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Summary

This report accounts for an exploratory project concerning so-called
inconceivable events in a manufacturing process. The study was
performed at a medium-sized mechanical engineering company manu-
facturing heavy welded constructions with high demands on reliability
and safety. On the basis of experience gained in the present study
the main study shall deal with inconceivable events during the
manufacture of welded nuclear pressure vessels.

First, a description is given of the background and conditions of
the project. On this follows a technical description of the studied
process, and an account is given of observations and results of
interviews at the company as well. In the light of this, an attempt
to find a pattern of inconceivable events was done, and a model for
analysis of rare events was developed. By means of this me .el and
earlier described events, causes of unpredicted or unexpected
events are discussed. Finally the methodology applied in the study
is accounted for and discussed.
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Synopsis

The work accounted for in this report is the introductory part of a

project concerning certain risks of catastrophic failure in welded

nuclear pressure vessels. The probability of such a failure is in

general considered to be of the order of 10 å 10 per reactor

and year. This probability estimate is based either on statistics

of actual failures of similar pressure vessels, or on calculations

by means of probabilistic fracture mechanics. In the failure statistics

are of course included all causes, while the probabilistic fracture

mechanics is based on statistical data for stress, materials properties,

and defects.

In addition to these factors, however, we may also reckon with events

that cannot be treated by means of conventional statistical methods.

In principle, such so-called inconceivable events should be considered

in the systems for quality assurance set up to provide, as far as

possible, the intended safety against fractures in the design, manu-

facture, and control of nuclear pressure vessels. Nevertheless, defi-

cienses in reliability and efficiency of such quality systems cannot

yet be excluded, and for this reason the present study of inconceivable

events in a special project was initiated.

Inherent in this very problem is the fact that it cannot be treated

solely with the usual technical-scientific methods; in that case, the

problem would already have been solved by means of normal fracture-

mechanical calculations. Instead we have to approach the incident we

call inconceivable events from a broader industrial-psychological

point of view. This will pose special demands not only on the planning

and performance of the work itself, but also on the way in which to

interpret the results and conclusions of the study. Due tc the fact

that such an industrial-psychological analysis cr the manufacture of

nuclear pressure vessels could be assumed to be a new approach to

those involved in this work, as well as to the pressure vessel manu-

facturer, we found it advisable to make a preparatory study at p. heavy

mechanical engineering industry of similar character.

— J
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A team of specialists in material technology, reliability technology

and industrial psychology thus performed a field study of the handling

of certain material components of such a company. Different stages in the

handling and processing of the material used at Lhis company were obser-

ved with particular regard to deviations or exceptions from the formal

systems for quality assurance. In these studies cooperated the management

of the company and the staff involved in a very positive and engaged

manner.

Exemplifying the observations in a summary like this would be difficult,

since then there are risks th-.t the attention be drawn too much to specific

technical situations, while the principal features of the incidents are

not just as clearly understood. To this also the fact contributes that

the language and concepts which have tc be used in order to describe

and analyse human action and psychological relations, differs from the

common technical language.

The interesting observations considering inconceivable events can be

characterized by the following categories expressed in "hard" techno-

logical terms:

- undetected failures in the material

lack of knowledge of working instructions

occasional lack of routine on the part of personnel in

complicated working situations

unregulated delegation of control

It should be pointed out that none of these events which we have noticed

could in some way jeopardize the function of the products of the company.

Yet they were of definite value for this project in that they provided

a basis for conclusions concerning such inconceivable events that might

occur during pressure vessel manufacture, eventually causing catastrophic-

failure.

In the light of the psychological concepts established for the events

studied, certain inferences could be drawn of how a system of this kind

and the individual workers will function respecting the quality standard

of processes and products; in principle these conclusions will also hold
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for questions concerning the formal safety system in its practical

application. As intended, the project gave valuable knowledge and

experience about the methods of study. To this "output" should be

referred at first hand the fact that the working team succeded at all

in winning the company for the idea to study topical problems and in

having the staff involved to engage themselves in these cooperation.

Secondly, the project group managed to procure information by means of

discussions and observations. In addition, experience was obtained of

analysis and systematization of information concerning the causes for

the differences between the quality system and its practical application.

On the basis of the study performed by now, it has not been possible to

establish any precise figures showing the contribution inconceivable

events can make to the risk of catastrophic failure of nuclear pressure

vessels. This was not either our intention; the knowledge and experiences

of inconceivable events as such, and of the methods to study them, were

such that the goal of the preliminary study can be considered as very

well attained.
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1. Background and purpose of the project

The safety against dispersal of radioactivity from reactor plants is

affected by many different factors. One of these ir the risk of failure

of the primary steel pressure vessel, enclosing the reactor core. With

a certain low probability, cracks can occur in the pressure vessel, pro-

pagating with such a speed that they cannot be arrested. Fragments of

the pressure vessel may be thrown out causing damage tc the surrounding

concrete containment. Part of the radioactive content of the reactor core

could then escape to the environment outside the reactor plant.

A reactor failure of this kind may have severe consequences to the

general public. For this reason, its probability has to be assessed. By

different methods, th.2 probability of failure of a nuclear pressure

vessel has been estimated from 10 to 10 per year per reactor. For a

component of this kind, most of us would consider this a comparatively

low risk of failure. Yet there is reason to investigate the uncertainty

inherent in the different integral factors determining the fracture risk:

the mechanical stress, occurrence of defects, and properties of the

material as well. This is done by means of the so-called probabilistic

fracture mechanics. One factor, not studied until now in these

investigations of the protection against fractures, is the risk that

the pressure vessel - notwithstanding existing rules and inspection -

does not come up to the demands due to the so-called inconceivable events.

Certainly there is no special reason that the problem of inconceivable

events is not restricted to nuclear pressure vessels. However, considering

the severe consequences of a catastrophic fracture in a nuclear pressure

vessel, it is, however, quite justified to draw analogies to such in-

conceivable events within other advanced technologies with similar

failure probability, with respect, to consequences. Within aviation

for example, inconceivable events have occurred in a sufficient number

to provide reason for a study of corresponding phenomena also as

regards nuclear pressure vessels.

In the light of these facts, the Swedish Nuclear Power Inspectorate,

SKI, has sponsored a preliminary study at a mechanical engineering

company for manufacture of components of a similar character as that



Page 7

of nuclear pressure vessels. The experience gained in this preliminary

study is then intended to be used in an investigation of the risk of

such events occuring during manufacturing of nuclear pressure vessels.

The character of a project on inconceivable events must be exploratory.

The indicated goal has consequently been set with a certain reservation

that we would not necessarily succeed in finding relevant examples of

inconceivable, odd events, or be able to estimate their frequency.

However, there has been reason enough to conduct a study of this kind

on odd failures: As far as we have found out, no such investigation

has been done before, notwithstanding the fact that inconceivable

events would evidently affect the outcome of analyses using probabi-

listic fracture mechanics.
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2. Organization of the study in broad outline

One method to improve our knowledge concerning the risk factor in-

conceivable events may imply is direct observation of working opera-

tions in manufacture essential in this connection. Our view then is

to determine significant deviations from methods or patterns of

behaviour intended in accordance with the quality system (or "quality

assurance" in restricted sense), and to point out possible weak points

in the quality and production systems. Deviations from the quality

system are sometimes classified as "human maloperation", but it should

be carefully noted that they can just as well be events caused by

"failure" in the manufacturing technique. In a study of inconceivable

events, it is thus necessary to engage not only technical experts within

the current technology, but principally specialists in reliability

technology and industrial psychology. For this reason, the project team

has consisted of a number of specialists in these fields. Their work

has been performed by direct observations and interviews with all

categories of personnel having something to do with the different

manufacturing phases.

This way of planning and organizing the analysis of the manufacture has

been intentional. Detection of the risk of inconceivable events in a

process, so carefully planned and checked as nuclear pressure vessel

manufacture, requires more than conventional ways to consider this

activity. Without doubting the intention at the company and its

application of rules for manufacture and control, it would neverthe-

less be possible, with reference to the corresponding situation within

another qualified technology, to maintain the fact that there may yet

be inconceivable systems technique and industrial psychological

phases justifying the planning and organization of the study applied

here. Yet the fact that no similar analyses of the quality system have

been performed within this technology implies that the study must

involve learning the very methodology. This is the very reason why the

project was planned as a pilot study, just in order to feel one's way

at the beginning.
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3. Planning and organisation

The principles and general guidelines for this study of inconceivable

events, were sanctioned at an early stage at a meeting at the Swedish

Academy of Engineering Sciences (IVA) on April 10, 197*», where the

following representatives of IVA's Pressure Vessel and Welding Commissions

ct al gave their points of view of the preliminary program submitted

by Dr. G. Östberg, initiator of the project. (The companies cited after

the names below apply to the time of this occasion.)

