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ABSTRACT

Les Etudes ont £t£ effectue'es des contr61eurs aux ultrasons a main a fin d'examiner
leur fiabilite" dans des conditions industrielles simule'es et d'e'tablir les causes
fondamentaux des points faibles. Les re*sultats principaux de ce programme et leurs
consequences pour l'industrie de contrdle sont presents.

INTRODUCTION

Results from the PISC II Programme suggested that differences existed between manual inspectors in
terms of their skills, knowledge and working practices which could exert a significant influence on the
reliability of an inspection (1). Therefore, a programme of work on human reliability studies was
initiated in the PISC 111 Programme as Action 7, with the objectives of studying and identifying causes
of variability in inspection activities, and identifying some of the factors influencing the reliability of
inspection in industrial conditions. It was foreseen that the information from Action 7 would aid in the
development of methods for reducing the incidence of human error in inspection activities. This paper
gives a brief summary of the programme and describes the lessons learned as a result of the work. A
considerably more detailed description of the work is availableas a PISC report (2).

EXPERIMENTAL OUTLINE

The underlying philosophy of the studies was to observe professionally qualified manual inspectors at
work in typical inspection tasks, and to note and record the standard of performance achieved and any
errors made. To this end, special facilities and techniques were developed which would enable
comprehensive monitoring and recording of an inspector's activities to be performed in as unobtrusive
a manner as possible. The two main test facilities were the Reliability Studio and the TEL (Transportable
Environmental Laboratory). The former was used for tests in an environment representative of laboratory
conditions, the latter for tests in simulated industrial conditions. The inspection conditions and
environment in these facilities could be controlled according to the programme specification.
Broadly, this specified normal 8 hour day working for a period of five days in the Studio, and 12 hour
shift working over 11 days in the TEL with ambient temperatures of up to 27°C, humidity in the range
40% to 50% and a background noise level of 80dB in the working area.



The monitoring equipment included video cameras and recorders, a computerised system for monitoring
physiological condition, and a computer-based inspection simulator (the simulator) which recorded the
details of each inspection, including the coverage achieved during scanning and the effectiveness oi
ultrasonic coupling, '"Hher equipment included ferritic steel test plates and items tor testing calibration
repeatability.

Special tests were devised for the studies, and these included evaluation of calibration repeatability,
inspections on the steel plates and the simulator, and assessment of the accuracy of plotting and reporting
manual inspection data. The main parameter.measured in the inspections was flaw detection trequenc>
(FDF), and this was used to assess and compare the capability of the inspectors, and to investigate how
performances varied between the laboratory-type conditions and the simulated industrial environment
However, the precise value of this parameter has no significance outside the conditions applicable to this
test programme.

A psychological monitoring programme was applied throughout the studies to gather information on the
inspectors' attitude to the work, and their physical and mental condition, with the aim of correlating the
information with their inspection performance over the test period.

The programme specified that the inspectors taking part in the studies should be professionally qualified
to ASNT Level 2 or their national equivalent and have recent experience of working in nuclear inspection
tasks. Six were hired from major inspection organisations in Europe and they and their companies were
guaranteed complete anonymity in the reporting of the results. The test programme was manned b\
invigilators who also operated the monitoring equipment and controlled the documentation

RESULTS

The main lessons learned from the programme can be summarised as follows.

CALIBRATION VARIABILITY

Inspector variability in calibration is acceptably small (2 to 3dB) in benign conditions typical of
laboratory inspections (Fig la). This is also the case for the vast majority of calibrations performed in
the industrial conditions simulated in the TEL, but a small number of mistakes were made in this teii
environment which resulted in significant calibration errors (up to 13dB) (Fig lb). These are attributed
to the onset of tiredness in the inspectors.

DETECTION RELIABILITY

The flaw detection capabilities of the inspectors varied significantly, although all were experienced and
professionally qualified to similar levels. For some inspectors flaw detection varied by a tactor ot two
from day to day, or from morning to evening (Fig 2). This variability is caused in many instances b\
changes in technical skills, such as scanning and maintaining ultrasonic coupling, but a numher of errors
arose for other reasons, principally loss of concentration and vigilance, arising from tiredness.

