinder measures taken in PAZ. 

3. EPD - extended planning distance in an area within a radius of 100 km around the 

NPP. Measures in EPD are intended to limit the contamination of food. Hot spots are 

identified and, if necessary, extend the EPD area. 

4. ICPD - ingestion and commodities planning distance in an area within a radius of 

300 km. Implementation of ICPD measures places grazing animals on protected (e.g. 

covered) feed,  sources of drinking water are protected and intake of locally 

produced food is prohibited or limited. The measurements of samples of food, water, 

milk and other products are carried out. 
 

Slovenian National emergency response plan for nuclear and radiological accidents [1] in the 

event of a nuclear accident at the Krško NPP is based on pre-determined protective measure 

planning zones:  

1. The Precautionary Action Zone (PAZ) is the area within a 3 km radius of the Krško 

NPP. In this area preventive evacuation of the population (if possible) begins 

immediately upon the declaration of a general emergency.  

2. The Urgent Protective Action Planning Zone (UPZ) is the area within a 10 km radius 

of the Krško NPP. Protective measures in this area are implemented on the basis of 

the development of an accident and on the basis of measurements. 

3. The Long-Term Protective Action Planning Zone (LPZ) is the area within a 25 km 

radius of the Krško NPP. Protective measures are implemented on the basis of 

measurements. 
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4. The Area of General Preparedness is the entire territory of Slovenia. Protective 

measures are implemented on the basis of measurements.  

Sizes of Emergency planning zones as specified by the National emergency response 

plan for nuclear and radiological accidents [1] and recommended sizes from the IAEA 

standard [6] are shown for comparison in Table 1. It is evident that the sizes of Emergency 

planning zones in Slovenia differ from IAEA recommendations. 

Table 1: Comparison of Emergency planning zones defined in the National emergency 

response plan for nuclear and radiological accidents [1] and the IAEA recommendations [5] 

Slovenian NNREP  IAEA recommendations 

PAZ 3 km PAZ 3-5 km 

UPZ 10 km UPZ 15-30 km 

LPZ 25 km EPD 100 km 

Area of general 

preparedness 

whole 

country 

ICPD 300 km 

 

The Table 2 provides a set of generic criteria from the IAEA standard [3], which are 

expressed in the form of dose calculated on the basis of the proposed reference level. The 

values in this table were taken as a guide in our analysis. Actions according to these criteria 

should ensure that in the event of a nuclear accident deterministic effects would not occur and 

the risk for stochastic effects is reduced to an acceptable level. When these measures are 

successfully implemented this would avert majority of the expected exposure of population. 

Table 2: Generic criteria for urgent and long-term action 

Generic criterion Examples of action 

Estimated dose in 7 days exceeds: Possible urgent and other measures: 

Deq, thyroid 50 mSv Iodine prophylaxis 

Def 

Deq, embryo 

100 mSv 

100 mSv 

sheltering, evacuation, decontamination, 

contamination control, restrictions for 

consumption of water, food and milk, informing 

and reassuring the public 

3 ANALYSIS 

The basic objective of the analysis was to determine the distances where calculated 

values reach the criteria for the onset of stochastic effects for each analyzed scenario: 

• 100 mSv effective dose to the whole body 

• 100 mSv equivalent dose for the fetus 

• 50 mSv equivalent dose to the thyroid 

Calculations with the program RODOS [5] were made for a period of 2 days because 

preliminary analysis showed that members of population receive almost the entire dose in 

these 2 days. We have used the DIPCOT module, which employs a Lagrangian dispersion 

model. According to estimates from the literature [7], the Lagrangian dispersion model is 

more suitable for the Krško NPP environment and climate because a Gaussian model is not 

well suited for calculations in calm weather. Low wind speeds are dominant in the region 

around Krško NPP, where the wind speed is less then 3 m/s about 75% of the time [8]. In 

such conditions the Gaussian model gives overestimated values.  
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With these calculations we have aimed to establish the optimal size of the UPZ 

recognizing and taking into account releases that are representative of those expected for an 

emergency involving severe damage to reactor fuel of the Krško NPP. Randomly selected 

weather conditions at the Krško NPP site in different seasons (range from 4 February 2013 to 

19 June 2013) provided by Slovenian Environmetal Agency were used in RODOS 

calculations to provide a realistic influence of weather variations on the radioactive material 

dispersion and deposition. For each scenario 38 calculations with different weather conditions 

were performed. In Figures 1 to 3 calculation results can be distiguished by different colours. 