E. Bylin, IVA's Welding Coiwiission

G. Hambraeus, IVA

0. Hellström, Swedish Steam Users' Association and IVA's
Pressure Vessel Commission

A. Hilding, Swedish Atomic Insurance Pool

B. Jakobsson, IVA's Welding Commission

A. Junghem, Technical X-Ray Centre, Ltd. (TRC)

J. Munck av Rosenschöld, IVA's Pressure Vessel Commission

G. Östberg, Atomic Energy Company of Sweden

A project team was selected at the same time; the members of this team

are the authors of this report. Project leader was Dr. G. Östberg.

The formal responsibility toward the SKI was placed with the FTL

(B. Klingenstierna och G. Holm) who also was responsible for the

administration. The field work in the workshop was carried out by

Messrs. H. Hoffstedt, G- Holm, B. Rydnert, and V. Samsonowitz. In addi-

tion to the above-mentioneci team members, also Professor L. Sjöberg

assisted in the planning, processing and discussion of the results.

Mr. B. Östensson at the Atomic Energy Company of Sweden was corre-

sponding member.

Out of consideration for the studied company and its staff, the account

of the work has been given in as general terms as possible. For this

reason it has not either been possible for us to mention anyone of all

those who wholeheartedly supported and participated in the study. However,

we would like to point out the fact that all those within the company

assisting in the study, thr management as well as the workshop staff,

were extremelsy obliging and frank to an extent far beyond our

expectations. To the extent, this study led to results of any value

to the project, it depends largely on the positive attitude and

the engaged ansistance provided by the company.

U...
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U. The Manufacturing process

U.I The material handling in broad outline

In the introductory discussions we had with the company, the material

handling was found to be the most interesting subject suitable for an

analysis of this kind. The material handling comprised the following

working operations:

Incoming inspection and stock-keeping

Requisition and transport

Shot blasting

Control and inspection

In addition to those directly occupied with these tasks, certain

individuals active within preparatory and check work were also inter-

viewed and studied.

In the following short description of the various working operations,

only those subjects will be treated which have been assessed to be of

interest, considering the purpose of the project.

U.2 Technical description

The material treated in the studied part of the manufacturing process

consists mainly of a few types of semi-manufactured steel products,

but of many dimensions and steel qualities. More than half the in-

coming material is intended for the in-house stock, the rest was pro-

cured for certain customer:; orders. The workshop products are welded

constructions with long-term reliability demands based on extreme

operational conditions.

{•i2i2_Incoming_ins2ection_<ind_stock_handling

The received material is brought to an out-door stockyard, where

the transports are done by means of fork-lift trucks. The personnel

working with the stock take the received quantity down and make visual

inspection of the consignment in order to check that there are no visible

transport damages. The material is placed in compartments and marked

with a red stop tag, implying that it is not yet identified, nor

approved by the control department.
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The staff working in the stockyard attach brass tags to the material.

These tags include purchase-order number and position, quality,

dimension and arrival date.

The reception inspection carried out by the control department includes,

for example, ocular inspection and checking that the delivery (material,

labels, and material certificate if any) agrees with the order document.

After the test certificate has been obtained from the manufacturer and,

when required, from an external inspecting body, and the delivery has

been accepted, the red tag is removed and the material released by

dispatching the acceptance report signed by the controller to the

departments concerned.

U.2.3 Requisition and transport

When a material intended for a certain product is to be processed, the

stockyard obtains a requisition which in addition to kind of material

and quantity also indicates the storage lot, identified by order and

purchase number, from where the material is to be taken. For the trans-

port to the processing shop, the material : ~, provided with an alum i nun

tag showing purchase order number and orde number for intended manu-

facture, drawing number, the material ia^e -eeded, as well as the

compartment where the material has been stc-i'ed. (The back of the aluminum

tag is used when returning surplus material.) The material is trans-

ported by truck to a conveyor belt taking it into the shop.

For shot blasting there is only one blasting equipment. Should this

be occupied, newly arrived material is placed on the floor or on

loading stools. When a material lot, is to be blasted, the aluminum

and brass tags mentioned above are removed. The material is placed

on the .""onveyor of the bla;;tir>g equipment by means of a telpher. The

conveyor takes the material thrr.ugh the blast with a speed set by

the operator according to the required cleanness of the blasted sur-

face. When the blasted material begins to come out of the blast, the

operator rubber-stamps ench unit with its respective description of

steel quality. In ord-»r to reduce the risk of confusions, different

qualities of steel mujt not be bl isted at the same time. After the

shot blasting, the material is plact • on loading stools, the tags are

applied anew, and t.rannport is or >"ed to the next processing .-.in.t,ion.

J
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U.2.5 Inspection and control

The direct inspection implying that the working operations in the work-

shop are correctly performed is carried out by inspectors. Each

inspector has in principle his own special domain where he alone is

responsible for the control.

The control department is responsible for the whole control system.

For certain orders, an extra control is executed by outside authorities.

Reports on deviations are made up when a material or processing failure

is detected. The detection is most often done by operators, foremen or

inspectors. The foreman is contacted first-hand. The control department

and the foreman write together the report on deviations. In this report

the type of failure is indicated, and measures are possibly proposed

to remedy it. In more complicated cases, the report is submitted

directly to the quality chief, who then decides what should be done.

Duplicates of the report on deviations are sent to those concerned

for measures to be taken. The reports are registered and filed at

the control department.
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5. Events and situations. Examples and structure

5.1 Planning of the description

A description below is given of the events noted through observations

and discussions at the company. The description follows the material

handling process as described in the preceding section, i.e., a

production-chronological description of the material from arrival up

to shotblasting. These events should not necessarily be considered

representative of what will normally occur at the company, since they

have been observed under quite special circumstances during a short

period of time with a total of 8 to 10 days by a recently formed project

team having varying specialized qualifications. The primary view of

this introductory study was to understand working tasks and environments

and to test observation tools and analysing methods.

Thus the purpose was not primarily to gather representative information

on inconceivable events at this company, but rather to be able to

draw more general inferences for the future main study. However, this

did not exclude parts of the obtained results from serving as a basis

for discussions and recommendations for possible measures to be taken.

First, concrete examples of events are illustrated by means of a short

introductory general discussion about influencing factors and possible

reasons.

After this an unusual combination of events consisting of almost everyday

occurrences, together creating something inconceivable and rare, is

illustrated. Thus, this agrees with the object of the project: to

understand and describe inconceivable events, and conditions for

human actions of an extremely improbable nature and with drastic

consequences in a technologically complex production process.

In addition, different ways to describe and summarize collected data

are discussed in order to learn, in more detail, causal relations and

influencing factors.
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It should be pointed out in this context that the exemplified events

and the described series of events did not in any case imply any imme-

diate risk of remaining faults in the delivered end product. Through

the structure of the manufacturing process and control system, a possible

fault would probably be detected at a later stage. However, the occurred

events yet did reduce the safety margins that the product would be

perfectly satisfactory at delivery.

5.2 Observations in different working operations

In this study the assessment of material handling begins at the time

the initial material arrives at the company from some outside producer.

What happens before this point is consequently not included in the

study, although the fact that it is possible that the material already

at this stage may be impaired by some failure. Perhaps it could be

due to some manufacturing failure, a marking or documentation error,

or transport damages. It is th3 task of the incoming inspection to try

to detect such faults and to take appropriate corrective actions.

Transport damages can easily be detected in a visual inspection, while

manufacturing failures and marking errors most often require a more

careful control. Certain types of manufacturing failures can be

nearly impossible to detect before further machining has been started.

Exempel: On one occasion, flakes have been found rolled into the
material of a tube. This could not be detected at the incoming
inspection, since the tubes were greased or plastic-varnished
for protection against corrosion. These defects could not
be observed after blasting either, and they were not detected
until the subsequent bending. Further, the thickness of the
material in the same tube-length sometimes varied.

The manufacturer's quality marking of each unit of certain critical

material is checked only by sampling. One single defective unit may

thus slip into production.

