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Резюме 
Всички инженерни пресмятания са източник на някакви форми на неопределеност. 
Ето защо при провеждане на ВАБ ниво 2 на АЕЦ от съществено значение е да се 
знаят основните източници на неопределеностите. Основните източници на 
неопределености при провеждане на ВАБ ниво 2 са: 
- Неопределености, произтичащи от ВАБ ниво 1; 
- Неопределености във входните параметри; 
- Неопределености, свързани с моделиране на физичните явления при развитието 
на авариите; 
- Неопределености, свързани с оценката на източника на радиоактивност. 
Представени са подробно основните методи за оценка на неопределеностите, което 
се разглеждат при провеждането ВАБ ниво 2. 

Introduction 
The objectives and scope of a PSA level 2 analyses is the generation of an overview of 
the spectrum of possible severe accidents combined with insights into the principal 
causes for such events. The work to obtain such results includes the evaluation of 
sequences progressing from core uncovery through degradation and destruction, as well 
as the loads and failure modes of the reactor coolant circuits and pressure vessel, and the 
attendant loads on the containment structure. The possible containment failure modes 
and containment bypass sequences are then analyzed, followed by the fission product 
retention and transport characteristics inside the reactor coolant system and containment. 
Severe accident phenomena are highly complex and so there are significant uncertainties 
in the prediction of what will happen. Some phenomena are quasi-stochastic, so that 
there would remain objective uncertainties even if knowledge were perfect. It is 
necessary to indicate which uncertainties are important to the final results. 
All engineering calculations are subject to some form of uncertainties. Based on the 
sensitivity analysis are identified which events and phenomena gave a greatest impact on 
the calculated probability of containment failure or the magnitude of fission product 
source terms. The main sources of uncertainties which are considered in PSA level 2 are 
following: 
- Uncertainties propagated from level 1 PSA; 
- Uncertainties in input parameters; 
- Uncertainties related to the modelling of physical phenomena during the accident 
progression; 
- Uncertainties related to the estimation of source terms. 
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Approach for uncertainties estimation in PSA 2 analysis 
The uncertainties estimates were developed in some of the different steps of the process 
of severe accident progression. The major contributors to the results should be identified. 
Based on these measures of uncertainties then assigned to each of the major contributors 
either by statistical analysis or by use of expert judgement. The uncertainties are defined 
as a discrete probability distribution. There is no universally accepted approach to 
uncertainty analysis. A general framework for uncertainty analysis is given in [1]. Other 
very similar but more elaborate approaches are given in Refs [2, 3]. In general, 
uncertainty analysis can be divided into the following four principal steps: 
Definition of the scope of the uncertainty analysis 
In deciding the method of uncertainty analysis for the Level 2 PSA, the nature of 
uncertainties in the accident progression, containment and source term analysis must be 
considered. 
Definition of specific uncertainties 
In order to defined the uncertainties in accident phenomena it is necessary to define the 
parameters which are used in this analysis. For the APET/CET uncertainty analysis, the 
issues may be derived from those which have been identified as a result of some review 
process undertaken by experts. For the accident progression analysis, containment 
analysis and source term analysis, the selection of issues is mainly achieved by sensitivity 
analysis, but also by the analyst's judgment. 
Development of Probability Distributions Function 
Probability distributions function for input parameters are developed by different 
methods. The probability distributions function for input parameters having the highest 
uncertainties and are largest importance to the results of PSA analysis. The format and 
range of the uncertain parameters of each issue must either be defined by probability 
distributions or, more simply, represented by sensitivity bounds. 
Combination of uncertainties 
A specialized method as a Monte Carlo are used to sample the probability distributions 
function for input parameters. This method is used for propagation of the uncertainties 
through calculation analysis. 
Uncertainties propagated from PSA level 1 to PSA level 2 
The uncertainty propagating is usually based on the rare event approximation, as in case 
when the point calculations are carried out. However, for certain events particularly 
human errors modelled in event trees, it is necessary to include non-events to avoid an 
over estimation of the final results. For example events with mean value of around 0.1 or 
greater can take value close to unity during the generation of the random sample. In this 
case accident sequences that assume the success of these events should be multiplied by 
complementary probabilities. 
The inputs to be characterized by appropriate Probability density functions include the 
frequencies of initiating events, the components failure rates and human errors 
probability. If a plant specific assessment of parameters is performed then plan specific 
Probability density functions are to be used. If generic data based is used then 
appropriate Probability density functions defined in the database should be used. 
The input parameter uncertainties is usually done by considering the PSA level 1 results, 
as the output of a model which has input parameters that are characterized as random 
variables. The propagating uncertainties which required special attention are: 
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- Treatment of similar components; 
- Inclusion of non-events; 
- Probability density functions for input variables; 
- Results. 
