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1.0 Abstract

Severe accident sequences resulting in loss of the core geometric integrity have been found to have s small probability of
occurrence. Because of their polential consequences to public health and safety, an evaluation of the core degradation
progression and the resulting effects on the containment is necessary to determine the probability of a significant release of
radioactive materials. This requires assessment of many interrelated phenomena including:steel and zircaloy oxidation, steam
spikes, in-vessel debris cooling, potential vessel failure mechanisms, release of core material to the containment, containment
pressurization from steam generation, or generation of non-condensable gases or hydrogen burn, and ultimately coolablilty of
degraded core material.

To asses the answers for the containment event trees in the sense of weather certain phenomenolgical event would happen or
not the plant specific deterministic analyses should be performed. Due to the fact that there is a large uncertainty in the
prediction of severe accidents phenomena in Level 2 analyses (containment event trees) the combination of probabilistic and
deterministic approach should be used. In fact the results of the deterministic analyses of severe accidents are treated in
probabilistic manner due to large uncertainty of results as a consequence of a lack of detailed knowledge.

This paper discusses approach used in many IPEs, and which assures that the assigned probability for certain question in the
event tree represent the probability that the event will or will not happen and that this probability also includes its
uncertainty, which is mainly result of lack of knowledge.

2.0 Events and uncertainty

In deterministic analyses of severe accidents we are dealing with a number of uncertainties
among which the most important are:

uncertainty in measurement;
uncertainty in the state of knowledge of systems or processes;
uncertainty associated with modelling of a process ora system;
inherent randomness in process

All processes that we consider in probabilistic analyses contain different kinds of uncertainty.
Looking just at events trees (either on Level 1 or Level 2 PSA) we can distinguish two
categories or types of events.

In the first category of events the outcome results are mainly affected by the randomness
inherent to the process. As an example of this type of events we can refer to known question
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weather the pressurizer safety valve would or would not close after its actuation on high
pressurizer pressure. Repeated experiment will not give always the same result (full closure).
Due to that the best approach is to describe the outcome of such event with the probability
distribution.In the second category of the events the outcome is deterministic but still
uncertain for other reasons. As an example let us take the reactor vessel failure. Here
obvious outcomes are: reactor vessel will or vessel will not fail. If our knowledge of
phenomena, our modelling and our knowledge of the data were perfect, then we would know
the outcome with certainty. Due to current knowledge of the physical and chemical process
which are going on during and after the molten material relocation to the lower head, we are
not in the position to give the exact answer with certainty. The failure probability of such
events is best represent by confidence level that the outcome is failure.

Described event categories of events are not fundamentally different - the difference resides
in the degree of randomness. In Probabilistic Safety Assement (PSA) Level 1 majority (if not
all) of events are of the first type. Most if not all events in Level 2 analysis are of the second
type.

3.0 Probability distributions

In the PSA analysis which includes the uncertainty analysis, individual events are presented
with probability distributions. The distribution for a particular event expresses the probability
density as a function of relative failure frequency. A relative failure frequency also a
probability , such as is obtained by dividing the number of trials that fail by the total number
of trials. Thus the random variable on the horizontal axis represent the frequency of or
probability of failure , and the vertical axis represents the probability density associated with
that frequency of failure. The median failure frequency is the value which has probability of
0.5 of occurrence and the mean failure frequency is average value (see Fig.la).
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Figure la. and lb. Log-normal and double delta distribution

The two categories described above are modeled with different distributions. The first type
(affected mainly by randomness) are modeled by continuous distributions such as lognormal
distributions is. The relative failure frequency can take any value between 0 and 1. The
second type of events are modeled by discrete distribution such as "double delta" which
reflect the fact that the relative frequency can have values of only 1 or 0 (see Fig. l.b). In this
distribution the area under left hand delta represents the probability that the failure frequency
is 0 (probability that the events occurs), and the area under right hand delta the probability
that the failure frequency is 1 (the probability that the even does not occur). The mean failure
frequency value of a double delta distribution is equal to the probability that the failure
frequency is 1 (the only part of the distribution contribution to the calculation of the mean -
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average value is delta at failure frequency 1). The median value of the distribution is either 1
or 0 , whichever has the larger probability of occurrence [2].

4.0 Advantages of selected distributions

In PSA the lognormal distribution is used extensively to represent the first category of events
described above. Examples are the probability of failure of component or structures due to
internal pressure or ground acceleration. Main advantage of lognormal distributions are the
following:

it is mathematically very traceable. It is relatively straight forward to
convolute two distributions or to generate from the family of distributions a
single composite distribution which can be used for the developing the point
estimate failure probabilities
it is fully described by only two parameters. The best estimate value (50th
percentile) can be defined by upper and lower bound (5th and 95th percentile
values respectively).