Example: A tube of inferior quality had been marked by the tube manu-
facturer with a symbol indicating superior quality, and was
part of a lot of tubes of the higher quality. The failure
was never detected, and the inferior material was still
to be found in the delivered end product. Thus, after some
time of use, there was a tube failure.
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In the storage there is material partly of different qualities, partly of

different dimensions. For this reason, it is very important not to mix

up different lots. In-house marking and documentation routines should

prevent from this. It is the routine procedures and carefulness as

practiced by the staff that decide the risk of occurrence of such

failures.

Exemple: Acquaintance with and knowledge of available working instruc-
tions have been lacking to a certain extent, but this
deficiency has ^een compensated for by many years' routine
and knowhow.

5i2.2_Requisition and transport

When requesting the material to be machined, a requisition is issued.

In addition to quantity, dimension, and quality, the order number

should be given in the requisition for the delivered lot from which

the material is to be taken, and the current drawing number for the

unit to be manufactured as well. The person who issues the requisition

must see that all these data are correct, since otherwise a defective

material might be included in. the production.

Example: In one requisition, misleading information was given concerning
the quality of the material. The material was received and
machined through several working operations before the mistake
was detected and could be corrected. The consequences were
that some work was unnessarily done, and the defective
material rejected.

The brass tag obligatory for each material item should be complemented,

at requisition, with an aluminium tag for the whole lot indicating

the ordered quantity and quality, as well as where the material, is

to be transported. These tag:; should also be included in the cane of

returning the the material to the stockyard. Sometimes the tags will

drop off in handling the material. This is critical, especially for

the aluminium tags, since orly one per requisition is prepared. If

there is material without marking tags, this does not necessarily

imply rejection, if it is possible to identify the material in another

way, e.g., by punched marking on each unit. However, such measures

imply more work and unnecessary displeasure. For this reason, it would

be advisable to devise some forms for a more reliable and complete

marking system.
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The material required for further machining must be accepted, i.e.,

it should have passed all the practical and administrative checking

routines, before it can be delivered. Since the work is often carried

out under a certain time pressure, and test certificates from manufac-

turers and/or testing companies may be delayed, the controls are often

done at the last moment. The formal requirement is that no part of

the checking routine must be neglected, but for practical reasons

certain deviations may yet be done from the existing rules. This does

not necessarily imply any immediately increased failure risk, but

these deviations deserve to be noted as conceivable links in a series

of events that may result in serious failures.

Example: Arrived material was marked with red stop taes, while awaiting
for certificates and other documents to be received from the
manufacturer. The tags was to be removed only by a representa-
tive of the control department after the material had been
checked off against the control documents. However, when
orders were urgent the stockyard staff sometimes removed
the red tag on having obtained an oral O.K. from the control
department over the telephone. Occasionally and when in
a great hurry, material could also be taken for further
machining before the control documents had been obtained,
with the understanding that check-off should be done after-
wards on arrival of the documents. Consider what would happen,
if errors was detected in the documents at a time when the
material had already advanced too far into production. In
addition to the loss of time and material, displeasure
would probably arise if the material had to be replaced
at such a late stage.

After the material has passed all the control routines in connection

with the requisition, it must be transported. In normal cases, the

material is first to be brought to the machine blast as shown by the

aluminium tag. In cases falling beyond the conventional production

routine however, transports can be performed to other addresses.

Information on this can alr,o be given orally with an increasing

risk of misunderstanding.

Example: A semi-manufactured article should be transported for surface
finish, and the transport was ordered over the telephone.
However, at the place where the material was to be taken
there was more material than had been indicated over the
telephone, and the transport personnel became irresolute.
The responsible foreman was contacted over the telephone.
He misunderstood what material it was about. After some
discussion, the situation was cleared out. The event did not
imply any risks, but made a good example of smaller communi-
cation problems.

I

U..
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In addition the fact could be mentioned that, during the transportation,

damage may occur to the material. This may happen either at loading or

at unloading, or when the material bumps against something by accident

during the transport. However, such damages are normally detected and

remedied without any problems.

The first machining operation a material will be exposed to in the

manufacturing process normally is shot blasting. For the case in question,

there was only one blasting equipment, and for this reason this operation

became a bottle-neck. The flow of working material is wholly determined

by the requisitions arriving from different production levels. This

implies that the working load may be very irregular with periods of very

high working load and quite calm periods. Sometimes a high-priority

urgent order may break the normal flow of working material. Such inci-

dents may give rise to stress and displeasure among the blasting

operators and the personnel who have to wait to have their material

blasted.

Shot blasting can be considered as routine work with rather small

variations. In spite of this, it is of importance Inat the work is

carrid out correctly, since the subsequent operations require that

the material is clean and free of rust. The work of the blasting

operator thus requires a certain training and access to written

working-instructions. Shortcomings in the performance of the work

require that the work has to be repeated which means extra trouble

at times of high working load.

Example; Concerned personnel stated that they had no direct access to
written instructions, and that they were instructed orally
by their predecessors. Further there was some uncertainty
regarding their stand-by man system when the permanent
operator was absent, e.g., due to illness. However, it
turned out that there was at first hand an assistant operator
who normally also worked at the blast. The blast could in
many cases be operated by one single man, but, when needed,
temporary assistance could be had from personnel working in
the neighbourhood. According to information received, this
temporary assistant operator could also replace the permanent
blast operator if necessary. On one occasion remarkingly
enough, the permanent operator had been moved to another
part of the factory, where due to some case of illness extra
assistance was needed, while the substituting operator had
to operate the blast alone.
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The marking tags accompanying the material should be removed before

blasting is started. During the blasting, the plates should be retained

so that they may be attached anew to the material before it is further

transported. Should tags be lost or forgotten, the material cannot be

fully identified at the subsequent machining station.

Example: During blasting, the marking tags were kept in a way that
did not exclude certain of them getting lost. At the blast
were also found a number of old marking tags that had been
left from earlier lots. It was also stated that marking tags
were sometimes missing at transports and returns. At blasting
of a certain material, the marking tags were not removed in
advance, but had to pass along with the material through the
machine, possibly after having been provided with a provi-
sional cover. The readability of the plates was reduced by
blasting, yet was satisfactory.

In order to prevent material from being mixed up, one stage in the

control process after blasting is stamping the material with its de-

scription of quality by means of a rubber stamp. The symbol of the

stamp should agree with that punched into the material and the marking

on the marking tag. Should the rubber stamping indicate a wrong quality,

this can be detected at firat hand at a comparison with the other markings.

When blasted, material of different qualities must not be mixed up,

which is easily done, since the marking plates have been removed, and

the symbols punched into the material may be impossible to read after

blasting. A confusion could easily occur in such a case. Mixing of

material can occasionally also occur after blasting, but the material

should easily be distinguished primarely by means of the rubber stamp.

The blasting operator should set the speed with which the material

should be pulled through the blast. The velocity is determined by

the degree of rust on the surface of the material and by the demands

on cleanness of the blasted material. The setting of the speed is

approximate, but a misinterpretation would only imply reblasting of

the material.

In tubes there must not be any blasting sand left after blasting.

Should there be sand in the tubes, this should be removed before

further transport. This, as well as some earlier mentioned accidents,

may imply delays in the working program of the blast that is often

rather pressed for time.
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Example: Blasting sane1 bis been found in tubes after blasting. Further,
it could be stated that the blasting operators overestimated
the blast japacity. I. rough estimate showed that only about
half the quantity of material stated could be machined per
working day.

In addition to the inhouse working instructions, there are certain

safety regulations for handling and service of the blast. The purpose

of these regulations are to prevent accidents. Deviations from these

safety regulations imply great risks.

Example: It was stated that on one occasion, when blast service was
going on, the master switch of the machine had not been in
its off-position notwithstanding tha fact that there was
personnel working in the very machine. A very serious accident
could have occurred, had anyone touched the starter of the
machine by mistake.

5_L2Lit_Control_and_in sgec t i on

In an earlier section, a number of questions with reference to incoming

inspection and control routines in connection with requisition of ma-

terial have been discussed. This shall only be complemented in this

section with a hint of the fact that it would be realistic to reckon

with certain practical deviations from the formal written control

instructions. This can be done e.g., in form of a sampling control

replacing the complete control, delegation of the control from the

responsible controller to other persons, or postponement of the

the control to a later occasion, yet with permission to use the

material.

Example: A piece of a sheet of steel was to be cut loose for transport
to another plant. The stockyard staff then copied the control
marking of the main sheet on the piece to be cut loose.
Before cutting could be carried out, someone from the control
department was to approve the marking by means of a control
punch. However, the controller informed over the telephone
that control was to be carried out later, but that loose-
cutting could be done at that time.

