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Abstract 

 
The relatively frequent natural external events are usually of minor safety importance, because the NPPs 
are, with a significant safety margin, constructed and operated to withstand the effects of them. Thus, risk 
analysis is typically devoted to the natural events of exceptional intensity, which mostly have not occurred 
up to now, but which still could happen with some low probability, but critical consequences. Since 
“direct” plant specific data providing evidence about such events to occur is not at disposal, special data 
treatment and extrapolation methods have to be employed for frequency estimation. 
 
The paper summarizes possible approach to estimation of rate event frequency by means of extrapolation 
from available data and points out the potential problems and challenges encountered during the analysis. 
The general framework is commented in the presentation, regarding the effects of choice of probabilistic 
distribution (Gumbel distribution versus the others), methods of work with data records (To take out some 
observations and why?) and analysis of quality of input data sets (To mix the data sets from different 
sources or not? To use “old” observations?) 

 
In the first part of the paper, the approach to creation of NPP Dukovany deterministic design basis 
regarding natural external events, which was used in past, is summarized. The second, major part of the 
paper, is devoted to involvement of the ideas of probabilistic safety assessment into safety assessment of 
external hazards, including such specific topics as addressing the quality of available data records, 
discussion on possible violation of common assumptions expected to be valid by the rules of statistical data 
analysis and the ways how to fix it, the choice of probabilistic distribution modeling data variability etc. 
The examples of results achieved for NPP Dukovany site in Czech republic are given in the final section. 
 
This paper represents a coordinated effort with participation of experts and staff from engineering support 
organization UJV Rez, a .s. and both NPPs located in Czech Republic – Dukovany and Temelin. 
 
1. Introduction – NPP Dukovany design basis regarding natural external events 

 
With respect to extreme meteorological events, the original design requirements for NPP Dukovany were 
developed on the base of the Russian standard PIN AE-5.6 [1], used generally for all safety important 
structures, including buildings, and applied across technologies with high demands on safe operation. In 
this standard, the events with return period of 10 000 years (1E-04/year) were considered and conservative 
safety factors of 2,5 for extreme wind load, and 2,0 for extreme snow load were used, if sufficient data for 
a given time interval was not at disposal (what is quite typical for such events of extreme magnitude). In 
other words, the systems and buildings were designed and constructed to withstand the event of a 
magnitude 2,5 (2,0) times bigger than postulated event with return time period of 10 000 years. For non- 
safety important structures (buildings), less conservative Czech normative document CSN 73 0035 (Load 
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on civil constructions) [2] was used. The PGA value of 0,06g was used to define the requirements on plant 
system and structured design regarding seismic load. 

 
The main problem, which appeared later, during engineering support and evaluation of NPP Dukovany 
operation in nineties, was that the postulated requirements were not fully met during NPP construction. For 
that reason, reassessment of the design basis was performed in 2000 as a part of plant safety report revision 
on the base of following principles: 

 
 design basis for safety important structures/buildings was defined at 2 levels: 

 
 design load – represented by the events’ magnitude of return time period of once per 100 

years, 
 

 maximum estimated possible load – represented by the events’ magnitude of return time 
period of once per 10 000 years, 

 
 the statistical data analyzed in support of design basis reassessment covered history of 

meteorological parameters recorded both at local and several surrounding meteostations during 
last 30 years, 

 
 Gumbel probabilistic distribution was used for derivation of frequency of events, 

 
 the minimum PGA value for seismic event was increased on the base of recommendations in 

IAEA guidelines up to the value of 0,1g. 
 

 
The current values of natural events parameters corresponding to the design basis are presented in the 
following table [3]. These values are very close to those postulated in 2000 year. 

 
Table 1: NPP Dukovany natural events corresponding to design basis 

 

Meteorological event/ 
Parameter 

Return time 100 year Return time 10 000 year
Value Load Value Load 

Gusty wind / speed  
47,4 m/s  

 
 
 

2 
0,92 kN/m

64,1 m/s 

 
 
 
 
 

2 
1,68 kN/m

Instantaneous speed 
10 s average speed 38,4 m/s 51,9 m/s 

10 min average speed 26,5 m/s 35,8 m/s 

Basic wind load - CSN 

Basic wind load  - EN 
2

0,44 kN/m 
2

0,80 kN/m 
Snow / equivalent water column 109 mm 2

1,09 kN/m 195 mm 2
1,95 kN/m 

Rain precipitation / water column 
(per 24 hour) 

