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The Nuclear Energy Agency (NEA) is a specialised 
Agency of the Organisation for Economic Co-operation and 
Development in Paris. The Committee on the Safety of Nuclear 
Installations is an international committee made up of 
scientists and engineers who have responsibilities for 
nuclear safety research and nuclear licensing. The Committee 
was set up in 1973 to develop and co-ordinate the Nuclear 
Energy Agency's work in nuclear safety matters, replacing 
the former Committee on Reactor Safety Technology (CREST) 
with its more limited scope. 

The Committee's purpose is to organise international 
co-operation in nuclear safety. This is done essentially by: 

(i) exchanging information about progress in safety 
research and regulatory matters in the different 
countries, and maintaining banks of specific data; 
these arrangements are of immediate benefit to 
the countries concerned; 

(ii) setting up working groups or task forces and 
arranging specialist meetings, in order to implement 
co-operation on specific subjects, and establishing 
international projects; the output of the study 
groups and meetings goes to enrich the data base 
available to national licensing authorities and to 
the scientific community at large. If it reveals 
substantial gaps in knowledge or differences between 
national practices, the Committee may recommend that 
unified approach be adopted to the problems involved. 
The aim here is to minimise differences and to achieve 
an international consensus wherever possible. 
The technical areas at present covered by these 

activities are as follows: particular aspects of safety research 
relative to water reactors, fast reactors and high-temperature 
gas-cooled reactors; probabilistic assessment and reliability 
analysis, especially with regard to rare events; siting research 
as concerns protection against external impacts; fuel cycle 
safety research; the safety of nuclear ships; various safety 
aspects of steel components in nuclear installations; licensing 
of nuclear installations and a number of specific exchanges of 
information. 



- 4 -

The Committee has set up a sub-Committee on 
Licensing which examines a variety of nuclear regulatory 
problems, provides a forum for the free discussion of 
licensing questions and reviews the regulatory impact 
of the conclusions reached by CSNI. 

The member countries of the Nuclear Energy Agency are Australia, 
Austria, Belgium, Canada, Denmark, Finland, France, Federal 
Republic of Germany, Greece, Iceland, Ireland, Italy, Japan, 
Luxemburg, the Netherlands, Norway, Portugal, Spain, Sweden, 
Switzerland, Turkey, the United Kingdom and the United States. 
The Commission of the European Communities also takes part 
in the Agency's work; the Agency has a Co-operative Agreement 
with the International Atomic Energy Agency. 
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INTRODUCTION 

In safety problems of nuclear plants interest centres 
on various types of rare events. These may extend from rare 
modes of failures in the component parts of the system and plant, 
the simultaneous occurrence of a very low resistance of a 
structural member and an extremely high load, to rare catastrophic 
failures which affect whole plant and system complexes. There is 
an obvious need to understand the patterns of behaviour of these 
events and be able to make some adequate estimate of their 
probability of occurrence. 

Following a recommendation of the CSNI Specialist 
Meeting on the Development and Application of Reliability 
Techniques to Nuclear Plant held in Liverpool in April 1974, 
the NEA Committee on the Safety of Nuclear Installations decided 
in November 1975 to set up a Task Force on Problems of Rare Events 
in the Reliability Analysis of Nuclear Power Plants, the main 
objectives being to explore methods for giving a quantified 
probabilistic statement on problems of reliability analysis 
involving rare events. CSNI decided that the Task Force would be 
composed of a small number of leading experts, selected only for 
their widely recognized scientific competence and their ability 
to contribute significantly to the work of the Group. A small 
meeting of specialists in statistical analysis of rare events, 
of engineers who specialize in the reliability analysis of 
automatic protective systems, and of engineers who specialize in 
the reliability analysis of structures (such as pressure vessels 
and containments) was considered an appropriate means to stimulate 
and intensify the discussion between the experts in the three 
fields. The particular subjects covered by the invited experts -
who would normally be working in specialised fields - included, 
specifically, statistical modelling of rare events, decision 
theory applied to rare events and small sampling theory in the 
case of rare events. Man-made phenomena as well as natural phe
nomena were to be considered, as they involve different approaches 
to modelling. 

A first Meeting of the Task Force was held at JRC Ispra 
from 8th to 10th June 1976 (CSNI Report No. 10). The concept of 
the Task Force and its working provided an excellent vehicle for 
technical expression and exchange of views in a highly specialized 
field. The conclusions and recommendations of the Meeting were 
summarized in document SEN/SIN(76)19, and a programme of action 
was recommended to CSNI. 
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To further the state-of-the-art, CSNI decided at 
its October 1976 Meeting to set up, for a period of two years 
(1977-1978), a small Research Group on Rare Events. This Group, 
composed of experts with wide responsibilities for appropriate 
research programmes, was to investigate and organise the programme 
of work based on the findings of the Task Force in the following 
areas: 
- rare event data collection and analysis; 
- common mode failure analysis; 
- human error analysis and quantification; 
- statistics and decision theories applicable to rare events; 
- interdisciplinary communication and tutorial programmes on 

rare events problems and their solution. 
CSNI decided that appropriate small meetings of experts 

would be organised by the CSNI Secretariat in liaison with the 
Research Group on Rare Events during the next two years 
(1977-1978) with the aim of preparing an integrated report on 
the programme of work based on the findings of the Task Force, 
an Interim progress report being presented to CSNI at its next 
Meeting (to be held in November 1977). After completion of the 
integrated report, the Task Force would be reconvened to evaluate 
the findings of the report and to advise the Committee. 

CSNI asked the Research Group to put emphasis on the 
first three areas identified by the Task Force and to concentrate 
at first, during 1977, on protective systems for nuclear reactors, 
if possible on specific designs. The Committee also stressed 
that the Research Group should seek to make significant progress 
within a year, so as to be able to present some practical results 
at the next CSNI Meeting. 

The Research Group met at the Château de la Muette, 
Paris on 10th December 1976 and on 18th May 1977; a third (informal) 
Meeting was held at Gatlinburg, Tennessee, USA on 24th June 1977. 
The Group shared out the work approved by CSNI among small groups 
each of which was put under the direct control of a member 
of the Research Group. The basic plan was that each small group 
of experts would have its own generic programme of development 
until the second Meeting of the Task Force, but would also cater 
for issues being brought up by other groups. In order to ensure 
orderly and fast progress, information was exchanged continuously 
and rapidly between the groups, under the control of the Research 
Group and with the assistance of the CSNI Secretariat. 



CSNI had not decided on a definition of protective 
systems on which the Research Group should concentrate at 
first (during 1977). Considering the short time available 
before the next Meeting of CSNI and the necessity to arrive 
at practical, usable results, the Group decided to select 
the emergency shutdown system and welcomed a French offer to 
assess in a sixth small group of experts the actual protective 
system for automatically shutting down the Fessenheim pressurized-
water reactor. 

One of the main advantages of the Meeting of the Task 
Force in June 1976 had been to bring together automatic protective 
systems engineers, structural engineers, and statisticians. This 
fruitful multidisciplinary collaboration was somewhat weakened 
during 1977 because of the requirement to concentrate on pro
tective systems. In order to maintain multidisciplinary commu
nication, and to prepare future work of the Task Force, the 
Research Group agreed that a paper on "the interaction of 
systems and structural reliability with respect to rare events" 
should be prepared for the Task Force Meeting. 

The second Meeting of the Task Force was held at CEN 
Saclay from 5th to 7th September 1977. The proceedings of the 
Meeting are published in CSNI Report No. 23; they were approved 
by the Research Group on Rare Events during its fourth Meeting, 
held on 8th September, 1977. 

— - — At its next Meeting in November 1977, CSNI expressed 
its appreciation of the work done by the Task Force and found 
that it had entirely met the Committee's request that it 
should concentrate on protective systems. 

The Committee agreed that work on protective systems 
Should continue during 1978, co-ordinated by the Research Group 
on Rare Events, to bring about a convergence of effort so as 
to complete the reliability assessment of the Fessenheim protective 
system. It was also agreed that the groups on data, common mode 
failures, human factors, decision theory and statistics, and 
communication techniques should function mainly in an advisory 
capacity as required by the group assessing the reliability 
of the Fessenheim protective system. However, because the 
Fessenheim study was, by definition, a limited one with essentially 
illustrative value to countries other than France, the Committee 
also agreed that the groups on common mode failures and human 
factors should continue working towards the general solution of 
problems of rare events in the reliability analysis of nuclear 
power plants. CSNI noted that the group on decision theory and 
statistics had virtually finished its work, and that the 
communication techniques group was finalizing its audiovisual 
presentation on rare events. 
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The Committee also endorsed the Task Force proposal 
that increased attention should be paid to reliability problems 
of a mechanical nature, inviting the Task Force to concentrate 
first on control rod actuating mechanisms. 

It was agreed that the Task Force should meet again 
after completion of the proposed programme of work to evaluate 
the findings and to advise CSNI on possible future action. 

The Research Group met on 15th December 1977 at 
Fontenay-aux-Roses, France, and again on 20th April 1978 in 
Paris, maintaining firm coordination of the activities of the 
various groups towards completion of their current studies and 
preparation of their final reports. 

To meet the need to deal with reliability problems of 
a mechanical nature, a small group initiated work in this area 
in December 1977. It concentrated first on the sample case of 
assessing the reliability of reactor primary coolant circuit 
welds. In addition, it initiated data collection and analysis 
concerning failure rates of control rod actuating mechanisms 
and relief/safety valves. By the time of the third Meeting of 
the Task Force, this group was able to present an interim report 
showing substantial progress, particularly regarding the weld 
study. 

The third Meeting of the Task Force was held at GRS 
Garching from 20th to 23rd June 1978. This report contains the 
proceedings of the Meeting. 

CSNI Secretariat 



- 11 -

PRESENTATION AND DISCUSSION OF THE REPORTS 
OF THE TASK FORCE GROUPS OF EXPERTS 

Opening of the Meeting 

Professor A. Birkhofer, Chairman of CSNI, welcomed 
the Meeting participants on behalf of the host organisation, 
Gesellschaft für ReaktorSicherheit. He remarked that the 
whole area of the importance of rare events to reliability 
assessments in reactor safety would be discussed by CSNI at 
some length at its next meeting in November 1978. This 
underlined the importance to be attached to the successful 
completion of the current phase of the activities of the 
Task Force. 

Due to illness, Mr. A. Eric Green, General Chairman 
of the Task Force, had been able to attend the Meeting. 
Mme Annick Camino was elected Vice General Chairman of the 
Task Force and chaired the Meeting in his stead. She expressed 
the regret of the Task Force at Mr. Green's absence, noting 
the central role he had played in the development of the 
substantial studies undertaken by the Task Force and related 
groups of experts. 

As the complete final reports of the groups were 
each between 100 and 200 pages long, the Chairman of each 
group presented a summary report containing the key results, 
conclusions and recommendations of his group to the Task 
Force. The summaries are reproduced here, each accompanied 
by a summary of the discussion that followed its presentation. 
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Summary report of the CSNI group of experts on 

"Interdisciplinary Communication Techniques and Tutorial Programmes on 
Rare Event Problems and their Solution" 

Quite often we experienced, that discussing our work with others involved 
giving an explanation of the Group's title-.This was in fact the earliest 
occasion within our cooperation where we had to apply communication 
techniques in order to extract the appropriate subset from the set of 
meanings of a commonly used term. Most people thought of the subset of 
purely technical meanings and as a result we received applications for 
membership where the interest actually centered on things like technical 
means to keep up operator communication in catastrophic situations. So 
obviously there was a need to define and explain in some detail (cf. 
chapter I of the final report) the aspect we are mainly concerned with. 
In short it might be called the software aspect. 

To illustrate the development and application of communication techniques 
we selected specific items from the rare event context. For each of these 
items a short paper was prepared and included as an appendix to our report. 
Since they are the results of our efforts a few comments on each seem to 
be appropriate; 

Item 1; The meaning of small probabilities 
Rare accidental events are associated with small probabilities. Small, reason
ably accurate estimates of these probabilities are often difficult to obtain. 
However, once they have been obtained they generally have to enter a decision 
process and therefore need to be communicated. This turns out to present 
additional difficulties since in everyday life the smallest fraction we are 
able to quantitatively relate to the unit does not seem to be smaller than 
o.ol and correspondingly the largest multiple not larger than loo. So what is one 
to think, for instance, of the probability value o.oooool or of the respective 
chance of 1 in loooooo and how to relate it to commonly used and identified 
quantities? The paper in appendix A1^ is to assist the communication of small 

See final report /SIND0C(78)8¿7 
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probability values. The technique employed comprises the following steps: 

- simplification of the concept (restriction to the classical probability 
concept); 

- visual illustration (of chances by sets); 
- connection to elements that are common to almost any intersection of 
repertoires: 
i) search for a wanted item in a number of equally possible ones; 
ii) long railway journey and its connection to a quantitatively related 

plurality of possibilities. 

Item 2: Risk and risk estimation 
The term "risk" is often used in everyday life, however, it seems that no 
unique meaning (cf. Webster's and other dictionaries), nor a precise numerical 
value is associated with it in the various everyday situations of exposure 
to risk. The paper in appendix B explains to the target group "nonspecialists" 
the statistical meaning of the term "risk" and how numerical values are 
obtained in the case of frequent and infrequent (rare) events of damage. 
Accuracy problems and problems of risk evaluation, which include the different 
individual attitudes towards damage of the same physical magnitude and kind, 
are not treated. 

The communication technique applied in appendix B comprises the following single 
steps: 

simplification of the concept (reference to a source of damage that is 
relatively easy to overlook); 

«• decomposition into subconcepts (damage magnitude and chance); 
- examples (to the subconcepts); 
- restriction to a special characterizing situation (model case for the 
combination of the subconcepts to the concepts "Individual risk" and 
"communal risk"); 

<• establishment of a connection to common language "risk" expressions; 
- example (to pass over to the situation of frequent events); 
variation of the example (to pass over to the situation of infrequent events); 

" diagram of an extensive risk calculation. 
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Item 3: The rare event problem 
No doubt, a rare event is an event that has seldom or never been observed. 
The subset of specific interest comprises those rare events that directly 
or indirectly have the potential for serious consequences. Why is so much 
attention payed to these events if they have shown to be rare? Firstly, 
have they really shown to be rare? Secondly, the degree of attention to 
be paid to them is a question of severity of the possible consequences, 
which therefore have to be assessed. Thirdly, something that has never 
been observed may not be known at all and therefore can't be judged under 
the consequence aspect. Furthermore, something that is judged to be rare 
from past experience does not necessarily have to be rare under present 
or future conditions. However, since it has been rare 1n the past it is 
difficult to estimate its present and future frequency with the required 
accuracy. 

The paper in appendix C gives an example of a true multiple-event situation 
which caused many fatalities and injuries. The question is posed, "On what 
basis is the accident mechanism categorized as a rare event?" 

Item 4; Fuzzy set and fuzzy logic 
"Fuzziness 1s a property arising out of complexity and out of our limited 
capacity to deal with complexity. We understand things fuzzily because they 
do not have a sharp meaning by themselves but through interaction with 
other things. We cannot apprehend at once the totality of objects and 
interactions but need to decompose them. When we decompose them they appear 
fuzzy because they have different meanings according to the context of the 
decomposition" (T.L. Saaty in "Fuzzy Sets and Systems", Vol. 1, No. 1. 
1978), 

Decomposition of continuous events into discrete events, especially Into the 
complementary events "failure" and "success" Is often applied 1n order to 
facilitate the analysis of complex systems. It has been pointed ouf earlier 
that this procedure may alleviate data problems in the rare event situation, 
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however, at the risk of possibly loosing valuable information. Binary logic is 
applied to the resulting dichotomy while a continuous or multivalue logic 
would be required if also degrees of failure or success were to be considered. 
The fuzzy logic based on the fuzzy set concept is a multivalue logic. A short 
illustrative paper on the fuzzy set concept is included as appendix E to our 
report together with a brief outline of an application to a nuclear reactor 
shutdown problem. 

Item 5: Extreme value distributions 
Extrapolation from the range of frequently observed values of a random 
variable X to the range of not yet observed rare maxima or minima is often 
applied in order tô make the most of the observed non-occurrences of the 
rare event "X>x m " or "X<x m. ". The statistical laws to be used in this max mm 
context are formulated as three different types of extreme value distribu
tion. It may be an open question to the potential user of this theory, why to 
apply a separate distribution for the extreme value 1f the distribution of 
the random variable X seems to be well known to him. Further questions may 
concern the interpretation of the results, the requirements for successful 
application, possible pitfalls, fitting extreme value distributions to data 
etc.. The paper in appendix F tries to answer these and related questions by 
conscious application of communication techniques. Major parts as well as 
the structure of the paper are from a contribution to last year's Task Force 
meeting while the modifications and additions mainly concern the communication 
technique. 

The material under items.1 and 3 served as the basis for an audiovisual (tape-
slide) production entitled "The Rare Event Dilemma". For this purpose a 
script (appendix D) had to be written that fits the essential ideas to the 
frame work of a relevant interesting story. 

While there is some controversy about the achieved degree of objectivity, 
there seems to be general appreciation of the possibilities AV programs 
offer for the successful communication of complex concepts. Owing to the 
interest that has been stimulated by the production, some noteworthy 
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remarks on audiovisual packages in general have been included in chapter 
3 of our report. 

Clearly, this subject touches already the so-called hardware aspect of 
communication techniques and consequently we compared the practicability 
and efficiency of tape-slide AV productions with other media like movie 
film and the written word. It is quite abvious that, compared to written 
communication, AV productions offer many advantages like: 

-The compression of information by use of the visual channel; 
(makes AV a "quick" medium) 

- The "door opening" effect and the gain in attention; 
(there is generally a motivation to see pictures) 

- The control of the occasion and the group presence; 
(makes sure that the "news" is brought across and motivates and facilitates 
subsequent discussion) 

- AV overcomes the paper pile up problem. 

Of course there are also quite substantial disadvantages like: 

- Loss of rigour; 
(tradè-off between getting the basic idea across in an interesting way and 
the demand for "completeness") 

- Dependence on memory; 
(it is not always possible to "page back" whenever the thread is lost) 

r Update is difficult; 
r- Special equipment is required to present the production; 
(not always and everywhere available and expensive, especially for a 
single person show). 

Naturally the skilled services, time and therefore cost involved in AV productions 
may be considered as additional disadvantages. However, the advantages generally 
outweigh all these negative effects, which explains the large number of AV 
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packages that have been produced so far - not only on the cost saving tape-
slide but also on the movie film basis. The latter offers the possibility 
to show animation, which adds to the information compression and to the "door 
opening" effect but also quite substantially to the skilled services, time and 
cost required. 
It is our conviction that the budget for large scientific projects must 
include funds for AV productions that are to explain the project and its 
outcome to the public. There is a large and keen audience for well done 
AV productions on scientific subjects. More effort in this field would help 
to bridge the apparent gap between the scientific community and the frequently 
distrusting public. 

Further AV productions in the rare event context are appropriate. It seems 
reasonable not only to communicate the rare event dilemma but also to invest 
equal care into the communication of the efforts taken and results achieved 
by the Task Force, The amount of technical material to be communicated would 
by far exceed a 2o to 25 minutes show if the required level in depth and 
degree of intelligibility is to be achieved. Therefore it seems to be best to 
pick out specific areas where the Task Force has been most successful or to 
combine closely related topics in one production. A list of worthwhile 
subjects would include: 

i) Risk and risk estimation in the case of Infrequent events; 
ii) Redundancyand diversity - common mode and common cause failure; 
iii) The safety systems of a nuclear power plant; 
iv) Probability, statistics, probabilistic analysis and statistical 

methods; 
etc. 

Additionally an overview program might be appropriate. The diagram in figure 1 
could serve as the technical framework of such an overview and might provide 
useful introductory background information for any detailed production on 
specific topics. It is based on the fact, that all aspects of the rare 
event dilemma immediately become tangible as soon as the probability of an 
infrequent event is to be evaluated in the context of a practical problem 
as opposed to an ideal theoretical problem. 
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No doubt, the primary aim of all the efforts devoted to rare events are 
reasonably tight upper confidence limits for the occurrence probabilities. 
I n the ideal theoretical problem the event would be known to be rare and the 
small probability value would either be taken directly from the exact 
distribution or calculated from exact relationships of variables with their 
exact distributions given. Furthermore the obtained probability would apply 
to future realizations of the complex of conditions since there would be 
only stochastic (that means no deterministic) differences between past and 
future realizations. 

Of course the situation is very much different in the case of a practical 
rare event problem. There is generally only the belief or trust that the 
event concerned is rare since it has been assured that almost every 
conceivable effort was taken to avoid its occurrence and since it has never 
or seldom been observed in the past. Therefore small probability estimates are 
expected. If the rare event is not decomposed in form of a relationship of 
several variables, the most favourable situation that could be encountered 
is associated with so many observations of realizations of the underlying 
complex of conditions, or of complexes that are considered to be very close 
to it, that the aim, a reasonably tight upper confidence limit, is attained 
with the required level of confidence. The only problem remaining would be 
possible trends. 

If there are not enough of the aforementioned observations, data from complexes 
that are judged to be closely related, may help at the cost of introducing 
some degree of subjectivity. The obtained upper limit would again not consider 
trends and would probably have to be called "credibility limit". If there is 
not enough data to aggregate for a reasonably wide event definition larger 
portions of subjective judgement will have to be employed thus rendering 
only credibility limits and levels. Subsequent observations of realizations 
of the underlying complex may be used to update the subjective judgement. 

In case the approach without event decomposition did not lead to reasonably 
tight upper confidence limits (or tight and "sound" upper credibility limits) 
or in case the rare event is suspected to contain deterministic event contri
butions, the decomposition approach will be chosen, provided there is enough 
understanding of the complex of conditions to model it at a reasonably low 
level. The modelling would comprise four phases: 
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a) The "real world" model 
is a technical description of geometries, quantities, components, 
external and internal forces, interactions, applicable laws and 
things like test- and maintenance procedures etc. 
(Example: The wiring diagram of an electrical system would be 
part of this model.) 

b) The deterministic mathematical model 
contains the deterministic mathematical representation of geometries, 
component characteristica, time histories, interactions, relationship 
etc. 
(Example: The logic model of an electrical system.) 

c) The probabilistic mathematical model 
consists of the application of approximative random laws to the random 
variables involved, 
of the identification and modelling of the relevant stochastic 
dependencies, 
of the identification of the relevant event contributors etc.. 
The choice of distribution types and the estimation of parameters is based 
on either of the four practical situations mentioned in the case of no 
event decomposition. Since here generally more frequent subevents are consir 
dered, the decomposition hopefully has the effect of deminishing the 
degree to which subjective judgement has to be applied at this stage of 
the probability evaluation. 
(Example: Assignment of failure rates to the components of a logic model.) 

d) The computational model 
generally comprises a computer program and may apply various approximative 
numerical techniques. 
(Example: Automated search for the relevant minimal cut sets.) 
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The final result of all the efforts with or without event decomposition will be 
an estimate for the occurrence probability of the rare event. Since it is an 
estimate,a measure for the associated confidence (on the basis of sample 
evidence only) or credibility (on the basis of the combined expert opinions 
plus possibly available sample evidence) is required. Besides this a statement 
will be needed to make clear how the result may be affected by trends, since 
it has been obtained by employing past experience and since there may be 
deterministic differences to future experience. 

The achievements of the Task Force, which would, for their practical relevance, 
have to result in an alleviation of the various handicaps on the long and 

*inding path to reasonablytight upper confidence (or "sound" credibility) limits, 
may thus be well illustrated with the aid of the diagram in appendix G. This 
may be done by marking the corresponding boxes with labels to identify the 
paragraphs in the overview report (or sections of the AV program) where 
further details about the specific progress made would be given or referenced. 
The viewer or reader would thus receive an integral impression of the wide 
range of achievements of the Task Force as well as their relative position to 
each other and within the structure of the laborious path of rare event pro
bability evaluation. 
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Conclusions and recommendations: 

From the experience collected we have to draw the following conclusions: 

i) Definition of problems, search for solutions and production of results 
generally take up all the efforts of a research worker. In fact his 
position and the time allotted to him by the management do not permit 
to spend any "extravagant" thought on the communication of the meaning 
and outcome of specific projects to the public. Besides, it seems to 
be the common way of thinking that this job should better be left to 
journalists and artists. 

ii) The budget for large scientific projects must include funds for AV 
productions that are to explain the project and its outcome. This would 
help to bridge the apparent gap between the scientific community and the 
frequently distrusting public. Of course the productions must be scienti
fically profound and objective and therefore urgently require the large 
scale cooperation of the scientists involved. 

iii) Therear«a number of persistant and penetrating questions associated with 
probabilistic methods as soon as it comes to the "crunch'i namely their 
application in the context of a practical rare event problem and the 
interpretation of the achieved results. 
Furthermore it seems that many useful approaches take years until they 
find their rightful place in the arsenal of reliability engineers. 

We therefore propose the following recommendations to CSNI: 

i) The need for efforts towards successful communication with the public 
should be stressed and respective projects should be strongly encouraged. 

Why not have a kind of jury that awards prizes to outstanding productions? 

ii) The scientific communication on the specialists level would greatly profit 
from topical meetings and seminars. 
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There should be an OECD specialists meeting on the state of the art in 
theory and application of probabilistic methods. More general problems, 
like questions associated with the interpretation of results from pro
babilistic approaches, should be within the scope. 
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The rare event problem - a problem of p r o b a b i l i t y evaluation 

The ideal theoretical case: 

Small p r o b a b i l i t y value no trends 

i i 
taken from 
exact d i s t r i 
bution (no 
event de
composition) 

calculated from 
exact relationships 
between various 
variables and t h e i r 
exact d i s t r i b u t i o n s 
(event decomposition) 

The ordinary practical case: 

taken from estiir.-tîd d i s t r i 
bution (no event decompo
s i t i o n ) . Accuracy depending 
on the choice of d i s t r i b u t i o n 
type and the estimation 
of parameters which is 
based on 

Small estimate of 
the p r o b a b i l i t y value 

ftrends? 
confidence? 
( c r e d i b i l i t y ? ) 

calculated from approximate 
or estimated relat ionships 
between various var iables 
(event decomposition). 
Accuracy depending on the 
q u a l i t y of: 

Observation of rer 
a l i z a f i o n s of the 
underlying complex 
of conditions or of 
complexes that are 
considered to be 
very close to i t . 

(range extrapolation 
or d i s c r e t i z a t i o n ) 

Observations of 
complexes that are 
judged to be reason
ably close related 
(degree of s u b j e c t i 
v i t y ? ) 

(data aggregation) 

Subjective judgement plus a 
poster ior i observations of 
real izat ions of the under
l y i n g complex of conditions 

ISubjective judgement ("imaginary 
jooservations") made up from: 
i Extrapolations from complexes 
J that are judged to be somehow 
r e l a t e d ; . 
Other "ingredients" of the 
expert opinion; 
Event decomposition results con
taining s u b j e c t i v i t y in decisive 
parts; etc. 

computational 
model 

comprising: 

-L 
Computer pro
gram, a p p r o x i 
mative numerical 
techniques. 

p r o b a b i l i s t i c 
mathematical 
model 
comprising: 

JL 
Modelling of the 
relevant stochastic 
dependences, 
i d e n t i f i c a t i o n of 
the relevant event 
c o n t r i b u t o r s , 
approximative ran
dom laws - choice 
of d i s t r i b u t i o n 
type and parameter 
estimation based 
on: 

determinist ic 
mathematical 
model 

comprising; 

Modelling of geb' 
metries, compo
nents, time h i s 
t o r i e s , i n t e r a c 
t i o n s , r e l a t i o n 
ships etc. 

p h y s i c a l , chemi
c a l , ergonomical 
etc. model of parts 
of the underlying 
complex of c o n d i 
t ions 
comprising: 

Verbal o r v i s u a l 
d e s c r i p t i o n of 
geometries, 
q u a n t i t i e s , com
ponents, external 
and internal f o r 
ces, i n t e r a c t i o n s , 
applicable laws, 
t e s t - , maintenan
ce procedures e t c . 
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DISCUSSION: INTERDISCIPLINARY COMMUNICATION TECHNIQUES AND 
TUTORIAL PROCRAMMES ON RARE! EVENT PROBLEMS AND" 
THEIR SOLUTION 

Following the p r e s e n t a t i o n of the r e p o r t of the group 
t h e r e was a p r e s e n t a t i o n of the t a p e - s l i d e package i t had 
prepared, "The Rare Event Dilemma". 