Also in other respects, the work of the control department for practical

reasons is to be carried out by routine, and be based on the controllers'

experience. Further the control is adapted such as to be smoothly

incorporated into the other working tasks, where both situational and

individual-bound factors determine what control should be done.
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The direct control of working operations performed in the workshop is

done by special inspectors. These inspectors are in an exposed position.

Their work is associated with high responsibility at the same time that

their possible objections end demands on reprocessing may cause

displeasure among the rest of the staff. In principle all the production

should be completely inspected, but at high working load the inspectors

will often be forced to give priority to certain working operations and

neglect others. Individual differences are also done such that works

carried out by highly experienced personnel will be inspected with

less accuracy than work done by urtrained new employees.

Example: Blasting was practically never inspected as faults in this
would unfailingly be detected at the next machining station.

Like the controllers, the inspectors conduct their work largely by

experience. It is probably only when especially tight control is

demanded that the formal requirements are wholly met. Tight control

can also oe conducted by habit for some time after the more stringent

requirements have ceased to apply. This may give rise to conflicts

between the inspectors and the rest of the staff. When there is an

extra high working load and when cases of illness occur, the inspectors

can assist one another across their respective fields of responsibility,

but should an inspector be lagging behind in his work, he shall have

to compensate for this later and under heavy time-pressure. This stress-

ful situation is likely to result in poor performance, especially

within such a complex domain as control work.

Example: According to information received, the inspectors did not
always have time to study the written instructions stating
in detail how to perform the inspection. In addition these
instructions were often modified or renewed. Generally also
the formal working task were felt like a load.

At detection of defects that cannot be remedied on the spot, a report

is made up on the deviations from acceptable quality. This report most

often deals with material defects of different kinds, but less often

defects directly originating from human maloperation. The experiences

gathered in these reports could advantageously be used for a systematic

follow-up of critical working operations and inadequate working places.

However, this possibility was not utilized to any large extent.

J
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Example: After correction, as indicated in the report on deviations,
the report was filed at the control department. No further
follow-up was done.

512;5_Other_factors

In addition to the direct events as discussed above, there may be

reason to mention here some further factors that may affect the risk

of failures and maloperations to occur at present time and in the

future.

Excitement, lack of confidence, and displeasure among the staff and

the personnel groups, that are always to be found at working places,

may in principle cause disturbances leading to reduced attention to

malfunctions. This, like the general attitude of the staff toward

their work and environment, has to be considered in estimations of

the production process reliability.

Example: We had examples and information reporting cases of disturbed
relations between separate employees and between different
personnel groups. Further there were sometimes indications
of inadequate confidence in the competence of some special
employee.

One problem within the heavy industry is the working environment. At

the company studied, the most irritating sectors were the high noise

level in certain working operations and the high cust content of the

air in the blasting operations. According to information received,

the illumination conditions were also sometimes unsatisfactory.

In addition, the difference should be pointed out between having access

to a highly skilled staff with many years' experience and of having

unexperienced people who have just passed school. When there is high

employee turnover and on occasions when large parts of the staff

retire at the same time, this problem must be considered with a view

to prevent the production from being too much disturbed.

Example: A large part of the staff at the company studied consisted
of old experienced persons, who were actually to retire
within the next few years. Within the near future, recruiting
of new personnel would thus be done to a large extent with
all the accompanying problems.
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5.3 An example of a combination of events

In order to illustrate the occurance and development of a set of

events, a description is given here of the most significant features

of a typical case, the "blast case" (cf the corresponding section in

the description of events above). The account departs from descriptions

given by the staff, but has been simplified and abbreviated.

1. An order for manufacture of a special product was stopped at a

late stage.

2. The material had been transported to the blasting equipment.

3. The material was left at the roller conveyor leading to the

blasting equipment.

k. The material had no marking or address.

5. The foreman was ill.

6. The material was not taken away immediately.

7. Manufacture of another unit had started in parallelly.

8. The material for this had not been transported to the blasting

equipment.

9. The blasting operator had no work at the time.

10. The operator discovered the first-mentioned material at the

roller conveyor.

11. The operator took for granted that this material was intended for

the later unit.

12. The operator ordered the material to be transported to the

blasting equipment.

13. This was done by means of a truck.
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lU. The truck driver had no reason to doubt the operator's step.

15. Blasting was done notwithstanding lack of markings and address tags.

16. The material was transported for bending.

IT» Here the foreman found that the marking tags were lacking and

stopped further machining.

18. The material was identified (same quality and dimensions as would

actually have been used for the other unit).

The total number of working operations and phases included in the com-

bination of events can probably be allotted probabilities either based

on known frequency data or on estimates. In certain cases direct

deviations from the instructions can be traced.

The combination of events as described above is of course unique as to its

structure, but it consists of well known constituent elements for a

production process with separate personnel groups, responsibility con-

ditions, manufacturing stages, etc. Many of the separate incidents may

occur every day but do not usually jeopardize the quality assurance.

Since all the stages can be assumed to have a basic frequency, and occur

in connection with production, there is, however, a certain probability

for development of a set of events like this.

As to the blasting case, the most probable outcome was that the control

system would react to events in some of the phases and in that way

guarantee against consequences that would be too drastic. Nonetheless,

the company incurred some costs from the accident. Possibly these costs

might be compensated for to some degree by the discussions, experiences,

and corrections that were the final result of the event.
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5.U Structure of observa ons and events. General viewpoints

In order to draw conelusii .is about the origins and internal relations

of the events and to increase our knowledge of the factors which in-

fluence the occurrences of the events we had to structure the data

according to some principles. Thus, how are the observations made

according to the preceding to be interpretated in order to build

up experiences?

There are of course several ways to structure or to classify such

observations or reproduced events identified by the study. We can use,

e.g., the degree of significance of the events in respect of the

consequences, i.e., the significance in different respects to be

attached to the event. Another classification can be based on the

probability of the event to occur. One further possibility is to

estimate the reliability of the observation or statement, perhaps also

of the interpretation done. Another principle is to base the structure

on the reasons given at different levels, which can be related to the

event. This will be developed in section 5.8.

At the building of an event tree and by that assessment of the proba-

bilities of the occurrences and of the values of the events, all the

above-mentioned principles are important. In this the question has

arisen of the relationship of purely empirical data (whichwe cate-

gorize as first order data) to data based on subjective assessments

(which we categorize as second order data), i.e., probable events of

the same character as the observations made, but events that have not

been directly observed or reproduced. These procedures are important

in order to estimate the risks associated to certain events.

5.5 Structure before and during the study

In order to learn about causal relations, an overlapping picture has been

developed in the course of the work, and discussed in terms of situa-

tion-related and person-related factors. The view with this war, to

direct the collection of data and to have a useful and complete classi-

fication of observed and reproduced events. This led to a concrete

check list, "topics", used in the field work at the company.
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A guiding structure for collection of data vas to indicate such con-

ditions that could be assumed to imply that the risks of accidents

or maloperations would occur or increase. Some situational factors of

this kind accordingly were based on environmental stress, working task

denwds, etc.

- Occasions an*1 situations where individuals or personnel groups

with different tasks courteract either occasionally or more

frequently.

-Changes rf working tasks (directives, instructions), functions,

enviror.r.int, equipment, etc. which cause risks because of

deficiencies in communication and exchange of information.

-When individuals or working teams are changing their shifts.

i'.°gular or occasional bottle-necks in the activity (quick orders,

pauses, breaks, etc.)

- Instantaneous factors, such as periods of time after an accident,

when corrections are done, when new equipment is to be used, etc.

ihese items concern conditions in the working environment that more

or less relate to human action. Of course these do not necessarily

imply risks, but were considered to form a background that might

increase the probability for maloperations in combination with one

another.

Certain person-related factors would also be possible to identify:

~ Lack of knowledge of the work and of its demands, the environment,

the working team.

- Specific modes of communication developed within work groups.

~ Adaptation to work, i.e., a person's balancing of safety,

effectiveness, efforts.

- Attitude to and acceptance of instructions, as well as attitude

towards accuracy of work. Use of self-developed criteria of

accuracy of work, rather than company-determined criteria.

~ The individual's consciousness of risks.
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- Capability of foreseeing accidents, a capability based on experi-

ence of different "indicators", i.e., development of some personal,

continuous fault-detecting method.

- Occasional emotional states of mind, i.e., changes in one's mood.

-Attitude to directives and feed-back of individual work output.

- Attitude to one's own control of working performances and to

the consequences of poor work results.

The person-related factors above had earlier been reported as especially

critical and were consequently of interest to be tiaced at interviews

with the personnel, preferably in combination with situational factors.