 
77 mm 

 
115 mm 

 

Maximum temperature /  
39°C 

 
46,2°C 

 
absolute early maximum 

6-hour average 38,5°C 46,2°C 
Minimum temperature/ absolute  

- 30,8°C 
 

- 46,7°C 
 

early minimum 
Daily average - 24,0°C - 37,8°C 
5 day average - 21,4°C - 35,3°C 
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In 2010-2011, new revision of design basis values for the natural events of extreme wind and extreme 
snow was carried out on the base of following principles: 

 
 maximum calculation load for safety important structures/buildings for the event return time of 

10 000 years (corresponding to frequency of event occurrence of 1E-04/year) was specified (in 
NPP Dukovany PSA project, the screening frequency for this event is 1E-07/year), 

 
 the codes for normal industry buildings design and construction were used for non-safety 

important structures/buildings, 
 

 CSN EN 1991-1-4 [4] and CSN EN 1991-1-3 [5] normative documents were not used for 
extreme wind and extreme snow, because the used values correspond to the return time of 50 
years only and the highest values can be excluded, based on the data from snow and wind maps 
with the records covering the history of last 50 years, 

 
 for derivation of values corresponding to the events with longer return periods – a probabilistic 

analysis and extrapolation has had to be used. 
 
It should be pointed out that, in general, the current design basis for NPPs in Czech Republic is much more 
conservative than for other industrial technologies or civil objects. First of all, the demands on the 
construction and design correspond to the values of natural events with return period of 10 000 years, not 
only 50 or 100 years. The estimation of values corresponding to long return time is connected with very 
high level of uncertainty. 
 
The values derived for design basis applications can be used in the process of estimation of initiating event 
frequency in a very straightforward manner. The values related to 100 and 10 000 year return period 
correspond to the frequencies of 10-2 and 10-4 per year, respectively. For any other value of a (critical) 
load, the frequency can be evaluated using the selected probabilistic distribution and interpolation of 
these two fixed values. 
 
2. Revision of natural external events design basis supported by probabilistic safety assessment and 
statistical data analysis 

 
Recently, in years 2010 and 2011, the design basis assessment regarding external hazards was up-dated. 
For NPP Dukovany, the most detailed analyses were done for extreme wind and extreme snow hazard, 
where the assumed risk impact was considered as dominating the other external hazards. 

 
Whereas the original, design basis data was based only on the observations recorded at two meteostations 
during 30 years of recorded experience, with not quite well documented assumptions, way of data 
collection, and reason for selection of the stations, the data records of wind speed from five meteostations 
(with similar meteorological conditions to those at plant site), in addition to the station located in plant site 
directly, were elaborated during the more recent analysis [6]: 
 

 Dukovany - 22 years of experience + 6 years added later, 
 

 Brno Turany – 49 years, 
 

 Kostelni Myslova – 50 years, 
 

 Kucharovice – 50 years, 
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 Luka – 35 years, 
 

 Pribyslav – 50 years of experience. 
 

 
In this phase, the analysis was supported by comprehensive correlation analysis of everyday observations 
taken from the individual data sources. The results of correlation analysis have shown pretty high level of 
correlation between the values taken from most of the selected data sources and, in general, have supported 
using of the available data from various meteo-stations located in plant vicinity. Since the Dukovany data 
were available over a relatively short time period only, non-parametric Spearman correlation coefficient 
was used for selection of the best fitting data source. 

 
Although the primary goal of the analysis was to derive the values of parameters of external events with 
expected return time period of 100 and 10 000 years, respectively, it was possible to use the results of 
extrapolation analysis also in the reverse way – for derivation of values of initiating event frequencies used 
in PSA study. This way, PSA experts, who became later an independent reviewer of methodology and 
results of the analysis originated in CHMU Brno, were involved into the exercise. During the revision and 
up-date of the analysis, the specialists from UJV Rez, a. s. provided important comments to various aspects 
of meteorological data collection and analysis – selection of data sources, treatment of various data quality 
issues, selection of probability distribution for modeling data variability and extrapolation (Gumbel versus 
the other distributions) and, particularly, interpretation of results of analysis. 