P a r t i c u l a r l y noted in the r e p o r t of the group was 
the i l l u s t r a t i o n of the problem of evaluat ing the p r o b a b i l i t y 
of r a r e e v e n t s , in the diagramat ic form of appendix G. It was 
considered t h a t t h i s was u s e f u l f o r i n d i c a t i n g the r e l a t i o n 
ships between the a c t i v i t i e s of the d i f f e r e n t groups, and 
e s p e c i a l l y f o r communicating the work of the s t a t i s t i c s and 
d e c i s i o n theory group. 

A fundamental requirement i s t o communicate the 
concept of small p r o b a b i l i t i e s a s s o c i a t e d with r a r e e v e n t s , 
and the d i s c u s s i o n i n d i c a t e d t h a t the group had made an 
important c o n t r i b u t i o n t o t h i s p a r t of the work, both v i a 
the w r i t t e n r e p o r t and the a u d i o - v i s u a l p r e s e n t a t i o n . It was 
g e n e r a l l y f e l t t o be important t h a t even some p r o f e s s i o n a l s , 
as wel l as n o n - s p e c i a l i s t s , appear not t o have an apt conception 
of very low (10"°) or very l a r g e (10°) numbers. 

For publ ic acceptance of the p o s s i b i l i t y , remote as 
i t i s , of the occurrence of a r a r e event having high-consequences , 
t h e r e must be a c l e a r l y understandable evaluat ion of the r i s k 
communicated t o the p u b l i c . It was recognised t h a t i t i s the 
duty of the s p e c i a l i s t t o inform t h e s e n o n - s p e c i a l i s t s , and 
the communication must be adequate f o r the d e c i s i o n s regarding 
a c c e p t a b i l i t y t o be made by the p u b l i c . It was noted, however, 
t h a t even though such information can most a c c u r a t e l y be 
conveyed using a r i s k and p r o b a b i l i s t i c approach, t h e r e i s some 
question whether t h i s would g e n e r a l l y be c o r r e c t l y i n t e r p r e t e d . 
Involved in t h i s point a r e problems of i n t r a n s i g e n t precon
c e p t i o n s and the s i g n i f i c a n t ex tension required of the boundaries 
of commonly-held knowledge. There i s o f t e n a gap which must 
be bridged by choice of s u i t a b l e techniques and c a r e f u l 
c o n s i d e r a t i o n of the c o n t e n t . 

The common method of communication by w r i t t e n papers 
and r e p o r t s has d e f i n i t e l i m i t a t i o n s , and adequate t r a i n i n g 
i n t h i s a r t i s not included as p a r t of a s p e c i a l i s t ' s e d u c a t i o n . 
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Satisfactory communication therefore requires specialist 
attention, and the audio-visual medium was recognised as a 
suitable means of overcoming many of the problems. A 
particular comment on the prototype audio-visual presentation, 
"The Rare Event Dilemma", was that in it the problem of rare 
events is very explicitly demonstrated, but without an 
indication of the solutions studied to resolve the problem, it 
could be subject to misinterpretation by some audiences. If a 
nuclear reactor incident Instead of a train accident were to 
be the subject then it was agreed that this aspect be given 
special consideration. As an experiment, the prototype 
presentation was generally considered to have succeeded in 
attaining its goals, and it was felt that several of the 
studies of the Groups of Experts might also be suitable for 
communicating in similar presentations. 
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The final report of the Group of Experts devoted to Statistical Methods 
and Decision Theory on Rare Events contains various chapters, written 
by different authors, either members of the group, or associated with 
our work meetings. Purposely, we have not homogenized the drafting in 
order to keep diversity of points of view, and also because we think 
that the statisticians have not to take the place of the engineers 
with the aim of choosing standard methods of treatment of data. Statis
ticians can only bring tools and some logical aid to thinking and 
computing. 

In the presentation of our work, I will successively comment the report 
from two points of view: first, from the one of the specific problems 
raised by the study of rare events - and second, from the other of 
the statistical techniques which are now available. 

o o 

I - ABOUT STATISTICAL PROBLEMS RAISED BY RARE EVENTS 

The safety of nuclear reactors brings specific problems to the sta
tistician* We shall briefly examine some of them. The main problem 
comes from taking account of events whose probability is comprised 

-5 -8 
between 10 and 10 per reactor/year (and sometimes less than these 
figures) : these are the rare events. Many questions can be asked-
is it a meaningful definition ? which decision theories can be 
applied facing the events ? Some chapters of our report concern 
this kind of inquiry : 
- Probabilistic approach to rare events : some theoretical thoughts, 
- Introduction à l'emploi des méthodes bayesiennes pour l'étude des 
événements rares, . 
- Aspects statistiques de la prise en compte des risques nucléaires 
par la sûreté, 
- Méthodes bayesiennes et théorie des valeurs extrêmes dans les 
applications aux événements rares. 
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To approach these rare events, or rather those with severe consequences, 
we have to try to put them forward and evaluate their probability. Three 
types of situations often arise : 

1) the rare event can be considered as the conjunction of more frequent 
events. A fault tree and reliability diagram can be built to describe 
the logic of this event according to elementary events. Under some 
coherence conditions, this event can be described in a unique manner by 
"minimal cuts" or "critical paths". Probabilities concerning this event 
can then easily be computed if we know the statistical dependencies 
between the elementary events. Confidence intervals on the results can 
be deduced as shown in the chapter : "L'évaluation numérique de la 
sûreté des systèmes". 

2) The rare event can be considered as the extrapolation of more frequent 
events. We shall use the theory of extreme values to evaluate the proba
bilities. This theory is given in the chapter "Extreme value distri
butions : a tool for studying some kinds of rare events". 

The main practical difficulty comes often from a problem of information-: 
the physical phenomena bound to the reactor are konwn only by computer 
codes simulating the phenomena. Every use of such a code being very 
costly and the number of parameters being important, it is not 
possible to make a proper analysis concerning extreme values. It seems 
nevertheless that the statistical analysis of the simulation models by 
the method of response surfaces allows resolution of this difficulty. 

3) Sometimes the rare event cannot be analysed, either by decomposition 
or by extrapolation, and has to be apprehended with the help of exoge-
neous information : this is the field of bayesian methods which are 
treated in several chapters of the report, and more specifically in : 

- "Introduction à l'emploi des méthodes bayesiennes pour l'étude des 
événements rares", 
- "Une application du théorème de Bayes : la méthode des conjuguées 
naturelles". 

O ' 

o o 
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An important concept is often present in the three types of situations 
the common mode. We meet common modes when a common cause introduces 
statistical dependencies between different elements of the reactor, as 
is shown in the chapters : 

- "Les modes communs, une tentative de classification", 
- "une modélisation des effets des causes communes de défaillance : le 
modèle semi-catastrophique". 

Other problems are raised, concerning monitoring and maintenance} 
statistical methods to be used are to be found in signal treatment. 

SOME STATISTICAL TECHNIQUES USEFUL IN THE FIELD OF REACTOR SAFETY 

After the description of the problems raised in the field of reactor 
safety, we propose now to show which mathematical tools are available, 
and in which cases they bring answers to these problems. 

1) Point processes have been the subject of an abundant literature. 
There is an oriented review in our report : "Les processus'aléatoires 
un outil pour l'étude de la fiabilité des systèmes" which summarizes 
the present state of our knowledge on the topic. 

A realization of a point process is a countable set of points of X 
(generally t Q, + a), and it is conceivable that the theory of point 
processes can bring many results about physical events happening sud-
dendly, as points in time, which is the case of the most part of 
failures intervening in the field of reactor safety. 

2) Some particular models of common mode failures and a unifying pre
sentation of these models are evoked in the chapter "Une modélisation 
des effets des causes communes de défaillance : le modèle semi-catas
trophique" . 

3) In the form of an a priori law, bayesian methods integrate into the 
data of classical statistics another information from another source 
(physical studies of material resistance, mechanics of rupture, compa
rison with analog events, opinion of experts, etc...). 

This information can take a considerable importance when classical data 
are very few, which is the case óf rare events. The interest of such 
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methods, as well as their justification and logic, is treated in the 
chapter "Introduction à l'emploi des méthodes bayesiennes pour l'étude 
des événements rares". 

4) The technical aspect of these methods is recalled in the chapter 
"Une application du théorème de Bayes : les méthodes conjuguées 
naturelles" ; furthermore, a particular and simple application of the 
theory is developed. 

5) Some rare events are in fact only exceptionnally strong realizations 
of less rare events. It is interesting to recognize that, in this case, 
very partial knowledge of the intensity distribution of these more 
frequent events suffices to give information about the distribution of 
rare events. This point of view is developed in the chapter "Extreme 
value distributions, a tool for studying some kinds of rare events". 

6) Decision aspect of those methods is given in the chapter "Méthodes 
Bayesiennes et théorie des valeurs extrêmes dans les applications aux 
événements rares". 

7) An estimation method which is related to the Bayesian, but escapes 
the crucial problem of the choice of parameters for an a priori distri
bution, is used in the chapter "Application of James Stein estimators 
in the evaluation of the Phenix reactor data bank". 

8)Although no chapter of our report is devoted to it, we want to quote 
the Jack-Knife estimator method. This method has been studied by 
Millet, Quenouille and Tukey. This statistical estimation method has 
two objects : 

a) eliminate the bias of order N 1 ( N being the size of the sample). 

b) obtain in complex situations a correct measure of the variability 
of• the estimators, based on the data. 
This method consistsof dividing the sample into disjoint sub-groupe 
of N / K elements - that is to say a partition - and evaluating K 

pseudo-values Y^j : 

Y+j - K T - (K-l) Yj (j - 1 , 2 , . . K) 
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In the field of safety, the Jack-Knife procedure can allow the 
avoiding of numerous applications of costly computer codes 
(sequences of events leading to major accidents). 

But, of course, it is only applicable when some results are available. 

9) Biased estimators: when we have some information or a random variable 
other than observations, it is always possible to have a better 
estimator than unbiased ones. Theory furnishes a rich panoply of 
methods to obtain biased estimators, in particular constrainted 
estimators, which are the most important. These are convenient 
for the case where we know something about the field of variation of 
the parameter, which is generally the case. 

There appears to be a strong relation between Bayes estimators and biased 
estimators. These have the advantage of allowing the integration of 
some kind of information, other than an a prior distribution. But 
their relation is yet at the present time a subject of non-theoretical 
investigation for the statistician. 

Ill - CONCLUSIONS 

1 . To summarize, we can describe the essential features of statistical 
techniques which are most useful for rare events as follows: 
Apart from a set of metastatistical, but important reflexions, about 
the definition of rare events and the logical rules of decision, it 

where T is the estimator computed on the whole sample and I . is the 
th 

estimator computed on the sample, excluding the j sub-group of data. 

The Jack-Knife estimator is then 

I . » 1 ST 
K +j 

The bias (when it exists) is eliminated, and the variance of the Jack-
Knife estimator can be expressed easily. 
The Jack-Knife procedure allows, for example, in linear regression, -
association of confidence intervals to regression coefficients, 
whatever may be the probability distribution of the data. 
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seems that relevant statistical methods are grouped around four poles 
corresponding to four kinds of problems: 

- decomposition of events and combination of probabilities 
- extrapolation (extreme values) 
- Bayesian methods (and their relation with biased methods) 
- dependencies (common modes). 

2e From a formal point of view, for the statistician, no obscurity does 
remain, and the methodology adequate for these kinds of problems is 
perfectly clear (except for the third point). The main shadows are 
related to me confidence which can be attached to the data (or to 
any substitute when data are unfortunately lacking). 

3. Concerning rare events, much remains to be done in order to clarify 
the role and limits of efficiency of statistical methods. But we can 
think that this will progress exactly like the better knowledge of the 
physical phenomena themselves. 

IV - RECOMMENDATIONS 

1. The methods assembled by the group should now be applied to 
different types of rare events encountered in nuclear safety. The 
applications should permit the determination of their limitations and 
range of validity, through treatment of a sample problem by diverse 
methods. 

2. It is not possible to respond to questions of the acceptability 
of risk in the area of nuclear protection and safety without taking 
into account the balance between the socio-economic advantages and 
potential drawbacks of nuclear technology. The work of the group 
has not yet touched upon the decision techniques to be applied in this 
area, but should be extended in this direction. 
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DISCUSSION: STATISTICS AND DECISION THEORIES APPLICABLE TO RARE 
EVENTS : 

In the ensuing discussion, one important problem raised 
by the work of the group was emphasized: the problem of decision. 
How are the statistical tools described in the report to be 
used in decision-making? Is the decision to be taken using the 
same techniques when dealing with internal and external events? 
The evaluation is made qualitatively and engineer's judgement 
must be exercised in using the tools given by the statistician. 
When there is a lack of data, the part played by subjective 
information is predominant. Statistics can help make the problem 
explicit, but cannot reduce it. Finally, the choice of priority 
is an engineering decision based on reasons which may be related 
to some real evidence which can be trusted, but which is perhaps 
only indirectly relevant to the problem. In practice, the engineer 
tends to take decisions based on the order of magnitude of the 
belief he has in his experience of the relevant factors, though 
formally he deals only with "facts". The application of judgement 
then depends more on the man than on the method. 

The classification of the various techniques developed 
by the statistician was considered to be most helpful, but some 
caution must be taken in using extreme value theories due to 
possibly poorly-understood physical processes involved. There 
followed a general but not conclusive discussion on the generic 
problems of the Bayesian method concerning the appropriate choice 
and influence on the predicted results of prior distributions 
employed. It was suggested that it would be of interest to choose 
a specific hypothetical accident for study by the different 
methods outlined in the report of the group. To have confidence 
in the completeness of such an analysis, it is necessary to use 
both decomposition and model synthesis techniques. 

For the latter method, one must not only trace forward 
from an initiating event, but also start from the end events 
and trace back to the initiating events. Doing so greatly aids 
recognition of cause-consequence patterns. 

A study (carried out elsewhere) of a specific case of 
the catastrophic destruction of a dam by flooding employed 
decomposition of the various phenomena Involved, extrapolation 
of the behaviour of previously observed floods, and use of 
engineer1s judgement. 

A hypothetical reactor accident could be dealt with in 
a similar way.Such an example could show the practical limits 
and possibilities of the Bayesian, extrapolation and decomposition 
methods. 
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The group was set up in December 1977 with the scope of analysing 
the following mechanical components (see SIND0C(77)178): 

a) control rod (CR) mechanisms, and safety and relief 
(S/R) valve s, and 

b) primary coolant pipes, 

where (a) constitute "active" structural components (i.e. 
containing moving parts), and (b) a passive one. 

There have been three meetings of the group, but with the very 
short time available this report should be taken as an interim/ 
status report containing preliminary results and/or conclusions. 
Concerning part (a), a lot of data are available for valves, 
as can be seen in References no. 3» 6, 7, 9, 10, 11 and 12. For 
control rods, the data are more limited (References 3, 8 and 9). 
Included in the valve data is a lot of information concerning type, 
size, media, etc. To some degree the same is true for the data 
on CR, i.e. information on failed component, consequences, 
possible causes, etc. 
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Reference no. 1 (summarised in chapter 4 of the final reoort 
of the Fessenheim Assessment group) gives a qualitative 
evaluation of possible failure modes/paths to failure for CR, 
leading to the conclusion that it is indeed possible to set up 
a kind of fault tree for an "active" mechanical component. 
Certainly this does not give quantitative numbers for the 
failure probability, but combined with the information contained 
in the data on observed failures it should be possible to come 
up with such numbers. 

The same approach should be followed for safety and relief 
valves, but here the bulk of information possibly complicates 
things in the sense that it will be difficult to isolate 
the dominant and/or important failure modes/paths to failure. 

Part (b) is dealt with in Reference 2 (attached as appendix 1). 
The results contained in this should of course be taken as 
preliminary and as an example of how to deal in a probabilistic 
manner with a passive component. The study shows how to deal 
with continuous variables (i.e. utilizing the Monte Carlo 
technique). Furthermore, it is demonstrated that even complicated 
models/failure modes can be analysed. 

Some of the specific conclusions of the study at this stage are 
the following: 

the normal operational transients (like heat-up and cool-down, 
reactor trip etc.) hardly contribute to the leakage 
probability. 
the vibration experienced during start-up and normal 
operation constitutes the most important parameter, 

- * the initial crack distribution seems to be of minor 
importance . 

Status 
Concerning part (a) 
The building bricks for a quantitative failure analysis of 
CRD and S/R valves are at hand. Whether such an 
analysis can be done has yet to be demonstrated. Failure data 
from several participating countries on control rods and 



on safety and relief valves have been assembled. These data 
remain to be analysed by the group to determine the significant 
failure modes and mechanisms. 

Concerning part (b) 
The preliminary study has shown that it is indeed possible to 
deal with passive mechanical structures by means of statistically 
distributed variables combined with the laws of mechanics. 
Certainly the number of statistical variables was kept to a 
minimum, but the inclusion of several parameters as pdf/cdf's 
could at the most be a matter of computer time. 

Recommendations : 

Accordingly the following recommendations are made: 

Part (a) should be carried on to show whether a quantitative 
assessment- based on the combination of the fault tree approach 
and observed failures is possible or not. 

Part (b) should be extended to include more parameters of 
potential importance to the probability of leakage. Further
more since vibration seems to be the most important factor, 
an assessment should be made of possible causes for this. 
Such a study should be a combination of measurements and 
calculation of vibrational modes for the reactor system, 
establish more realistic figures for amplitudes and frequencies. 
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The aim of the study is to estimate the probability of having 
a leak in a circumferential weld in the straight part of a 
main coolant pipe. This will be performed utilizing a shop 
weld (YA 01/2W) in the hot leg of the main coolant pipe 
Biblis B (see fig. 1). 

1. Distribution of defects: 

Only semi-elliptical circumferential surface flaws at the 
inside of the pipe are considered. The corresponding initial 
crack distribution is modelled by assuming that the welder 
(or welding machine) will make between 1 and 10 faults of 
length 2c = 24 mm during each weldbead. Another assumption 
has to be made concerning the shape of the resulting cracks: 
Either the depth/length ratio of the crack (a/2c) is constant 
for all cracks or it is increasing with the depth of the crack, 
this means that the length of all cracks (2c) is constant. 
The constant depth/length ratio for all cracks will lead to a 
very conservative crack distribution, while the constant length 
for all cracks will only yield a lower bound for the expected 
crack distribution. Another conservatism of the crack distri
bution function is that the cladding of main coolant pipe is 
not regarded. The following shape of the crack distribution was 
chosen: 

f(x) = a.e" b- x 

0 x ^ Wallthickness of the pipe 
with x crack-depth /~mm_7 

f(x) absolute number of cracks with the depth x 
a, b constants depending on the quoted assumptions 

2. Loads: 
The loads (changes in pressure and temperature, vibrations) for 
the considered weld are listed in table 1. They were taken from 
records of KWO, Biblis B and specifications. At first it was 
shown that the changes in pressure and temperature as listed in 
the specifications have almost no influence on the leakage 
probability of the pipe: 
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The pressure transients for ten years of operation increase the 
leakage probability only by a factor of two. 
Therefore only the vibrations (experienced during normal opera
tion) are considered in the following calculation of the leakage 
probability of the pipe. In this context the term "load" is 
defined as follows: 

load = N . (ACf) n 

with N number of the vibrations 
A 6f change in stress during one vibration /"*N/mm2_7 
n exponent in the Paris-law (see next paragraph) 

3. Calculation of leakage probabilities: 

Starting with the initial crack distribution the crack growth 
is calculated using the Paris-law: 

da = C . ( A K ) n 

Mm {ïïCL - û 6 ~ with A K = — a » , in depth direction 

Mm and 4 K = ^ y. fTL^ » in length direction 

^ crack growth rate /~~mm/cycle_7 

a crack depth /~mm_7 
c crack length £yt\MnJ 
N frequency of load cycle 
éû€T change in stress of load cycle /~N/mm 2 _7 
M m, Q factors corresponding to the crack geometry 
C, n material-constants 

The constants M m, Q, C, n were chosen according to ASME XI, 
Appendix A, especially: 

C = 1,75 . 10" 1 4 (wet conditions) 
n = 3,726 

Direct integration of the Paris-law yields to the crack growth 
in the direction of the depth: 
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On the other hand the crack growth in the direction of the 
length is calculated according to: 

a Q marks the initial crack depth and c Q the initial crack 
length. 
Because of the fact that the constant C of the Paris-law is 
taken as an upper bound it is assumed as a distributed value. 
The distribution is taken between the following limits: 

C/10 and C 
preferring the higher values. 
The complete analysis is performed using Monte-Carlo-techni
ques. 
There aretwo distributed values: 

crack depth a, material-constant C 
All other variables are assumed to be constant (in a more 
sophisticated analysis some of these parameters might be 
treated as stochastic variables, too). 

4. Results: 

Considering all the assumptions the most important result of 
this study was that the vibrations experienced during normal 
operation are the most sensitive parameter for the leakage 
probability of the main coolant pipe. The results in detail 
are given in fig. 2. Since the ASME-parameters were used for 
the crack growth constants, the high R-values are covered with 
this result. Furthermore, it has been found that additional 



vibrations may be added to the operational vibrations in 
terms of "loads" (s. 2.) for any given period of life. So 
fig. 2 represents all possible situations of the pipe. 
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Load cyc les at severa l p l ant condi t ions DRAFT 

plant condition load cycles per plant condition frequency of 

P bar t o c 

rate of 
change 
°C/h 

s mm lit. 
the plant con
dition within 
40 years life 
time 

lit 

1. start up/ 
shut down 

1 time 30; 1 time 155 1 time 
260 

50 1 240 7,1o 

2. normal operation 
(75% life time) 

0 ,5 at 10 Hz O , 
Hz 

12 mm at 8/2Í 
, see fig. 1 

9/11 

3. load ramp 
+ 15%/min 1 time 2 — 7 3-10 4 1o 

4. load step + 1 0 % 2 time 4 2 time 4 850 1 ,8 10 5 8 

5. scram 1 time 6 1 time 19 450 400 8 . 
6. turbine trip, 

load rejection 1 time 10,1 time 9 
1 
1 

time 
time 

7, 
3 

1000 1,2 400 8 £ 
1 

7. turbine trip 
without steam by
pass (30 min till 
shut down) 

180 time 2 

1 time 13 

1 time 10 

180 time 
1,5 

1 time 7 

1100 

940 

1100 

1,2 80 8 

8. failure of one 
reactor coolant 

1 time 13, 2 time 5 1 
1 

time 
time 

10 
9 

1400 
290 

5 80 8 

pump 

9. loss of off-site 
power 

1 
4 

time 
time 

4, 1 time 12, 
3 

1 
1 

time 
time 

11 
16 

2600 
600 

6 80 8 

1o. periodic 
pressure test 

1 time 228 NDTTmax 
+ 3 3 0 

I + A N D T T 

12 2o 1o 

Table 1: Load cyc les f o r pr imary p i p i n g (CSNI Task Force on Rare Events) 
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Some supplements on the draft 

"Leakage Probability of Circumferential Defects in Pipes" 

1. Comments on fig. 2 
The leakage probabilities given in fig. 2 were calculated without 
regarding ultrasonic testing. The crack distribution function 
underlying the curve 1 of this graph is shown in fig. 3. 
Some examples for the term "load": 

vibrations "load 
pessimistic 

n 
realistic 

normal operation: 
4 years/ 8 Hz 
4 years/25 Hz 
start-up : 
4 years/ 8 Hz/15 min 
4 years/ 8 Hz/30 min 
4 years/25 Hz/30 min 
4 years/25 Hz/60 min 

( A c r = 4,3 N/mm 2) 
1,7.10 1 1 

5,4.10 1 1 

(A<f = 21,5 N/mm 2) 
1.6.10 1 0 

3,2.10 1 0 

1,0.10 1 1 

11 
2,0.10*1 

(AC « 1 N/mm 2) 
7,4.10 8 

2,4.10 9 

(A<T= 5 N/mm 2) 
7,0.10 7 

1,4.10 8 

4,4.10 8 

8,8.10 8 

2. Influence of stress-ratio R 

To show the influence of the stress-ratio R on the leakage proba
bility the material constant C of the Paris-law was changed: 

C/10 according to high R-values 
10.C according to low R-values 

The results are given in fig. 4 (concerning curve 1 of fig. 2 ) . 

3. Influence of ultrasonic testing 
Fig. 5 shows the different curves used for the probability of 
not detecting a crack of a certain depth: 
- Curves I, II, III for a constant non-detection probability, 
- Curve IV derived from that of the Marshall-Report (being 

B(x) = 0,005 + 0,995.e " ° , 1 1 3 4 , X for the RPV) 
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omitting the constants 0,005 and 0,995 for simplicity 
- Curve V transforming curve IV (for the RPV) to the main 

coolant pipe. 
The influence of ultrasonic testing (with these assumed proba
bilities of non-detection) on the leakage probability is given 
i n 6 (concerning curve 1 of fig. 2). 
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DISCUSSION: THE RELIABILITY OF STRUCTURES AND MECHANICAL 
COMPONENTS 

Although this group had only begun its programme 
of work in December, 1977, it was generally agreed that the 
work already carried out and that outlined for future 
consideration would form an important contribution and was 
proceeding in the desired manner. 

In discussing the work done on control rods, it was 
confirmed that the study was concerned with the determination 
via a fault tree of the causes and mechanisms of failure of 
rods to drop into the core for PWR reactors. In connection with 
this, reference was made to the paper presented at the 1977 
Gatlinburg USA Conference by W.E. Vesely, and it was stated 
that a study of PWR data from L.E.R.'s was to be made. It 
was proposed that further comparison of predicted and actual 
data for control rods be undertaken in the study. The appli
cability of fault tree methods to the quantitative assessment 
of the reliability of control rods was discussed. In connection 
with this, the lack of data on elementary failure modes was 
recognised as an important but difficult problem to solve. 

The discussion on the piping study clarified several 
points. The study had considered only weld defects, the pipe 
material, and the load on the pipework. The latter had been 
shown to be the most sensitive parameter. However, according to 
the results obtained so far, the relative contribution of plant 
load changes was insignificant. Induced vibrational frequencies 
in the range 5-25 Hz were the primary cause of weld failure. 
The effects of corrosion had not been considered, but this 
could be included by variation of the constant in the Paris law. 
It was stated that extrapolation of available data on leakage 
of small pipes supported the fatigue-induced crack-growth model 
that had been developed during the study. 

Various points related to the application of fault 
tree methods to passive structure problems were discussed, but 
it was generally agreed that this technique is not appropriate 
in such cases. 

Finally, it was agreed that the group should pursue 
its work further before forwarding any definitive conclusions 
and recommendations for the consideration of CSNI. 
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The terms o f r e f e r e n e e " f o r the work of t h i s group 

have been f i x e d as f o l l o w s : 

- c o l l e c t and ana l y ze r a r e event da ta ; 

- s p e c i a l i z e the da ta t o r e a c t o r shutdown systems and p o s 

s i b l y PWR shutdown systems; 

- e x c l u d e e x t e r n a l r a r e event da t a l i k e ea r thquakes , t o r 
nadoe s , e t c 

Given these terms o f r e f e r e n c e the task o f the group 

was l i n k e d to data c o l l e c t i o n r e l a t e d t o shutdown system 

u n a v a i l a b i l i t y , which i s a l s o important i n c o n s i d e r a t i o n o f 

ATWS: a n t i c i p a t e d t r a n s i e n t s w i t h o u t scram. I n f a c t the event 

•»no scram on demand" i s an important r a r e event concern ing the 
i 

shutdown systems where i t s p r o b a b i l i t y i s t o be low s i n c e i t s 

consequence can be r e l e v a n t from the s a f e t y p o i n t o f v i ew . 