5.6 Structure of the reasons for the events

A first general classification of the reasons for the events was done.

- Lack of knowledge in general.

- Personal emotional stress - functional level - affacting the

individual's integration of information.

- Intentional deviations from instructions and directives.

-Material failure as input in the company's production.

- Communication problems - technical deficiencies with information

supplied to workers.

-Organizational problems - personnel, etc.

- External interference from the primary production system into

subordinate systems - steering instruments, new instructions, in-

adequate feed-back.

- Combinations of events.

A classification from the point of view of human actions,that may be

caused by some combinations of situation- -and person-related factors

and could be links in riskful set of events was done.

- Errors. Example: use of incorrect information, methods, instruction,

introduction of "new" routines.

„ „
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- Delay - procedures not performed within the determined limit of time.

Example: reading of a display followed by interference before action

can be taken.

- Efforts to perform parallel tasks. Example: simplifications, wrong

order of measures to be taken, etc.

- The task, or part of it is not performed. Example: it is easy to

skip some stage in the production that "usually" is correct.

These wrong actions could in turn be due to

- Forgetfulness - often occasional. Example: certain part operations.

- Filtering of information - ignoring part of the total information

available. Example: misunderstanding, erratic reaction.

By definition, human action can be said to be wrong or riskful, when it

results in a deterioration of the reliability of the working process in

different respects, or when implying risk of it, and naturally also

if the probability becomes lower for other result criteria not to be

met with, such as time and cost limits, etc.

5.7 Underlying factors

Some examples of influencing factors, arisen during the study, can be

reported:

A. General environmental conditions - physical and social

Temperature, noise, snoke, etc.
Equipment: blast machine, truck:;.
Foremen, colleagues, trade union.
Systems for recompensation. Example: remuneration, contracts, etc.
Organizational structure. Example: directives, responsibility,
communication channels.

B. Demands of working task and equipment

Perceptual (the individual's perception). Example: material qualities
marking.
Psysical strength, tempo, precision.
Information integration, decision making. Example: transfer of in-
formation from requisition between material and marking.
Memory capacity. Example: stock-keeping data, requisitions.
Frequency and repetition of working operations.
Feed-back of working performance. Example: foreman reacts.
Working team, staff structure for a specific working tack.
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C. Instructions

Descriptions of procedures.
Oral anc written communication.
Planning of work.
Conditions specific for the branch. Example: material handling
terminology, material, quality, etc.

D. Person-related, psychological factors

Conflicts between working groups and individuals. Example: foremen-
operators , inspectors-operators.
Individual risk-taking.
Reaction to monotony, etc.
Positive or negative reinforcement. Example: foremens' and
inspectors' confidence in the operator's skill.
Emotional load experienced during different working operations.
Earlier experience and practice.
Level of knowledge and capability.
Attitude - motivation factors.
Knowledge of present achievements.
Physical condition.
Influence from persons outside the working place.
Group identification.

E. Person-related, physiological factors

Fatigue.
State of well-being - distress of different kinds.
Temperature conditions, vibration, etc.

5.8 Proposal for a history of causes

Considering the following seven stages, the sections above may be given

an enhanced real value. The view with such a structure thus is to

stimulate the efforts to gather as much information as possible con-

cerning the events and to increase the knowledge of cause-effect

relations.

However, the view is also to understand, in a deeper sense, the above

related events and the combinations of events.

1. The event - the observation made. Example: failing to control a manu-

facturing stage, material, quality, etc., according to the working

instruction.

2. Reason - those factors identifying the event. Example: the inspector

knew that a special employee had performed a working operation and

judged this individual was reliable.

U-
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Immediate causes - the most immediate factors given rise to the

symptom. Example: heavy working load, extra orders.

Primary causes - more direct deficiencies leading to the event.

Example: the organization (a substituting system for inspectors,

size of the domain of responsibility, etc.).

Sources - more general inappropriate states and conditions in the

form of prerequisites, established practice, etc., having initiated

troubles. Example: conscious deviations for instructions aiming

at facilitating certain working operations, i.e., a difference

between norms and reality.

Contributory factors - allowing for generation of the event.

Example: combinations of events, r.ost often of an every-day

character, but in combinations under given circumstances contri-

buting to result in the event in question. Example: absence,

inattention, deficiencies in the coiranunication of information, etc.

7. Environmental picture - the original framework of a more general

character of which is not sufficient know]edge or earlier expe-

rience. Example: social, political, working conditions within and

outside the company, development trends, etc.

An analysis of failures star ing with these seven points may make it

possible to identify factors which can be changed to improve the pro-

duction process. Also to understand the contributions of the overall

working environment leading to failure; and events as described.



Page 30

6. A model for inconceivable events

The purpose of the model as presented in this report is to provide a

structure for observation and analysis of rarely occurring human mal-

operations. Such maloperations can be referred to several, rather

different causes requiring detailed discussions. Here we are only

providing a model considering the maloperation from above; the purposes

of the detailed discussions are treated only in outline.

We assume that a manufacturing process can be divided into a series of

tasks. The final result of the process depends on how each task has

been solved by the responsible individuals. The model to be proposed

here is a proposal for how the effectiveness in a given task should be

described and understood from the point of view of the human or social

system.

Purely technical reliability aspects are of course not treated by this

model. It might also be of importance to point out the fact that the

intention of the model is to describe pure manufacture and control

tasks and all the tasks as well, where there is some element of huma.n

action that is necessary for the fulfilment of it.

A task is defined in relation to a certain domain of responsibility.

If,e.g.,a certain aspect on the used material is assumed unnecessary

to be controlled, this aspect does not lie within the domain of respon-

sibility of the task. Production failures due to failures just in this

respect are consequently not treated by the model.

The model is to be found in Figure 1. In the model a set of factors ,

i.e.,six factors, are assumed to affect the final output, i.e., the

effectiveness. A closer definition of the mutual interplay of the terms

and factors used shall be given below.

I. Effectiveness. Here the matter is how well one succeeded in realizing

one's task. The effectiveness can be described as sufficient or in-

sufficient, but the description could also be continuous. Of greatest

interest to us is of course the presence of rare but serious failures in

the final product.
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VII Formal re-
quirements

II Functional
requirements

VI Group norms

IV Knowledge

III Task

V Capability

I Effectiveness

Figure 1. Model of inconceivable events.
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II. Functional requirements. The person or persons who are responsible

for the fulfilment of the task are assumed to work starting at a certain

requirement level. We assume that the persons in question do not consider

their work to be performed before having attained a result meeting with

the requirement level. This requirement level can be defined by certain

properties of a product or in terms of an adequate performance of a

control task.

III. Task. We are here bearing upon not only the normal, or nominal

task, but also on all those special circumstances that may arise on a

given occasion, e.g.,extreme time pressure or extreme exacting tasks.

IV. Knowledge. Here we refer to the responsible persons' knowledge re-

levant for performance of the task. Here belong of course knowledge of

machines and material. As seen from the model, we assume that the

knowledge does not only directly affect the effectiveness, bat also the

functional demands. What we are thinking of here is,e.g.jthat under-

standing of formal demands may facilitate the acceptance of them, and

by this make them functional demands.

V. Capability. Knowledge is of course part of the ability of the re-

sponsible individual, but we have found it suitable to distinguish under

this heading qualities such as attention, occasional capability, motor

skills, etc. In order to understand maloperations, occasional fluctua-

tions in an individual's capability are of significance like occasional

changes of the composition of a working team, e.g., the absence of some

key-man. Under this heading, we thus bear upon both the individual

capability and the possible capacity of the working team.

VI. Group norms. In order to understand the development of the func-

tional demands, great consideration must be taken to the attitudes,

evaluations, and group norms developing at a working place concerning

what is an acceptably performed task. We find it highly probable that

it is the social pressure from the surrounding group that is one of

the most significant factors for understanding which functional demand

levels will be applied in a certain working task. What is a correctly

performed work is decided in mutual agreement in the working group.

; __ ,
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VII. Formal demands. The company and the management regularly pose

demands for the performance of a working task. These can be found

specified in more or less accessible sources, and can often be both

difficult to survey and difficult to satisfy within the limits of

granted funds and time at disposal. Of course the formal demands affect

the functional demands actually applied, but as proposed in our model

the functional demands are also affected by group norms and knowledge.

Control of the working process only via formal requirements can thus

be illusory and perhaps result rather in transferring the responsi-

bility from higher authorities to those directly engaged in the task

than in maximizing the effectiveness in the task.