 
The selection of probabilistic distribution was a key point of the analysis. The following candidates were 
taken into consideration (the first three distributions are recommended by IAEA guidelines, the latter ones 
used by hydrometeorology experts, but only for analysis of events with much shorter return period, i.e. 50- 
100 years, than the events of a magnitude, which may cause real problem for NPP safety): 
 

1. Gumbel (skewness (s) = 1,14), 
 

2. Fréchet (s > 1,14), 
 

3. Weibull (s < 1,14), 
 

4. GEV (widely used by hydrometeorology institutes), 
 

5. 3 parametric lognormal distribution (s > 0 or s < 0, depending on concrete data sample), 
 

6. (two parametric) lognormal distribution. 
 

 
The first recommendation regarding distribution choice was made by CHMU experts in the more recent 
calculations, where Gumbel and GEV distributions were compared. In these calculations, the Kolmogorov- 
Smirnov test p-value was derived as a measure of fit of theoretical distribution with empirical data, leading 
to the conclusion that GEV distribution provides better fit. However, this conclusion was found 
inappropriate for highly improbable high magnitude natural events with very long return time period 
(10 000 years). 

 

 
Later, there was interesting discussion about distribution choice between UJV and CVUT Klokner institute 
specialists, where, despite to the recommendations in IAEA guides, 3 parametric lognormal distribution 
was preferred to Gumbel distribution by some experts. The reason for moving to the lognormal distribution 
was alleged excessive conservativeness of Gumbel distribution and a not very good fit of some data 
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samples with the skewness value of Gumbel distribution (which is 1,14 constantly). However, it was 
emphasized during the discussion that, for other empirical data, sample skewness was quite close to the 
postulated value and, on the other hand, the proposed 3-parametric log-normal distribution had other 
parameters or characteristics not quite well fitting the empirical data (courtosis). In fact, using 3-parametric 
lognormal distribution in testing computations (with empirical data from NPP Dukovany vicinity) led to 
extremely non-conservative results in comparison with what was expected to get from real data and also in 
comparison with the results of similar studies. 

 
Although such a discussion can be seen as fairly theoretical and oriented too much to the methodology of 
the analysis, the true is (as it was proven by a series of computations) that the choice of the distribution 
may have crucial impact on the overall results of the analysis and on consequently defined plant strategy 
how to treat external hazards and where the priorities are. 

 
In the following table, preliminary results of comparison of Gumbel and GEV distribution application are 
presented, with two methods of GEV parameters estimation applied – moment method and maximum 
likelihood estimation method. As it can be seen, GEV method produces fairly (unrealistic) close high wind 
speed values for 100 and 10 000 years return time period. For two data samples with the least number of 
observations, Gumbel distribution provides also relatively low extreme values, because the highest wind 
speed values close to those observed in NPP Dukovany vicinity are missing in these samples. However, the 
remaining four more complete samples, where the high wind speed values observed are available, produce 
significantly higher estimations of wind speed with return periods of 100 and, particularly, 10 000 years. 

 

 
 

Table 2: NPP Dukovany extreme winds speed estimations made on the base of records taken from 
several meteostations 

 

 
 
 

Characteristics 

 

Meteo‐station 

B2BTUR01  B2DUKO01  B2KMYS01  B2KUCH01  O2LUKA01  P3PRIB01 
 

Number of values 
 

49 
 

22  50  50  35 
 

50 

Reliability  Gumbel distribution, parameters estimated by method of weighed moments 

p‐value  50%  0,699  0,588  0,724  0,987  0,729  0,658 

N=100  50%  42,94  38,62  47,08  46,46  43,44  45,44 

N=10000  50%  58,66  48,65  65,05  63,43  56,78  62,16 

Reliability  GEV, parameters estimated by method of weighed moments 

p‐value  50%  0,905  0,888  0,834  0,990  0,914  0,701 

N=100  50%  41,21  35,69  43,07  45,17  40,08  42,92 

N=10000  50%  50,23  36,99  48,24  56,87  43,21  50,51 

Reliability  GEV, parameters estimated  by maximum likelihood method 

N=100  50%  41,78  35,02  41,71  45,52  39,37  42,82 
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Theoretical 
model 

 
Data set 

 
Czech rep. 