C o n s i d e r i n g the l i m i t e d p o p u l a t i o n o f o p e r a t i n g s h u t 

down systems , even though s t a t i s t i c a l ev idence o f events having 

a l ow p r o b a b i l i t y may be a v a i l a b l e , con f idence i n app ly ing t h i s 

e x p e r i e n c e to t h e o r e t i c a l d e s i g n cannot be c la imed a t such a low 

r e l i a b i l i t y l e v e l because o f d e s i g n changes , common cause e f f e c t s 

and human f a c t o r s i n f l u e n c e . So the e x p r e s s i o n " da ta c o l l e c t i o n 

and a n a l y s i s " has to be i n t e r p r e t e d i n the sense o f " c o l l e c t i o n , 

a n a l y s i s and p r o c e s s i n g o f d a t a r e l e v a n t to the p r e d i c t i o n o f 

the event hav ing v e r y low p r o b a b i l i t y " . 

F o l l o w i n g t h i s l i n e o f t h i n k i n g the group members 

have produced v a r i o u s c o n t r i b u t i o n s tha t address v a r i o u s c r i - , 

t i c a l a s p e c t s o f the prob lem of d a t a c o l l e c t i o n , a n a l y s i s , 

and i n t e r p r e t a t i o n . 

The f i r s t chap te r óf t h i s r e p o r t f o c u s e s a t t e n t i o n 

upon the d a t a p u b l i s h e d conce rn ing the u n a v a i l a b i l i t y 

of shutdown systems as o b t a i n e d by the e x p e r i e n c e a t the system 

l e v e l , and the approaches f o l l o w e d f o r d e a l i n g w i t h these 

d a t a ^ Then the " s y n t h e s i s " approaches u s e d to e s t imate t h i s 

u n a v a i l a b i l i t y u s i n g data .at subsystem or component l e v e l a r e 

r e v i e w e d . 
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The second chapter deals with event data systems as 
possible source of information relevant for the estimation of 
shutdown systems reliability. 

The third chapter deals with probability data sources. 
The fourth chapter concerns the problems of the data 

needed for the quantification of common mode failure. 

2. SCRAM UNAVAILABILITY: A CASE OF RARE EVENTS 
2.1 The problem 

One Task Force Group of Experts has studied the reliability 
of the protective system of the Fessenheim reactor. It 
considered the specific case of the response of the 
protective system to the transient consisting of the 
spurious withdrawal of the control rods. This transient 
is one of the initiating events considered in studies of 
"anticipated transients without scram." 

"Anticipated Transients" (AT) are events which may take 
place one or more times during the life of the plant. 
The term "without scram" (WS) refers to when the protection 
system fails to operate. 
From this definition it can clearly be seen that ATWS 
consists of two events happening simultaneously. 

Indicating by P¿ the probability of a transient and by U 
the probability of the shutdown system not operating, the 
probability of ATWS is given by: 

A - P A . U 

Leaving apart the ongoing debate on the whole problem 
of ATWS, we limit ourselves to the consideration of the 
estimation of U : the unavailability of the scram system. 
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The e s t i m a t i o n o f U can be approached i n two ways . One 

can c o n s i d e r the e x i s t i n g e x p e r i e n c e on o p e r a t i n g 

r e a c t o r s and e s t i m a t e on tha t b a s i s U . On the other; hand 
one can use f a u l t - t r e e s and da t a on subsystems o r 

components to e s t ima te U , , ; , 

2 .2 Es t imat ion o f scram a v a i l a b i l i t y based on system o p e r a t 

i n g e x p e r i e n c e . 

The " d a t a " on which the e s t i m a t i o n can be ba sed c o r 

r e spond to the o p e r a t i o n h i s t o r y o f l i g h t power r e a c 

t o r s ( T a b . 2. 3 ) . 

Two i n s t a n c e s o f f a i l u r e a r e r e c o r d e d i n c o r r e s p o n 

dance w i t h t h i s o p e r a t i o n e x p e r i e n c e . 

The two i n s t a n c e s o f scram system u n a v a i l a b i l i t y a re ( a ) t h e 

1965 Kahl r e a c t o r ( U . S . d e s i g n e d r e a c t o r ) i n c i d e n t 

i n Germany where i t was d i s c o v e r e d , du r ing a t e s t , that 

a scram s i g n a l would not have been i n i t i a t e d when r e 

q u i r e d , due t o a CMF o f the scram r e l a y s , and ( b ) the 

1970 shutdown system f a i l u r e o f the N r e a c t o r â t the 

. AEC Hanford f a c i l i t y . Th i s i n c i d e n t was the r e s u l t o f 

the CMF o f f o u r b l o c k i n g d iodes i n the scram r o d c o n 

t r o l c i r c u i t r y . 

Given these b a s i c d a t a , the prob lem o f t h e i r p r o c e s 

s i n g i n v o l v e s d e c i s i o n s about the f o l l o w i n g p o i n t s : 

a ) c h o i c e o f the p a r t o f the p o p u l a t i o n tha t can be 

c o n s i d e r e d homogeneous, 

b) significance of the two failures observed, 

c ) type of model to be assumed for the scram system 
failure, and consequently the type of statistical 
processing of the data. 
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P o i n t a ) i s a t y p i c a l prob lem o f e n g i n e e r i n g j u d 

gement. 

J »o int b ) i s a p rob lem o f e n g i n e e r i n g judgement (to 
what e x t e n t the two systems on which the failures, have 
been r e c o r d e d can b e c o n s i d e r e d homogeneous t o the 

r e s t ) , and a l s o of s t a t i s t i c a l c o n s i d e r a t i o n s ( s i g n i 

f i c a n c e o f a l e a r n i n g p r o c e s s when CMF a r e i n v o l v e d ) . 

P o i n t c ) i s a prob lem o f e n g i n e e r i n g judgement and 

o f s t a t i s t i c a l m o d e l i n g . 

Wi thout e n t e r i n g i n t o the m e r i t , i t i s i n t e r e s t i n g to 

r e v i e w briefly how the p o i n t s a) b) and c) have been 
r e s p e c t i v e l y approached i n the l i t e r a t u r e : WASH-1270 

C2'$J* EPRI WP-265 /~2.4J, NUREG-0460. 

For the p o i n t a ) WASH-1270 and EPRI NP-265 cons ide r a p p l i c a b l e 
the e x p e r i e n c e o f n a v a l r e a c t o r s , NUREG-0460 does not 
consider it. 

For the p o i n t b ) WASH-1270 c o n s i d e r s bo th the f a i l u r e s , 

w h i l e NUREG-0460 c o n s i d e r s o n l y K a h l ' s r e a c t o r f a i l u r e ; 

EPRI NP-265 does not consider either the N-reactor's or 
Kahl•s reactor failures. 

For the p o i n t c ) , the d i s c r e p a n c y between WASH-1270, 
NUREG-0460 and EPRI NP-265 concerns bo th the e s t i m a t i o n 
of the number of tests effectively executed on the systems 
c o n s i d e r e d and the models o f f a i l u r e . 

Assumptions common to the two models, WASH-1270 and 

EPRI NP-265 a r e : * • 

1 • Scram demands occu r as a P o i s s o n p roce s s a t a 

c o n s t a n t r a t e o f (j o ccu r r ences p e r y e a r . Thus, the 

time between demands i s e x p o n e n t i a l l y d i s t r i b u t e d 

w i t h a mean t ime between occu r r ences o f l //u y e a r s . 

2. The o c c u r r e n c e o f the main f a i l u r e i s s t a t i s t i 

c a l l y independent o f the occu r r ence o f a demand. 



- 71 -

D i f f e r e n t assumptions concern ing e s s e n t i a l l y the 

p o p u l a t i o n c o n s i d e r e d a p p l i c a b l e l e a d to d i f f e r e n t 

r e s u l t s as g i v e n i n T a b . 2 . 4 . 

2 .3 E s t imat i on o f scram u n a v a i l a b i l i t y based on f a u l t -

t r e e s . 

The fault-tree i s a technique for decomposing an event for 
which no da t a o r few d a t a e x i s t i n t o events f o r which 

more d a t a a r e a v a i l a b l e . Many f a u l t - t r e e ana l y s e s have 

been c a r r i e d out on LWR scram systems. 

Data used i n i npu t ,of t h i s model concern : 

- the f a i l u r e r a t e o r f a i l u r e on demand-of the e lementary 

component s , 

- the " f a c t o r s " which take i n account the s t a t i s t i c a l 

dépendance o f the f a i l u r e o f the e lementary r e d u n 

dant components (common cause f a i l u r e s ) . 

Some, r e s u l t s taken f rom the l i t e r a t u r e a r e g i v en i n 

Tab . 2 . 5 . The d i s c r e p a n c y between the various results is 
mainly due to the assumptions regarding dependence factors. 
In fact the scram system being a highly redundant 
system, the e f f e c t o f common f a i l u r e s , h u m a n f a c t o r s 

and human e r r o r e s t i m a t e s tends to become predominant . 

2 .4 E s t imat i on o f the scram u n a v a i l a b i l i t y based on a 

b a y e s i a n app roach . 

EPRI NP-265 also proposes the use o f a b aye s i an a p 

p roach , to combine scram u n a v a i l a b i l i t y e s t imated by 

t h e o r e t i c a l f a u l t - t r e e s y n t h e s i s ( c o n s i d e r e d as p r i o r 

i n f o r m a t i o n ) and b y e x p e r i e n c e . The ca se o f scram 

u n a v a i l a b i l i t y appears to be, in principle, an interesting 
case f o r the a p p l i c a t i o n o f Bayes i an techniques 

¿"Re£. : F i n a l Repor t o f the Group o f Exper t s on 

S t a t i s t i c a l D e c i s i o n T h e o r y _ / . 
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However if we look at the results of EPRI NP-265 
(Tab. 2.6), we see that the choice of the prior 
distribution changes the relative weight of the 
prior data and of the experience. 
This type of problem has been debated in ¿"2.5J 
and /~2.6_/. 

3. EVENT D A T A 

Three types of event data sources have been iden
tified: 
-Reporting systems for safety related occurrences ("abnormal 

occurrences")» 
- Reporting systems operated by the utilities for internal 

use, 
- Data Systems set up specifically for obtaining reliability 

data. 

The first type of source is linked in each country to 
licencing and regulatory processes. Ref. /~3.1J gives a 
detailed review of the abnormal occurrences reporting systems 
set up in various countries. 

Events concerning scram system failures reported in 
Abnormal Occurrences Reports from U.S.A. (NRC and EPRI), 
Prance (CEA file), Germany (GRS file) have been collected 
in Tab, 3.1 of the full report of the group. 

The second type of? source concerns all types of 
failures relevant for safety, availability and maintenance. 
This source» is extremely rich i n information, but to exploit 
it an effective collaboration and involvement of the utilities 
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is absolutely necessary. Events derived from this source 
have been supplied by KEMA (Borsele and Dodewaard power 
stations) and by ENEL (Trino and Garigliano power stations) 
in Table 3 » 2 of the full report of the group. 

The third type of source consists of data systems 
for LWR set-up in various countries. The systems are 
listed in Table 3 . 3 . Only NPRDS is fully operational as yet. 

4é RELIABILITY DATA 

A list of sources for these data that have been mentioned 
by the group participants and used for different fault-tree 
analysis of scram systems is reported in Tab. 4.1. 

Data used as input in the German study on ATWS have also 
been supplied to the group (Tab. 4 . 2 of the full report). 

The most recent and relevant initiative in the domain 
appears to be IEEE Std 500-1977. 

IEEE Std 500-1977 concerns the development and pre
sentation of a reliability data base which includes failure 
rates, failure rate ranges, failure modes and environmental 
factor information on generic components actually or poten
tially in use in nuclear power generating stations. The cur
rent edition of this document is limited to electrical, 
electronic, and sensing components. However future editions 
aré planned which will include mechanical, and nuclear 
system components. 

The sources of information used for the development 
of the data base were found to exist in the following forms: 
- Statistical operating data from nuclear plants, 
- Statistical operating data from fossil fuel fired gene

rating stations and from other major industries, 
- Statistical failure data from generating stations, trans

mission grids, and related industrial plants for which 
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recorded population information was not available, but for 
which population estimates could be made to allow calcula
tion of failure rates. 

- Data extracted from published sources for other industries 
which had some level of applicability to nuclear power 
generating station components, 

- Data generated (by the Delphi technique) from both population 
and failure estimates made by individuals familiar with 
operating and failure histories of particular generic types 
of devices. 

All these sources were tapped to generate the initial 
data base contained in the current document, but no claims are. 
made that the data presented would represent exactly data 
collected from a random sample of nuclear plants. In fact the 
recommended value (REC) and the interval given may be expec
ted to differ from in-service experience for some of the re
ported failure data. However, although a particular statisti
cal calculation of a"component failure rate based on operating 
data may not match exactly the recommended point value, it 
is expected (based on a preliminary analysis) 

that such a calculation will be well within the range 
of values listed in the document. 

Data from IEEE Std-500 concerning circuit breakers 
of interest for the Fessenheim protective system assessment 
group are reported in Tab. 4.2. 

A particular problem that has also been dealt with is 
the problem of the ratio between safe random failures and 
unsafe random failures. This datum, it should be clearly 
stated, has no significance when referred to generic compo
nents. It has some global meaning when referred to the 
function that the component or the system performs. CEGB 
has reported the following data : 1482 subsystem years, 
4.900 random safe failures and 290 unsafe random failures 
in the trip systems. 
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5. COMMON CAUSE FAILURE DATA 

The prob lem o f e xpe r imenta l da ta concern ing common 

cause f a i l u r e a n a l y s i s has been b r i e f l y debated by the 

group in one of its meetings in January 1978. 

_ „ . . a „ . , n A ( o r p r o b . ) common modes 
I n f o rma t i on on ß f a c t o r ( ß = *- - - 1 

1 A ( o r p r o b . ) s e l f mode 

has been o b t a i n e d from Gene ra l Atomic and from CEGB. 
These data are reported in Tab. 5.1. 

6. CONCLUSIONS 

1) Based upon the group's review of the data available, it can be stated 
with a high degree of confidence that overall LWR scram system un-
availability is less than 10 /demand. A lower figure might be obtained 

* 
by further analysis of partial failure data. 

2) For the data collections reviewed by the group, the use of engineering 
judgement in the choice of applicable population had a much greater 
effect on the conclusions drawn than did the choice of statistical model 
for the analysis. 

3) When Bayesian analysis is used, it is important that the choice of a 
prior distribution be based on an actual belief that the distribution 
describes the population. 

4) The cut-off reliability figure+for any system is dependent on the relation
ship between the component lifetime and the plant Vfetime. 

5) Scram system partial failure data has been reported and is available, 
but has not, as yet, been utilized in estimations of scram system unavail
ability in a systematic way. 

* partial failure: an event at the system or component level which 
does not cause a system failure, 

+ cut-off reliability figure: an estimated upper bound for the 
possible value of an unmeasured component failure 
rate, 
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6) A significant body of published directly applicable component data does 
not exist. However 
a) it is possible to synthesize such a data base from existing published 

sources by selective use of engineering judgement; 
b) existing plant maintenance records could be converted into such a 

data base. 

7) Data Usage 
Any user of a data source must be conscious of the following consider- : 

ations when applying the data source to a specific nuclear plant reli
ability analysis: 
a) The possibility of inherent inhomogeneity of the sub-populations con

tained within the data source. These inhomogeneities result from 
design-to-design variations, plant-to-plant variations and mainte
nance variations, and prohibit the narrowing (beyond a given level) 
of the range of failure rate data. 

b) The limitations of extrapolating large population data gathered over 
a short period of time to a small population operating over a long 
period of time. A particular concern arises when the component operat
ing lifetimes are less than or similar to the plant lifetime. 

c) The necessity for a basis of comparison between the operating demand 
rate (including testing) and the data base demand rate when time-de
pendent failure rates are used to estimate demand probability. 

8) Event reporting data systems should be improved to ensure inclusion of 
the mode, mechanism and causes of failure and the corrective 
action taken. 

9) Estimates concerning the likelihood of system failure less than 10" 
per demand should be made only after careful and explicit consideration 
of human error and common cause failure implications-. 
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RECOMMENDATIONS TO CSNI 

1) It is recommended that programs of in plant data gathering visits be 
undertaken to expand the base of directly applicable data. 

2).It is recommended that a further analysis of the Bayesian approach be 
undertaken to determine a set of criteria, based on 
engineering implications, for the selection of Bayesian prior 
distributions. 

3) It is recommended that an investigation be undertaken to review the par
tial failure data available, to determine its applicability in further 

i 

refining estimates of scram system failures. If the data are found to be 
applicable, it is further recommended that appropriate models be developed 
to utilize this data. 
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TAB. 2.3 Power Reactor Accumulated Operational'Time 

U.S. Reactor 

Central Station 
Power Units 

Army Power 
Units 

Naval Units 
N.S. Savannah. 
Foreign Reactors 

Central Station 
Power Units 

TOTAL 

WASH-1270 
(through 3/73) 

N° of Accumulated 
Reactors Reactor-Yrs. 

29 

115 
1 

. 66 

214 

150 

52 

1005 
10 

410 

1627 

EPRI NP-265 
(through 12/75 

N° of 
Reactors 

55 

129 
1 

86 

276 

Accumulated 
Reactor-Yrs. 

228 

57 

1252 
10 

673 

NUREG 0460* 
(through 12/77) 
Accumulated 
Reactor-Yrs. 

337 

58 

non USSR LWR 
(non' LWR 

(USSR LWR 

264 
652) 
53). 

2220 Applicable 
LWR . 659 

Extrapolated from Nuclear News, Augusj: 1977 issue. 



TAB. 2.4 : Scram System Unavailability (Failure Probability per 
Demand Assuming Monthly Testing) Estimated from 
Operating Experience 

Confidence Level EPRI NP--265 WASH-1270 NUREG 0460 

5056 3.0x10" -6 6 . 9 X 1 0 " 5 1 . 1 X 1 0 - 4 

95% 1.3x10" -5 1.6x10-4 3.0x10-4 



TAB. 2.5 : Scram U n a v a i l a b i l i t y Est imated by Synthes i s 

( Acco rd ing to Va r i ous L i t e r a t u r e Sources ) 

BV7 R PV R 

Conf idence l e v e l 50% 95% 50% 95% 

WASH 1400 

EPRI NP-265 

MRR-163 (German Repo r t ) 

BAW 1 0 0 1 9 , Rev . 1 

WCAP-7706 ( S o l i d s t a t e 
l o g i c ) 

EUR 5640 

1 . 3 X 1 0 " 5 

2 . 3 X 1 0 " " 6 

5 . 5 x 1 

4 . 8 x 1 0 ~ 5 

2 . 0 x 1 0 - 5 

0-6 

3 . 6 x l 0 " 5 

'5.1x10-5 

5x1C 

6x10 

3.4x1 

5 x 

1.0x10~ 4 

1 . 5 X 1 0 - 4 

-6 

- 8 

0-7 

1 0 ~ 4 I 



TAB. 2.6 : Scram Unavailability Calculated by Bayes Combination of 
Experience and Synthesis According EPRI NP-265. 

BW R PW R 

Confidence Level 50% 95% 50% 95% 

Experience 3.0x10~6 1.3x10"5 3.0x10"6 1,3x10"5 

Synthesis 2.3x10~6 2.0X.10"5 5.1x10" 5 1.5X10"*4 

Bayes a) 
(zero failures) 

b ) 

(Prior beta: 
mean 3.8x 
st.dev. 3.8x 
3.6x10-7 

TO-6 
10-6 ) 

3.1x10-6 

(Prior beta: 
mean 1 . 4 x 1 
âlv. 6.1 x 1 
1.3x10-5 

0-5) 

2.7X10"*5 

Bayes a) 
(zero failures) 

b ) (Prior: 
numerical re 
tion ) 
7.0X10*"7 

presénta

s e l o * " 6 

(Prior: 
numerical re 

3.0X10"5 

presentation ) 

4.1x10"5 



CHARACTERISTIC! Of DATA IANK SYSTEMS 
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notes 

Germany 
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case 
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codilkalion 
ol works ordar 
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Ed F 

IBM 
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In development 
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Great 

Britain 
(UKAEA-
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normal 

operation 

internal 
derimal 
codification 
system 
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development 

raw data 
and 
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prtnroeetssxJ 
data 
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cards and 
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operation 
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system 
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raw data 
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ssouenlial 

random 
and 
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magnetic 
tapes and 

, disks 

Totals 
Mean values 
Constant hezeid rates" 
Conlidence intervals tc 
constant failure rates 

90% 9S% ' 99% 

1 . A tlistincli'in i i niadc 
bttwwn lailinet that 
need inmtf(l¡.ite tpp.itr 
end lailmei that may 
be deterred. 

2. A "iniuimal lepair 
time" based on assump-
Irons about maintemance 
policy h also computed 

U.S.A. 
(NnPDS) 

normal 
optrallon 

(nier nal 

alpnanumark 
Mararchkal 
codítkation 
system 

m y 
sophnilceted 
inlernel 
c o d i n m i w 

raw data 
c a l l « tad 

by 
Associated 
Uti l l t in 

batch mode 

punched 
C a r d s « 
magnetic 
tapes 

1 

2 

3 

4 

nuclear 
raecler 

stall 

Associated 
Utilities 

IBM 3 7 0 
series 

actually 
homemade 
system 

not sequential 
meonetk 
tapes 

• and disks 

Totals 
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deration. 

CHARACTERISTICS OF D A T A BANK SYSTEMS A T THE END OF 1977 

10.0 

TAB. 3.3. 

0 0 

http://pp.it
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TAB. 4.1 : Reliability Data Bases. 

1. WASH-1400 "Reactor Safety Study", Appendix III. 

2. IEEE Std. 500-1977, "Guide to the Collection and Pre
sentation of Electrical, Electronic and Sensing Component 
Reliability Data for Nuclear Power Generating Stations", 
IEEE Standards, 345E 47 St, New York, NY 1 0 0 1 7 , U.S.A. 

3. Report MRR - 1-54 (classified). 

4. H.P. Balfanz, "Ausfall Ratensarnmlung", IRS-W-8 (Dez. 1973). 

5. EDF Report D.57-6632-01, Rev. 0 
"Recueil Provisoire de Données de Fiabilité". 

6 . SRS data bank. 
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Chapter 4 - Circuit Breakers, 
Interrupters and Relays - Section 4.1 
Circuit Breakers Sub-section: 

4.1.1. 
Indoor Design-
AC Breakers 

tart Oetrription 

(11 

Failure Mode 

(2) 

Failure Rale 

(3) 

Fli lur«MO"Hour» 

Low Hec Hirjli Mi.« 

Failurei/lO^Cyclet 

L o w R e e H i g h Max 

Date of 
Lut 

Revision 

Source 

(5) 

ALL MOOES 

CATASTROPHIC 

Spurious Operation 

F a l l s to open 

F a l l s to i n t e r r u p t on opening 

F a l l s to close 

DEGRADED 

Operates prematurely 

INCIPIENT 

.02 

.006 

.00« 

.144 

.043 

.043 

.65 

.194 

.194 

2.02 

.603 

.603 

SO 

37.1 

28.3 

8.7 

.1 

12.9 

400 

296.6 

226.5 

69.3 

1 

1103.2 

4000 

2968 

226S 

693 

10 

1032 

1000 

»968 

!26S 

693 

10 

032 

Delphi S (9) 

.014 .101 .456 1.417 

TAB. 4.1 . 



TAB. 5.1. : Estimates of the Beta (6) Factor based on U.S. 
Nuclear Experience Data 

Equipment Type Failure Mode No. of Common Cause 
Component Failures 

Total No. of 
Component Failures 

* 
1350 

* 
695 

Diesel Generators Fall to start 
Fail to run 

7 
4 

50 
30 

.15 

.15 
.24 
.28 

Trip System Sensor: 
Channels 

Fall to Trip 
on demand 

1A 153 .10 .14 

Volves Fail to Open 
(Close) 

30 132 .23 • .29 

Putaps Fail to start 2 14 .17 .38 

Pressure» level, 
and flow switches 

Fall to Trip 
(on demand) 

41 77 .54 .62 

* 6 is estimated at 50Z and 95% confidence limits using the binomial distribution. 
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DISCUSSION! RARE EVENT DATA COLLECTION AND ANALYSIS 
In the discussion on the general studies of the group, 

the importance was stressed of collecting data on component and 
system failure rates per demand. A deeper knowledge of failure 
mechanisms would be helpful as a basis for quantification. 

It was remarked that one problem in pooling data 
sources is variability of sampling criteria, leading to 
inhomogeneity of the populations to be combined. This imposes 
some restriction on the ease of exchange of data between various 
data banks. In the USA, data collected by IEEE on component 
reliability were obtained by ensuring the anonymity of manu
facturers; this is an important condition for obtaining adequate 
access to raw data. 

Difficulties still remain in the selection of the relevant 
design, environmental and functional characteristics of components 
to be used in classifying failure data into meaningful ranges. 
A specific study of maintenance records could be a prolific 
source of data, but due to the population size of equipment in 
even one plant, it represents a massive volume of work. It is 
essential that good organisation and researcher training be 
set up prior to necessary on-site data gathering. In the case of 
human errors, it was underlined that the data thus collected 
correspond to normal operational situations and not to accidental 
ones. In the latter case, there might be a significant difference 
between the behaviour of an experienced operator and that of an 
operator performing the same action for the first time. 

The best human factors data currently available are 
contained in the licensee event report (LER) type of document. 
However, there are major difficulties to be resolved before full 
benefit can be drawn from them: a lack of quantitative estimates 
of the opportunities for commission of various errors and 
incomplete descriptions of situation and htunan actions involved. 
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1. INTRODUCTION AMD SCOPE OF STUDY 

In the quantified reliability analysis of any complex engineering system an 
often significant and sometimes dominant aspect is a phenomenon that is commonly 
known as * common-mode failure*. This is particularly so with such systems- as 
automatic protective systems in nuclear power stations where high reliability is 
required. The analysis of common-mode failure can be difficult, because of the 
various considerations in the analysis such as:— 

(a) The recognition of the many possible causes of common-mode 
failures, and the means of their detection. 

(b) The models used in the quantification of system reliability 
due to common-mode failures. 

(c) The use of data from reported common-mode failures or other 
sources for the reliability assessment of other systems. 

(d) The possible rarity of common-mode failure events. 

There is therefore a definite requirement to study further this reliability 
problem to produce more effective solutions for use in reliability analyses, and 
also in design processes, than have previously been available. An initial part 
of this current study has been a survey of the available literature on this 
subject from which further study has proceeded. 

The scope of the study is mainly concerned with automatic protective systems 
for nuclear power plant. This is because these are the type of system in which 
common-mode failure problems are known to occur, the experience is much greater, 
and requirements have been identified for further studies in this area. However, 
aircraft and chemical plant systems have also been considered, and this report 
contains a preliminary analysis of data and information from all three sources. 

2. COMMON-MODE FAILURES IN SYSTEMS 

2.1 REDUNDANCY SYSTEMS 

Systems are frequently designed which employ redundancy and output voting 
techniques to achieve some desired reliability. These techniques are usually 
applied at a sub-system or major component level rather than fundamental component 
level. The important criterion in a decision on the application of redundancy 
are the relative reliabilities of the sub-system or component, and that required 
for the system. 

This can either be standby or active redundancy; uniform or diverse redundancy 
and the simple general form of redundancy system is illustrated on Figure 1 . 
Complex systems can consist of many combinations of this simple form. 

2.2 COMMON-MODE FAILURES 

Systems using redundancy techniques can tolerate a certain number and/or 
types of failures while continuing to maintain the required relationship between 
input and output conditions. This is so when the failures are of individual 
components independently, but these systems are vulnerable to what are generally 
termed '•common-mode failures". 
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COMPONENTS OR SÜB-ST3TEMS 

CHANNELS 

Input^ 1 

Inpu-t 2 ^OUTPUT 

FIGURE 1 REDUNDANCY SUB-SYSTEM 

The category of the failure mode is usually either dangerous or safe, but 
failures can also have negligible effects and be categorised as neutral. 
Dangerous failures that are unrevealed, either permanently or until a proof 
test, have most significance in the safety and reliability analysis of protection 
systems. 

The types of event that can be identified as common-mode failures which 
lead to the system failing to perform its intended function, for the purposes 
of this study are:— 

(a) The coincidence of failures of two or more identical components in 
separate channels of a redundancy system, due to a common cause. 
(The failures will probably have a common failure mode also.) 

(b) The coincidence of failures of two or more different components in 
separate channels of a redundancy system due to a common cause. 
(The failures will possibly have different failure modes but all 
will be in the same category.) 