According to our opinion, the model serves to propose which factors

ought to be paid attention to in an analysis of maloperations. Studies

of cases of given maloperations could be structured according to the

model. Of course we shall have to reckon with the fact that the expla-

nations may vary from one maloperation to another due to the special

circumstances having released it. It will likewise be necessary to

adapt proposals for measures to the special circumstances prevailing

at the performance of a certain working task. It could for example be

necessary to improve the communication between those responsible for

the working task and those within the management of the company, such

that mutual response and acceptance of formal demands could be attained.

It can also be to ameliorate the working environment, i.a., in order

to reduce stress, which will make the tasks more easy to solve, thereby

reducing the probability for maloperations to occur. Training of the

staff can improve knowledge and capability. A certain care taken in

the planning can be required in order to avoid placing individuals,

occasionally "off the hooks", at particularly critical operations.

However, something ought to be said about what types of knowledge are

required for closer analyses and proposals for measures under the

different headings. To increase knowledge is of course at first hand a

pedagogical task, while the impact of norms and improved communication

is a task for applied social psychology. An analysis of the working tackr

with a view to make them more adapted to the human prerequisites of

the staff is a task for ergonomists. Understanding of capability

variations can finally be a task for an expert in emotional charges,

i.e., a clinical psychologist.

U-
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Those maloperations which are interesting are rare. Formalization of

the model and attempts at quantification of the scope of the influence

on a given working task from the different factors, is a less advisable

strategy in this situation. Sufficiently reliable data would not simply

be accessible, at least not normally. We think instead that studies

of cases with as thorough analyses as possible of which factors have

led to the maloperations, can provide information of a more qualitative

kind, which at least can be used as a basis for discussions with the

parties immediately concerned and for possible ideas of measures which

in the future can lend themselves to reducing the probability for the

occurrence of new maloperations.

7. Discussion on inconceivable events

7.1 General reflections in the light of earlier experiences

The sequence of events in the blast case is interesting in a wider per-

spective and from the objective of the project - to study inconceivable

events and the prerequisits for their origin.

In literature there are certain examples of inconceivable events, and

almost every day mass media can report more or less serious conse-

quences of some series of coincidences where man have acted.

In this study we imagine a combination of events and individual

decisions and actions related to situations arisen in different ways,

all of which had undesirable effects, sometimes rather devastating ones.

But the opposite can also be imagined. The following could serve an

examples. Successful product development sequences, ideas which have

become fruitful through successful composition of working teams, and

syntheses of processes and knowhow having acquired new domains of

application. We are not going to discuss this further, but we should

like to point out the fact, that those control mechanisms that are used

to try to accelerate successful production processes, may be effective

only to some extent. Some form of randomness or combinations of every-

day incidents, individually most often regarded as mere trifles, would

certa'nly have an influence. This influence will then of course take place

in the light of a stated goal, most often having functioned for a long

time and with quite a lot of power. Inconceivable events can thus be of

both positive and negative nature.
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To the detriment of the research, there are too few "accident banks"

accessible. Companies with Quality Assurance programs most likely have

their own experiences. When events or cases can be obtained by empirical

studies, it could be useful to imagine conceivable situations. If further

there is an actually occurred course of events as a starting point,

this is of course fortunate from the scientist's point of view, but

also to pedagogical purposes. As we know, the long-term research

objective in this area is to develop preparedness also for rather

insignificant and every-day incidents. What can be built later into

developmental work on a control program can of course be considered from

case to case and in the light of different kinds of costs and profits.

As the production process in the studied company has to be based on an

accurately build-up quality system, it is important to be attentive as

far as possible to accidents and combinations of events. Development and

gradual adaption of control programs are partly based on identification

and documentation of such events and accidents, on discussing them in

training connections and on evaluating them with reference to changes

in control systems, working instructions, etc. A stage in this work is

to stimulate the staff to efforts and to systematically benefit from

their experiences.

Two quite differing examples of inconceivable events with different

causes (not known to us in detail) can illustrate the above reasoning.

They have also been observed due to their tragic consequences.

In May '\9lU, a DC1O aircraft crashed near Orly in France. A door fell off.

According to different sources, two inconceivable events, consequences

of earlier combinations of incidents, can be associated with the

accident. The manufacturer of the aircraft had agreed that the door

should be replaced by a new and safer one, but in fact this change had

not yet been accomplished on this particular aircraft. The person

having to follow the written instructions concerning the handling of

the door was said to be incapable of reading English. (The instructions

were written in English, and the person i question was from the Near East.)
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In March 1977» the Norwegian tanker TEXACO OSLO pumped out 130,000 litres

Diesel oil into the Bro Fjord. Three men had to watch over the filling

of two aft tanks and one center tank. According to calculations the

filling would take one hour and a half to perform, and for this reason

coffee break was done. However, the filling took less time than estimated,

and oil was thus pumped out into the sea. Also in this case, incon-

ceivable events can be traced. A probably often performed estimation

described in instructions became erroneous; three men supervised the

work - and yet a large quantity of oil was drained into the sea for

a period of time.

1.2 Conceivable combinations that may lead to inconceivable events

Below are given a number of links that may be combined to series of

odd events and that derive from, or may be imagined, to be associated

with the production process in the company studied.

- Absence due to illness.

- Parallel incoming and reception inspection: accumulation of

requisitions, from outside companies and inhouse.

- New employees are expected to be acquainted with their working

tasks: need of inspection of his performances is underestimated.

- Communication deficiencies - technically, socially. (We think,

ironeously, we are speaking of the same thing.)

- The inspection counts on the employees to function satisfactorily.

- The inspection is not informed as to the presence of new employees.

- Hew employees want to do a good job - take initiatives beyond the

working instructions; they have not read the instructions, nor been

able to do it; they avoid reacting on failures (do not know there

is failure, believe they are able to do the right corrections, do

not want to admit their incompetence).

- Wrong marking tag on a lot of material.

- Wrong rubber-stamp on material where the markings have been

blasted off.

- Conflicts, discussions, lack of attention between foremen and staff,

and between inspectors and staff as well.
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- Incidents outside the company: the electrical systems fail, a

machine breaks down, external delivery problems.

- Erroneous requisitions due to too high working load.

- A person not adequately informed of working instructions is

responsible for the introduction of a new employee: wrong knowledge

supplied.

- Important knowledge about material, quality, dimensions, marking,

storing may be difficult to supply simultaneously and in a reliable

way. Besides this, to be sure that the information is understood

and can be applied correctly, is still more difficult.

- Temporary moods based on personal conditions or,e.g., cooperation

with others affect the performance of the task.

- Earlier evident loyalty, responsibility and professional pride are

expected to hold ever after - preparedness for other, more nega-

tive attitudes to work is low.

The examples above are just samples of incidents that could reasonably

occur at the production within a company, but that have not necessarily

been observed. They can easily be detected in connection with the above

stated incidents.

Readers knowing material handling, transport and blasting can surely

find out more incidents. This section is to stimulate the reader tc

imagine how inconceivable events can occur and be intensified by rather

ordinary incidents and perhaps, together with one serious ingredient,

can cause drastic consequences.

7.3 Comparison with rare events

Inconceivable events associated with human integration of information

and with human action can be considered from the point of view of risks

to be taken and probabilities to reckon with, and from the consequences

as well. Negative consequences of human action, probabilities for such

consequences, expected consequences and the probability distribution

of these are definitions applied on risks and riskful incidents. The

incidents discussed above can, as pointed out, be considered in re-
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lation to, e.g., bottlenecks in the production process, different groups

of personnel, information and communication systems, knowledge and

instructions, functional level, social relations in situations of

co-operation, etc.

As earlier discussed, the concept of the inconceivable event is considered

with regard to the seriousness of the consequences and the probability

of its occurrence. Early stated assessments of the probability of reactor

pressure vessel failure are of the order of magnitude of 10 i 10

per reactor per year. This figure when arrived at by probabilistic

fracture mechanics does not consider explicit human action of the

kind as having caused this investigation.

Within OECD's Special Task Force on Rare Events, the following alterna-

tive definitions of rare events have been presented:

1. Surprising results - outside normal experience.

2. 10 probability of occurrence.

3. 10 probability of occurrence.

k. In terms of probabilistically rare. For example, a relay may

fail with a 10 probability, but because you can get data, this

would not be a rare event.

5. Statistically rare. It is difficult to obtain a big enough sample

to get reliable estimations.