Dukovany 
(new) 

Luka 
Brno 
Tuřany 

Pribyslav 
 
Myslova

Kucharo 
vice 

Number of values  50  28  35  49  50  50  50 

 
(1) Lognormal 3P 

moments 

method derived 

Mean μ
x
  42,3  30,3  31,8  29,2  30,9  31,4  31,9 

Standard deviation  σ
x
 

 

3,99  3,21  3,55  4,48  4,51 
 

4,79  5,03 

Skewness α
x
  ‐0,073  ‐0,266  0,121  0,954  0,480  0,137  0,943 

* 
x
min

, x
max  ‐121,7 

*

66,6  ‐56,3  14,7  2,5  ‐73,6  15,4 

EV 10 000 years  57,8  40,6  46,0  57,2  52,9  50,7  63,2 
 
 
(2) Lognormal 3P 

MLE parameters 

Mean  μ
y
  4,51  3,56  3,51  2,98  3,03  4,09  2,94 

Standard deviation σ
y
 

 

0,043  0,089  0,105  0,215  0,210 
 

0,080  0,248 

* 

x  , x  ‐48,7 
*

65,7  ‐1,66  9,11  9,63  ‐28,3  12,4 

EV 10 000 years  58,0  40,4  47,5 52,8 55,0  51,7  60,0
 

 
(3) GEV 

MLE parameters 

Shape par. k  ‐0.201 ‐0,331 ‐0,228 ‐0.070 ‐0,121  ‐0,201 ‐0 044

Dispersion par. s  3,80 3,29 3,53  3,71  4,09  4,64  4,12 

Location par. m  40,8 29,3 30,4 27,3 28,9  29,5  29,7

EV 10 000 years  56,7 38,8 44,0 52,5 51,6  49,0  60,9

  Mean  42,3 30,3 31,8 29,2 30,8  31,4  31,9

Standard deviation  3,99 3,21 3,64  4,38  4,59  4,88  5,01 

Skewness  0,250  ‐0,161  0,159  0,773  0,549  0,251  0,898 
 
 

(4) Gumbel 
MLE parameters 

Mean  μ
x
  40,6  28,9  30,2  27,2  28,8  29,2  29,6 

Standard deviation σ
x
 

 

3,11  2,5  2,76  3,49  3,52 
 

3,74  3,92 

Skewness α
x
  1,14  1,14  1,14  1,14  1,14  1,14  1,14 

EV 10 000 years  69,2  51,9  55,7  59,3  61,2  63,7  65,7 

 
 
 
 
 

 

N=10000  50%  51,35  35,75  45,01  57,40  41,78  50,49 

 

A more detailed comparison of the results of application of four different families of probabilistic 
distributions with the parameters derived by two methods (maximum likelihood method and moment 
method) for analysis of data taken from 6 meteorological stations was conducted in CVUT Klokner 
institute [7]: 

 
1. three–parametric lognormal distribution LN3 – parameters derived by the moment method, 

 
2. three–parametric lognormal distribution LN3 – parameters derived by the maximum likelihood 

method, 
 

3. GEV distribution  - parameters derived by the maximum likelihood method, 
 

4. Gumbel distribution - parameters derived by the maximum likelihood method. 
 

 
Table 3: Details of NPP Dukovany extreme winds analysis – parameters of various distributions 

derived on the base of data records taken from several meteo-stations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
min  max 
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The values of extreme wind speed with the return period of 10 000 years are compared in the table. In case 
of Gumbel distribution with constant skewness of 1,14, the final values are influenced, first of all, by the 
maximum values in the individual samples taken from meteostations. For that reason, the highest wind 
speed value was derived for the artificial sample “Czech rep.” with maximum values taken from all 
meteostations over Czech Republic. In case of using of three-parameter lognormal distribution or GEV 
distribution, the derived “Czech rep.” values of wind speed are even not the highest ones (what looks a bit 
suspicious) and most of derived values are significantly lower than for Gumbel. For this and several other 
reasons, the values derived by means of Gumbel distribution were transferred into the NPP Dukovany PSA 
study. 

 
In the next table, the final results of the evaluations carried out in CHMU Prague (Brno subdivision) and 
the results of independent revision performed in UJV Rez are presented. Whereas Gumbel distribution and 
moment method estimation of parameters were used by CHMU specialists, Lieblein technique according to 
the attachment to the IAEA Guideline 50-SG-S11A was used in UJV. Both sets of results fit the design 
basis values quite well. 