(c) The failures of one or more components which result in the coincidence 
of failures of one or more other components not necessarily of the 
same type, as the consequence of some single initial cause. (The 
primary and secondary failures might also be coincident, and any 
coincident failures might have different failure modes but all will 
be in the same category.) 

(d) In any of the above cases, the failures can occur at the same instant 
or at different times, but at some time the failed states will be 
coincident. 

(e) The failure of some single component or service which is common to -
all channels in an otherwise redundancy system, (e.g., a common power 
supply; maintenance). This only includes components or services 
which are an integral part of the system and on which system operation 
is dependent. 
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For some systems any failure mode might he considered as dangerous, for 
example, as in some aircraft systems. A dangerous failure can be defined as 
a failure which prevents the required operation of the system or component such 
that some hazard external to the system is caused or could not be prevented. 
A safe failure can be defined as a failure which causes the system to operate 
in a manner which ensures that the external plant or environment is in a safe 
state. A failure can be complete, such that there is a total loss of the required 
function, or it may be only a partial failure causing the system to function 
outside specified limits. 

2.3 PROPOSED DEFINITION OF CO MON MODE FAILURES 

From the identification of the types of event that are considered as 
common-mode failures a definition of this phenomenon must include a 
reference to the cause of failure of separate channels of a redundancy system 
being common. For the purposes of this study the definitions offered in the 
available literature do not seem to be adequate in this respect, and so the 
following definition is proposed by the sub-group as an attempt to summarise 
explicitly and comprehensively the significant characteristics of these events. 

"A common-mode failure (CMF) is the result of an event (s) which, because 
of dependencies, causes a coincidence of failure states of components 
in two or more separate channels of a redundancy system, leading to the 
defined system failing to perform its intended function." 

With the scope of this study being mainly concerned with nuclear reactor 
automatic protective systems, events which cause DANGEROUS common modes of 
failure of the redundant components, or cause the failure modes to be in a 
common dangerous category, are of primary interest. 

2.4 COMMON-MODE FAILURE CAUSES 

Common-mode failures are not usually considered as random independent events 
occurring within the system, but as influences on the system from some source 
which is common to the redundant components, resulting in some abnormal output 
state. This is indicated by figure 2. To study this phenomenon it is necessary 
to define more explicitly what is included in the system, and what is excluded 
to be considered as possible causes of common-mode failure, or common influences 
on the system. 

COMMON 
INFLUENCES 

(FAILURE CAUSE) 

INPUTS 
REDUNDANCY 
SYSTEM 
(FAILED) 

ABNORMAL 
OUTPUTS 
(FAILURE 

FIGURE 2 
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3. CLASSIFICATION OF COMMON-MODE FAILURES 
3.1 REQUIREMENTS OF Á CLASSIFICATION SYSTEM 

It is essential for the identification, quantification and minimisation of 
the effects on a system, of common-mode failures, that these events are 
classified according to some characteristic that they all possess. There are 
three main requirements for the general study of common-mode failures and it 
is therefore necessary to form a classification system which is compatible 
with all these. 

(a) The recognition of the many possible causes of common-mode 
failures, to assist designers and operators to minimise their 
rate of occurrence and effects, and to increase the probability 
of their detection. 

(b) To assist with the reliability analysis of a system, and the 
quantification of system reliability due to common-mode failures. 

(c) To enable data from reported common-mode failures to be analysed 
and recorded for subsequent application in the design, operation 
and reliability assessment of other systems. 

3.2 PROPOSED CLASSIFICATION OF COMMON-MODE FAILURES 

From the literature survey, preliminary examination of data for nuclear 
reactor protection systems, reactor emergency core cooling systems, and 
other safety applications, and the requirements for a classification system 
defined in section 3.1» the proposed classification system is as summarised 
in figure 3. 

The significant feature of the system is that common-mode failures are 
classified by cause of failure, because it is considered that if recommendations 
are to be made for a policy of prevention of common-mode failures then it is 
essential that all causes can be prominently identified. This basis of 
classification is also the basis of the proposed definition in section 2.3. 

The binary subdivision of CMF causes was evolved from the initial interpre
tation of the literature classification systems with further considerations 
of the different stages in the lifetime of an engineering system and the 
various influences to which it is subjected. It has not been contrived to 
form what is probably not a necessary feature of a classification system, but 
it is considered that such symmetry could be advantageous in its application 
and use. It is unlikely that any further sub-classification below the third 
level would provide any advantage, but would probably suffer from serious dis
advantages, particularly with regard to the collection and application of data. 
To enable detailed events to be more readily recognised and classified a list of 
types of causal event and factors contributing to causal events, are listed under 
each of the eight classes of CMF. An identification code has been allocated to 
each class for simplified reference purposes based on the initial letters of 
the classification terms used. 

The classifications can also be grouped according to the characteristics of 
the event, and the time at which it is introduced into the system, which will 
be particularly relevant when considering the defences against CMF's. (See 
Table 2). 
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FIGURE 3 CLASSIFICATION SYSTEM FOR COMMON-MODE FAILURES 
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4. DEFENCES AGAINST COMMON-MODE FAILURES 
4.1 INTRODUCTION 

It is considered to be essential that in the design and operation of 
protective systems the general policy must be the prevention of common modes 
of failure, or at least the minimisation of their frequency of occurrence and 
their effects upon the system. The degree to which this policy is applied 
will depend on the reliability requirements of the system, and the manner in 
which it is applied will depend on any financial, plant, design, operational 
or other constraints that might be unavoidable for the particular project. 

The defences against CMF can be generally separated into management and 
technical levels of both engineering and operation. The higher the reliability 
required, the more extensive must be the management structure and the associated 
technical methods. 
4.2 MANAGEMENT ASPECTS 

A very important part of the engineering design and operation of a 
protective system, from its concept to the end of its- operational life, is 
in the associated management structure. If the relationship between the causes 
of CMF and the defences as shown on figure 4 are not controlled by responsible 
management, the application of the detailed technical aspects of CMF defences 
will not be applied adequately, or nullified by subsequent action. 

The engineering management must recognise the need for the appropriate level 
of basic design quality, of design review, and of quality control in the 
construction process. Similarly, the operational management must have a well 
organised structure for co-ordinated maintenance, test and operating activities, 
and should monitor its own achieved reliability performance and that of the 
engineering processes by some data colleotion and analysis system. It is also 
necessary that each organisation should be aware of the problems of the other, 
and should have adequate liaison from an early stage of design, so that acceptable 
solutions can be found. 

An independent reliability assessment is an additional and essential 
requirement that must commence early in the design stage and continue into the 
implementation of operational procedures. An objective of both engineering and 
operational management must be to recognise and eliminate possible causes of 
CMF, and the independent reliability analysis can greatly supplement their 
efforts in this direction. Some design organisations might prefer to design 
entirely to standard publications, codes of practice, etc., which have been shown 
as having their place in the engineering process as CMF defences, but protection 
systems tend to be so unique to the application that such a policy may mean that 
the reliability requirements would not be satisfied due to CMF problems. A system 
must therefore be particularly and independently analysed in sufficient detail 
so that what are often considered as the rare, or extremely improbable events, 
can be identified and appropriate action taken. 
4.3 TECHNICAL ASPECTS 

The technical aspects of the defences against CMF can only be satisfactorily 
implemented if there is an adequate management structure having an appropriate 
CMF defensive strategy to direct and supervise engineering and operational detailed 
processes. This requires adequate awareness of the CMF problem in high reliability 
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protective systems throughout the teams of staff involved. Which can only be 
generated by definite efforts in that direction. 

Technical aspects of a system design, construction, or operation with 
respect to CMF defences can range from consideration of system schematic and 
physical arrangements, through design and operational policy, to detailed design 
and operational decisions and processes. Many of the detailed recommendations 
that have been made for reducing the probability of CMF are related to possible 
causes of CMF that may be sometimes be considered to have such very low 
probability that they can be ignored. Collectively, and individually, these 
events can be of great significance in system reliability quantification. It is 
hoped that by study of the types of event that have occurred that this significance 
can be appreciated. It should be remembered that if there is a mechanism for 
these events to occur then the evidence shows that they do occur, and measures 
should be taken appropriate to the system reliability required. 

Probably the most significant form of CMF defence is by applying functional 
diversity, which is generally used only at the system level and not within a 
redundancy sub-system as defined in section 2. This could possibly be as 
illustrated on figure 5» The intended immediate advantage of this technique is 
that any systematic functional deficiency is unlikely to affect the diverse 
functions, but also many secondary advantages of different failure modes, signal 
conditions, installation, maintenance and test, are possible. These secondary 
advantages are enhanced by application of equipment diversity to the diverse 
functions. 

Within a sub-system various design qualities can be employed, some of which 
are applicable to the reduction of independent failure rates, but have particular 
significance as CMF defences. Fail-safe design is such a technique which will 
ensure that for most causes of CMF the sub-system will fail to a safe mode. 
Related to this is the number of redundant channels in the sub-system, and their 
voting logic. The conflicting requirements of the safe and dangerous reliability 
criteria for the system determine this, but CMF problems could also have an 
influence. Other detailed technical aspects of the design to adequately ensure 
the independent of channels are their protection and segregation throughout the 
installation; the use of proven design and standardisation; avoidance of 
unnecessary complexity; and the de-rating of components such that they operate 
well within their limits. To minimise possible operational causes of CMF the 
design must incorporate appropriate standards of interface for operation 
maintenance and test activities. 

The quality of design demands appropriate quality control of manufacture, 
installation and commissioning. The use of approved standards, inspection and. 
testing must be ensured. 

During plant operation it is necessary that adequate, comprehensive, and 
explicit procedures exist for the performance of the maintenance, test and 
operating activities. There must also be an integrated structure controlling 
and supervising these, and the complete process should ensure that the reliability 
principles incorporated in the design are complemented by the required standards 
throughout the operational period. 

5. COMMON-MODE FAILURE DATA 

5.1 COMMON-MODE FAILURES IN US NUCLEAR REACTOR SYSTEMS 

The most extensive source of data relevant to this study is from commercial 
nuclear power stations in the United States. This is a system operated by the 
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"Office of Operations Evaluation" of the USNRC which requires the stations to 
submit reports of abnormal safety related occurrences. These were initially 
known as "Abnormal Occurrence Reports", but are currently known as "Licensee 
Event Reports". Data is extracted from letters or other written reports of events, 
and translated and classified by the USNRC for recording* on its computer system 
files. The data for this study has been taken from the computer printouts of 
these events that are issued monthly, and are for the period 1971 to 1976 
inclusive, for all the US commercially operating power stations. For the period 
considered there are 60 stations with an integrated operating life since achieving 
criticality of approximately 220 reactor-years. This has yielded approximately 
8000 occurrence reports, of which 166 have been identified as common-mode 
failures of the two systems considered in the study, the automatic protective 
system (APS) and the emergency core cooling system (ECCS). 

The data summarised on table 1 show the predominance of CMF's in classes 
EDR and OPM, and the common significant feature of these is that they are 
concerned with human reliability in design, and the operational support processes 
of maintenance and testing. The latter is more significant in APS data where 45$ 
of all CMF's are in this class. The problem of human reliability is further 
identified by the next highest contributor for both systems is class OPO, the 
plant operators activities. Significant by their absence are failures in class 
OEE, which are CMF caused by external energetic events. This could be because 
greater emphasis is placed in design and construction on the defence against the 
type of CMF which are probably more tangible than considerations of the effects 
of future operator errors. Also, an analysis of operations procedures might not 
be as comprehensive and detailed as that for hardware in a reliability assessment, 
possibly because the procedures would not be available at that time. 

A study of plant hazards and the protection measurements which guard against 
them has not been included in this report but for the major hazards, diversity is 
usually applied. No CMF has been identified which has affected channels that 
have either functional or equipment diversity. They all involve identical equipment 
or sub-systems, and it is therefore appropriate to relate the failures to the 
integrated operating time for all sub-systems to which redundancy is applied. 

The integrated operating time for both systems of both reactor types are:— 

PWR 116 Reactor-years 
BWR 102 Reactor-years. 

PWR BWR TOTAL 

APS 1856 1122 2978 Sub-system-years 

ECCS 15O8 1020 2528 Sub-system-years. 

From these values the total CMF rate related to sub-systems has been derived 
on table 1 as 2.8 x 10"2 and 3.3 x 10~2 p e r sub-system-year respectively. As an 
aid to comparison with data from other industries the CMF classes are grouped 
according to the times at which the CMF are caused and it is possible that only 
those that are caused at any time during the plant operating life are relevant 
to other industries. For example, many of the other CMF that are caused during 
the engineering stages could possibly have been prevented by perfect testing and 
commissioning. It is of interest that of the 37 CMF in the OPM class for the 
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APS, 22 are defined as PARTIAL sub-system failures only, mainly due to 
calibration errors. Similar ratios can be obtained for the ECCS, for those 
CMF in the EDR class, and also for all CMF. 

It is also desirable to consider the CMF rates for the different types of 
sub-system as defined for the APS and ECCS of both PWR and BWR, as in the 
above tables. The rates have been derived on table 2. All sub-system types 
considered have yielded a significant number of CMF; the mean rates approximate 
to the total CMF rates derived in table 1 . 

The common mode failure rate per sub-system (8cm) will be dependent to some 
degree on the independent random failure rate per channel (ôj). It was therefore 
considered appropriate to derive the independent failure rate and the ratio (Â) 
of the CMF rate to the total channel failure rate. 

e 
A cm 

cm I 
The total number of independent failures (Nj) were counted, and from the 

integrated channel operating experience (TQH) ^ n e failure rate was calculated. 
This was done for both the APS and the ECCS, and also for each sub-system type. 

N 
G_ « failures/sub-system-year. 

1 ^CH 
The results of these calculations are shown on table 3. 

5.2 AIRCRAFT SYSTEMS COMMON-MODE FAILURE DATA 

5.2 . 1 Sources and Definitions 
The CAA accident records (29) have been analysed over the period 1959-75» 

and those due to CMF have been identified and classified. The damage states 
given in the recorded accidents are almost entirely classified as "substantial" 
or aircraft "destroyed". Consequently this CMF analysis has been concerned with 
failures which lead to major incidents or hazards. It is though: that these will 
be of primary interest and the frequency or rate of occurrence associated with 
them will give a point on the yardstick of rare event occurrences. 

About two thirds of all aircraft accidents are due to pilot error. Most of 
these are due to overall mishandling or mistaken navigation of the aircraft, 
e.g., flying too low or in the wrong place. For the purposes of this analysis, 
only pilot errors which caused CMF in an individual system have been counted. 
Accidents involving pilot error which did not involve CMF in the aircraft 
systems have not been counted as CMF for the purposes of this analysis. 

Sufficient data was available to identify the occurrence of a CMF causing 
an accident. In a low percentage of cases insufficient data was available to 
classify CMF. This would require much more detailed searching, since it is 
doubtful whether in many of these cases that the published records contain 
further useful information. 

In a significant number of cases it was not possible to be unambiguous in 
the classification of CMF, so a dual classification was made. This has been 
generally because an environmental (energetic) occurrence has arguably been due 
to a design realisation limitation or functional deficiency. Usually it has 
been possible to decide which is the dominant cause, but the ambiguity remains. 
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CLASS 

APS ECCS 
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TIME (SS-YRS) 
CMP RATE 
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1 
18 
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32 
3 
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CMFs CAUSED MAINLY AT PROOF TEST 
TIMES, BUT COULD BE AT ANY TIME DUE 
TO REPAIR. THEY WILL REMAIN UNTIL 
REVEALED AND REPAIRED 
(PERIODIC AND RANDOM) 

OPM 37 2978 0.0124 2 4 2528 0.0095 

CMPS CAUSED AT ANY TIME DURING 
OPERATION AND REMAIN UNTIL REVEALED 
AND REPAIRED 
(RANDOM) 

OPO 
OEN 
OEE 

11 
5 
0 

2978 0.0054 
12 
3 
1 

2528 0.0063 

UNCLASSIFIED 4 2978 0.0013 4 2528 0.0016 

TOTALS 8 2 2978 0.028 8 4 2528 0.033 

TABLE 1 . DERIVATION OF SUBSYSTEM COMMON-MODS FAILURE RATES FOR CMP GROUPS 
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OUTPUT SWITCHING 
OUTPUT CIRCUIT BREAKERS 

EDR 
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OEN 
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2) 

W 
o) 

218 0.028 
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218 0.032 

OUTPUT SUBSYSTEMS 

CONTROL RODS 
VALVES ft OPERATORS 
PUMPS & MOTORS 

EDR 
ECM 
ECI 
OPO 
OPM 
OEN 
OEE 
u/c 

14) 
V 4) 

1 0 45 
V. i) 
1) 

1248 0.036 

NOT KNOWN - - - -
TOTALS - 82 2978 0.028 84 2528 0.033 

TABLE 2 DERIVATION OF SUBSYSTEM COMMON-MODE FAILURE RATES FOR SUBSYSTEM TYPES 



APS ECCS 

SUBSYSTEM TYPE 
TOTAL 

SUBSYSTEM TYPE 
TOTAL 

INPUT GUARD LINE 
TOTAL 

INPUT GUARD LINE OUTPUT 
TOTAL 

N 654 25 679 366 68 415 849' -
NCM 76 6 82 32 7 45 84 -
TCH 7260 436 7696 2356 436 2612 5404 Channel-years 

T 
SS 

2760 218 2978 1062 218 1248 2528 Subsys tem-ye ara 

°I 0.09 0.057 0.088 0.155 0.156 0.159 0.157 Failures per 
channel-year 

°CM 0.028 0.028 0.028 0.03 0.032 0.036 0.033 Failure per 
subsystem-year 

P 0.237 0.33 0.241 0.162 0.17 0.185 0.174 -

TABLE 3 DERIVATION OF INDEPENDENT FAILURE RATES AND £ FACTORS 
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5.2.2 Analysis of CMF Accidents 

During the years through 1959 to 1975 the average proportion of all airline 
accidents considered, which were as identified as arising from CMF. was 4 $ . The 
variation in the yearly percentage lies between 0 and 1 0 . 3 % . Apart from these 
extremes, the annual figures are evenly spread about the average figure. 

The different types of CMF contributing to this average, according to the 
CMF classifications utilised, are in the following proportions:— 

ENGINEERING 

CMF CLASSI $ OF 
FICATION TOTAL CMF 

( EDF 5 . 7 
( EDR 1 9 . 5 

( OPO 1 8 . 7 
( OPM 1 3 . 8 
f OEN 2 . 1 
( OEE 2 2 . 8 

UNCLASSIFIED 

] 25$ 

OPERATIONS S i { 59$ 

16$ 

It appears that some aircraft systems are involved in CMF accidents more 
than others. This is indicated below. 

S Ï S T E M TOTATCMF 

. Engine 4 1 

. Flight control 21 (see CMPRpc below) 

. Fuel systems 1 4 (mainly due to mismanagement) 

. Landing gear 1 2 

. Hydraulics 6 

5 . 2 . 3 CMP Rates 

The aircraft CMF accident rate CMFR^ per year is given by 

No. of CMF accidents 
C M F R A " Aircraft years 

No. of CMF accidents _ . , . - - - • — x aircraft accident rate No. of aircraft accidents 

The aircraft accident rate per year depends on the utilisation. This is 
about 50$ averaged over all airlines, i.e., flight hours are about 50$ of 
total hours (probably less in the case of small airlines, but about 50$ for the 
large airlines which generate the bulk of the traffic). The average fatal 
accident rate is 3 . 10~° per flying hour. Using the values produced above. 
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CMFR. x 3 x 1 0 " 6 x 1 0 4 x 0.5 
'A 100 

• 6 x 1 0 - 4 per aircraft-year. 

The good airlines will have achieved about 0.6 x 10 per year, but the 
poor organisations will be about 100 times worse than this. Thus an in—plant 
fatal accident rate due tó CMF better than 10-4 per aircraft-year appears 
to be achievable by the best airlines. 

Aircraft system CMF rate (CMFRg) is given by 
mmo No. of system CMF 

= No. of aircraft CMF X C M E B A 
Considering the flight control system as a whole 

CMFRpc 21 
100 x 6 x 10 overall 

—A 
1 .26 x 10 per system—year. 

Figure 6 shows a block diagram of a typical transport aircraft total flight 
control system (FCS). 

FLIGHT DESK CONTROLS AND DISPLAYS 

TRIM 
SYSTEM 

RUDDER 
CONTROLS 
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CONTROLS 

AUTOPILOT 
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DAMPER 

AILERON 
CONTROLS 

FLAP 
SYSTEM 

STABILISER RUDDERS ELEVATORS AILERONS FLAPS 

NB. Each of the systems in an FCS is wholly or partly redundant. 

FIGURE 6 FLIGHT CONTROL SYSTEM (FCS) 

(The range of sophistication across the aircraft is in fact considerable). 
It will be seen that there are basically six different sub-systems. The average 
CMF rate per sub-system is thus:-

CMFRg 2 1 
1 0 0 x 6 x 1 0 " 4 x ¿ 

2.1 x 10~^ per sub-eystem-year 
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It would appear that for the best airlines a CMFRg better than 10*"^ per sub—, 
system-year is obtainable for high integrity control systems. 

Crew flight hours average about 10^ per year. Hence proceeding as above 
the CMP rate CMFR„ due to crew is given by:-

CMPRC = ~ j x x 3 x 10" 6 x 10 3 per year 
-5 

- 2 x 10 per crew-year. 
Hence the best airlines probably achieve a CMPRC of about 10~^ per crew-year 

and the poorer bodies about 10""4 per crew-year. 

[jt the crew themselves were to be considered as a redundant system (in con
junction with air traffic control, since all critical flight phases involve them) 
the picture is somewhat different. About two—thirds of all accidents are due to 
crew error, hence the crew fatal error rate (CER) is:— 

2 —6 1 CER « - x 3 x 10 x 10 J 

» 2 x 10~"3 per crew-year^/ 

^.2.4 Discussion 

Aircraft power plant suffers the most in comparison with other airborne 
systems from CMF. At least half of these are due to energetic events either 
internally generated or extraneous. Many of these are comparable with high 
power rotating machines generally, e.g., overspeed failures, highly stressed 
part failures. Spacing and configuration are often important factors for. this 
type of plant. There may be apparently unavoidable engineering design 
realisation limitations. 

In the case of flight control systems the CMF rate achieved is comparable 
and possibly better than that typically theoretically achievable with statistically 
independent reactor protective systems for fail dangerous condition. Most of 
these systems in aircraft are predominantly mechanical. Only the very latest 
aircraft rely predominantly on non-mechanical controls for which high standards 
of integrity are being demanded (including CMF). A requirement of about 10"*® 
per sub-system-year (approx. 10-i° per sub-system flight-hour) for dangerous 
failures would probably be regarded as a desirable target. 

The high proportion of dual classifications (28$) confirm the relatedness 
of engineering design and operational environment classifications. Environmental 
considerations (particularly energetic events) are therefore very important in 
carrying out preliminary hazard analysis at the design stage. 

No engineering construction cases were found, mainly because of the 
relatively high frequency of maintenance cycles on airline aircraft, e.g., a 
mean time between overhaul of about two years, also complete checkouts per flight. 

5.3 OTHER COMMON MODE FAILURE DATA 

Various other sources of CMF data have been identified and analysed, and the 
results are summarised on table 4« The quality and method of data presentation 
varied considerably and it was not possible to reproduce the data in the same 
form in all cases. Where details of the primary causal event were given the 
CMF were classified according to the system in section 3. In the quantitative 
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analysis that was possible the CMF rates per sub-system-year and the f> factor 
relating CMF rate to total failure rate in a redundant channel, were derived 
or quoted. 

The classified data on table 4 indicates the dominance of design errors 
(EDR) as a CMF cause, similar to the USNRC and aircraft data in sections 5»1 
and 5.2. Maintenance errors also made a significant contribution, but unlike 
the USNRC data, normal environmental extremes (OEN) were shown to be relatively 
more frequent. 

6 . COMMON MODE FAILURE MODELLING 

6 . 1 ASSESSMENT OF THE EVIDENCE 

Examination of the data reveals that engineering errors, defects and 
deficiencies (classes EDF, EDR, ECM and ECl), particularly engineering design 
realisation errors (EDR) play proportionately a very significant part in causing 
CMF. These are manifestations of aspects of system design and contruction that 
have been overlooked or unrealised by the designers, project managers and their 
organisation. Apart from this fact, as far as modelling is concerned, this class 
is distinguished from other classes because the failures can be regarded in 
principal, to a high degree, as non-recurring, i.e., once they have been revealed, 
system modifications can be introduced and the failure eliminated. Depending to 
some extent on the technology (and probably on the available statistics) these 
non-recurring design error or defect types of CMF may constitute on average between 
20$ and 50$ of the total of potential system CMF. The upper bound is fuzzy 
because the information available probably does not include those detected during 
commissioning which have been modified out of the systems. Furthermore it is 
difficult to generalise about the depth and detail of the system assessments 
which have been carried out on the systems about which data, has been presented. 
This could affect the proportion of non-recurring CMF either way. 

The most significant class of the remaining "recurring** classes of CMF is 
that due to maintenance error (OPM). In the case of nuclear APS, this is the 
most significant of all classes. Basically this class covers repair, test, 
calibration and replacement. Proportionally it appears to cover a similar 
proportionate range as the engineering design class discussed above. The 
distinguishing features of this type of error or failure are:— 

(a) It is often most remote from design control or even project 
control, and procedures often accumulate mainly as a result of 
the maintainers' experience. This can only be overcome by 
very good management and mandatory procedures. 

(b) There is a periodic nature, primarily due to the requirements 
for regular testing, inspection, calibration etc. 

Also it is not at all clear to what extent a systems assessment will in 
practice influence maintenance procedures and hence maintenance error. It 
seems clear that of all the CMF classes, this is likely to be numerically a 
significant feature of the overall CMF problem. In particular, it will be 
dependent on the practices built up in each technology/plant by the maint ainers. 

The remaining classes of CMF are probably random in nature. In the case 
of aircraft in particular the operator (crew) error (OPO) and the external 
energetic events (OEE) are proportionately significant. There are clear reasons 
for the latter, i.e., bird strikes and engine failures which are unlikely to 
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affect other technologies, as is evident from the data (see table 4)« Operator 
error features less in the other technologies as far as CMP is concerned, being 
numerically less than 15$ of the total. 

The effect of extreme environments (OEN) is proportionately quite small 
overall, being much less than 10$ of the whole in most cases. It should also 
be recognised that this class of CMP could very well be regarded as being a 
sub-class of design error. This depends on design limitations, consciously 
made or otherwise. This also applies to the OEE class in the case of aircraft, 
e.g., finite spacing of engines. To some extent operator errors could be a 
sub-class of design error, where these are under the designer's control, 
e.g., console design, operating procedures etc. In fact, in classifying CMP, 
the data interpretation was sometimes ambiguous. This could be partly 
attributed to overlapping of the classes, such as explained above in the case 
of EDR, OEN, OEE and OPO or the cause not being simple e.g., they could be 
multiple, finally leading to a CMF. At a very detailed level, e.g., if the 
classification tree diagram in figure 3 were extended through several more 
levels, it would not be possible in many CMF cases to identify a single cause. 
This means that if complex CMF models are to be avoided they must operate at a 
fairly general level. In order to design defences against CMF or to avoid them, 
a detailed process model may be required but quantification would probably not 
be necessary. If the model or classification is at too high a level, quantifi
cation is usually possible because of data being available, but the results may 
be not very meaningful. Therefore a balance must be struck. 

6.2 NON-RECURRING DESIGN ERROR 

Basic system design errors can arise for many reasons as discussed in 
section 3. 

