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INTRODUCTION 

For ten years, the quantification methodology presented in the WASH 1400 and which 
was later used extensively in other PRAs has become quite a classical one. So, the 
will to reach a first result within a reasonable delay lead us to use on the whole 
the same basis of representation. 

Nevertheless, some peculiar finalities of the french PRA have had incidences upon 
methodological choices. We hereunder develop some improvements we have been brought 
to provide to the classical way of risk assessment. 

GENERAL TRENDS. STATEMENT OF THE PROBLEMS 

The french PRA is being elaborated not only to give an absolute value of the risk 
for 900 MW plants but rather to be a tool 'for making decision, i.e. to perform 
differential risk calculations related for example to prioritization of plant 
modifications or to give authorized times of full power operation in case of partial 
unavailabilities. 

This PRA intends to use extensively specific french data, which are currently 
evolving according to operating experience. So up-dating of the elementary data oust 
be easily manageable. 
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The objective is then the establishment of a model able to provide relative risk 
assessments for a wide variety of problems (changes in elementary data, unavailabi
lity of a whole system, contribution of one sequence, modification of a system, 
etc...). 

So it has been necessary to define a computerized system able to deal with this va
rious and somewhat contradictory requirements (high level of detail, systematic and 
accessible structure, efficient and automatic calculations to minimize manual treat
ments and heterogeneous methods). 

Another feature of the PRA is an effort towards a complete treatment of accidental 
sequences, including in particular all the states of the plant and the long term 
effects. For the treatment of long term situations, it appeared necessary to intro
duce systematically recovery laws for the components. Indeed, a calculation without 
repair would be quite unrealistic and an introduction of recovery actions only for 
dominant cut sets seems insufficient (the dominant cut sets may be different when 
recovery is introduced). 

BASIS OF CALCULATION 

The evaluation of the risk is done by the way of the quantification of accidental 
sequences. These sequences are given by the drawing of event trees where they are 
expressed in terms of system failures. Fault trees are drawn to analyse each system 
failure. They show how this top failure can. be expressed in terms of component 
failures. This organization is now a classical one and we used it. More precisely, 
we have used the "small event tree/large fault trees" approach, that is to say the 
failure of the support systems have been incorporated in the fault trees rather than 
in the event trees. 

Exploitation of the fault trees have been done by the mean of minimal cut sets. To 
ensure a reasonable ratio between the expected level of detail and the amount of cut 
sets to quantify, we have introduced an intermediate step of regrouping, the 
macrocomponents which allow a drastic decrease in the number of minimal cut sets 
without any lack of information. 



So, the calculation of the contribution to the risk of one peculiar sequence of an 
event tree is composed of four stages : 

• Creation of a fault tree for each system which appears in the 
event trees, in terms of component faults. 

• Simplification of these fault trees into smaller ones, in terms of 
macrocomponents. 

• Creation of one "super-tree" by regrouping the fault trees of 
down systems (systems which fail in the sequence) under an AND 
gate and calculation of minimal cut sets of this super-tree, taking 
into account the up systems (systems that do not fail in the se
quence) and peculiarities related to the initiating event if nee
ded. 

• Quantification of the minimal cut sets so obtained, taking into 
account the duration of the scenario depicted by the sequence and 
the possibilities of repair. 

We now develop each of these steps. 

Fault Trees 

Fault trees have been drawn for each couple "mitigative system/failure criterion". 
So, generally, several fault trees have been drawn for each system, depending on the 
peculiar failure criterion chosen in the sequence of the event tree. 

These fault trees Include failures of support system components which lead to system 
top failure, i.e. electrical power sources, ventilation, cooling water. They also 
include basic human errors related to maintenance. These developed fault trees are 
detailed. It is the resolution of the data bank which has fixed the degree of detail 
In the development of local faults. 



Macrocomponents 

The macrocomponents are formed by coalescing all the local faults concerning the 
discrete components along a same pipe or wire which lead to the same global fault 
(loss of flow in the pipe for example). The geographical extensive of this regrou
ping is a function of the reconfigurations of the circuit during its successive 
missions and of its redundancies also. 

Some simple rules have been established to achieve constitution of these 
macrocomponents• 

• Each macrocomponent constitutes a subtree of the previous detailed 
fault tree. This one is rewrited and a reduced fault tree is built 
in terms of macrocomponents. This new tree is used in the fol
lowing steps of the quantification. For this reason, we have to 
avoid that two different macrocomponents have a minimal cut set 
in common, in terms of basic failures, to insure exact mini
mization in terms of macrocomponents in the next steps of quan
tification. 

• About the data, each macrocomponent is characterized by two equi
valent parameters which are inferred from the parameters of the 
regrouped local failures. This has led to build homogeneous macro
components, that is to gay each regrouping only involves failures 
of the same probabilistic type, i.e. failure on demand, failure in 
use or common mode failure. Taking into account recovery laws has 
also led us to share between reparable failures and non reparable 
failures (we consider a failure is non reparable when the com
ponent is in a non-visitable room due to surrounding radioactivi
ty). An example of macrocomponent is given on figure 1. It repre
sents the failure on demand of a part of LPIS file A, composed of 
a pump, two manual valves and one check valve. It regroups eight 
elementary failures, that is to say we generate only one minimal 
cut set in the LPIS fault tree by association with the twin aacro-
component in file B, in place of sixty four minimal cut sets if we 
had not built these two macrocomponents. The advantages are also 
obvious when we consider a whole fault tree. 
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Figure 1 - Example of macrocomponent. Reparable failure on demand. Motor pump assembly of LPIS file A. 