Uncertainties in Accident Progression 
Important sources of uncertainty exist in all stages of the risk analysis. In principle total 
number of parameters that could be varied to produce an estimate of uncertainties in PSA 
2 analysis was large and taken into account the computer capacity is necessary to reduce 
these parameters. Therefore only the most important sources of uncertainties were 
considered. In references [1, 3] are given phenomena and data which are considered as 
are important for estimation of uncertainties. In order for uncertainties in accident 
phenomena to be included in PSA 2 analysis they had to be expressed in terms of 
uncertainties in the parameters that were used in the analysis. 
The main uncertainties areas are relevant to accident progressions especially based on 
different phenomena. This area are relevant with the following severe accident issues: in-
vessel hydrogen generation, in-vessel natural circulation, in-vessel fuel-coolant 
interactions, RCS failure mechanisms, high pressure melt ejection /direct containment 
heating, ex-vessel fuel coolant interactions, core debris coolability, core concrete 
interactions and hydrogen combustion. Uncertainties are going to arise in the Level 
PSA2 analysis a result of following several factors: 
1. Completeness 
The main trust of PSA model is to assess the possible scenario (sequence of events) that 
can lead to releases of radionuclide. However, there is no guarantee that the process can 
ever be complete and that all possible scenarios have been identified and properly assess. 
This lack of completeness introduces an uncertainty in the results and conclusions of the 
analysis that is difficult to assess or quantify. 
2. Modeling adequacy 
Within the PSA level 2 analyses, uncertainties in the modeling are due either to 
incomplete knowledge of the phenomena or to inadequacies or simplifications 
introduced into the modeling of the phenomena. There are uncertainties introduced by 
the relative inadequacy of the conceptual models, the mathematical models, the 
numerical approximations, the coding errors and the computational limits. A sensitivity 
studies are usually performed to assess their relative importance. These uncertainties are 
considered as part of the uncertainty treatment in the Level 2 PSA. 
3. Uncertainties in input parameters 
The parameters of the various models used in the PSA are not exactly known because of 
scarcity or lack of data, and the models will include assumptions made by experts. The 
grouping of PSA level 1 sequences into PDS (Plant Damage State) as the input to the 
Level 2 will introduce uncertainties in addition to those associated with the specific Level 
2 PSA input parameters. The uncertainties are considered as a discrete probability 
distribution. The distributions for the input parameters having the highest uncertainties. 
The qualitative product of the accident progression during the PSA level 2 analyses is 
containment loading and structural response including containment failure location and 
failure modes. The product consists of a matrix of conditional failure probabilities with 
one probability for each combination of plant damage state and accident progression 
group. These probabilities are in the form of probability distributions reflecting the 
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uncertainties in accident progression. The distribution of probability of early 
containment failure for each plant damage state and probability of each accident 
progression group for each plant damage state should to be presented in this stage of the 
PSA 2 analysis. 
For WWER reactors are indicated that accident frequency and source terms parameters 
uncertainties are most important. The most important parameters are the initiating event 
frequency for loss of main feed water, the failure to recovery the complementary feed 
water system, the fraction of the core radionuclide inventory released into the vessel, the 
containment transport fraction at vessel branch and the fraction of the radionuclide 
released to the environment through the SG. 
The principle mechanisms leading to the early containment failure are loading resulting 
the high pressure melt ejection in accident sequences with high reactor coolant system 
pressure (at time of RPV breach) and in-vessel steam explosion in sequences with low 
reactor coolant system pressure at time of RPV breach. Both phenomena involve 
substantial uncertainties. The main accidents sequences which lead to containment 
failures and FP release to the environment are: 
- RPV failure; 
- Containment bypass (SG collector leaks and SGTR); 
- Steam explosion, 
- Containment over pressurization from direct containment heating effects; 
- Hydrogen detonation; 
- Basemat melt-through. 
The only accident progression parameters that are important to the uncertainties are 
probability of vessel and containment breach by an in-vessel steam explosion. This 
results occurs because the probability of early containment failure for all other causes is 
very low. The containment bypass is important contributor to large early release of 
radionuclide. The principle contributor is accidents initiated by interfacing LOCA, SG 
collector leaks and SG tube rupture. The predicted frequency of these events is small but 
they have large early release of radionuclide. 
Uncertainties in the estimated of source terms 
In Level 2 PSA the uncertainties in the estimates of source terms are significant and 
during the PSA analysis performed need to be careful in using the estimates of source 
terms. 
A major cause of uncertainties is modeling in the codes. Modeling is difficult for some 
phenomena owing to lack of knowledge. Some models are very simplification wrong 
assumptions and mere programming errors. All these affect to the uncertainty in the 
calculated source terms. The experiments and code comparisons and the results of 
benchmark exercise are very useful for an understanding of these uncertainties. 