Let us take an example and show the practical meaning.

For a lognormal distribution the probability density function is defined with the following
equation

f(x) =

where x is random variable . Parameters a and <|>, mean and standard deviation of the
corresponding normal distribution, are related to mean(u.) and variance (a2) of lognormal
distribution by the following relations:

and

Values of a and <]> have to be known in order to generate the probability density function f(x).
Solving the upper relations for a and <{> gives:

and
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a = \n( , 7 ) = In // - —

The lognormal distribution can be calculated either from a and § or from u. and a.
Knowing the density functions/ft:), we can calculate the probability as

Having a and <)) or u. and a. we can generate a table of probabilities as a function of x. On the
opposite, if we have such a table of probability as a function of x, we can calculate the
parameters a and (|> as follows

a = \n(X50) 7

and

X50

1.645

where X50 is the x-value fora probability of 50% and X05 is the x value for a probability of
5%.

One of the advantages of using the lognormal distribution is that it is relatively straight
forward to generate from the family of distributions a single composite distribution which
can be used for the developing the point estimate failure probabilities. Let us take an example
such as the failure of the primary system. For different modes of failure which depends on
temperature (creep failure, brittle or ductile failure) the analysis can provide the parameters
for lognormal distribution which best describe the probability of failure versus internal
pressure. To generate the composite fragility curve the following equation can be used

= i - t\a - PJP^P.failttrr tt4 thv prrxmrr /*
m-0

where we are multiplying the probabilities of all different modes of failures at the selected
value of pressure.

Second advantage mentioned above is that it is relatively straight forward to convolute two
distributions for the purpose of developing the point estimate failure probabilities. To get the
probability of a component or a system failure probability one should convolute two
probabilities - load and capacity probability distributions.
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The load distribution is constructed based on detail consideration of phenomena doing
specific analysis using different tools such as MAAP or MELCOR. Since it is distribution it
contains information both the expected value of the load (usually represented by a mean of
the distribution; for example pressure, temperature...) and also the associated uncertainty in
this value (represented by the spread of the distribution - quantified via standard deviation or
variance).

The capacity distribution is outcome of the capacity analysis of the component or system
under consideration and is also presented in the form of probability distribution (failure
probability versus parameter in consideration).

The final value of the failure probability (s single value) is then the result of the convolution
of the load and capacity distributions. Let us take as example the creep failure of the primary
system. If the probability density function b(T) describing the load on the primary pressure
boundary in terms of peak temperature T for a given accident sequence, then the associated
cumulative distribution function is given by

B(TX) = \b(T)dT 10

where BfT^) is the probability that the peak temperature is less than or equal to Tx.
We can similarly expressed for the capacity

r,
C(TX) = \c(T)dT

where the C(7y is probability that the primary system will fail at the temperature less tan or
equal to Tx.
With given distributions the probability that the primary system would fail at the temperature
Tx is determined by

p(T,)xC(T,) 12

where
p(Tx) - probability that the highest temperature in the primary system is Tx

C(Tx) - probability that at the given temperature Tx primary system would fail
First term is obtained from the probability density function of the load. The probability that
the peak pressure lies in the interval delta T around Tx is

limA,->« = (b(TJxM) 13

The second term is the probability that the temperature Tx causes primary system failure and
is defined as

>» (b(T,)ATxC(T,)) .14

and the total probability of failure of the primary system is the integral over all temperatures
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Figure 2. Convolution of two distributions

As described above we can get the single value for the probability of primary system failure
as a result of high temperature (so called creep failure). The result 0.05 means that at the
given set of severe accidents which most contribute to the core melt frequency, there is a 5%
probability that the primary system would fail due to high temperature - creep failure, or that
there is a 95% probability that the system would not fail. These probabilities contain the
uncertainties in the two input distributions and express our confidence to each of the two
outcomes.

5.0 Conclusions

It is evident that there is still a large uncertainty in predicting the outcome of a severe
accident scenario. It is also true that in the PSA analysis, in particular Level 2 analysis, to be
able to quantify the outcome, the deterministic plant specific analyses shall be used (using
such tools as are MAAP or MELCOR). Due to that and the current state of knowledge of the
processes which are going on during the severe accidents, and the models which are
incorporated into such analytical tools, it is necessary that uncertainties are adequately
treated and reflected in the final results. For this reason that the following shall be done:

• one should perform parameter uncertainty and sensitivity analysis for all
key phenomena (such as quenching the core, exvessel cooling, hydrogen
explosions, etc.)

• the results of such plant specific uncertainty and sensitivity analyses shall
be used as an input to further processing - assignment of single value of
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probability used in the quantification.

This paper presents mathematically very traceable way of assignment of a single value of
probability as and answer to the event tree questions concern with certain phenomenological
events.
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