For the sake of space saving only the results showing the effective dose calculations are 

shown. Complete set of results is available in the reference [9].  

4 RESULTS 

4.1 Severe accident scenarios with the filtered release of the containment atmosphere 

and with the direct release into the environmet 

The Krško NPP severe accident scenario was used as design basis for Safety Upgrade 

Program [8] that is under implementation and shall improve the plant robustness against 

extreme natural events and in case of severe accidents. This worst case scenario is based on 

extended loss of all AC power  and does not credit the use of any severe accident equipment 

or mobile equipment in the course of 24 hours (a “Fukushima scenario”). Plant conditions 

degrade with the leakage through reactor coolant pump seals. Heat sink is not available. No 

operator action to depressurize either primary or secondary systems is credited. Reactor 

coolant system breaks and reactor core is uncovered. Radioactive material is released from 

broken fuel cladding and later on from melted fuel pellets. The severe accident progresses to 

molten core relocation to the reactor pressure bottom and this causes the melt-through of the 

reactor vessel. The molten fuel (corium) is ejected into reactor cavity. Corium cooling is 

provided by water in the wet cavity. Pressure in the containment increases up to 6 bar abs 

when Passive Containment Filtered Venting System’s rupture disk breaks and relieves the 

containment pressure. The containment atmosphere passes through aerosol filters and a iodine 

filter. These filters decrease the content of aerosols (particulates) and iodine isotopes by a 

factor of 1000 and 100, respectively, while isotopes of noble gases are not absorbed [9]. The 

filtered release is discharged to the environment.  

The Krško NPP has installed Passive Containment Filtered Venting System (PCFVS) in 

2013 [10]. Prior to that design modification in such a scenario as is described above the plant 

containment would become severely challenged at pressures above 5 bar. Continuously rising 

containment pressure would lead to the containment rupture and direct release of the 

radioactivity to the environment.  

During such a scenario the largest release of radioactive isotopes from the fuel would 

occur. The source terms released into the environment have been calculated for scenarios with 

and without PCFVS to enable evaluation of the filtered venting efficiency. To calculate the 

core inventory and source term a generic methodology was applied [11].  

The resulting source terms for containment rupture and for filtered venting are 

presented in Table 3. The noble gases released activity is smaller in case of filtered release 

because only half of the containment atmosphere is released at first venting. We have used 

PCFVS design specifications data on decontamination factors of the filters what is a 

conservative approach. Actual measured decontamination factors for installed aerosol filters 

in the Krško NPP are about ten times higher. The calculation only applies to the first release 

through PCFVS to the environment in accordance with the scenario for the severe accident. 
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Table 3: Calculated source terms for containment rupture and for filtered containment venting 

 Containment rupture Filtered containment venting 

Noble gases 3,36E+15 Bq/s 1,68E+15 Bq/s 

Iodine isotopes 1,12E+15 Bq/s 1,13E+12 Bq/s 

Aerosols 5,84E+14 Bq/s 2,92E+11 Bq/s 

Total 5,06E+15 Bq/s 1,68E+15 Bq/s 

 

Analysis of radioactivity dispersion into the environment 

The results for containment rupture and a direct radioactivity release into the 

environment are presented in Figure 1 showing the outlined areas where values exceed the 

criteria for actions 100 mSv effective dose for the whole body. The results show that for such 

a low probability worst case scenario most of the releases reach beyond the 25 km zone. 

However, after installation of the PCFVS in 2013 there is only a very low probability for such 

an accident with containment rupture [8].  