6. Rare in terms of consequences.

The inconceivable events that are of interest for our study can

primarily be associated with 1,5, and 6. A discussion of definitions

of inconceivable events beyond what is shown in the preceding must

be deferred to the main study, when there are further data available.

7.** Continued work on models for inconceivable events

The above proposed model for inconceivable events has proved to be

useful in the structure of the discussion of maloperations in the

working process studied. As pointed out, the model is of course not

more than a skeleton of the more accurate and detailed analyses re-

_ _ J
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quired for proposals for measures in each particular case. We should

also like to point out once more that such accurate analyses imply

expert knowledge of rather different kinds depending on where in a

working process the week links are to be found.

In studies of maloperations in a working process it seems us, however,

possible to structure the problems in accordance with the proposed

model and to illustrate the working process by means of cases described

as much in detail as possible, and to find basic material for discussion

that may lead both to better understanding of maloperations and to

possible proposals for improvements as well. More precision than this

does not seem justified with the knowledge available at present and

with the resources that can be anticipated for this type of work.

8. Procedures of observation and analysis

8.1 Administration of information and observations

This chapter treats information about the study for the staff of the

company, how this information was supplied, and how motivation of

employees was successively built up before and during the study.

Account is further given of the background of the observation methods.

Some proposals for new observation methods are presented. A brief

account is given of the connection between observation methods and

data analysis.

8.2 Information and motivation

Experiences in previous studies show that great importance should be

attached to information and motivation in field studies of this type,

especially when the achievements of the staff are of extreme signifi-

cance. For this reason a description will be made of these actions

during the days when observations were done at the company.

The present study was primarily a training and learning process for

the project group. This implied a certain liberty to try different

methods to supply information concerning the purpose of the project

and to motivate the staff. Experiences from similar studies have

heavily underlined the significance of not taking this part of the
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analysis too easily. In the worst case, deficiencies it this areas

could jeopardize continued data collection and create working condi-

tions which could adversely affect future studies of this type. On

the other hand, total frankness concerning the purpose, systematically

supplied at chosen times and to all interested persons, should create

favourable relations and opportunities for fruitful work. These con-

ditions should further facilitate "hatching" viewpoints of value for

our planning and methods.

One additional purpose was to make the staff conscious of their role

as suppliers of information concerning working environment, working

tasks and risk factors. In the light of the development of the control

program, this seemed urgent.

Our first type of information to the staff was a letter containing

general information concerning purpose and time planning. This letter

was distributed to the staff before the orientation meeting was to

take place. The view with this was to prepare the staff such that a

positive dialogue could be conducted concerning planning and methods.

During tht meeting comprising 6-8 persons, the background for under-

taking a study of inconceivable events during manufacture of pressure

vessels was discussed. Further a presentation was done of the background

of the project members and of our methods for observation.

Observations and interviews should be performed in the working
environment with direct reference to the present tasks of each
individual employee in order to make the information reliable.
Our work should be initiated gradually after we had been acquainted
with the employees, the working environment and working tasks.
All the personal groups associated to material handling would be
informed. Due to tine limitations, all of them could not be inter-
viewed; therefore a random selection had to be done on the approp-
riate occasions.

Experiences from similar analyr.es within the nuclear power field and

working environment were related as examples. Below are given these

information and motivation factors developed.

- Maloperations or riskful situations can usually be related to
situational factors, i.e., working environment, working tasks,
etc., rather than to the human action. That resulted in the
identified problem.
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A working environment where the number of probable accident phrone
situations has been reduced, increares in wellbeing and efficiency,
and reduces the risk elements.

Maloperations and riskful situations must be investigated and ana-
lyzed, and the causes must be stated before changes in the pro-
duction systems, etc. can be performed.

A program for analysis of inconceivable events and situations is
based on the engagement and active cooperation of the staff as the
real experts. They have the experience of all aspects of the work,
not least those of physical and emotional character that highly
influence the occurrence of improbable sets of events.

The starting point should be that the whole staff want to do a good
job, but that some failures will occur, and that it is these very
incidents with low probability in manufacture of certain critical
components that have to be mapped out in order to be able to
guarantee a reasonable measure of consideration. Discussions around
these problems with a view to increase our knowledge are based on
confidence in the underlying purpose of the study and in the
ambitions of the project group.

Proposals for changes of factors in working environment, working
tasks, and organization can be submitted as a result of a study
like this one within the limits of a continuous program for identi-
fication of failures and t jcidents, and conceivable riskful situa-
tions as well. This holds also for a preliminary study, when the
results will have a real value for all parts involved. Such a
program may very well be closely associated with, or perhaps even
identical with the control program being developed.

The effect of a study like this one could thus become generally
positive in that the image and goodwill of the company is enhanced
as regards their quality products, in that factors in the total
working environment can be noticed, and in that the staff become
aware of their roles. Measures can thus be proposed, e.g., in order
to increase the safety in working operations, to reduce the risk
elements, to localize conceivable factors that may influence the
risk of accidents. Resources for such changes could also come
under consideration.

Earlier reports have shown that, there has been some uncertainty of the

employees as to which type of events they should report. We have often

experienced our immediate environment and our working tasks as undra-

matic, mostly consisting of trival incidents. For this reason it is

essential to emphasize that all types of events and situations with

some elements of accident or risk - in production or in human rela-

tions - are significant. We were thus aiming at unlikely or odd com-

binations of events and situations which after analysis and, in the

light of earlier observations, were to provide a picture of such risk

elements that are too seldom considered within the limits of stated

U
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probabilities. Some concrete examples were cited such as combinations

of absence, fatigue, extra time pressure, new employees, machine stop,

reading errors, etc.

It was emphasized that the participation was voluntary. In addition

the project group guaranteed anonymity. It was further promised that

as a result of the study, there would be no compulsory transfering of

personnel or other negative measures taken. Influences of the results

fromthe study on co-determination laws and the possible interest of

Trade Unions in R&D efforts within industry were discussed to point

out further advantages of participation in the study.

The results of this pilot study, i.e., points of view on methods,

actual experiences, staff reactions, etc., should successively be

supplied to all the individuals during future staff meetings and be

evaluated together.

The discussions at the individual working places were most often

introduced by a repeated oral briefing of the purpose followed by

a question panel. It was important to engage everybody in person to

make his contribution. Those who had no possibility to be present at

the orientation meeting had been informed about the study by their

foremen. Some points were repeated:

- Odd, inconceivable events may yet occur despite the best efforts
to prevent them.

- The probability is small for a really unique event or for a
unique combination of trivial events to occur.

- The consequences may be considerable.

- Accidents, i.e., part of a set of events that will develop,
occur but are documented only sporadically.

- All information thus is important.

During the whole data collecting period, the value was also emphasized

of having points of view of how to attain the goal of the project.
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8.3 Evaluation of information about the study

We were met, throughout, by positive and understanding attitudes.

Questions were raised, and the planning was discussed to some extent.

However, in such a short time the plant personnel were not able to

suggest any new methods or procedures. Ideas from the personnel came

forth most often after long discussions around the manufacture and

separate working and control tasks. The Trade Union and safety super-

visors who are significant parties wholeheartedly accepted the study.

Also via these parties, data came forth as time went on.

8.k Observation

In the following we are going to discuss the procedures used during

the collection of data at the company, and to submit some proposals

for changes. The working team consisted of four individuals; one of

them had been working in reliability technology, one in applied mate-

rial handling and welding technique, and the other on research on

human behavior, primarily psychological research. Two teams of two

specialists each (of which, one was a human behavior specialist)

performed the observations in the study.

The purpose for these interdisciplinary teams was to observe events

of interest from different starting points. In discussions with the

staff, it was important to use the right questions, and to interpret

the replies. The collection of data was performed during a period of

a fortnight, each week comprising three days' work, then one week's

interruption, and finally one week including two days' observation.

Already Ln the planning stage, it was evident that in order to be able

to successfully identify inoonc :vable events and situations, it war,

necessary to understand well the working environment and production

operations. This applied of course primarily to the working tasks

associated with handling of material, transport, and blasting as well.

The production process is rather complex, particularly due to a com-

prehensive inspection program, including marking procedures and

different forms to be used. Since there was no access to experts in

quality assurance systems in the project group, it was necessary

for the teams to learn something of this technology.
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Through working and inspection instructions, we could study the formal

procedure. This documentation, together with forms, deviation reports,

etc., were obtained successively during this period of time.

It turned out that the staff of the company rather willingly described

their working and inspection tasks, often repeatedly. This contributed

to creating contact and confidence, at the same time as it became

possible to inform them about the purpose of the project. From our point

of view, this was also important, since the project team hel been

organized for this very study. The introductory stage was thus to

consist of tests of discussion and observation techniques and of

recording of information as well.