For performing of quantitative uncertainty analysis data of the more important parameters 
are constructed in the form of probability distribution. Such distribution are developed 
using expert judgment to interpret the available data or calculations. For a few parameters 
that are judged of lesser important or not considered as uncertain, single-value estimates 
are used in models. 
The uncertainty in the release fractions and the effects of important boundary conditions 
such timing and temperature history are included in the source term calculation. A few 
source term releases groups are considered such as releases from fuel that occur in RPV, 

173 



ЕНЕРГИЕН ФОРУМ 2005 

releases from the fuel that occur during high pressure melt ejection, releases from fuel 
when the fuel is out of the RPV, release during core-concrete interaction, and releases 
from fuel that occur in RPV but the plate out in reactor coolant system before RCS 
integrity is lost and released later. Also are considered releases during containment 
bypass accidents. The uncertainties during accidents progression including source terms 
can be addressed as follows [1]: Chemical forms of iodine; Chemical processes during 
early and late core degradation; Transport and retention of fission products and aerosols 
in RCS; Chemical processes during molten core-concrete interaction; Release of fission 
products and aerosols during molten core-concrete interaction; Interaction between 
hydrogen burn/radicals in flame front fission products; Deposition of fission products in 
containment; Decontamination of fission products in Pressurizer; Revaporization of 
fission products. 
Methods for uncertainties estimation 
Conventional methods for sensitivity analysis and uncertainty propagation can be broadly 
classified into four categories: 
- Sensitivity testing, 
- Analytical methods; 
- Sampling based methods; 
- Computer algebra based methods. 
Sensitivity testing involves studying model response for a set of changes in model 
formulation, and for a selected model parameter combinations. Analytical methods 
involve either the differentiation of model equations and subsequent solution of a set of 
auxiliary sensitivity equations, or the reformulation of original model using stochastic 
algebraic/differential equations. The sampling based methods involve running the 
original model for a set of input/parameter combinations (sample points) and estimating 
the sensitivity/uncertainty using the model outputs at those points. 
For purposes PSA level 2 analyses usually are used Sampling based methods. Some of 
the widely used sampling based sensitivity/uncertainty analysis methods are: Monte 
Carlo and Latin Hypercube Sampling methods; Fourier Amplitude Sensitivity Test 
(FAST); Reliability based methods and Response surface methods. 
Monte Carlo and Latin Hypercube Sampling Methods 
Monte Carlo (MC) methods are the most widely used means for uncertainty analysis, 
with big applications. These methods involve random sampling from the distribution of 
inputs and successive model runs until a statistically significant distribution of outputs is 
obtained. They can be used to solve problems with physical probabilistic structures, such 
as uncertainty propagation in models or solution of stochastic equations, or can be used to 
solve non-probabilistic problems, such as finding the area under a curve. 
The Latin Hypercube Sampling is one such widely used variant of the standard Monte 
Carlo method. In this method, the range of probable values for each uncertain input 
parameter is divided into ordered segments of equal probability. Monte Carlo methods 
and Latin Hypercube Sampling have been applied in probabilistic assessment of risk 
(PSA) by considering uncertainty in the estimates of the model parameters. 
Fourier Amplitude Sensitivity Test (FAST) 
Fourier Amplitude Sensitivity Test (FAST) is a method based on Fourier transformation 
of uncertain model parameters into a frequency domain, thus reducing the multi-
dimensional model into a single dimensional one. 
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Reliability Based Methods (FORM and SORM) 
The objective of the reliability based approach is to estimate the probability of failure. 
First- and second- order reliability methods (FORM and SORM, respectively) are 
approximation methods that estimate the probability of an event under consideration 
(typically termed "failure"). These methods are useful in uncertainty analysis of models 
with a single failure criterion. These methods have been applied to Reliability Analysis 
of Passive Systems to problems in safety assessment. 
Response Surface Methods 
The response surface methods consist of (i) screening to determine a subset of important 
model input parameters, (ii) making multiple runs of the computer model using specific 
values and pairings of these input parameters and (iii) fitting a general polynomial model 
to the model data (using the method of least squares). 
Computer Algebra Based Methods 
Computer algebra based methods involve the direct manipulation of the computer code, 
typically available in the form of a high level language code (such as С or FORTRAN), 
and estimation of the sensitivity and uncertainty of model outputs with respect to model 
inputs. One of the main computer algebra based methods is the automatic differentiation, 
which is sometimes also termed automated differentiation. 
Conclusions 
The main approach for uncertainties analyses are presented. The main sources of 
uncertainties are defined which should be considered in PSA level 2 for WWER reactor. 
The methods for estimation of the uncertainties considered in NPP PSA level 2 are 
presented in the report. 
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