 

 
Outer circle – 25 km Different colours represent results for different weather conditions 

Inner circle -  10 km 

Figure 1 Effective dose calculations for the worst case containment rupture scenario 

 

Results for filtered release through PCFVS are shown in Figure 2. Results show drastic 

shrink of affected area as all of calculated cases would fall inside the 10 km circle. 
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Outer circle – 25 km Different colours represent results for different weather conditions 

Middle circle -  10 km 

Inner circle – 3 km 

Figure 2: Effective dose calculations for filtered containment venting scenario 

 

4.2 Containment bypass scenario with steam generator tube rupture and reactor core 

damage 

Calculation of source term for the Krško NPP accident involving bypass of the 

containment via a ruptured steam generator was done using generic methodology [11] and the 

assumption of multiple U tubes break. The reactor coolant is being lost to the secondary 

circuit and the primary pressure decreases but the core injection cannot be established. 

Reactor coolant pumps are stopped and coolant loss through the break is decreased. Reactor 

core is uncovered 2 hours after the start of the accident and an hour later the fuel cladding 

fails. The release through the ruptured steam generator is not reduced or filtered on its way to 

the environment. Main steamline power operated valve is stuck open and radioactive steam is 

released directly into environment. The resulting source term for containment bypass scenario 

is presented in Table 4.  

 

Table 4: Calculated source terms for containment bypass with core damage 

 Containment bypass 

Noble gases 1,01E+15 Bq/s 

Iodine isotopes 5,09E+14 Bq/s 

Aerosols 1,29E+14 Bq/s 

Total 1,65E+15 Bq/s 
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Analysis of radioactivity dispersion into the environment 

Results of radioactive release dispersion into the environment are shown in Figure 3. 

They show that the area where actions criteria for effective dose would be exceeded in seven 

out of 38 cases even outside the 25 km zone!  

 

 

Outer circle – 25 km Different colours represent results for different weather conditions 

Middle circle -  10 km 

Inner circle – 3 km 

Figure 3: Effective dose calculations for containment bypass scenario 

5 CONCLUSIONS 

Results of the performed analysis are giving a valuable insight of the basic assumptions 

in the National emergency response plan for nuclear and radiological accidents.  

Radioactive contamination of the environment after a potential severe nuclear accident 

is influenced by a large number of uncertainties that preclude the required assurance of final 

results and therefore cannot determine the necessary size of the emergency planning zones 

with absolute certainty. The uncertainties are connected with assessment of reactor core 

damage, of different probabilities for physical barriers failures that prevent the leakage of 

radioactivity from the core to the environment and finally the uncertainties associated with the 

weather conditions.  

With the performed analysis we can conclude the following:  

1. We can not conclude on some explicit orientation of deprived zones in any direction. 

Randomly selected weather conditions at the site in different seasons surely do not 

show a distinct air masses travel in any specific direction. Therefore, it has no sense 

to plan the countermeasures corresponding to a particular direction, but to focus 

primarily on determining the size of emergency planning zones (PAZ - precautionary 
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action zone, UPZ - urgent protective action planning zone, and LPZ – long-term 

protective action planning zone).  

2. Most of the calculations show that it is reasonable to extend the zone for action of 

planned immediate evacuation from the current 3 km (PAZ) to the UPZ zone. 

However, the question remains if the UPZ is to be extended from current 10 km or 

even shrunk. To answer that further information about the probability of each 

scenario would be needed, which was not analysed in this study. The relevant 

analysis was under preparation during the time this article was prepared. When these 

probabilities are known, it could be decided which scenarios are sufficiently unlikely 

not to be taken into account in the revision of emergency planning zones. Evacuation 

would be implemented in the UPZ zone, first from the PAZ and then from the UPZ 

zone.  

3. Calculations show that areas at risk, depending on the weather conditions, could be 

extended to a particular direction even beyond the emergency planning zones. 

Therefore it is necessary to plan the extension of the scope of the countermeasures 

implementation beyond the predefined zones into the LPZ. In this case, the necessary 

measures shall be determined on the basis of in the field radioactivity measurements. 

Based on the calculations presented here it would be reasonable to extend the LPZ 

from the current 25 km to 40 km. 
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