. Functional deficiencies (EDP) 

. Defects in component design 
• Management and technical software errors 
. Operational interface deficiencies 
. Inadequate quality assurance 
. Design limitations 
. Inadequacy of procedures 

. Manufacturing errors 

. Installtion and Commissioning errors (ECl) 

The engineering function which has been set up to counteract this by some 
firms is called "product assurance". In principal such a function should reduce 
these errors to negligible proportions, but it may take time. It is clear that 
there should be a decreasing error rate with age since design errors are most 
likely to be eliminated by modification when revealed. This could be a rapidly 
decreasing function if the product assurance is good, e.g., if very detailed 
engineering assessments, tight quality assurance, detailed design codes etc., 
are followed. Product assurance is relatively new, so information on past plants 
is unlikely to show its effects. However failures are revealed during the 
operation of a plant and through maintenance operations etc., so a decreasing 
function of age is to be expected. If a philosophical problem is to be avoided, 
i.e., how can you model that which has been overlooked, mis-understood or simply 
bungled, then it would be practical to show that this type of error will decrease, 
or can be decreased to relatively insignificant proportions. Alternatively the 

• (EDR) 

(ECM) 
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data analysis suggests that on past performance considerations for APS and 
ECCS a mean CMP design error rate of about 10*"2 per sub-system-year i s 
appropriate. If it is assumed that CMF are revealed by a proof test at time 
intervals of 10~"1 years then the failure probability of a sub-system i s 
approximately 10""̂ . 

It is obvious that human error, whether individual or organisationally 
distributed, plays the major role in this type of CMF. Therefore it i s formally 
identified as a major human factors problem. 

6.3 MAINTAINER ERRORS (PPM) 

The problem of maintenance error is primarily concerned with human factors. 
Maintenance is not easy to control, so this cause of CMP could be the most 
predominant in the long term, particularly if the design and assessment engineers 
can satisfy themselves that design errors can be reduced to a less significant 
level. The most difficult problem which a totally satisfactory model should 
include, is the variation in maintenance error as a function of the significant 
factors involved. This is required in order to indicate to what extent above or 
below average maintenance conditions will vary the CMF rate. It is not clear 
exactly what factors are involved. There is no published research on maintenance 
error. Therefore the variation of maintenance error and the factors involved is 
clearly identifiable as a potentially useful area of human factors research. 

- 2 / 
Design induced maintenance errors could be quite high e.g., between 10 /yr 

and 10-3/y1, judging from the level of CMF due purely to engineering error. The 
product assurance (PA) functions should reduce the error rate or probability, and 
a factor of between 10" 2 and 10~*3 could be anticipated. If these functions are 
weak as design activities, and design induced error is a significant component 
of maintenance error, then it would be expected that design error and maintenance 
error would decrease in a similar manner with time. However, the maintenance 
error reduction with age is relatively large which supports the hypothesis that 
a maintainer learning process is also occurring. It should also be pointed out 
that maintainors are involved to a significant degree in revealing CMF due to 
design error. 

The evidence from the data for CMF due to maintainer error indicates a 
failure rate of 1 0-2 per sub-system-year. A period between maint ainer action 
of about 10—1 yr is a representative average, hence a maintainor error probability 
of 10~3 can be calculated. The actual maintenance error caused CMP rate is thus 
compatible with predictions for both the design induced maint ainer error without 
significant PA and the purely maintainor error. 

The apparently large difference between maintenance error rates in the 
aircraft and nuclear industries has been partly explained by the degree of 
independent pre-flight testing, that has no comparable activity. The data 
suggests that a factor of approximately 10"* is appropriate for the reduction 
due to such testing. 

6.4 CAUSAL MODELS (OEE) 

This type of model deals with energetic events or s h o c k s a n d some forms 
of extreme environmental failure which are due to identifiable random occurrences 
affecting the system. The shock may be extraneous,(45) e.g., lightning, missile 
etc., or due to a failure of a component of the redundancy systemw9) e.g., an 
engine failure affecting an adjacent engine on an aircraft. Essentially the model 
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will be based on the causal event probability statistics, engineering 
judgment of the conditional probabilities arising in the particular system 
concerned, e.g., the probability of whether a fire will spread, and on the 
system configuration. 

This type of model is the easiest to conceive and is probably the most 
influential in engineering thinking. However the data clearly shows that 
proportionately it is of least significance. This may well be because 
conceptually and practically it is most easily subject to engineering solution. 
In the case of aircraft, bird strikes and engine fires or bursts, have to be 
minimised and much effort goes into this. The problem is not so great in 
nuclear technology although rare events such as missile strikes, earthquakes, 
turbine overspeeds are clearly potential hazards whether they cause CNF or 
other failures. However their occurrence and solution is more tangible to the 
designer and efforts are usually made to avoid them. 

6.5 EXTREME ENVIRONMENT MODELS (PEN) 

The primary cause recognised by this type of model is a distributed 
variable or flux which affects the channels of a redundancy system e.g., 
temperature, load, .or any of the parameters listed under OEN in figure 3. 
InvestigationsC41 H 46) into this type of model have shown that broad assumptions 
have to be made about the type of distribution used. Also the distribution of 
the "resistance** or "strength" of the system components have often to be assumed. 
This can be crucial since the method involves calculating integrals to determine 
the "overlap" of the "load" and "strength" distributions. A variant of this 
model used in electronics systems where there is extensive data^U is to use 
environmental factors or curves to estimate how much the independent component 
failure rates should be increased to take account of extreme environments. 
However the evidence previously discussed and elsewhere suggests that these types 
of CMF are not very significant relatively to the whole. 

6.6 OPERATOR ERROR (OFO) 

Much human factors work concerned with human error has been about operator 
error. Methods of modellingC2'' )(4°) are available which are similar to 
engineering reliability analysis methods, e.g., fault trees. Data is very 
limited. The evidence does not suggest any reason for believing that the 
available models will be more or less applicable to the analysis of CMF. Only 
approximate predictions can be made, but this is no different from the other 
CMF models. Only a minor proportion of CMFs however can be regarded as due to 
operator error in most technologies on which information has been examined. 
Aircraft are exceptional and the reasons are clear in that aircrew play a major 
role in the functioning and checking of all systems. 

In the case of high integrity automatic protective systems, there will 
be a tendency to keep the operator out of the act, e.g., for at least 30 minutes 
post-trip(42;t i.e., automation will be utilised as far as possible and operator 
intervention will require justification. Nevertheless where this does not 
appear to be the case, the potential for CMP as well as other failures requires 
assessment. However very little can be said about differences in modelling 
techniques for operator induced CMF as compared with other types of operator 
induced failures. Probably the most significant is "coupled" action which has 
already been referred to and is dealt with in the literature(4°). 

Operator induced CMF due to coupled actions can be calculated along the 
same lines as those used in the boundary method (geometric mean) square root law 
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or log median law*- ̂  where a value intermediate between that produced by-
assuming complete independence of operator actions, and that assuming none 
is used. 

Alternatively a similar method,s y ' assumes 

^ probability of operator errors for the first time 

y. where j - 1 n; conditional probability of human 
J error being repeated for j + 1 time 

Pr*£two components are down because of human error ̂  

* W ^ t 

6.7 RANKING OF MODELS 

A careful review of the evidence which has been explained in the above 
sections clearly indicates that the five model types discussed conceptually 
above cover practically all types of CMF. This includes those recorded in the 
data and those proposed theoretically in the literature. It is also clear 
from the evidence that some are more important than others. A ranking order 
as follows is suggested:-

. ENGINEERING PROCESS ( MAINT AINER ERROR (OFM) 
ERRORS ( DESIGN ERROR (EDF, EDR, ECM, ECl) 

OPERATOR ERROR 
RANDOM ERROR MODELS ( CAUSAL 

ENVIRONMENTAL 

6.8 OVERALL CMF LOGICAL MODEL 

Five basic types of model, under those major headings which cover all 
the classified types of CMF have been described. There are similarities and 
differences between them. What remains to be done is to put them together 
in compact logical form which will be of use to reliability engineers 
designers and technical management. 

Such an overall sub-system model is illustrated in figure 7 utilising 
'AND*, *0R* logic notation. This is based on the detailed considerations 
adduced for each type of error model described in this section. Fundamentally 
it may be viewed in two parts:— 

fil 
Process errors 
Inherent or random errors. 

The process errors arise from engineering and maintenance, i.e., the 
processes of design, construction and maintenance. Those processes create 
and support the system. They need examination and modelling because they have 
been shown to be major sources of system CMF. The inherent errors represent 
the limitations of system reliability and are modelled by modelling system 
failure mechanisms. 

In the case of the process errors, data values are incorporated in the 
sub-system CMF model based on the evidence derived from the data surveys 
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in this report. CMF modelling can only be approximate as already explained, 
and the derived data is considered to be of general relevance at the sub— 
system level. However for the inherent errors, each CMF cause and effect on 
the system should be considered and appropriate data utilised. This data 
could in principle also be obtained in a similar way to that used in this 
report, but much more would be required. Event data frequency (̂ cm) for causal 
or shock CMF is available, e.g., frequency of lightning, earthquakes, fire 
etc., (although only approximate) apart from the CMF context. Similarly for 
the other inherent CMF model, again the data is only approximate and requires 
engineering judgment. Because of the approximations involved the inherent 
error models are fundamentally only suitable for deciding whether the CMF will 
be insignificant. If they show otherwise, i.e., that a particular CMF is 
marginal or worse, then design modification action is required. 

Generally this overall CMF model could be termed a nmodifiern model. 
Basic causes of CMF are identified, e. g., maintainor error, basic design 
error, design induced error, causal event frequency, but complementarily 
mechanisms for reducing these errors are shown as modifiers (through AND 
gates) e.g., task training, independent test, product assurance (PA) of various 
types and conditional probability. These modifiers introduce largely independent 
functions which modify the basic causes and reduce the overall probability of 
error. This concept also applies in modified form to the environmental and 
operator error models where system redundancy is the modifying element, but 
where some form of coupling or interaction occurs. Each element of redundancy 
can be regarded as a modifier which reduces the overall probability of system 
failure due to a single initial element failure, /ft will be appreciated that 
in these cases this is an argument for high redundancy in order to reduce CMFs, 
but this is not true in the case of the process errors or the causal failures 
where the modifiers are independent of redundancv7. 

Finally the philosophical and practical question to be faced is, "can 
CMF caused by engineering and maintenance process errors be satisfactorily 
dealt with in the way proposed?" Primarily this is an ethical, aesthetic and 
a practical question. Assuming that assessors can produce detailed models 
along the lines proposed, can we ourselves accept that the organisational and 
individual activities of human beings be objectively or reasonably represented 
in this way. If not, then the process error model and its supporting arguments 
at least provides some guidelines, based on theory and practice, showing how 
improvements (if they are required) can be obtained. But until the desired (if 
any) improvements are established in future, only past experience and data (in 
the nuclear industry) can be relied on. This means at the redundancy sub-system 
level, an average failure probability (or mean fractional downtime) of NO LESS 
THAN 10-3 can ̂ e considered at present in reliability assessments of redundancy 
sub-systems. 

Diversity must then be used to obtain higher integrities (Py *C10"~3). CMF 
will ultimately limit even this, so that an average sub—system failure 
probability of 10 will probably not be achievable with a dual diverse system 
unless process errors are reduced. 

6.9 REVIEW OF CMF MODELS 

In addition to the various sub-models described with relation to the 
overall sub-system CMF model proposed in the previous section, a variety 
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of models have been discussed in the literature. These have not been described 
in detail in this summary, but they have been drawn on to a large extent 
to construct the intrinsic/random error sub-models for the proposed CMF model. 
Suth models have been produced to meet differing requirements, often specific 
types of CMF, although in fact they range from the generally applicable to the 
more specialised type. Crudely in terms of generality, they may be ranked as 
follows:-

. /3 model 

. Boundary or median type 

. Causal or shock model 

. Common load model 

They all recognise explicitly the "common cause" origins of CMF and the 
originators on the whole recognise the various classes of causes as described 
in section 3 of this réport. Nevertheless, the degree of sensitivity to the 
classes of CMF varies considerably, due to both the structure of the models 
and their application. Theß model for instance is generally applied as an 
overall model without differentiation between classes and similarly the boundary 
or median type, whereas the shock and common load models tend to be applied very 
specifically. None of these models are both general in covering all classes of 
CMF, and simultaneously specific in being sensitive to each class as in the case 
of the proposed model (which of course is explicitly designed to do this). The 
relative significance of the engineering process (design and maintenance) 
described in the previous section has not been recognised before. The /3 and 
boundary models can take this into account, although not usually specifically. 
The shock and common load models were designed only to cover intrinsic random 
errors' and not engineering process error. All CMF models have suffered from the 
lack of supporting data and this is why they are either very specific to a type 
of causal event for which statistics exist independently, e.g., lightning, or 
are insensitive to class of causal event because of the small number of recorded 
failures. 

The model is attractive because of its simplicity and the apparent 
stability of the /? values. However, apart from the above comments there are 
two possible disadvantages (1 ) The justification for taking the ratio of 
CMF rate to total failure rate has not been made properly. (2) There is little 
data on the allowable variation of yd values. In the case of (l) the essential 
point to be demonstrated is that the nature of CMF are generally the same as 
non-CMF failures, i.e., independent failures, regard to the second disadvantage, 
there is not only the problem of the relatively high values of ¡3, so far estimated, 
but also the reductions or improvements in /3 which are allowable, say as a result 
of safety assessment and the resulting system modifications. In order to deal 
with this it has already been shown in the previous section that CMF model must 
take this explicitly into account. Partial values of/3 could be generated, but 
these would not be based on the /& model itself, but would stem from a sub-model, 
such as the one proposed. 

The boundary or median type of CMF model is much more of a mathematical 
device for indicating if more detailed treatment of a particular sub-system is 
required. It assumes no CMF data and relies on judgment to decide where to take 
the boundary — although using the median reduces this aspect somewhat. If the 
boundary value derived is found to be significant (to the system failure 
'probability) then either mitigating circumstances must be drawn in (and the 
boundary re-assessed) or a different more specialised model utilised. 
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The causal or shock model is probably the basic CMP model as far as 
engineering thinking is generally concerned. It recognises a cause for which 
an event frequency has to be estimated. This can often be done using data 
quite independent of CMP, e.g., missile strike. The more difficult part comes 
in estimating the probability of component failure given the cause. This may 
be done either simply by estimating either an overall conditional probability 
of a subsequent CMFO) e.g., little fires become big fires, or where there are 
a large number of relatively independent components, e.g., BWR control rods .(35) 
a combinational probability. However, in these cases, care must be exercised 
in distinguishing between causal event frequency and failure frequency; also 
when estimating the conditional probability, to be clear what the common cause 
is, and only components affected by the common cause are taken into account. 

The common load model will be useful where the load and resistance 
distributions are known sufficiently well (particularly of course the tails 
of the distributions - which raises a paradox, since these are logically speaking 
the least known). Assuming the roughness index can be estimated and the 
assumptions of normality are valid then CMP failure probabilities can be 
estimated. However if this is not the case and the value of the roughness index 
has to be judged, this method becomes similar to the boundary method and it will 
be seen from the remarks on this above that there is some danger of circularity 
occurring. 

Generally it will be seen that all CMP models, including the proposed model 
can only be regarded as very approximate. Therefore their use in system 
reliability assessment should be confined to showing that CMF, either in 
particular or in general, are insignificant. This will be an iterative process, 
starting with the realisation that CMF are not insignificant and modifying the 
system design and hence the CMF models until the CMF probabilities have been 
shown to be acceptably small. The CMF models therefore must be sensitive to 
factors arising from the defence measures described in section 4 and the 
engineering processes involved. The model parameters must consequently be related 
to these factors. 

7. CONCLUSIONS 

It is clear that the problem of common-mode failures is inherent in the 
design and analysis of high reliability redundancy systems and judging from the 
literature surveyed during this study, it is a problem that is given serious 
consideration. However there has been lack of a uniform and comprehensive 
definition, and it was therefore thought necessary to define the term itself, 
the systems which they effect, and the type of events which can occur in those 
systems. The most significant feature of the definition is that the initial 
event that causes the failure is common in addition to the effect or the mode of 
failure being common. Only one reference defined the term ''common-cause failures'*, 
but it is not at this stage recommended that this term be adopted because it does 
not have the world-wide understanding that the subject term of this study has. 

The events included within the general definitions proposed are from so 
varied a range that, as most references had done, it was. necessary to group the 
events into a much reduced number of separate classes. With the exception of one 
reference which had different unique objectives, the classification characteristic 
of the events was the common cause of failure. It was decided to adopt this as 
the basis of a classification system, because it identifies the primary event, the 
definition of common-mode failures is also based on their cause, and one of the 
objectives of this study is to make recommendations for the minimisation of these 
events. 
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It was felt necessary in this study to develope a classification system 
that was comprehensive, and identified and segregated the different activities 
and influences to which an engineering system is subjected during its complete 
lifetime, from conception to the completion of operation. 

The study has been biassed towards automatic protective systems and 
emergency core cooling systems for nuclear reactors, but it has also included 
experience from the aircraft and chemical industries. Although to some extent 
this might be a limiting factor in the study, it is considered that the event 
definitions and classifications will be applicable to other types of engineered 
system. The above systems considered in the study have a high electronics 
engineering content, but they have significant electrical and mechanical 
engineering contents also. 

The defences against CMF have been identified for consideration by the 
system designer or operator. An important aspect of this part of the study 
which has not been completed would be to, wherever possible, relate the detailed 
items of CMF defence to quantified system reliability requirements, so that 
designers and operators would have better guidance based on data obtained from 
operating experience. It has been the experience of participants in this study 
that such guidance on the application of these techniques is a requirement, and 
it is recommended that some further future effort be devoted to it. It is 
concluded that for the achievement of the desired system reliability there must 
be a co-ordinated CMF defensive strategy covering all stages of system 
engineering and operation. Within this, the general policy and detailed technical 
aspects of the system can receive more adequate consideration, and the product 
assurance functions of design review and reliability assessment can cause the 
significant reduction in system unreliability due to CMF that this report 
postulates. 

The study has demonstrated that CMF events can be identified and classified 
within the proposals made. The exceptions to this were events that were recorded, 
but insufficient information on the initial cause or the mode of failure was 
available. In some cases, classification was impossible, and in others, 
particularly for aircraft accidents, conflicts in the interpretation of the 
recorded information led to dual classification. It is suggested that the adoption 
of definitions and classifications for common-mode failures by organisations 
recording failure events would lead to a better understanding of the phenomena 
and their quantification. The significance of the common-mode failure problem 
in nuclear reactor protection systems is indicated by the failure rates of 
approximately 0.03 per sub-system-year obtained for both the automatic protection 
system and the emergency core cooling system of US water reactors. (See tables 
1 and 2). Other significant features of the data are the predominance of the 
human factors problem in causes of common-mode failures, the predominance of 
CMF in input sub-systems, and that few events have been identified which affected 
diverse redundant protection. 

.The most significant sub-systems with regard to a complete APS quantified 
reliability analysis are the guard lines and output equipment. Adequate 
experience does not exist in the US reports examined, so there is an urgent need 
for more data to ascertain a real is itic frequency for CMF events in these sub
systems. It is also expected that different designers, hardware, systems, 
operators, etc., could lead to large differences in sub-system vulnerability to 
CMF , and so for these reasons some further study should concentrate on these 
sub-systems. 



- 120 -

The data from the aircraft accident records has shown a total failure rate 
of 6.10-4 CMF/aircraft-year and the significant features of these data are the 
predominance of human factors problems in both design and operation. Unlike 
the nuclear data, it shows a large proportion of CMP due to external energetic 
events (OEE). This is because of design limitations particularly on the segre
gation of systems and the particular operational environment. The proportion 
of aircraft Accidents caused by CMP was 4$» whereas the proportion caused by 
all types of crew error is approximately two thirds. 

To relate the data from the US nuclear industry to the aircraft accidents 
it is necessary to consider the number of sub-systems in each of the main 
systems considered, and to derive CMP rates per sub-system—year. These sub
systems are then roughly comparable in complexity and size, and the CMP rates 
are:-

nuclear APS - 2.8.10~ CMP/sub-system-year 
ECCS - 3.3.10~T " » « 

aircraft PCS- 2.2.10"° " M M 

These values show an apparently large factor of approximately 10"*3 between 
the data derived from the two different sources, but when relating these values, 
the different means of data collection, and the operating conditions in each 
case must be compared. The data from the APS and ECCS will contain the majority 
of CMP events, whether or not they were capable of leading to a hazard condition, 
but the aircraft data were derived from- those events which resulted in a serious 
accident. The ratio of these accidents to potentially dangerous CMF for aircraft 
sub-systems is between 10~1 and 10 , and so a more realistic ratio for the CMF 
rates for nuclear and aircraft sub-systems is between 10 and 100. This ratio 
could be partly explained by operational and test differences in the two 
applications. Typically reactor protection systems are proof tested at intervals 
of 1 — 3 months by instruments personnel, with probably limited supervision. 
Repair activities occur at any time, Often with limited supervision, and it has 
been shown that these two activities cause a large proportion of CMF' • Aircraft 
are tested before every flight, and have a mean flight time of 1—2 hours. Most 
significantly these tests are independent of maintenance activities because they 
are done by the crew, one pilot preforming the tests and another witnessing 
against a written airworthiness certificated procedure. This is a very dependable 
procedure. The effect of design errors and design induced maintenance errors 
however must not be neglected. The aviation industry has over many years 
developed extensive procedures (referred to in this report as product assurance 
(PA) functions) to control design, production and maintenance of safety critical 
systems. 

For a hazard to exist in a nuclear reactor a plant failure must initiate 
a demand on the protection system, which must then fail to operate. The hazard 
probability is therefore the combinational probability of at least these two low 
probability events. For an aircraft, the moment it leaves the ground it is in a 
potentially dangerous state, and so there will be a significant probability that 
if a CMF occurs it will cause an accident. Therefore, for a particularly hazard 
probability an aircraft sub-system must have greater immunity to causes of CMF, 
and it is suggested that the higher standard of testing helps to achieve this. 
From Table 1 it can be seen that approximately 84$ of CMF could be eliminated 
from reactor systems by perfect testing, whilst it is estimated that only 13$ of 
aircraft systems CMF could be eliminated in this way. 

Other sources of CMF data have been identified, and these have been summarised 
in Table . Where possible, and for comparison purposes, the CMF rate and the /3 
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factor have been derived. These have shown a rather limited range of variability 
O.OO5 < 6cm < O.O5, O.O7 0*4) with the exception of the aircraft systems 
data discussed above and some other data. For nuclear data below this range, 
(®cm a 0*002 CMF/sub-systern-year), the systems were subjected to a rigorous 
reliability analysis with subsequent reduction of CMP by design. Also the data 
collection method suggests that other less significant events were not reported, 
and that the comparable rate might be a factor of 2 or 3 higher. For those data 
sources for which it has been possible to derive 0 factors, the values obtained 
indicate the independence of the sub-system failure probability from the redundancy 
arrangement. For none of the data sources identified has it been possible to 
relate explicitly the quantified data to the possible causes of CMF, and the 
defences provided. In applying the values in a future system analysis the effects 
of the environment, system design and operation must be considered. 

None of the data sources investigated during this study have recognised CMF 
events at their source, and they have subsequently been identified by inter
pretation of events sometimes separately recorded. This creates doubts about 
data quality, and it is recommended that data collection systems be influenced 
to correct this deficiency. This will be particularly important for high 
reliability systems from which CMF events will be rarer, possibly more difficult 
to identify, and more significant in the total system reliability. 

In the development of a sub-system reliability model for CMF, emphasis has 
been placed on the evidence of the classified data sources summarised on Table 4* 
From this evidence, and incorporating the various main defensive measures that 
can be adopted, the special proposed model was developed, using in some cases 
models for CMF found in the literature survey. General models, such as theß % 

require the possible causes of and defences against CMF to be collectively assessed 
in order to estimate the one model parameter. The geometric mean model is fixed 
for all systems, but the proposed model allows each major cause class, or group 
of like classes, to be separately assessed in conjunction with their appropriate 
defences. These can then be combined as on Figure 7 to form the three main 
contributors to sub-system failure probability from causes of CMF. The scope of 
the present study does not permit the application of the model to an assessment 
of a real system, but it is recommended that some future work be devoted to this 
(e.g., the Fessenheim system). During the CMF modelling work the need has been 
identified for further study of the human error problems in design, operation and 
maintenance. Some experience with design and operation errors has been found in 
the literature, but there is a lack of data and study of maintenance activities. 
This type of CMF cause has been shown to be one of the most significant. Such a 
study could contribute to the data and modelling aspect and also to application 
of stricter defensive measures against CMF. 

The data collected from protective systems has been from applications 
involving simple identical redundancy sub-systems only, with perhaps some use of 
diversity of input measurements. Some further detailed investigation of events 
that have caused complete system failure for this type of application, and the 
initiation of data collection and investigation of CMF events for more complex 
systems possibly employing diversity throughout are required. It is considered that 
this is where the real problem of rare events causing protection system failures 
exists, particularly for those systems where extremely high reliability is 
required, and which are most difficult to substantiate in a reliability assessment 
(< 10-4 per year). 

7 . 1 SUMMARY CONCLUSIONS 

1 . CMF have been generally defined and classified according to cause. A large 
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body of supporting evidence has been produced and analysed, which indicates 
that there is a dominance of CMP in system reliability quantification and 
that human errors in design and maintenance are the main CMF causes* It has 
also been found in the nuclear industry that a large proportion of CMP could 
have been eliminated by perfect testing. 

2. Defences against CMF have been described and related to engineering 
management, design, manufacture and operation. It is intended that this 
should lead to an integrated CMF defensive strategy for all these activities 
for the minimisation of CMF frequency and the effects. 

3. A general sub-system modelling structure has been proposed which relates 
to the wide variety of CMF found to occur in practice. This structure covers 
engineering process errors in design and maintenance, and intrinsic random CMP 
due to operator errors and environmental effects. This type of model is in 
preference to a single parameter model or a fixed model for all systems. 

4. CMF are related to the environments that produced the system, and in which 
it operates. Generic ••type" quantitative assessments could therefore omit those 
CMF peculiar to a particular plant, and so a detailed reliability analysis 
including FMEA, in addition to significantly reducing the CMF problem, is 
preferable to the application of general retrospective data. 

5. In any particular redundant system being evaluated for CMF, the 
quantitative conclusions should only be used as a rough guide. 

7.2 SPECIFIC RECOMMENDATIONS 

1o Thorough consideration should be given to CMP by project management, 
designers and operators in a co-ordinated policy. 

2o Investigations into methods of data collection and analysis of CMF are 
needed with a view to identifying CMF events at their source, and to 
incorporating GMF data into reliability data banks. 

3» The most significant sub-systems in an APS reliability analysis are 
guardlines and output equipment and these need further detailed study. 
Also more complex and diverse systems have not been included in the 
present work and should receive future study. 

4. Quantification of the effectiveness of the various CMF defences given 
in this report is a requirement for future study. 

5. Research is required to obtain a better understanding of human factors 
relating to system design and maintenance with a view to generating the 
capability of assessment and control of human error leading to CMF. 
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DISCUSSION; COMMON-MODE FAILURES ANALYSIS 

Regarding the CMF classification system proposed by 
the group, it was suggested that there could he different 
interpretations in different countries of the terms used. This 
could result in similar events being classified differently 
and make information exchange misleading. The problem had in 
fact been recognised by the group. Clarification of the 
definition of each class of CMF was included in the report, 
but resultant event classification was dependent to a great 
extent on the quality of the event data. In the report, where 
such problems had been recognised, dual or no classification 
had been made. Particular examples were considered. 

Various points were raised regarding the possible 
comparison of nuclear and aircraft systems, in view of the large 
difference apparent between the respective CMF rates that had 
been derived, A first possible explanation forwarded was the 
greater systematic attention given in the aircraft industry 
at the design stage to the interfaces and interrelations between 
systems. The group had indicated also that aircraft design and 
operations procedures were based on vast operating and accident 
experience which the nuclear industry did not have. There was 
perhaps something for the nuclear industry to learn from this. 

Other data problems were associated with the use of 
generie data for a specific plant and the applicability of 
failure rate data over a plant lifetime. The most significant 
proportion of failures had been found to arise from human 
errors in design and maintenance. It was observed that this 
latter point was in agreement with the conclusions of the 
human factors group. 

There was some discussion concerning the indications 
that due to CMF, the current lower limit to nuclear APS sub-system 
failure probability is of the order of 10-3. This agrees with 
intuitive thinking of many years ago. The adoption of more 
stringent defensive actions is required to reduce this, and in 
addition raises the problem of demonstration of achieved relia
bility performance for low failure rates. 