 
 

Table 4: Final results of NPP Dukovany extreme winds analysis 
 

 
Meteo‐ 
station 

 
Number 
of years 

 

 

G 

 

 

G 

Maximum 
(100 years ‐ 

UJV) 

Maximum 
(10000 years

‐ UJV) 

Maximum 
(100 years – 
CHMU) 

 

Maximum 
(10000 years
– CHMU) 

 

EDU  22 
 

29,046 
 

2,402  40,1  51,17  38,86 
 

48,65 
 

Kucharovice  50 
 

29,701 
 

3,842  47,37  65,08  46,46 
 

63,43 
 

Turany  50 
 

27,181 
 

3,564  43,58  60,01  42,94 
 

58,66 

Kostelni 
Myslová 

49 
 
29,501 

 
3,464  45,43  61,40  47,08 

 
65,05 

 

Pribyslav  50 
 

28,978 
 

3,384  45,55  60,15  45,44 
 

62,16 
 

Luka  35 
 

30,059 
 

3,119  44,41  58,79  43,44 
 

56,78 
 

EDU new 
 

28 
 

28,648 
 

3,080  42,81  57,01  ‐‐‐ 
 

‐‐‐ 

 

Extreme snow analysis 
 

For extreme snow analysis [8], the approach to derivation of extreme values was very similar to the 
extreme wind case. At the beginning of analysis, the data from nine meteostations located in plant vicinity 
was analyzed with the aim to select the most appropriate data sample. In addition to the criteria based on 
the scope and quality of the data sample, a specific feature of extreme snow analysis, in comparison with 
extreme wind analysis, was found, which is the impact of meteostation elevation level on the data (the 
corresponding statistical zero-hypothesis about no impact of elevation on the height of snow cover was 
rejected on the base of available data). 

 
Finally, three meteostations were selected to provide data for extrapolation analysis: 
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 Dukovany – very close to the plant, with the same elevation, 28 years of experience, 
 

 Hrotovice – very close to the plant, with the same elevation approximately, 50 years of 
experience (maximum achievable value for the set of meteo-stations at disposal), 

 
 Namest – relatively close to the plant, with the same elevation approximately, 50 years of 

experience. 
 
The data sets from these three meteostations, once again in the form of year maxima, were used and 
several probability distributions were tested to find the best fitting one. Finally, Gumbel distribution was 
selected and the analysis was performed in similar way as in extreme wind case. 
 
Conclusions regarding methodology and results of extreme wind and extreme snow analysis 

 
Several general conclusions regarding methodology of the analysis can be made on the base of new 
experience with extrapolation of values based on analysis of meteorological data records: 

 
 selection of probabilistic distribution has got an essential impact on the results; that’s why it is 

recommended to perform comparing analysis for several proposed probability distributions and 
to select one with 1)best references for the given type of analysis and 2)good fitting the data 
sample under concern; selection of Gumbel distribution is recommended, in general, 

 
 the way of selection of reference meteostation as the major data source, having the same or 

similar meteorological conditions as the site under concern, is very important; that’s why the data 
source directly from plant site should be used, if possible; if there are several meteostations as the 
candidates for being the major data source, correlation data analysis should be performed and the 
best fitting data source should be selected, it should be considered to use some meteostation close 
to the plant site as the primary major data source even if the data directly from plant site are at 
disposal, provided that the “close” data are still well fitting the case and are more conservative at 
the same time, 

 
 using of the largest data set (of well-fitting and good quality data) available, if possible, is highly 

recommendable, but good size of data sample should be ensured carefully and some approaches 
should be avoided, because they can destroy statistical qualities of the chosen data sample 
(particularly regarding the assumption that the data set is a sample of independent observations 
following the same statistical law): 

 
 the data sources (data from different meteostations) should not be combined, if possible, 

 

 lack of data (low size of the sample) should not be solved by inclusion of second, third, etc. 
year maximum values into the sample (in addition to the first maximum value) – particularly 
this approach has significantly negative impact on data quality and credibility of the results. 

 
3. Vulnerability analysis of buildings ultimate resistance against natural phenomena 

 
Both deterministic and probabilistic approach has been used for vulnerability analysis in case of NPP 
Dukovany. In application of deterministic approach, analysis of safety important structures has been done 
only for two load strengths 
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 design load – for events and loads with parameters corresponding to the return time period of 100 
years, including combination of different loads 

 
 maximum calculated (realistic) load – for events and loads with parameters corresponding to the 

return time period of 10 000 years; no combination of (highly improbable) different loads was 
taken into consideration in this case. 