Since the staff were cooperating as subject matter experts, thus

having a decisive influence on the result, mutual confidence was

important and was created successively by means of discussions around

the working tasks of both parties. We were anxious to work with this as

a point of departure. The introductory discussions with the staff, com-

prising about 10-15 individuals were primarily to treat working and

inspection tasks, and more general risk elements in the work as well.

However, we found it urgent to turn the discussions as early as

possible to conditions that had been shown to increase the risk of

maloperations and disturbances in the work. As a check list, a number

of subject matters had been summarized in order to serve as "topics"

for the project group. The idea was to understand critical factors,

inconceivable events and risk'.'ul situations and to consider them nt a

detailed level of discussion, including the use of concrete examples.

Then further questions could be raised on the staff in order to

increase the usefulness of th<; data.

However, it was necessary to describe certain hypothetical events

to the employees in order to observe their reactions - in some cases

even to "provoke" the staff. Thin could be performed due to the good

relations prevailing. At the interpretation of replies and reactions,

it was of course important to consider the leading types of questions

here.
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The general strategy during the collection of data was to successively

go through the selected production stages by observation and discussions

with the staff. It was also natural to go back to earlier discussed

subjects for control and to increase our understanding of the data.

This understanding was further increased because the same event

occurred in different functions and was experienced by different

people.

8.5 Analysis of applied procedures

An immediate finding from the applied procedure for observation was

that the value of accurate preparations cannot be underestimated.

This applied to studying working and inspection instructions, devia-

tion reports and such documentation as used in the work, e.g., forms,

requisitions, e t c This applied further to guidelines for systemati-

cally including events and situations of probable importance for the

purpose of the study.

A more strict mapping out of causes for occurred events would of course

be required for a deeper understanding of the character of the events

and of those conditions that led to the events. During the preliminary

study, a structure for observation methods should be developed so

that better quality of data gathered can be provided.

By quality of data in meant:

- Relevance, i.e., information concerning only one special product

or event, or a special working task.

- Level, i.e., such a detailed and accurate description that the

ultimate causes can be reached.

- Process, i.e., a ntep-by-Gtep reproduction of a course of events

admitting understanding of the interplay of situations and hu:nan

action.

U
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- Reliability - of special importance when using reports of past

experiences where certain inherent and natural distortions may

lower the reliability of the data. To reduce these effects

several data sources and observation methods on several occasions

should be used.

Many discussions and interviews had to be conducted by approaching

events and situations from different sides, and by the use of directive

methods in interacting with the plant personnel. It was further noted

that the use of direct observation to find inconceivable, improbable

events and situations is particularly complicated and time-consuming.

For example, it was difficult to approach emotional factors except

by indirect means. Cooperation problems and relations between personnel

groups in different functions, could be discussed, whereas it was

difficult to obtain data concerning more personal and emotional modes

that must reasonably affect the quality of the work, at least perio-

dically. Discussions around stressful situations and particularly

difficult tasks could still be conducted, but most often without

attaining that detail level and exemplification actually designed.

Many interviews at suitable chosen points of time were necessary.

As mentioned earlier, we had sometimes to hypothesize to the personnel

the effects and consequences of more or less clearly reported events.

Thus it was also important to activate the individual's imagination

related to an event in a more longterm and consequence-directed

perspective. All this because of testing techniques for information

retrieval, rather than to enforce "cases" which had actually occurred

at the company.

Prom the point of view of procedures, it was of interest to see whether

during observation spontaneous information could be obtained concerning

earlier events of value for the goal of the project. Only a relatively

small amount of data was obtained in this way. However, other experience

show that thi3 is possible. One form for this might be staff meetings,

as well as systematized reporting of events during some period of time.
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Post-ideas are frequently occurring in connectionwith these types of

interviews. For this reason we tried to get back to earlier discussed

subjects in order to identify such ideas. Certain preparation work

could then often 'iave been done. This procedure ought to be further

developed for the future.

The assistance and engagement of the staff was decisive for the result.

of the investigation. For this reason it was important to assemble

concerned individuals in meetings in order to solicit their co-

operation and to discuss planning and successive results. Such meetings

should also be seen as a method for data collection.

Within the project team, discussions were conducted the whole time

concerning possibilities to increase and to improve the quality of

the data. In connection with the interview technique, the possibility

was considered to increase the participation of the plant personnel

by means of more qualified ami possibly leading questions during

individual talks and meeting:; au well. The experiments done show

that the method could be developed, but is based on the condition

that a good contact has been established, and that explc.natory

discussions can be conducted in the future.

The introductory study was considered as a training and learning phase

for the project team that had become conscious of several difficulties

and problems, but also of the possibilities that these studies with

their special objectives imply. It has been possible to put the

finishing touches to interviewing techniques and observation methods.

Understanding has been attained as to how questions can and should

be put, and knowledge has been obtained concerning the formulation

and presentation of information and motivation, and a variety of

different reactions among the staff as well. The project p;roup should

become an instrument for making information accessible, including

such that is often qualified and hard to obtain, about human action

during a manufacturing process.
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8.6 Inferences and proposals

With the objective of the project, it vas natural tc plan the preliminary

study with the intention to understand, without bias, environment

and tasks. This implied that choice of observations was done so that

inferences around the studied events could be drawn without any

comprehensive data analysis.

The reliability of such inferences is based very much on the fact that

correct interpretations anil description:", of the studied events could

be done.

This can be checked, e.g., by utilizing different sources, such as

judgements by specialists outside the project group as to the meaning

of data. In addition, perhaps,six months or no after the completion

of the project, a follow-up can be done using inputs from the

company staff.

Project staff meetings were hold on some occasions at the company -

the first version of the final report was treated during a meeting

with all those having cooperated.

One view with the preliminary study was to evaluate the applied

procedures and to propose alternatives. The most immediate alternatives

are different forms of subjective judgements, e.g., of the probabili-

ties of events and situationr, to occur and the degree of arisen con-

sequences. Further, to utilize available frequency data on events and

situations, and propose methods for collecting such data. In addition,

event trees can be built up from different pqi-its of view.

A data problem particularly hard to master, but always present in

studies of low-frequency consequences cf events and combinations of

events, is that sufficiently comprehensive real data are seldom available

For this reason, risk analysen must usually be complemented with

estimations and descriptions of probable events.

In order to attain an adequate quality on collected information at,

specific working operation? and situations, an instrument of great value

could be the "think-aloud-method", i.e., letting the observed person ver-

bally describe the measures taken at the name time as they are carried i",i:
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9- General inferences and reoommend.-*.tions

1 The aim of this introductory study was to provide experience and

competence about how to porform a study of the risks of incon-

ceivable events occurring within heavy engineering industries.

Information related to such events was to be analyzed with regard

to the importance of events to the quality of the products of the

company.

2 The purpose of learning the techniques for this kind of studies

we think we have fulfilled to a sufficient degree. Tha fact that

we did receive cooperation from plant personnel provides one basis

for this assessment. Moreover, those observations we have made

of situations and attitudes; have boen more varied and detailed,

and therefore more informative, than we imagined beforehand. For

this reason, we are of the opinion that it is not necessary to

perform another preliminary study before we set about working

on the principal part, of the project, i.e., the investigation

of the risk of inconceivable event:; to occur in the manufacture

of nuclear pressure vessels.

3 As regards those observations as ma.de at the company studied, no

events of any "sensational" character have been noted. On the other

hand, a number of circumstances were reported that illustrate the

difficulties in establishing a more or less formal quality

assurance system which would guard completely against events that

have not been possible to anticipate. Obviously, these difficulties

are recognized by those responsible for quality systems of this

kind. We should only like to point out that a study according to th»

current objective of the project is well adapted to identify rink:;,

including those that could otherwise be overlooked in the usual

assessments of the protection against fractures in nuclear pressure

vessels.

h The preliminary study has been too short-term and limited to

provide any basic material for more definite conclusions and

recommendations concerning the quality system at the company

in question. However, we would like to take the liberty of



montioning that the aclequ.it. functioning of the quality system,

as we think we have boon able to state, to a certain, not insigni-

ficant, extent, depends on the loyalty and routine of the staff.

This favourable condition c:in, on its part, be traced back to tno

fact that most of the ntaft* had been employed at the company for

a very long time. Should the older personnel be replaced within

a relatively short time by new manpower without the same tradition,

this will effect the function of the quality system.
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