With regard to defenses against CMF, it was generally 
agreed that this must involve the management of both design and 
operational activities. It was emphasized that proposed defenses 
against CMF must be quantitatively assessed for effectiveness 
and reliability before their installation. Much work on defenses 
against CMF had been included in the report, and the suggestion 
that this could be extracted for separate publication was seen 
to be a useful contribution in the rare event field. 
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With regard to CMF modelling, the doubts raised by 
the group about the use of a single-parameter or a fixed model, 
and the approach proposed of combining the various different 
types of CMF were generally accepted. However, further work 
is required in order that high confidence in predicted failure 
probabilities can be claimed. 

When discussing common modes due to human factors in 
accident conditions, the point was made that the use of computers 
in safety systems could alleviate this particular problem. But 
this in turn leads to the need for evaluation of the reliability 
of computer software and hardware. Other organisations are 
currently engaged in considering such problems, and it was 
recognised that it is an important area of work in which there is 
a common interest and lack of experience due to a rapidly-
evolving technology. 
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INTRODUCTION 

Studies of incidents and accidents in modern industrial plant 
reveal the very significant role played by the human element. As 
a result, there exists a pressing need for being able to incor
porate the human in assessments and evaluations of overall system 
performance, reliability and safety. Thus, methods for human 
error analysis and quantification which are compatible with and 
thereby incorporable into existing schemes for technical system 
evaluation are required. However, different methods of human 
error analysis are generally used in different stages of system 
design and operation. 

Qualitative post-accident analysis of the causal chain of events 
plays an important role in identifying human error mechanisms 
and relating them to system properties. Such methods depend to a 
large extent on expert judgement and, within several areas, 
especially aviation, have led to an evolution of system design 
towards high levels of safety based on the use of norms and 
regulations. However, regulations and norms often lag behind the 
present rapid technological development and methods for system
atic reliability and safety analysis are becoming important and 
effective tools for system development. They can be used: 

- During task design and the specifying of the man-machine inter
face as guides in a relative evaluation to choose among 
alternatives - or in a sensitivity analysis to establish criti
cal parameters. Since "all other factors are equal", then most 
of the assumptions and conditions for the analysis are im
plicit. 

- During systems design to compare human and equipment re
liability. Here, there is a need for more absolute data in a 
quantitative treatment. 

- To prove that design targets are met, to verify safety limits 
over for third parties - also with respect to high consequence, 
low probability situations. Here, a systematic, formalized 
method with adequate and available empirical data and where 
all the conditions and assumptions are explicitly given and 
controlled is required. 



- 133 -

In this connection, it is relevant to distinguish between a 
"systematic formalized" approach and the use of "expert judge
ment" which has been a basic ingredient in most of the analyses 
carried out thus far. 

In the present context, systematic method will be taken as being 
synonymous to engineering analysis when viewed as the alterna
tive to expert judgement, which is taken to be more akin to the 
performance of a professional art. This distinction also seems 
to be a distinction which could characterize the difference be
tween reliability engineering and the behavioural sciences. 

In general, engineering analysis is based on quantitative data 
and invariate relations applied to systems and structure which 
are accessible to inspection or control. Practically speaking, 
the opposite is the case for the behavioural sciences which 
depend upon personal, professional skills which cannot be de
scribed, measured or graded except by reference to .a personal 
standing and reputation among peers. 

Thus, expert judgement is valuable but not as a basis, for 
example, for verification of a design target. This is an im
portant problem when the aim is to include human error analysis 
and quantification in an engineering analysis of system re-: 
liability. Clearly, great care should be taken when including 
human behaviour in engineering models. In addition, a drastic 
limitation in the cases which can be handled must be expected, 
if the analysis is to be based on formalized, systematic methods 
rather than on expert judgement. 
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CRITERIA FOR ANALYSABILITY 

In general, a prediction of human behaviour is difficult be
cause of the great inherent variability in human intentions and 
abilities. In addition, the preceding section has pointed out 
the need for constraints in the situations which are amenable to 
treatment by currently available methods and data. As a result, 
two sets of tentative criteria for analvsability - one for re
liability and one for safety - have been derived. These define 
the conditions to be satisfied by the total system (technical 
and operating staff) if a systematic, quantitative analysis is 
to be performed on the basis of currently prevalent methods. 

Reliability Criteria 

Reliability analysis is concerned with the departure from the 
specified function of the plant and its parts and components. 
"Specified function" is rather stable during plant operation and 
is unambiguously related to the functional design intention. 
Therefore, the basis of reliability analysis is generally well 
established. The basic method of reliability analysis is to 
decompose a complex system into parts or components, to a level 
at which component properties are recognized from widespread 
use, so that empirical fault data can be collected. In principle, 
this break-down must be carried through to a level where com
ponent function is invariate with application. 

In the methods of human reliability, prediction in practical use 
(for example Swain's THERP), this technique has been transferred 
to human performance. The complex and often very system-specific 
human functions are broken down into typical, recurrent, and 
elementary functions for which reliability data can be collected. 
Such elementary functions are in practice only distinguishable 
by their external effects, and are therefore generally characte
rized as "subtasks". 

This technique must, however, be used with caution, since the 
human element within a technical system has properties which 
cause difficulties with respect to the basic aspects of re
liability analysis. Among these are the following: 
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- Man is an adaptive and learning system element, and may very 
probably respecify a function or a task. 

- Furthermore, a human operator is a multipurpose element. He may 
be occupied by another task, and omission of specified function 
may be due to other events in the system rather than human 
failure mechanisms. 

- Man is in many respects a holistic data processor responding to 
total situations rather than to individual events or. system 
states. 

- A human trait having great influence upon the reliability of 
human performance is the ability of selfmonitorinq and error 
correction. 

Therefore, a systematic analysis and quantification of system re
liability is not feasible unless the design of the system and 
the work situation of its operators satisfy some general con
ditions. Necessary conditions for the use of probabilistic 
methods to predict the probability that a specified task is 
performed satisfactorily by human operators are: 

A: - There is no significant contribution from systematic errors 
due to redefinition of task, interference from other tasks 
or activities, etc.; 

and 
- The task can be broken down to a sequence of independent sub-

tasks at a level where failure data can be obtained from 
similar work situations; 

and 
- These independent subtasks are cued individually by the 

system or by other external means, so that modification of 
procedure does not take place; 

or: 
B: - If these conditions are not satisfied, e.g., because the 

task is performed as one integrated whole, or it is performed 
by complex and variable human functions such as higher level 
cognitive functions, then the effect of the task must be 
reversible and subject to an error detection and correction 
function, which in turn satisfies the above-mentioned con
ditions for predictability. 
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Safety Criteria 

Corresponding criteria or conditions for the quantification of 
safety have also been generated. In safety analysis, the human 
element is the imp of the system. The human reliability, i.e., 
the probability that operators perform the "specified functions" 
is of course an important factor in system safety, e.g. when 
operators are assigned special monitoring and protective func
tions. In safety analysis, however, a more difficult problem is 
the analysis of the effect of specific, erroneous human acts. 
The variability and flexibility of human performance together 
with human inventiveness make it practically impossible to pre
dict the effects of an operator's actions when he makes errors, 
and it is impossible to predict his reaction in a sequence of 
accidental events. 

In practice therefore, human variability makes a quantitative 
safety analysis unrealistic, unless the system design satisfies 
a number of conditions. 

Like other problems in system design caused by component per
formance variability, the problems in accident analysis can be 
circumvented if feed-back functions are introduced, i.e., if 
feed-back links are introduced in accidental courses of events 
by means of monitoring and correction-functions. 

If a safe state of the system can be defined, and it can be 
reached through the action of a monitoring and protection func
tion which does not in itself introduce potential risks, an 
upper bound of the probability of a large class of event se
quences leading to the effect which is monitored can be found 
by a reliability analysis of the protecting function. Such 
protective functions can be performed by human operators if the 
task is designed so as to be accessible to human operator re
liability analysis, or can be performed by automatic safety 
systems. 

The difficulty to get the empirical data from real life situ
ations needed to predict the probability of specific erroneous 
human acts which are possible contributors to rare chains of 
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events leading to accidents, results in the following conditions 
for quantification of system safety: 

The probability of specific consequences of accidental events 
in a system can only be quantified if : 

- It can be demonstrated that the effect of erroneous human 
acts are not significant contributers to the probability; if 
necessary by introduction of interlocks or barriers which 
prevent human interaction: 

or 

- The effects of erroneous human acts are reversible and de
tectable by a monitoring or safety function which can be 
performed by operators or automatically. 

If the. reliability of such barriers and safety functions can be 
quantified then an upper bound of the probability of the event 
in question can be derived from the frequency of error oppor
tunities . 

In short, the group maintains the position that a probabilistic 
risk analysis is possible for man-machine systems - but only for 
systems satisfying certain conditions. In addition, it is im
portant that these conditions be expressed explicitly as a pre
requisite for a formal analysis which is well-founded and can be 
checked logically against empirical data. Otherwise, the confi
dence in probabilistic risk analysis will suffer. 
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ANALYSIS OF A SPECIFIC SYSTEM 

From the outset, the group's attention has been directed to the 
Fessenheim safety system. However, during the first year or so, 
it was clearly necessary to use a considerable portion of the 
time available for more general discussions of the issues in
volved in order to arrive at a common attitude towards and 
acceptance of the problems involved. Some of the results of this 
phase of the work have already been described in the report. 

However, in trying to generate a response to the French team's 
specific request for assistance with an analysis of the testing 
and calibration of the Fessenheim protective system, the group 
found its possibilities to be distinctly limited. An adequate 
treatment requires a thorough task analysis - based on the appro
priate test procedures but equally as well on actual practice and 
conditions in the plant. This, in turn, necessitates the estab
lishment of a positive and productive contact with plant person
nel at all levels - operations, maintenance, management. Such 
an undertaking is not within the province of an international 
working group with limited resources, especially in the face of 
language problems, limited access to plant information because 
of safety and security reasons, etc. 

Fortunately, it proved possible to arrange a group visit to the 
Bugey site. Although this occurred at a rather late stage in the 
program, it was decided to initiate a short, concentrated effort 
which, as the basis for an analysis, used the revised Bugey test 
specification together with a short demonstration at Bugey of 
one test sequence. The following sections describe in more detail 
the results of this study. It should be pointed out that, in 
spite of the admirable task analysis done by the French team in 
the face of the limited information available, the results cannot 
be interpreted as a conclusive analysis of the Bugey test and 
calibration task but only as the outcome of a first and somewhat 
feeble attempt at unravelling the complex web of tasks, tools, 
people and organizational factors which make up the reference 
situation at Bugey. 
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TEST TASK REQUIREMENTS 

To be able to judge the relevance of the different human factors 
problems raised during the analysis of the test and calibration 
task at the Bugey plant, knowledge of the break-even points where 
human errors in the test contribute to the same extent as tech
nical faults is useful as a reference. 

The "dead-time" of a safety channel due to latent faults to the 
first approximation is proportional to the test interval. Conse
quently, in order to give the same contributions as technical 
faults, a tester is allowed to fail to detect latent faults with 
a probability of 0.5 (to fail every second test). 

The technical fault rate of a single safety channel derived for 
the Fessenheim system (ref. 14) is typically 5xl0~^/hr which 

_2 
leads to 3.6x10 pr. test interval. To contribute equally then, 
a tester is allowed to induce latent, unsafe faults in a single 

_2 
channel with a probability of 3.5x10 /test. For common mode 
errors, this figure typically drops three decades; réf. 1 states 
the probability of common mode error during a test interval to X unsafe / X global = 0.5). 
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TASK ANALYSIS 

Detailed information on task content, work procedures and work 
conditions in general is necessary if a discussion of reliability 
problems in safety system testing and calibration is to be mean
ingful. The information available to the group in this respect 
has been very sparse; the actual discussions and analysis are 
based on the written work instruction (ref. 1) and data sheets 
for the Bugey plant together with observations from a brief 30 
min. demonstration of the test. To generate the total reference 
situation required for the analysis, rather free deductions 
and associations from the limited data available have been 
necessary, and the results should be considered typical rather 
than related specifically to Bugey. 

One such analysis has led to a break-down of the calibration 
task to a sequence of 186 actions (ref. 3) together with an 
identification of ambiguities and uncertainties, especially 
concerning the effects of possible errors. This break-down has 
been used for the experiments with error quantification described 
below. A general summary of this analysis (ref. 2) discusses 
different sources of errors, such as confusions during setting 
up of the test equipment; communication and transmission of in
formation; and management of equipment and personnel. This review 
also discusses the general lay-out of the procedure which "gives 
the impression of a series of operations consisting in testing 
modules and not of a complete control of the execution of in
structions. Consequently the operators do not know - or do not 
recall - the aim of the test, which provokes either deterioration 
of the experienced operators' qualifications or a difficulty for 
the inexperienced operators to "get the picture" of the pro
cesses". This points to the role of a realized aim or goal in 
operators' selfmonitoring (ref. 4) which is discussed in more 
detail below. The results of this detailed analysis are supported 
by reviews of the test sequence at a more general level (refs. 
5, 6 and 7 ) , reviews which help in emphasizing the critical steps 
of the sequence and, at the same time, the potential sources of 
common-mode errors. 

There was general agreement that the important steps in the pro
cedure from the point of view of the risk of unsafe faults are 
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related to: 

- Set up of the test team. Subject to changes by management in 
stressed periods? Apprentices? 

- Selecting the proper cabinet. 

- Gathering test equipment. Who calibrates and maintains? 

- The calibration act itself. Previous errors not detected? (The 
system serves as reference for the calibration task as well as 
vice versa). Misreading? Correct detection of fault, but no 
subsequent action? 

- Management review of data sheets. 

- Restoration of operational mode and check in control room. 

- Final check of channel correspondance in control room. Likewise, 

Likewise, the different reviews have agreed on the following 
features of the task as potential sources of common mode errors : 

. Personnel management; changes in the test team, qualifi
cations, timing of test etc. Scheduling of parallel "poten
tially interfering" activities. 

. Management of test equipment; who does the calibration and 
maintenance? Any freedom to replace or modify equipment? 
Etc. 

. Functional "improvements" of the procedure to circumvent 
inconveniences in the task or to meet acute changes in con
ditions (improvizations); grouping of similar tasks; etc. 

This, however, could not be treated in more detail by the group 
as only information on the specified task sequence and the set 
of observations were available to the group. 
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REVIEW OF EXISTING SOURCES OF HUMAN ERROR DATA 

Review of a number of recent publications dealing with human 
error analysis in nuclear power plants (ref. 9) indicates that 
"there is little relevant data available giving human error 
rates for test, calibration or other maintenance actions". Much 
of the data presented in such publications seem to be based on 
the same original AIR (American Institute of Research) work from 
16 years ago. Furthermore, the data from the AIR data store seem 
to be intended for relative design judgements rather than absol
ute quantifications. Data not derived from AIR store appear to 
be general estimates based upon expert judgement, such as the 
data from WASH 1400. 

Therefore, to further the work of the group, it has been sug-
-3 -2 

gestea that a "basic error rate" of 10 - 10 for "actions" 
depending upon the environmental conditions (ref. 10) be used 
for analytical demonstrations. 

To judge the value of the Licensee Event Reports as source of 
human error data, 111 reports have been reviewed as edited by 
"Nuclear Power Experience" in the category "Calibration, Setting, 
and Testing" (ref. 11). This review indicates that, in general, 
reliable statistical information on human error rates is diffi
cult to derive from this kind of event reporting. This is due 
partly to the problem of obtaining "denominator data" but mainly 
to the fact that the reports do not give information on the 
actual frequency of errors committed but rather on the frequency 
of errors which are not immediately corrected by the operator. 
This means that the error frequencies found in the reports are 
heavily biased by opportunities for selfmonitoring and error 
correction in the specific task. The typical test task can be 
divided into three main phases: the set-^p of test circuit, the 
test itself, and finally the restoration of normal operation. 
The typical errors and their distribution are shown on table 1. 
The most significant error types are related to steps of the 
task which are rather independent and, therefore, the typical 
test task seems to correspond to the condition A for analys-
ability (p. 4 ) . Errors in the following categories are rel
evant : 



"BUHAR ERRORS" IR TEST AND CALIBRATION. TOTAL 111 RECORDS TABLE NO. 1 

TEST CIRCUIT 3KT-UP ADJUSTMENT AND CALIBRATION RESTORATION OF NORMAL OPERATION 

o 

"J 
m 
r. 
o 

Functionally laolatad act 7 - Not switched to 
calibration before taat 

- No chuck of radundant 
channel 

5o - Valves and switches not re
turned to operational eonditlona 

o 

"J 
m 
r. 
o 

Adalnlstratlve aet (log, 
aessage ate.) 

5 
lograd 

- Control rooa oparator 
not informed 

- Juabara not logged 

o 

"J 
m 
r. 
o 

Other 1 2 - Off-Halt valu* logged, 
no action 

1 - Restart of puap omitted - inter
rupt froa eaergency task 

M 11 < K 
V. 
>-« 

o: 
o or. x 
H 

lairovlsatlon, insufficient 
knowledge 

2 - Riaultanaoua taat and 
atart 

- Tranalant undaraatlaatad 

M 11 < K 
V. 
>-« 

o: 
o or. x 
H 

Secondary condition not 
considered 

3 - Loading by raeordar 
- Filter papar, K r o n g als» 

changa calibration 

3 - Tlaa conatanta not con-
aldarad 

- Signal «ira not uaed aa 
spacer 

1 - Taat load decreaaed too raj-
idly 

M 11 < K 
V. 
>-« 

o: 
o or. x 
H 

Nlaintarpratatloa 2 2 - Orders, procedurea ale-
understood 

M 11 < K 
V. 
>-« 

o: 
o or. x 
H 

Fault* and alatakaa 4 - Interchange of ehannela, 
waives 522/5231 2SB-l/ 
2SB-2 

- Disabling channala con
currently 

13 - Wrong aaapla alia, aat-
-polnt ate. 

- Interchange aet/reset| 
plua/alnua, decreasing/ 
increasing 

3 - Corrections rovoraod, wrong 

M 11 < K 
V. 
>-« 

o: 
o or. x 
H 

Manual "cluaslnesa" 1 - Inadvertent ahort-olr" 
eult 

2 - Inaccuracy, "delicate 
adjuataent" 

• 
as *• F • X 'y M 4 

Topographie ale-orien-
tatlon 

3 - Juabor alsplacedj aaeak-
-path • 

as *• F • X 'y M 4 
"Cluaslnaaa" 1 - Relay trlppad lnadrert-

antly 



- 144 -

TABLE NO. 2 

HUMAN ERRORS IN TEST AND.CALIBRATION 

Number of Channels 
Affected by Error Number of Cases 

1 95 

2 11 

3 2 

4 2 

17 1 
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- Omission of acts which are functionally isolated from the 
overall goal of the task sequence to which they are connected. 

- Using the wrong alternative of two possibilities, when the 
choice has no functional effect upon the subsequent steps. 

- Spread in accuracy when adjusting variables to reference 
values. 

- Operational "improvement" of procedures excluding consider
ation of secondary conditions which have no immediate influence 
upon the subsequent steps, but lead to latent error. 

(For the cases reviewed, consideration of just "omission of 
isolated act" during restoration of normal operation and "faults 
and mistakes" during the calibrating act could bring a predic
tion within a factor of 2 from the target). 

There is no indication in the cases reviewed that extraneous 
acts committed during work on other systems or during other 
activities play any role in the availability of the systems. In 
some cases miscalibration or defeat of system function is ex
plained in the event report by such extraneous, inadvertent 
acts, but the number is insignificant. 

Of the cases reviewed, 15% involved errors repeated in more than 
one system or channel. 
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THE EFFECT OF EXTRANEOUS ACTS 

Errors during other tasks performed in the vicinity of the 
safety system or related systems such as power supplies are 
considered potential causes of common mode errors in the safety 
system. This was not considered in any detail by the group since 
no information to support an analysis of the Bugey system was 
available, and since the analysis of LER-cases (ref. 11) indi
cates that, in general, extraneous acts from other activities 
are not significant contributors. 
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QUANTITATIVE ANALYSIS OF THE BUGEY TEST PROCEDURE 

Various attempts have been made to assess the human error rate 
associated with the testing of an equipment channel on the 
Bugey reactor (ref. 12). 

The first attempt was the use of a simple fault mode and effect 
analysis (F.M.E.A.) typically used in assessing failure rates 
of technical equipment. The different steps of the procedure 
are considered to be independent, a failure rate is attached to 
the individual step, and the fail-danger ratio is judged. For 
the purpose of the present analytical experiment, a general 
basic fault rate of 10 pr. step was adapted. The result of 
this analysis was a fail-danger rate of the task sequence de
scribed in ref. 3 of 0.83. A similar result is reached from a 
simplistic short cut used for first estimates of equipment 
reliability (number of components x typical failure rate x 
empirical X unsafe / X global: 

-2 
186 (steps) x 10 (step error rate) x 0.5 - 0.93 

This figure is evidently unrealistically high. Several factors 
contribute to the uncertainty of the result. The number of steps 
is a matter of choice; the fail-danger judgement of error ef
fects may be too pessimistic as indeed the step error rate 
itself may also be. However, the main reason is probably that 
the steps are considered to be independent, and the operators' 
selfmonitoring and error correction are not taken into account. 
In this way, the error rate derived represents the errors com
mitted in not following the procedure rather than the rate of 
errors induced into the channel. This interpretation makes the 
above results realistic; 2-3 errors and their immediate correc
tion were in fact observed during the demonstration (refs. 5 
and 7 ) . 

Consequently, an alternative approach (ref. 12) takes this into 
consideration by selecting only the steps or actions with unsafe 
fault modes and with low or moderate probabilities of error 
correction by the operator himself. This leads to a total fail-

_2 
-danger rate of 0.86x10 pr. test calculated from consideration 
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of only 8 steps in the sequence. Even this may be a pessimistic 
figure. 

This estimate indicates that a break-even with equipment fail- . 
-danger rates can be obtained even with rather high estimates 

-2 
for human error rates (> 10 ) for the Bugey test. This is 
mainly due to a high probability of error detection, partly 
because the test act itself (based on an automatic ramp gener
ator with auto-clamp of the voltmeter) is sensitive to errors 
during the previous activity and partly due to careful moni
toring during the restoration of normal operation. 

The probability of common mode errors cannot be quantitatively 
estimated, due to lack of information related to personnel and 
test equipment management. 
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GENERAL CONSIDERATIONS 

From the discussion in the previous sections some general fea
tures can be derived for further consideration: 

Task Structure 

It seems appropriate to distinguish between two different types 
of control of a human task sequence, which, in fact, are related 
to the two different sets of criteria for "analysability of human 
reliability" which were stated previously (p. 4 and Fig. 1): 

First, in a very stereotyped or proceduralized task, a sequence 
of rather distinct and separate actions can be controlled by 
cues from the environment or from a work instruction. The overall 
reliability can be calculated from the failure rate of the indi
vidual actions, although modification of this result may be 
necessary because of error detection later in the sequence. 

Second, a task may be goal controlled, i.e. the task sequence is 
directed towards a goal state which is known to the operator and 
can be observed by him. A mismatch between the goal and the re
sults of actions leads to error correction - if the effect of 
the error is observable and reversible. This selfmonitoring and 
error correcting function introduces a feed-back loop which can 
compensate the variability in the feed-forward task control 
efficiently. As it is the case in any feed-back loop, this leads 
to very specific properties of the task: 

- The activity leading up to the goal state can vary greatly 
depending upon personnel and situation characteristics without 
influencing the final outcome. 

- The reliability of the activity will be largely independent 
of error rate in the individual task elements and will instead 
depend upon the quality and reliability of the error detection 
at the goal states. 

- Decomposition of a complete task into subtasks or steps to 
facilitate reliability analysis must be related to the goal 
structure of the task rather than to the external activity 
itself. 
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TYPICAL TASK STRUCTURES 

Stereotyped Sequence 

step 
s v C Error 

Error detection 

Simple sequence of steps cued by environment e.g. production 
and assembling tasks. Error detection typically when subse
quent action turns out more difficult. Overall error rate 
based on error rates of steps must be corrected. 

Sequence of goal-oriented steps 
I 
I 

Subgoal state Subgoal state 

r r o r + • - «/ _ 
Correct 

Correct I Error detection, 
I mismatch 

r Mismatch 

Error detection 
I 

"Subtask' 

Goal-oriented performance facilitates error detection at 
subgoal nodes - if errors can be corrected by iteration, 
feed-back effects determine error rates. Overall error rate 
depends on reliability of error detection. Break-down to 
elements for data collection only to "subtask" level. 

Fig. 1 Simplified illustration of typical task structures 
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A priori, a well controlled and proceduralized task such as a 
test and calibration task could be expected to belong to the 
first category; the analysis of LER-reports and the Bugey test 
indicates, however, strong elements of both categories. 

To support design and analysis of test and calibration tasks, 
some generalized data on the above two aspects of the task 
structure derived from detailed analyses of real-life test per
formance would be extremely useful. 

Data and Data Collection 

There is a fundamental need for empirical data on human error 
rates in real-life industrial environments. The present study 
indicates that human error rates of two different categories 
are needed: 

Data on human errors in specific activities or task elements, 
which should be collected with reference to the actual work 
conditions (categories like those on p. 12). A good source of 
such data would be the Licensee Event Reports, if the denominator 
problem could be solved and the data could be corrected for the 
influence of selfmonitoring and error correction. 

Data on the quality and reliability in human selfmonitorinq and 
error detection. Such data can hardly be derived from practical 
fault reporting systems. Correlation to detailed description of 
the "monitoring" situation is necessary. The psychological 
literature should be reviewed for possible data sources. 

Practical data collection schemes in industrial plants are badly 
needed but should be established with great care. Only data 
collection for selective task situations which have been subject 
to detailed analysis can be recommended at present. 

Common Mode Errors 

A realistic study of human errors leading to common mode errors 
in redundant safety systems should include studies of task 
scheduling management of equipment and personnel etc., and can 
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only be performed with close cooperation of the operational staff 
and management. Cases from LERs and similar reporting systems 
give important information on common mode error mechanisms. To 
be useful for quantitative studies, detailed information on the 
actual rather than the formal work organization and management 
structures are needed. Data from such studies must therefore be 
subject to careful generalization before release. 
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CONCLUSIONS AND RECOMMENDATIONS 

The conclusion of the group on human error analysis and quanti
fication is that, due to the basic variability of human inten
tions and acts, a systematic, formal prediction of the reliability 
of human performance only is possible (a) if the design of the 
task in question meets some criteria which have been formulated 
tentatively, (b) if the structure of the actual task performance 
is known, and (c) if empirical data for task components are 
available. A tentative analysis of a safety system channel test 
indicates that in principle this task can be designed to meet 
the relevant criteria. In addition, the necessary empirical data 
can be collected or, probably, derived from existing event re
porting systems. 

In order to facilitate future task design and analysis, the fol
lowing studies will be extremely helpful: 

- Detailed analysis of Licensee Event Reports and similar event 
reports to identify significant error categories and mechan
isms related to specific, selected tasks. 

- Correlative analysis of task instructions and work schedules 
in representative plants to derive denominator data. 

- Analysis of actual work situation in representative plants to 
study task structure, especially the role of selfmonitoring 
and error correction, and to relate error rates to specific 
task elements. 

This information mainly relates to the individual task. For 
overall reliability analysis, dependency between errors in sub
sequent task performance is important, and a subset of the human 
error categories may dominate. The work of the group points to 
error mechanisms related to improvisations and procedure "im
provements" and to management of equipment and personnel. The 
group wishes to emphasize that the studies mentioned be specifi
cally oriented towards analysis of such common mode error cat
egories. This also necessitates analysis of higher level task 
structures related to work scheduling and management. Particu
larly, attention should be paid to the role of (self)monitoring 
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and error correction in predictability of less controlled, higher 
level activities ("managerial quality control"). 

The group recommends that CSNI consider support of the following 
two activities: 

- Coordination of national programs for analysis of event re 
ports: selection of specific task for detailed studies; follow-
-up studies in the specific installations; generalization and 
publication of data, etc. 

- Sponsor and support regular (yearly) workshops between work 
psychologists, re l iabi l i ty analysts and plant operating staffs 
to evaluate key problems, and establish links to safety research 
in other circles. 
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DISCUSSION: HUMAN ERROR ANALYSIS AND QUANTIFICATION 

In the discussion following presentation of the report, 
it was recalled that the analysis of a task requires the definition 
of a level of subdivision. Even though a task can be subdivided 
to any level desired, the existence of recovery factors and 
error detection limit the degree of decomposition necessary to 
obtain a sufficiently precise reliability estimate for the 
complete activity. 