 
In the probabilistic approach – the screening frequency value used has been as low as 10-7. For more 
probable/frequent events, plant response to external event has been considered and analyzed in plant PSA 
[9], particularly for extreme nature events with the frequency from the interval <10-4 – 10-7>, which are 
considered as beyond design basis events by the traditional deterministic approach. 
 
Models, framework and results of extreme wind and snow consequence analysis 

 
The ultimate stability of a building structure is represented by the level of load (interpreted by means of 
meteorological parameters – extreme wind speed, water level, snow weigh/height, extremely high/low 
temperature) which, with high probability, would cause damage of a building and/or loss of  safety 
functions ensured by the safety important systems housed inside. 
 
The methodology developed in UJV Rez, a. s. – division 2500 ENERGOPROJECT [10] (former 
Dukovany NPP general designer) has been used for vulnerability analysis. In general, the analysis is 
connected with high uncertainty in results and assumptions regarding loss of safety functions and in 
equipment availability modeling. In most cases, no plant specific fragility curves are available and the 
consequent PSA analysis is based on simplified approach and assumptions. For the external power supply 
400 kV and 110 kV grid, for example, a resistance against wind gust of 33 - 38 m/s is expected on the base 
of analysis, but no fragility curves have been constructed in a systematic manner. 
 
Major improvements 

 
A number of measures have been proposed at NPP Dukovany recently with the aim to decrease the risk of 
plant operation related to external events. This process will continue by 2015 year, when the NPP will 
apply at Czech regulatory body for prolongation of operation. However, the process of addressing impact 
of external events started well before the Fukushima event (probabilistic safety assessment model part was 
significantly enhanced and gradually developed since 2008). 

 
After Fukushima, the process of evaluation and mitigation of external events risk accelerated at NPP 
Dukovany and has absorbed a lot of new facts both from evaluation of Fukushima event and from the 
European stress tests program [11]. The following acts could be pinpointed: 

 
 safety important structures (turbine hall, central pumping station) reinforcement regarding nature 

external events consequences (seismic hazard event, wind, snow), 
 

 specific non-safety important building reinforcement (fire brigade building), where the 
availability may have significant impact onto the process of mitigation of external event 
consequences, 

 
 new safety feature with key impact on risk level of the loss of ultimate heat sink scenarios – 

installation of ventilator cooling towers, 
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 development of broad list of other “Post-Fukushima” measures addressing design and availability 
of safety important equipment and, in addition, also the organizational and engineering support 
aspects (new broad deterministic and probabilistic analyses, new aspects in training), 

 
 new procedures for plant response to external nature events and to loss of safety functions 

(ultimate heat sink, station blackout). 
 
4. Final conclusions 

 
The process of adopting safety measures with the aim of gradual increasing of Czech NPP operation safety, 
particularly in the area of external hazards, is continuously under way for several years. A number of 
concrete examples were given in previous chapters of this paper. 
 
To organize the process of development of measures increasing NPP resistance against external events and 
to find the priorities for it, it is necessary to understand and express explicitly (in terms of quantitative 
parameters), what is the real level of risk caused by highly improbable high intensity natural events. In 
section 2 of this paper, broad discussion regarding frequencies of high magnitude external events 
occurrence is presented, which has taken place in Czech Republic recently. These frequencies represent 
one of key inputs into the process of risk estimation for external hazards. 
 
There is large uncertainty connected with modeling and particularly quantification of external events 
impact (selection of suitable probabilistic distribution, quality and robustness of statistical data set, 
selection of referent meteostation, wind and snow maps existing only for events with return time of 50 - 
100 years, etc.) For the design basis events with return time of 10 000 years, fragility curves for structures 
are not available, what makes difficult the consequent phase of analysis – modeling and quantification of 
plant response to initiating event occurrence. 
 
Although the results of external events risk analysis are typical with high level of uncertainty (particularly 
connected with quantitative values of initiating events frequencies), these analyses mean necessary 
important step forward in getting realistic picture about the total risk of NPP operation, despite the fact that 
a detailed guide for external events PSA modeling does not exist (in many countries, external events are 
still not included in the PSA models at all). 
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