For example, failure of Containment Spray Injection System is re
presented in its detailed form by 145 leave6 (and 33 gates) which 
lead to 1788 minimal cut sets. The reduced tree is represented by 
only 40 macrocoaponents (4 gates) which lead to 208 minimal cut 
sets. The saving is more Important in the case of more complex cir
cuits as the Safety Injection System. 

Success trees are deduced from the reduced fault trees and their minimal cut sets 
are calculated which is very useful in the next stage of calculation of risk, for it 
gives lists of macrooomponents necessarily in use when the system is up. 

Super-Trees 

For each sequence of the event tree, a list of macrocomponents necessarily in use is 
compiled from the set of up systems. These macrocomponents are rejected from the 
fault trees of down systems that appear in the same sequence. This is done to take 
account of common parts between different systems during the same phase. An example 
is presented on figure 2. 

A super-tree is then drawn by regrouping under one AND gate the resulting fault 
trees. The minimal cut sets are calculated, using CADOM, a code developed by 
CEA/SERMA. This code uses most of the modern developments to speed up the cut set 
search like automatic modularisation, node selection for minimization, grouping of 
repeated events... 

• 

Inherited failures. Due to the introduction of recovery laws, special macrocompo
nents Intervene in the fault trees related to multi-phase systems as Safety 
Injection System (direct Injection and recirculation). They correspond, at the 
moment of the system reconfiguration, to the non repaired part of macrocomponents 
that failed during the first phase. This unavailability may still lead to total or 
partial system failure during the second phase. 

A special type of minimization is done to take into account the cut sets of the 
super tree that involve both a macrocomponent in a phase and Its non repaired part 
in a following phase. Examples of these treatments are presented on figure 2. 
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Figure 2 : Cut sets of super.trees 



Intermediate simplification. During the modularisation, a quantification of the 
minimal cut sets is done in each module and all the cut sets the reliability of 
which is smaller than a cut off threshold are neglected. After this operation, the 
final set of minimal cut sets which contains all the possible scenarios 
representative of the sequence is obtained. 

To illustrate the benefit of the latter operation, we can take the example of a 
peculiar sequence of the large LOCA event tree where the Safety Injection System 
works in both phases (direct injection and recirculation), the Containment Spray 
Injection System works during direct injection and fails during recirculation. 
Without any simplification in the modules, we obtain 635 minimal cut sets for the 
sequence. We have only 125 cut sets after simplification and we have checked that 
the contribution of the 510 removed cut sets is really negligible. 

Quantification 

The reliability of each minimal cut set is calculated, using approximation formulae, 
some of them specially established to treat the mixing of macrocomponents obeying 
different laws in probability. The approximations have been Inferred from Markov 
models. For example, for a cut set of two reparable macrocomponents A, 8 with 
failure rates X A , Xg and repair rates V ^ » Pu» the probability P(t) of the 
cut set is : 

P (t) » (y A + y B ) t 
^A yB 

Similar formulae are used for non reparable components, failures on demand, and all 
the mixed situations. Exact calculations by Markov methods proved that these formu
lae are good approximations, especially when probabilities are low, and that, in 
anyway, they are always conservative. However, an option of the model allows the 
exact calculation of the dominant cut sets by a complete Markov representation. 

This quantification has been previously developed in order to be able to take into 
account uncertainties on component failure parameter* (error factors). 



STORAGE 

Peculiar efforts were done to store a maximum of data and intermediate results into 
the computer in order to ensure an automatic treatment of sequential operations, 
knowing the description of the sequence to analyse. 

Several nomenclatures were developed to fix a precise coding. The ones concerning 
the basic failures and the macrocomponents are based on an eight alphanumeric 
characters length (see figure 1). These names comprise adequate informations to lead 
the automatic chaining of calculations (type of probabilistic law, duration of 
different phases). 

The data base contains, beside the basic failure rates : 

• The description of system fault trees in terms of macrocomponents. 

• The description of macrocomponents in terms of basic failures and 
their equivalent parameters. 

• Probabilistic parameters for each basic failure. 

• For each system, the list of macrocomponents necessarily in use 
when this system is up. 

• For each sequence of the event trees, the set of significant sce
narios. 

Concerning the large LOCA event tree which introduce four fault trees, the data base 
contains 126 different macrocomponents and 294 basic failures. 

These different levels of storage make the further updatings easier, study of 
circuit modifications for instance. They also allow relative calculations of risk 
without big costs in computer time. So, the quantification of a whole sequence of 
this same large LOCA event tree needs only a mean computer time of 3 seconds on an 
IBM 3081/D. 



CONCLUSION 

À need of the french PRA was to define a computerized system able to provide besides 
the basis risk assessment a large number of relative or differential calculations. 
The model developed is characterized by a multilevel storage and automatic chaining 
of calculations. It has been applied to the large LOCA event tree. 

This example is particularly significant because all the major problems are included 
in : numerous interrelations between systems, necessity of accounting for various 
recovery possibilities during the long term post-accidental situations. 

This application proved that the model is manageable and provides an answer to our 
main requirements (storage of all the elementary and Intermediate informations, 
account for recovery, accessibility, automatization). 

Although some improvements are still necessary, we can say that the basic tool for 
an entirely computerized PRA is now available. 