It was agreed that U.S. Licensee Event Reports provide 
a promising source of human factor information. They show that 
many errors are the result of test and maintenance operations. 
However, it is rather difficult to find in the reports enough 
detail on important components of human behaviour, self-
corrected errors being a particular example. More data could be 
retrieved from them by returning to plants to obtain necessary 
background information particularly regarding the frequency 
of opportunity to commit various errors. Similar event data 
systems exist in Europe, and there should be an effort to improve 
the possibilities for data exchange between the different 
countries. 

The on-site observation of operators for purposes of 
task analysis and data collection raises the problem of the 
interference between operator and observer. Opinions remained 
divided on this point: some participants felt that operators 
would tend to forget the presence of the observer, while others 
felt that they would either be made nervous (and commit more 
errors) or take much more care (leading to fewer errors). A way 
to avoid such interference could be to have several visits to 
the plant to accustom the operators to being under observation. 

During the visit of the group to Bugey (a plant 
similar to Fessenheim, which could not be visited as originally 
intended owing to start-up operations), valuable direct 
observations had been made on self-correction of errors and on 
the significant influence of recovery factors. 

It was generally felt that the interfacing of human 
behaviour and mechanical components requires further inves
tigation, especially in the field of non-destructive testing. 

It was recalled that human reliability may vary greatly 
between normal and emergency conditions. Simulators used to train 
operators for stressful situations could also provide a good 
source of error rate data for the latter case. It was recalled 
that automatic protection and safety systems have evident 
intrinsic advantages in accident conditions, but the flexibility 
of man to adapt to severe situations must not be under-estimated. 
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There was general agreement that there is presently 
rather poor feedback to designers. From the work of the group, 
a set of human reliability criteria could be deduced which would 
help the designer to obtain coherence of systems and associated 
testing and test procedures. It was noted that as part of a 
current Scandinavian project, recommendations regarding control 
rooms along such lines are now being prepared. 

The point was reiterated by several participants that 
a detailed understanding of observed incidents necessitates 
inclusion of a holistic morphological approach in the analysis. 
Such methods for the detection of "sneak paths" between apparently 
distinct event sequences have been investigated, and several 
important target areas identified for systematic search as 
constituting potential challenges to a system in its entirety: 
i) errors in the assumed input conditions; 
ii) errors in provisionally-defined event sequences; 
iii) incompatibilities in interfaces between subsystems, par

ticularly those difficult to monitor; 
iv) "dense" areas in the design; 
v) multiple occurrences of slightly abnormal responses; 
vi) hazards (for example, potential sources of energy release); 

and 
vii) miscellaneous "patterns for danger," often recognised 

intuitively. 
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CSNI GROUP OF EXPERTS ON THE RELIABILITY ASSESSMENT 
OF THE PROTECTIVE SYSTEM OF THE FESSENHEIM REACTOR 

1. INTRODUCTION 

The present paper follows and completes the study 
described in the CSNI Report No. 23. The hypotheses are the 
same but the numerical calculations have been reviewed 
according to the information provided by the other groups 
concerned. These calculations have been reviewed, on the one 
hand, as previously, by means of the PATREC code, and on 
the other hand with the help of a cabled generator of com
binations connected to a small WANG computer. This simulator 
has the advantage of carrying out the re l i ab i l i ty calculations 
of a complex system with the same accuracy as a large computer 
and besides, i t can print the l i s t of the complex system 
minimal cut sets up to a very high order. Moreover, this 
simulator has the advantage of allowing a cheap semi-qua
l i ta t ive , semi-quantitative study of the common cause failures 
effect on the re l i ab i l i ty of the system studied. As previously, 
the calculations only take into account the electric part of 
the system. The study of the mechanical part (control rod 
clusters and control system) is dealt with in a special chapter. 
The failure tree for the mechanical control rod blockage has 
been drawn but numerical values have not been assigned to the 
elementary events. Thus i t has not been linked to the electrica'l 
part of the system in terms of probabi l it ies. In other respects, 
the studies on human re l i ab i l i ty of the human factors group, 
are now on hand, but were not available soon enough to be taken 
into account in the calculations reported here. 

2, ACCIDENT SEQUENCE CONSIDERED AND ITS CONSEQUENCES 

The sequence considered is a spurious withdrawal of the 
control rods, the reactor being on power and the reactivity 
insertion rate high. 

The spurious withdrawal of the control rods, the 
reactor being on power, causes the thermal flux in the core to 
increase. Until the opening of the discharge valves or the 
safety valves of the secondary circuit, the heat extraction 
in the steam generators increases less quickly than the power 
generated in the primary circuit . The result is an increase of 
the primary circuit temperature. 

I f this situation is not ended by a scram, the 
accident sequences show that a boiling cr is is could occur. The 
reactor scram system is designed to intervene early enough to 
avoid this boiling by maintaining the DNBR (Departure from 
Nucleate Boiling Ratio) above a value of 1.3. This permits 
avoiding the risk of damaging the fuel rods and initiating a 
clad rupture. 
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SCRAM SYSTEM 
The phenomenon described above cannot be observed 

directly. In the case studied, it is detected by means of 
neutron flux measurements and measurements of the coolant 
temperature. These measurements are known as: 

- high level neutron flux 
- high A T temperature. 
There are four redundant neutron flux measurements 

and three redundant temperature measurements. The sensors 
are respectively long ionization chambers and resistor 
sensors. The sensors are connected to appropriate amplifiers 
or analog computers and to threshold triggers providing a 
logic signal, 1, that becomes 0 when the reactor is in an 
abnormal state. This whole part of the system is refered to 
as SIP. 

The logic signals from the SIP system are processed 
by a logic system (RPR) consisting of two individual trains, 
A and B. At this stage, we find the majority of vote devices 
(2/4 for flux measurements, 2/3 for thermodynamic measurement). 

Each train A and B controls the emergency shutdown 
breakers connected in series between the energy supply source 
of the electro-magnets maintaining the control rods, and the 
electromagnets themselves. 

All these circuits are lack-of-voltage designed. 
3. CALCULATIONS 

The calculations are aimed at estimating the 
probability that the system described above does not function 
during the accident sequence considered. 

NEW RESULTS WITHOUT COMMON MODE FAILURES 
In a first calculation, only the independent random 

failures (ß» 0) have been taken into account. The values used 
are: 
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circuit-breaker 
A T temperature train 
neutron flux train 
relay 

10 /demand 
5.10-6/hour 
1,10-5/hour 
1.4.10-7/hour. 

Under these conditions, the probability of a system 
unsafe failure after one month (720 hours) is l.OO.lO"8. 

This result points out the overwhelming influence of 
the circuit-breakers on the system reliability. 

NEW RESULTS INCLUDING COMMON MODE FAILURES -
S E N S I T I V I T Y STÜE7 
The common mode failures have been taken into account, 

as previously, as a factor (ratio between common mode failure 
rate and self mode failure rate). According to the Common 
Mode Failure Group, the most likely value for this factor would 
be 10"i; this mean value has therefore been adopted. 

As for the sensitivity study, we thought it realistic 
to adopt an error factor of 10 for the circuit-breakers, the 
factors for the other components being the same as in the 
first study. In addition an error factor of X was taken for 
ß, assuming lognormal distributions for ß and the two associated 

component failure rate or 
failure on demand 

error factor 

circuit-breaker 10~4/d 10 
AT temperature train 5.10"6/h 10 
neutron flux train 10-5/h 10 
relays 1,4.10-7/h 3 
ß factor 0,1 2 
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Figure 1 shows the distribution of the global result 
value for the system according to the distribution of the 
input parameters. This result has been reached after 10 000 
Monte Carlo runs. 

Assuming lognormal distributions of the input failure 
rates, the code provides the following numerical values 
calculated for a confidence interval of 90%: 

lower limit ( 5 % ) 
upper limit ( 9 5 % ) 
adjusted mean value 
point value 

6,9.10~6 

1,2.10-4 
2,9.10-5 
2,03.10-5 

This shows an uncertainty factor of about 4 in 
the failure probability of the system. 

The importance of common mode failures is evident 
since, even with uncertainty factors of 10 for most of the 
elementary components, the uncertainty factor for the whole 
system is only 4. 

These new results are compared to the previous ones 
in Figure 2. 
4. STUDY OF THE MECHANICAL PART OF A PWR SCRAM SYSTEM -

DESCRIPTION OF THE MECHANISMS 
Figure 3 shows the disposition of the main stationary 

parts relative to the drive rod. The main pressurized housing 
consists of the rod travel housing associated with the latch 
housing. The other stationary parts are related to the guide tube: 
they are the lift pole, the stationary gripper pole and the 
latch stop. The moving parts are wedged between the latch housing 
and the guide tube; the electromagnetic set, composed of the 
gripper, transfer and lift coils, is located outside the latch 
housing. 

Figure 4 shows some of the moving parts: latch support, 
latch arm, latch link, movable pole. Any latching action requires 
a lift of the movable pole, converted by the latch link into an 
upward and centripetal force applied to the latch arm. The 
upward component is absorbed by the latch support, abutting on 
the return spring and the spring retainer. The centripetal 
component allows the latch arm to fit into the drive rod 
notches. 
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The whole mechanism consists of two series of latch 
arms; each series has three latch arms, distributed at 120° 
from one another around the drive rod. The f i r s t series is 
the "gripping" one: i t grips the drive rod when i t does not 
move. The second series is known as the "transfer" series. 

Figure 5 shows the derived failure mode tree. The 
complete tree is not shown in this abstract, but can be found 
in Reference 2 . 

OPERATING RESULTS AND NUMERICAL VALUES - The study 
was limited to the failures which occurred on w pressurized 
water r e a c t o r c o n t r o l rod mechanisms. I t was aTmed at finding 
in the reported incidents the failure modes which had in fact 
occurred on functioning reactors. 

Results 

The incidents reported ( 3 ) , ( 4 ) occurred in 35 nuclear 
power plants, representing 120 years of operation. 

For reactors which have already functioned for more 
than one year, the estimated mean rate of scram demand is 12 
scrams per reactor year (Ref. EPRI.NP 2 5 1 ) . Within the f i r s t 
operating year, the estimate is 28.8 scrams/reactor year. The 
total number of demands on mechanisms i s , under such conditions, 
8 x 104 for the life-time of 100 reactors, which leads to a 
fai lure rate on demand of: ^Q-5/d 

From the accumulated operating experience ( 3 ) , only 
four fai lure modes could be correlated with failure modes 
included in the tree. No associated failure rates have been 
derived.,but as a mean the occurrence rate could be estimated 
as: 10-°/hour at a confidence level of 99%. 

5. QUALITATIVE STUDY OF THE COMMON MODE FAILURES 

The group on Common Mode Failure Analysis has established 
a table which allowed us to draw the two-entry table of Figure 6. 
On this table, one can see horizontally a l i s t of the failure 
causes and vertical ly a l i s t of the system components studied. 
A number of divisions are therefore available. When scanning this 
table from left to right and putting a cross in each division 
where a component is sensitive to a determined cause of fai lure, 
one can identify families of components sensitive to the same cause 
with a minimum risk of omission. One can notice on the right of 
the table a column called "component location", particularly 
useful for surveying and classifying the components into families. 

DETAILED DIAGRAM OF THE SCRAM SYSTEM - A more detailed 
diagram has been taken into account. On i t are shown (Figure 7 ) 
the sensors, cables, electronics, 48 V insulation relays, 52 
elements in a l l . This diagram is being studied on the ESCAF 
simulator. 
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Below is derived a first series of minimal cut sets 
concerning two potential causes of failure: 

- same manufacturer of temperature measurement trains, 
- same manufacturer of nuclear measurment trains. 
The table gives successively, from left to right: 
A. the order of the minimal cut sets, 
B. the number of minimal cut sets due to independent 

random failures, 
C. the number of minimal cut sets due to independent 

random failures plus the number of minimal cut 
sets due to the common mode failures affecting 
the temperature measurement electronics, 

D. same as C but concerning a failure common to the 
nuclear measurement electronics. 

A B C D 

1 0 0 0 * 
2 1 1 1 
3 8 16 64 
4 508 764 718 
5 15936 17784 15946 
6 161116 161260 161116 

When the whole study of the common modes is completed in a 
similar fashion, it will be possible to give a qualitative 
ranking of the importance of the common modes with 
respect to the number of cut sets to which they belong. 
6. C O N C L U S I O N S 

The study of the probability of failure of the 
Fessenheim I reactor scram system has shown that, concerning 
the independent random failures of the electric and electronic 
parts of the system, the problem can be considered as satis
factorily solved. There are good grounds for thinking that 
future experience will prove that the numerical values used 
are pessimistic. The probability of finding the system unavail 
able at the. end of a one-month test interval iá calculated to 
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be 3.10"° ( e r r o r bounds : 10 , 7.10 ) . The f i r s t r e s u l t s 
of the mechanism study a r e i n t e r e s t i n g but s t i l l remain to 
be taken comple te ly i n t o account i n a f i n a l c a l c u l a t i o n . 

The q u a n t i f i c a t i o n of the i n f l u e n c e of f a i l u r e s 
hav ing a common cause s t i l l r a i s e s p rob lems . The use of the 
ß f a c t o r , though a t t r a c t i v e , i s n e v e r t h e l e s s l i a b l e t o c r i t i 
c ism. I t should be taken as i n d i c a t i n g the o rde r of magnitude 
of the common mode i n f l u e n c e . I t seems t h a t a more i n t e r e s t i n g 
approach would i n v o l v e c l a s s i f y i n g the minimal cut s e t s by 
f a m i l i e s . I f the f e a t u r e s o f each f a m i l y a r e r e a l l y r e p r e s e n 
t a t i v e of the behav iour of the system damaged by the occurrence 
of common mode f a i l u r e s , and i f the number of these f a m i l i e s 
i s not too h i g h , a s e m i - q u a l i t a t i v e study cou ld be cons ide red 
and would g i v e a r e l a t i v e es t imate of the i n f l u e n c e of common 
causes of f a i l u r e . Th is cou ld permit d e f i n i n g p r i o r i t i e s 
r e l a t e d t o the main m o d i f i c a t i o n s t o be b rought t o a system. 

7. RECOMMENDATIONS 

The group has found the c o - o p e r a t i o n w i t h the 
o the r groups v e r y f r u i t f u l and exp re s se s he re i t s thanks f o r 
t h e i r work ,which g r e a t l y a i ded t h i s y e a r ' s e v a l u a t i o n . In 
such cases i n t e r n a t i o n a l c o - o p e r a t i o n can c e r t a i n l y a c c e l e r a t e 
s e r i o u s s c i e n t i f i c p r o g r e s s . S t i l l t h e r e remain th r e e major 
a r ea s where a d d i t i o n a l work and r e s e a r c h should be undertaken 
t o complete the assessment of automatic p r o t e c t i v e systems: 

- mechanical s t u d i e s , 
- common modes and t h e i r e v a l u a t i o n and i d e n t i f i c a t i o n , 
- human r e l i a b i l i t y i n connect ion w i t h common modes, 

as noted i n the r e p o r t of the human f a c t o r s g roup . 

As a g e n e r a l recommendation, g e n e r i c techn iques 
shou ld c e r t a i n l y be deve l oped , but t h i s i s on ly wo r thwh i l e i f 
p r a c t i c a l and t e c h n i c a l a p p l i c a t i o n s a r e a l s o demonstrated on 
r e a c t o r systems and s t r u c t u r e s . 

As the work deve loped i n the Task Force i s r e a l l y 
important and u s e f u l i n the f i e l d of r a r e e v e n t s , immediate 
p u b l i c a t i o n and d i s c u s s i o n i n r ev i ews and a s p e c i a l i s t s ' meeting 
on the s u b j e c t shou ld be h e l d w i t h i n two y e a r s . 
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Component Early study New study 

A or P/Jemaad Error factor ^or P/demand Error factor 

ÛT température train 4 x 10~5/h 10 5 x 10"6/h 10 
Neutron flux train 4.8 x 10"5/n 10 10"5/h 10 
Relay 1.4 x 10"7/h 3 1.4 x 10~7/h 3 
Breaker 3 x 10"5/d 3 10"4/d 10 
| i factor IQ" 1 1 lo"1 2 

D A T A 

Early study New study 

Point 

0 3.6 x 10"7 IQ" 8 

0,1 3 x 10"5 2.03 x 10"5 

90 % Confidence interval 

Lower limit 5 % 
Upper limit 95 % 
Adjusted mean value 

1.04 x 10"5 

5.66 x 10~4 

7.69 x 10"5 

6.9 x 10"6 

1.2 x 10"4 

2.9 x 10"5 

New « » »] • 

Point Early 
i 
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1 

i i 
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i i 
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FIGURE 2 
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FIGURE 4 
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DISCUSSIONt RELIABILITY ASSESSMENT OF THE PROTECTIVE SYSTEM 
OF THE FESSENHEIM KttAUTUK 

In reply to questions of clarif ication on the report, 
the representatives of the group provided the following 
supplementary information on the studies that had been 
carried out. 

Comparison of the re l i ab i l i ty data used in the f i r s t 
and second studies shows a ratio of 10 in the values taken 
for the temperature measurement channels, and a ratio of 5 
for the neutron flux measurement channels. These changes are 
the results of a provisional study aimed at obtaining a direct 
estimate of the unsafe fai lure rate of flux and temperature 
measurement channels. The values have been checked against 
the experience acquired on French gas-cooled reactors. Although 
most system components have an error factor of 10, at the 
system level there is an uncertainty factor of 4. This perhaps 
surprising result occurred because the ß-factor dominates the 
calculations and had been taken to have an error factor of 2. 
The error factor at the system level reflects the influence 
of this latter f igure. 

Figure 9 of the interim report of the group (on page 48 
of CSNI Report No. 23) explicitly*shows on the fault tree the 
common modes taken into account, ß is applied to the calculation 
of each common mode. The difference between the in i t i a l and 
second set of calculations arises from several sources: 

- in the f i r s t case, ß was fixed equal to .01, whereas in the 
second,it was set at 0.1; 

- the ratio between unsafe and safe fai lures, a parameter in 
the f i r s t study, was fixed in the second; 

- some of the fai lure rate data were changed to take into 
account recently available information. 

The 10,000 Monte Carlo runs performed to establish the 
histogram for the overall scram unavailability (Figure 1) took 
one minute on an IBM 360 computer. Insensitivity of the result 
to the number of runs showed this number to be sufficient. 

Some discussion arose over the use of the term 
"confidence interval ," which i t was fe l t might better be called 
"error spread" even though i t was determined by the mathematical 
treatment used to compute a confidence interval. 

Finally, i t was fe l t that the fuzziness of the error 
band should be investigated further. 
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DISCUSSION; THE INTERRELATION OF THE STUDIES OF THE GROUPS 
OP EXPERTS 

With the exception of the mechanical components and 
structures group, all the groups had presented the results of 
their work in a definitive form. Therefore it was felt 
appropriate at this stage to consider the interrelationship 
of all the studies so that a unified set of conclusions and 
recommendations of the Task Force could be presented to CSNI. 

It was considered that the Task Force had successfully 
completed the programme of work set out in its current mandate. 
Recommended extension of the studies of three groups emphasized 
the direct application of the techniques assembled to more 
numerous specific examples. Comparative demonstration of the 
validity and limitations of applicable statistical methods on 
a sample problem was felt highly relevant. One or more meetings 
of several of the specialists involved in such subsequent 
activities would aid maintaining the impetus and contacts 
created by the Task Force. 

There was considerable discussion concerning the data 
problems encountered by several groups. More human error, 
mechanical equipment and common mode failure rate data are 
definitely required. There is not only a clear need for better 
exploitation of the existing sources of data, but also of 
focussing future data collection efforts on these important 
areas, and of defining the technical framework for international 
data exchanges. It was noted that an IEC* committee is also 
considering this last aspect. Related reference was made to 
questions of data quality and characteristics. It was strongly 
felt that for data exchanges, there is a clear need to define 
matrices interrelating the terminologies and generic and 
functional classifications of mechanical components used in the 
different data sources. It was indicated that ISO** is currently 
working towards production of a guide for data exchanges. 

For some existing data sources, only "denominators" 
lack for the derivation of quantitative failure rates. The 
value of even qualitative data was pointed out. Extraction of 
information on failure cause, mechanism and mode from LER's 
could be extremely useful for safety and reliability assessments. 
This is particularly so in the case of mechanical components 
and structures, and the group working in this area wished 
to undertake further analysis of such data now on hand. 

* IEC: International Electrotechnical Commission. 
** ISO: International Organization for Standardization. 
*** In this context, "denominator" refers to the number or rate 

of occurrence of opportunities for error commission. 
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Another area of special concern with respect to 
data questions is the investigation of human errors. Very 
few applicable data exist at present, and a wide spectrum 
of safety-related human activities requires investigation, 
priority areas being design, maintenance, testing and 
operation. 
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Notes of the Interdisciplinary Discussion Group 
Chaired by Dr. Basti« 

held during Session 2 on the Morning of 
Thursday 22 June 1978 

Group Members: 

P.E. Becher 
D. Hunns (Secretary) 
R. Quenée 
G. Tenaglia 
R.W. van Otterloo 
W. Basti (Chairman) 

1. Chairman's Remark 
The original intention of the Group was to deduce from 

recommendations concerning the work of each Group of Experts 
the most important ones and to set up a priority list. Later 
this evolved into an attempt to correlate the recommendations 
of the various groups and propose more general ones suitable as 
a basis for further decisions by CSNI. 

Due to lack of time this final goal could not be 
achieved, and it was the hope of the members of the group that 
this could be done in the General Discussion at the end of the 
Task Force Meeting. 

Consequently, the recommendations given in this paper 
simply represent the outcome of the group's discussion in terms 
of the scientific and technical needs for further investigation 
in the field of rare events. Therefore the numerical order does 
not express any priority, either from the degree of importance 
based on the state of the art or from the relevance within the 
frame of CSNI activities. 

The general remarks at the end of each section are 
aimed at clarifying the recommendations and expressing somewhat 
better the ideas of the Group. 
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2. Structures and Mechanical Components Group 
1) Continue with study of control rod mechanisms and 

safety relief valves: 
a) specific identification of failure mechanisms into 

independent groups. 
b) data collection relating to failure mechanisms, 
c) fault tree modelling. 

Problems in fault tree modelling were seen concerning the 
independence of component failures. It was felt that more 
knowledge on failure mechanisms is necessary. Therefore 
emphasis has to be placed upon data collection before 
going into more detail with fault tree analysis. Bearing 
in mind the difficulty of quantification one should start 
with qualitative investigation of the failure mechanisms. 
2) Continue with study relating to pipe leaks introducing 
more parameters: 

a) a fix of in-service inspection, 
b) stress corrosion, 
c) constructional misalignement, misfit stresses, 
d) vibration - means of predicting levels and frequencies 

of vibration acting at prescribed points in the piping. 
The results gained so far were considered promising. 
Therefore more parameters should be included to better 
approach reality, using the weld example given in the report. 

3. Data Group 
1) Design a framework for a bank of qualitative and 

quantitative data. 
2) Set up an international group to collect total data 

a) in a limited number of specifically mounted sample 
exercises of data collection from plants, 

b) from incident reports. 
3) Further investigation into the use of Bayes approach by 

the Group on Statistics and Decision Theories. 
4) Obtain more data on partial failures (where these are 

defined as partial failure of a single unit or of a small 
subsystem comprising single units). 
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Data collection for specific samples in a limited number of 
plants, based on an international cooperation, was considered 
very useful. In order to avoid mismatch of samples, appro
priate terminology (and translation) has to be generated 
(see recommendation 1). Emphasis should be placed upon 
human error data. 

4. Statistics and Decision Theories Group 
1) Comparison of different statistical methods applied to 

the same problem of the evaluation of low probabilities 
(decomposition method, extreme value theory, expert 
judgement). 

2) Formalization of the taking into account of any kind 
of prior information (subjective probability distribution; 
constraint of any form; etc.). 

3) Examination of a specific problem in the field of rare 
events to highlight the relevant elements which should be 
considered in making decisions. 

It was felt that there was a continuing need to reduce the 
subjective element in reliability prediction. If one can 
demonstrate that the prediction process is basically 
objective even though data is used which comes from precise 
and imprecise sources, then this must help in the process 
of convincing the recipient of an analysis that it is a 
correct result which is being obtained. Where such objectivity 
cannot be demonstrated, then there must always be an asso
ciated degree of doubt in the minds of the people who are 
judging the validity of the analytical work which is being done. 
This is thought to be particularly relevant in the context 
of the present world-wide controversy regarding the safety 
of nuclear power. 

5. Communication Group 
l) To produce a set of monographs which simply describe 

the basic tools of reliability technology to non-
specialists, specifically focussing on the decision
makers of our society (both in managerial positions and 
the active elements of social groups). The monographs 
would address themselves to subject areas like confidence, 
Bayes, the very concept of probability, etc. It was seen 
that this was work that could be done in cooperation with 
the statistics and decision theories group. 
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2) It was suggested that the attention of CSNI could be 
drawn to the possibility of producing a summary or 
an introductory documentary version of the Task Force 
proceedings in the form of an audio-visual programme 
or sweeter programmes. This would not in any way 
replace the written proceedings but would act merely 
as a supplementary channel of dissemination. 

3) Specialist meetings should be considered relating to 
the latest state-of-the-art probabilistic methods and 
means of interpreting the results of analyses. 

It was agreed that it was necessary to communicate the 
probability approach for decisions on the quality of 
highly reliable systems (safety systems) and for decisions 
on risk. Considering the complexity of that task, the 
written form seems to be most adequate. In addition it was 
felt that it would cost quite an effort in writing and 
time, so that it could hardly be done as a CSNI sponsored 
activity. However, CSNI could set up a general procedure 
(table of contents, recommendations etc.). Within the 
Group's discussion emphasis was laid on recommendation 3. 
Human Error Group 
1) To set up international cooperative exercises in the 

use of incident reports for the assembly of data. It 
is suggested that this work be divided into two 
separate areas, the first relating to normal operations 
and the second relating to emergency operations, first 
priority being given to normal operations. 
a) concentration on the area of error recovery, posssibly 

leading to a designer's and assessor's guide 
"designing for error recovery", 

b) development of morphological search techniques for 
identifying event chains in fault tree analysis, 

c) reviewing applications of computer assistance in plant 
operation from the operator standpoint. 

2) The general fostering of international collaborative 
workshops for the furtherment of studies in the human 
factors area (as outlined in recommendation 2 in 
the Human Error Group's report). 
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I t was fe l t that progress in this area could be achieved 
by an international group of experts, where each expert 
can take care of providing his data, and an analysis of 
a l l the data together could be done within a common 
effort . Human data relating to normal operation can be 
achieved more easily; therefore the investigations 
should at f i r s t concentrate in the f ie ld of normal 
operation. Recommendation l c ) would be important i f further 
activities of CSNI develop towards process computers. 

7. Common Mode Failures Group 

1) Identification of common mode failure mechanisms and 
data collection relating to common mode fai lures, 

2) Quantification of the effectiveness of CMF defences, 

3) Further work specifically relating to the human factor 
component in common mode failures stemming from design 
and maintenance activit ies, 

4) The demonstration, comparison and validation of the 
various analytical techniques proposed. 

Activities in that area should be carefully discussed in 
the l ight of the associated recommendations of the Data 
Group and the Human Error Group. 

8. Fessenheim Group 

The general recommendations of the group were accepted. 
I t was noted that the Fessenheim study is to be continued, 
this time in greater detai l , specifically with respect 
to common mode and human factor aspects. 
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Notes of the Discussion Group chaired by Mr. A,J. Bourne. 
held during Session 2 on the Morning of Thursday 22 June 1978 

Group Members: Mr. A.J. Bourne (Chairman) 
Prof. G. Morlat 
Mr. J. Rasmussen 
Mr. E. Hofer 
Dr. G.I. Schuëller 
Mr. T. Tobioka 

General 

The overall rare event problem has been studied with specific reference to 
the probability of failure of an automatic protective system. This probability 
is generally of such a low order as to be classified as a rare event. 

A successful preliminary analysis of the Fessenheim automatic protective 
system has been completed giving an estimated probability of failure on demand 
of the order of 10"* to 10-5. 

Data has been collected and synthesised for the generic class of such pro
tective systems based on the nuclear industry's experience to date. This has 
led, with a high degree of confidence, to statements that such systems have 
probabilities of failure on demand of less than 10-4. 

These two results, produced respectively by the Pessenheim Research Sub-Group 
and the Data Collection Research Sub-Group, are in encouraging agreement. The 
other Research Sub-Groups have also made significant progress in their respective 
study areas. 

It is generally felt that much of the research activity within the Task Force 
has reached a stage where it can be used in future studies and that no significant 
further development of techniques is necessary at this time. Further work could 
usefully concentrate on the various specialists or organisations applying the 
techniques which have been brought out by the research work within the Task Force. 
This could well lead to further knowledge being gained by the practical experience 
of such applications. Because of this, it is considered that the Task Force has, 
in the main, accomplished the task it set out to perform. 

Quite naturally, further work or improvements would be possible in all the 
areas of the Task Force's work. It is hoped that this work will continue in the 
various organisations and countries represented on the Task Force. 

Although it is not seen that the Task Force should continue in operation, 
there are one or two specific area3 of investigation which could profit by a 
continued and formalised sponsorship by CSNI. These are enumerated, together 
with appropriate recommendations, in the following paragraphs. 
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Data 

Available techniques always tend to be more sophisticated than the data 
available to use them. More data is always needed but it is felt that in certain 
areas there is a priority for some further and urgent work. Two main areas are 
considered to fall into this priority classification, namely: 

data on human factors, and 
data collaboration between countries. 

It is felt that further work in each of these two areas should he carried 
out following a small and specific line of investigation in order to demonstrate 
the feasibility of improving the data situation. On this basis, the Discussion 
Group put forward two recommendations as follows: 

Recommendation 1 

A Human Error and Analysis Group should be set up with representation 
from the various interested countries. The Group should examine specifically 
the human error data associated with the test and calibration in typical 
safety systems. They should do this by a further search of existing event 
reports, plant records and plant procedures to see if such data could be 
usefully extracted. The members of the Group should be chosen so that they 
have ready access to such records in the various countries. 

The reasons for this recommendation are: 

This area of study shows some promise of yielding results on a reasonable 
time-scale (within say 12 months). 

It is a very important area in the overall reliability of safety systems and 
hence in the rare event problem. 

It has been highlighted as an important area by both the Human Error Analysis 
Research Group and the Common Mode Failure Research Group. 

The work could add significantly to the knowledge in both the areas of human 
error data and common mode failure data. 

It is one of the few parts of safety systems which is currently difficult to 
analyse because of the lack of data. 

The test and calibration procedures could also be used to examine the "feed
back'* effect in human activity (error recovery). 

Recommendation 2 

A Data Collaboration Group should be set up with representation from the 
interested countries. The Group should attempt to obtain from existing records 
(particularly maintenance records) information and data associated with the 
reliability of control rod mechanisms. 

The reasons for thi3 recommendation are: 

There is a good chance of significant retrieval of further information in a 
reasonable tine-scale. 
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It is another very important area in the overall reliability of safety 
systems. 

It has been highlighted as an important area of study by both the Common 
Mode Failure Research Group and the Data Collection Research Group. 

Results would help to confirm or otherwise the modelling, techniques currently 
being developed by the Mechanical Components and Structural Reliability Group. 

The exercise on control rod mechanisms could be used to investigate the 
general feasibility of data exchange and collaboration (as recommended by 
the Data Collection Research Group). 

The exercise could show the usefulness or otherwise of studying maintenance 
records in more depth (as recommended by the Data Collection Research Group). 

Possible variations in the performance of control rod mechanisms, as distinct 
from complete failure, could also be investigated (as recommended by the Data 
Collection Research Group). 

Mechanical Components and Structural Reliability 

The Discussion Group briefly reviewed the work of the Research Group which 
had recently been set up to study mechanical components and structural reliability 
problems. Since this work had begun very much later than the work of the other 
Research Groups, it was strongly felt that the work in this area should continue 
for at least another 12 months. Hence, the Discussion Group put forward the 
following recommendation: 

Recommendation j3 

The Mechanical Components and Structural Reliability Research Group 
should continue its work for a further 12 months in order to complete the 
very interesting and important pilot studies which it has already begun to 
investigate. 

The reasons for this recommendation are: 

The Group was set up late in the Task Force programme of work and has not, 
as yet, had a chance to complete its objectives. 

The areas of mechanical and structural reliability are much sparser in 
techniques and data than for other types of systems. 

The modelling of control rod mechanisms, in particular, can be compared and 
joined with the further data collection in this area already recommended. 

The study of pipes and welds might be used as a study vehicle to try out 
the various statistical techniques put forward by the Statistical Research 
Group. (A member of the Statistical Research Group might perhaps be seconded 
to the Mechanical Components and Structural Research Group for this purpose.) 

Other Work 

Although not put forward as a specific recommendation^ the Discussion Group 
felt that the CSNI should give strong consideration to further developments in 
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decision theory. The reasons for suggesting this further consideration by the 
CSNI are as follows: 

The knowledge and modelling of rare events does not, in its own right, help 
to make decisions. 

In addition to the understanding of rare events there is a need to understand 
the consequences, risks, benefits, etc., before any overall decision on, say, 
acceptability can be made. 

It was felt that it would be a pity, to leave the Task Force's particular work 
on rare events without taking the work to the possible ultimate objective, 
that is to study the overall risk-benefit analysis. 

This latter aspect is also closely associated with the needs for applying 
the techniques of communication as put forward by the Communication Techniques 
Research Group. 

Specialist Meetings 

The Discussion Group felt that the time was now appropriate to consider the 
possibility of CSNI sponsoring specialist meetings related to the work of the Task 
Force. Two particular.types of specialist meeting were proposed: 

A meeting on the subject of probability methods and their meaning in the context 
of rare event problems (possibly timed to take place in late 1979). 

A meeting on human error data and analysis with a contribution from the work 
of the Group set up as put forward in Recommendation No. 1 (possibly timed 
to take place in early 1980). 

Publications 

The Discussion Group were not very enthusiastic about the idea of preparing 
a special set of papers for publication in a journal such as "Nuclear Engineering 
and Design". However, they felt that it could be useful for an overall review 
article of the Task Force's work to be prepared by the Chairman and published in 
one of the technical journals such as "Nuclear Safety". In addition to this, 
they felt that the various technical reports produced by the Research Sub-Groups 
should be available for those who desire to see a record of the work done. Either 
CSNI or the member countries might well consider having these reports published 
in an available form and if so, they could be referenced in the overall review 
article referred to above. 
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CONCLUSIONS OF THE GROUPS OF EXPERTS 

The conclusions of the different Groups of Experts 
have been extracted from their full reports and reproduced below. 

1. Interdisciplinary Communication Techniques and 
Tutorial Programmes on Rare Event Problems and their Solution 

i) Definition of problems, search for solutions and 
production of results generally take up all the 
efforts of a research worker. In fact his position 
and the time allotted to him by the management do not 
permit spending any "extravagant" thought on the 
communication of the meaning and outcome of specific 
projects to the public. Besides, it seems to be the 
common way of thinking that this Job should better be 
left to journalists and artists. 

ii) The budget for large scientific projects must include 
funds for audio-visual productions that are to explain 
the project and its outcome. This would help to bridge 
the apparent gap between the scientific community and 
the frequently distrusting public. Of course the 
productions must be scientifically profound and 
objective, and therefore urgently require the large-
scale cooperation of the scientists involved. 

iii) There are number of persistant and penetrating questions 
associated with probabilistic methods as soon as it 
comes to the "crunch", namely their application in the 
context of a practical rare event problem and the 
interpretation of the achieved results. 
Furthermore, it seems that many useful approaches take 
years until they find their rightful place in the 
arsenal of reliability engineers. 

2. Statistics and Decision Theories applicable to Rare Events 
i) Several adequately developed statistical methods exist 

which are relevant to the evaluation of the impact of 
rare events in reliability analyses of nuclear power 
plants. These methods may be grouped into four categories 
corresponding to four kinds of problems: 
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a) decomposition of events and combination of 
probabilities of elementary events, for those 
rare events arising from the conjunction of 
more frequent events; 

b) extreme value techniques, for those rare events 
which are the extrapolation of conditions which 
occur to a lesser intensity with an observable 
frequency distribution; 

c) Bayesian and related stat ist ical updating 
methods introducing various types of constraints 
and so leading to biased results, for those rare 
events for which credible models of frequency 
distribution can be synthesized; 

d) recent extensions of standard stochastic processes 
which permit the correct modelling of dependencies 
between systems; recent computational advances allow 
quantitative estimation of the influence of such 
common mode conditions. 

i i ) Of the above methods, formal questions concerning 
methodology remain only for Bayesian and other biasing 
techniques. 

i i i ) The most important question remaining concerns the 
confidence which can be attached to the available data, 
or synthetic data substitutes in the absence of su f f i 
cient data. 

iv ) Demonstration is s t i l l required of the role and limits 
of power of application of stat ist ical methods to 
practical engineering rare events problems. 

3 . Rel iabi l i ty of Mechanical Components and Structures 

Even though the studies of the group are only at 
a preliminary stage, one can conclude that, for the two aspects 
studied by the group: 

i ) The building bricks for a quantitative fai lure 
analysis of control rod mechanisms and safety/relief 
valves are at hand, but the failure tree has not yet 
been demonstrated to be a successful tool in such cases. 
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i i ) A preliminary study on piping has shown that i t is 
indeed possible to deal with the matter in a 
probabilistic manner. Vibration seems to be the most 
important factor, but other parameters should be added 
and an assessment of the causes and characterisation 
of the vibration should be made. 

Rare Event Data Collection and Analysis 

i ) Based upon the group*s review of the data available, 
i t can be stated with a high degree of confidence that 
overall LWR scram system unavailability is less 
than 10-^/demand. But, a lower figure might be obtained 
by further analysis of partial fai lure (* ) data. 

i i ) For the data collections reviewed by the group, the use 
of engineering judgement in the choice of applicable 
population had a much greater effect on the conclusions 
drawn than did the choice of stat ist ical model used 
for the analysis. 

i i i ) When Bayesian analysis is used, i t is important that 
the choice of a prior distribution be based on an 
actual belief that the distribution describes the 
population. 

iv ) The cut -of f ( * * ) r e l i ab i l i ty figure for any system 
is dependent on the relationship between the component 
lifetime and the plant lifetime. 

v) Scram system partial fai lure data has been reported and 
is available, but has not, as yet, been util ized in 
estimations of scram system unavailability in a 
systematic way. 

v i ) A significant body of published directly applicable 
component data does not exist. However: 

a) i t is possible to synthesize such a data base from 
existing published sources by selective use of 
engineering judgement; 

b) existing plant maintenance records could be converted 
into such a data base. 

(* ) "partial fai lure" is an event at the system/component 
level which does not cause a system fa i lure . 

(**) In this context, "cut-off" is the upper bound for the 
possible true value of a failure rate which is too 
low to be accurately calculated. I t is greater than 
zero due to, for instance, common mode influences 
such as aging. 
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vil) Any user of a data source must be conscious of the 
following considerations when applying the information 
to the reliability analysis of a specific nuclear 
plant : 
a) the possibility of inherent inhomogeneity of the 

sub-populations contained within the data source. 
These inhomogeneities result from design-to-
design variations, plant-to-plant variations and 
maintenance variations, and prohibit the narrowing 
(beyond a given level) of the range of failure 
rate data. 

b) the limitations of extrapolating large population 
data gathered over a short period of time to a 
small population operating over a long period of 
time. A particular concern arises when the component 
operating lifetimes are less than or similar to 
the plant lifetime. 

c) the necessity for a basis of comparison between 
the operating demand rate (including testing) and 
the data base demand rate, when time-dependent 
failure rates are used to estimate the probability 
of failure on demand. 

viii) Improvement is needed in event reporting data systems 
to ensure inclusion of the mode and causes of failure 
and the corrective action taken. 

ix) Estimates concerning the likelihood of system failure 
less than 10-6 per demand should be made only after 
careful and explicit consideration of human error and 
common cause failure implications. 

5. Common Mode Failure Analysis 
i) CMF have been generally defined and classified 

according to cause. A large body of supporting evidence 
has been produced and analysed, which indicates that 
there is a dominance of CMF in system reliability 
quantification, and that human errors in design and 
maintenance are the main CMF causes. It has also 
been found in the nuclear industry that a large 
proportion of CMF could have been eliminated by perfect 
testing. 
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ii) Defences against CMF have been described and related 
to engineering management, design, manufacture and 
operation. It is intended that "this should lead to an 
integrated CMF defensive strategy for all these 
activities for the minimisation of CMF frequency and 
effects. 

iii) A general sub-system modelling structure has been 
proposed which relates to the wide variety of CMF 
found to occur in practice. This structure covers 
engineering process errors in design and maintenance, 
and intrinsic random CMF due to operator errors and 
environmental effects. This type of model is in 
preference to a single parameter model or a fixed 
model for all systems. 

iv) CMF are related to the environments that produced 
the system, and in which it operates. Generic "type" 
quantitative assessments could therefore omit those 
CMF peculiar to a particular plant, and so a detailed 
reliability analysis including FMEA* in addition to 
significantly reducing the CMF problem, is preferable 
to the application of general retrospective data. 

v) In any particular redundant system being evaluated for 
CMF, the quantitative conclusions of this study should 
only be used as a rough guide. 

6. Human Error Analysis and Quantification 
i) Task Structure 

It seems appropriate to distinguish between two 
different types of control of a human task sequence, 
which, in fact, are related to two different sets of 
criteria for "analysability of human reliability": 
First, in a very stereotyped or proceduralized task, 
a sequence of rather distinct and separate actions 
can be controlled by cues from the environment or from 
a work instruction. The overall reliability can be 
calculated from the failure rate of the individual 
actions, although modification of this result may be 
necessary because of error detection later in the 
sequence. 

* FMEA: fault mode and effect analysis 
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Second, a task may be goal-controlled, i.e. the 
task sequence is directed towards a goal state 
which is known to the operator and can be observed 
by him. Â mismatch between the goal and the results 
of actions leads to error correction - if the 
effect of the error is observable and reversible. 
This selfmonitoring and error correcting function 
introduces a feed-back loop which can compensate 
the variability in the feed-forward task control 
efficiently. 

To support design and analysis of test and calibration 
tasks, some generalized data on the above two aspects 
of the task structure derived from detailed analyses 
of real-life test performance would be extremely 
useful. 

ii) Data and Data Collection 
There is a fundamental need for empirical data on 
human error rates in real-life industrial environments. 
The present study indicates that human error rates of 
two different categories are needed: 
Data on human errors in specific activities or task 
elements, which should be collected with reference 
to the actual work conditions. A good source of such 
data would be the License Event Reports, if the 
denominator problem could be solved and the data could 
be corrected for the influence of selfmonitoring and 
error correction. 
Data on the quality and reliability in human self-
monltorlng and error detection. Such data can hardly 
be derived rrom practical fault reporting systems. 
Correlation to detailed description of the "monitoring" 
situation is necessary. The psychological literature 
should be reviewed for possible data sources. 
Practical data collection schemes in industrial plants 
are badly needed but should be established with great 
care. Only data collection for selective task situations 
which have been subject to detailed analysis can be 
recommended at present. 
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iii) Common Mode Errors 
A realistic study of human errors leading to common 
mode errors in redundant safety systems should 
include studies of task scheduling,management of 
equipment and personnel etc., and can only be 
performed with close cooperation of the operational 
staff and management. Cases from LER's and similar 
reporting systems give important information on 
common mode error mechanisms. 
Fessenheim Automatic Protective System Assessment 

i) The study of the probability of failure of the 
Fessenheim I reactor scram system has shown that 
concerning independent random failures of the electric 
and electronic parts of the system, the problem can 
be considered as satisfactorily solved. There are 
good grounds for thinking that future experience will 
prove that the numerical values used are pessimistic. 
The most refined estimate arrived at in the study 
is a probability of 3.10-5 of scram unavailability 
at the end of a test period. The first results of the 
mechanism study give the modes of failure; these 
should be taken into account in a definitive 
complete calculation. 

ii) The quantification of the influence of failures having 
a common cause still raises problems. The use of the 
ß-factor, though attractive, is nevertheless liable 
to criticism and is considered as indicating the 
order of magnitude of the effects of common causes on 
the system. It seems that another approach would 
involve classifying into families the minimal cut 
sets of the system exposed to potential common cause, 
for subsequent use in a semi-qualitative study to 
obtain a relative estimation of the influence of common 
causes of failure. This could permit the definition of 
priorities relating to the main modifications to 
be brought to the system to defend against common 
modes to which it is exposed. 
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GENERAL RECOMMENDATIONS OF THE GROUPS OF EXPERTS 
Following are collected together the general 

recommendations of the Groups of Experts to the Task Force, 
concerning work still needed to develop to a sufficient degree 
techniques for treating rare events in reliability analyses 
of nuclear plants. 
1, Interdisciplinary Communication Techniques and 
Tutorial Programmes on Rare Event Problems and their "Solution 

The need for efforts towards successful communication 
with the public should be stressed and projects to this end 
should be strongly encouraged. 

It is most important that the material so directed 
be professionally produced and take into account sociological 
and psychological aspects as well as technical rigour, 
2, Statistics and Decision Theories Applicable to Rare 
Events 

To clarify the relative efficiency and possible 
complementarity of different statistical techniques - like 
decomposition into elementary events, application of the law 
of extreme values, and expert judgements, for example - it 
would be valuable to apply all these methods to the evaluation 
of the probability of occurrence of the same rare event,4which 
should be a selected convenient problem of safety, perhaps 
In the area of mechanical structures. 

As well, it would seem useful to analyze, in the light 
of decision theory, a practical problem of decision techniques 
involving rare events - taking in account all aspects that are 
relevant and that make meaningful the concept of rare event 
(direct and indirect consequences, socio-economic and environ
mental impact, etc•). 
3, Reliability of Mechanical Components and Structures 

Given the very poor situation regarding volume of 
reliability data available on mechanical components and 
structures, the limited existing data should be investigated 
for unsafe failure modes and causes and mechanisms of 
failures. When dealing with passive components, the proba
bilistic method using continuous variables has been demonstrated 
to be a valid tool, but also to be another which requires 
good input engineering data. 
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4. Rare Event Data Collection and Analysis 
i) It is recommended that programmes of in-plant data 

gathering visits be instituted to expand the base of 
directly applicable data. 

ii) It is recommended that a further analysis of the 
Bayesian approach be undertaken to determine a set of 
criteria for a selection of Bayesian prior distribution 
based on engineering implications. 

ill) It is recommended that an Investigation be undertaken 
to review the partial failure data available, for the 
determination of their applicability in further 
refining estimates of scram system failures. If the 
data are found to be applicable, it is further 
recommended that appropriate models be developed to 
utilize this data. 

5« Common Mode Failure Analysis 
1. Thorough consideration should be given to common 

mode failure by project management, designers and 
operators in a co-ordinated policy. 

2. Investigations into methods of data collection 
and analysis of CMF are needed with a view to 
identifying CMF events at their source, and to 
incorporating CMF data into reliability data 
banks. 

3. The most significant sub-systems in a reliability 
analysis of an automatic protective system are 
guardlines and output equipment, and these need 
further detailed study. In addition, more complex 
and diverse systems have not been included in the 
present work and should receive future study. 

4. Quantification of the effectiveness of the various 
CMF defences given in this report requires future 
study. 

5. Research is required to obtain a better under
standing of human factors relating to system 
design and maintenance, with a view to generating 
the capability of assessment and control of human 
error leading to CMF. 
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6. Human Error Analysis and Quantification 
In order to facilitate future task design and analysis, 

the following studies would be extremely helpful: 
i) detailed analysis of License Event Reports and 

similar event reports to identify significant error 
categories and mechanisms related to specific, 
selected tasks, 

ii) correlative analysis of task instructions and work 
schedules in representative plants to derive denominator 
data, 

iii) analysis of actual work situations in representative 
plants to study task structure, especially the role 
of selfmonitoring and error correction, and to relate 
error rates to specific task elements. 
This information mainly relates to the individual 

task. The studies should be specifically oriented towards 
analysis of common mode error /mechanisms related tp 
improvisations and procedure "improvementsn and to management 
of equipment and personnel7. 
7, Reliability Assessment of the Protective System of 
the Fessenheim Reactor 

i) To complement the evaluation completed this year and 
give a definitive overall answer to the question of 
the availability of the type of scram system consi
dered by the group, three major areas remain in 
which additional work and research is needed: 
- the control rod drive mechanism; 
- common modes, their detailed identification and 

evaluation; 
- human reliability in connection with common modes, 

as noted in the report of the human error group. 
ii) To be worthwhile, it is imperative that continuing 

development of generic techniques be accompanied or 
paralleled by demonstration of their practical and 
technical applications for reactor systems and 
structures. 

iii) The group found the cooperation with the other groups 
very fruitful, and recommends consideration of such 
a international cooperative mechanism for the 
treatment of similar questions that may arise in the 
future. 
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GENERAL DISCUSSION AND CONCLUSIONS 
Following the presentation of their reports by the 

chairmen of the two discussion groups, the Task Force 
considered the points raised. 

Various opinions were expressed concerning the 
importance of the complementary aspects of reliability 
quantification, system modelling and data. There was some 
feeling that little progress could be made on modelling 
without the aid of suitable data, especially in the mechanical 
field, but it was also agreed that the modelling process could 
reveal a significant amount of qualitative information. In 
particular,, the sensitivity to branch variability can be studied, 
and examination of failure mechanisms and modes can be 
important. Problems identified were an almost complete lack 
of human performance data, dependencies between branches in 
fault trees, and data problems associated with large fault 
trees. 

In an attempt to overcome these data problems, 
discussion developed into a proposal to form a group for 
their further study. An initial task would be to determine 
key data characteristics so that data from different sources, 
LER's in particular, could be exchanged and compared, nationally 
and internationally. The reactor control rod mechanism was 
proposed as a good illustrative example for study because of 
its relevance to the mechanical sub-group work, the Fessenheim 
system assessment, and its general significance in any 
protective system. As an exercise in demonstrating statistical 
methods of analysis, leakage of welds in primary circuit 
piping was proposed as an appropriate subject for similar 
reasons. For both tasks, members with access to the plant data 
source would be valuable participants. 

For applications where low probability values apply, 
problems identified were those of determining the reliability 
requirement for such a system and how decisions are made 
on risk assessment. Members of the statistics group 
proposed that further effort could be devoted to consideration 
of these. In connection with common mode failures, most events 
are partial system failures only, with complete system 
failures being rare. The study of these events was identified 
as an area for further study, and in particular the human 
errors which often cause them. 
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The pervasive influence of human involvement on all 
aspects of power plant reliability had repeatedly appeared in 
the work of several groups. Techniques for human factors 
analysis are still in the early stages of active development. 
There is a pressing need for development of human reliability 
data collection and exchange mechanisms. 

It was generally felt that the Task Force had 
accomplished the task set out for it under its current mandate. 
Participants agreed that five of the seven groups had brought 
their assigned areas to a satisfactory stage of development. 
It was felt that, in preference to their continuing a further 
programme of work, the various desirable research and 
demonstration activities in their respective fields would 
best be undertaken by individual national organisations. The 
remaining two groups, although having made significant progress, 
wished to undertake important supplementary work to bring 
their studies to the stage desired. 

The participants discussed a draft of the specific 
recommendations the Task Force would make to CSNI. Several 
important proposed continuing activities focussec on essential 
improvements in the collection and exchange of data, and in 
practical demonstration of the techniques available .to treat 
various aspects of the rare event problem. It was agreed that the 
general chairman and vice-general chairman, in liaison with the 
Secretariat, would frame a detailed set of recommendations. 
These would be circulated to the members of the Task Force 
for approval before their submission to CSNI at its next meeting 
in November 1978. 

The Chairman closed the meeting by expressing thanks 
to all the members of the Task Force and associated Groups of 
Experts, for their enthusiastic participation in realising the 
substantial progress made over the past year. She particularly 
thanked Dr. Basti and the staff of GRS for the excellent 
arrangements that had been made for the meeting. 
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FINAL RECOMMENDATIONS OF THE TASK FORCE TO CSNI* 
The Task Force felt that it had successfully completed 

the work set out in its current mandate, and that its programme 
should be brought to an end. On the basis of the conclusions 
reached in its various studies, the Task Force recommended that 
CSNI should consider sponsoring the following initiatives in the 
field of rare events analysis: 
1. A CSNI Group of Experts on Human Error Data and Analysis 
should be formed to undertake work in two areas: 

i) the assembly of information on task structure and 
categories of human error involved in the maintenance, 
test and calibration of typical safety systems. 
Individual group members should seek such information 
in event reports, task instructions, work schedules, and 
plant records available to them. Particular attention 
should be paid to extracting useful information on the 
effects of error recovery through self-monitoring feedback, 
and rates of occurrence of opportunities for commission 
of various errors; 

ii) the feasibility of and practical requirements for develop
ing coordinated exchanges of human error data between 
national and international data systems. 

2. The CSNI Group of Experts on the Reliability of Mechanical 
Structures and Components should be given the mandate to continue 
its work for a further twelve months, in order to complete the 
pilot studies it began late in the Task Force programme. 

Its effort should be focussed in three areas: 
i) investigation of the feasibility of and requirements for 

the exchange at an international level of operating 
experience information on PWR control rod mechanism 
failures, particularly with regard to partial failures. 
Data sources to be surveyed would include event reports, 
maintenance records and operational logbooks. Further 
development should be attempted of the fault tree model 
conceived by the group; 

ii) collection and analysis of data on cause, mechanism 
and mode of failure of relief/safety valves, and 
evaluation of the development of a fault tree model 
for them; 

* Note - The draft version given here is subject to final 
approval by the members of the Task Force. 
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iii) extension of its parametric study of the reliability 
of primary circuit welds, concentrating on the most 
significant contributing factors identified in the 
initial phase. Appropriate coordination should be 
maintained with the activities of the CSNI Working 
Group on Safety Aspects of Steel Components in Nuclear 
Installations. 

3. The CSNI Group of Experts on Statistics and Decision 
Theories should be given the mandate to undertake two studies 
over the next twelve months: 

i) comparative examination of the limits and range of 
validity of different statistical methods (decomposition 
into elementary events, extrapolation using extreme value 
theory, "expert judgement") by their application to a 
convenient specific problem such as the probability of 
leakage of primary circuit welds (coordinated with the 
study proposed under recommendation 2(iii); 

li) the analysis, through application to a practical 
problem, of decision techniques involving rare events, 
taking into account all aspects that are relevant and 
that make the concept of rare event meaningful (direct 
and indirect consequences, socio-economic impact, 
environmental impact, etc.). 

A small group including the chairmen of the above groups should 
be formed and charged with ensuring the technical coordination 
of their various interlinked studies. 
4. There should be a CSNI Specialist Meeting in late 1979 
on the application of probabilistic methods to the analysis 
of rare events in nuclear power plant reliability. 

The meeting would review the then current state of 
progress in the analysis of rare events, particularly that 
following on the work of the Task Force and undertaken by 
various organisations on an individual basis. The date proposed 
is such that significant progress in examining specific appli
cations should have been made in the various topic areas since the 
completion of the Task Force programme. 
5. A CSNI Specialist Meeting on human error quantification 
and analysis should be held in 1980. 
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The meeting would focus on recent advances in the 
methodologies for quantitative human factors analysis, 
which should be at advanced stages of development by the date 
chosen. Emphasis would be on direct applications of the latest 
assessment techniques to various specific aspects of the 
influence of human variability on nuclear power plant safety. 
An important contribution to the meeting would come from the 
work of the group proposed in Recommendation 1 concerning 
expansion of the prerequisite human reliability data base. 

The Task Force considered that these recommended 
studies were necessary to improve significantly the capacity 
to assess the impact of rare events on the reliability of 
nuclear power plants. 

All the participants found the "Task Force" type of 
working mechanism to be definitely a fruitful means for 
significantly accelerating progress in a given technical 
field through international cooperation. They recommended 
that such a structure be considered for use in other areas 
where complex and new problems arise for nuclear safety. 
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