The amplitude of some signals obtained during the initial search scan was reduced by scanning
deficiencies, and in the present studies an increase in scan sensitivity of about lOdB over the reporting
threshold would have been necessary to achieve overall high reliability.
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Several of the basic causes of non-detection could be rectified by specifically oriented training focusing
on faults identified by the simulator, and the value of this approach to improving an inspector's
performance has been demonstrated convincingly in another project (3).

EFFECT OF ENVIRONMENT

Working long shifts in an environment typical of industrial practice, can cause tiredness and demotivation
for some inspectors, and these factors were found to have a profound effect on human reliability.

There appears to be an initial period of adjustment when working in the industrial conditions simulated
in the TEL during which none of the inspectors achieved maximum performance (Fig 3). The results also
suggest that the detection performance of some of the inspectors deteriorated mid-way through the second
week in the TEL, due to tiredness or demotivation.

The psychological tests included in the programme assisted significantly in understanding the causes of
failure to detect flaws, especially by providing an understanding the influence of inspection conditions
and environment on an inspector's physical and mental condition.

DATA REPORTING

A significant number of errors occurred in the data plotting and reporting stage. The average percentage
of flaws which were reported incorrectly owing to one or more mistakes in the plotting stage was
approximately 5%. The number of mistakes in reporting data can be reduced by providing special
plotting equipment adapted to the requirements of the data plotting task.

CONCLUSIONS

1. Substantial differences in detection capability occur from day to day for the inspectors, and in one case
.from morning to evening. This was due in many cases to variations in scanning skills, which affected
scan overlap or coupling efficiency. In other instances non-detection was caused by loss of attention
which resulted in failure to observe a signal or loss of place during scanning. Tiredness is considered
to be a contributory cause of this behaviour.

2. Several of the basic causes of non-detectitn could.be rectified by specifically oriented training
aimed at faults identified by the simulator.

3. Where high detection reliability is required the sensitivity specified for the initial scanning
stage should be substantially greater than the reporting sensitivity. The present results suggest
that an addition of about lOdB would have been required for most of the inspectors in these
studies.

4. Working long shifts in an environment typical of industrial practice can cause tiredness and
demotivation for some inspectors, and these factors can have a profound effect on human
reliability.

5. A significant number of errors occurred in the data plotting and reporting stage. The average
percentage of flaws which were reported incorrectly owing to one or more mistakes in the



plotting stage was approximately 5%. The number of mistakes in reporting data can be reduced by
providing special plotting equipment adapted to the requirements of tne data plotting task.

RECOMMENDATIONS

The main recommendations made are:

1. The information obtained in the studies should be utilised to assist in the development and specification
of precautions against human error.

2. In the light of these results, the conditions under which practical inspections are performed at nuclear
plant should be reviewed by appropriate management and regulatory bodies.

3. The implications of the results on the environment and conditions under which examination and
qualification tests are performed should be assessed to determine if some revision is necessary.

4. Certification and qualification bodies should consider using simulators as part of their examination
methodology.

5. In view of the significant effect of the environmental conditions on the performances of many of the
inspectors it is recommended that further psychometric studies are conducted on a sample ot professional
inspectors to determine if criteria can be established which will contribute to the selection of inspectors
for specific tasks.

6. Further human reliability tests should be performed to increase the sample size of inspectors.
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la. Distribution of calibraiion results in the Studio
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100

No Tests

U

M = Morning

E = Evening

3
Day

-i-

7 11

2. Simulator results in the TEL for one inspector

u
c
o
3

100

80

60

o

•^ 40
o
o

io-\

0 +
1

wWy
•'•%'i

* • ! • : ' • •

. ' : • " .

•<:.'-.-:

•$i

: !
' ' • ' : • '

: • :":; : • .

: . ' < : •

:l1: : - •

. ' • ••>-

> • "*\

$ ' < •

y-t '••

';'?*'

'•v.J.

Wr
':•'<••

.?";•
• : • ' • . '

- • : ' • "

?;:'-^

v '•

f

Y.F
''::<£.

:•:•:•'.'.'

,:<•/>

' . • ' • " ?

' ' , ' . •

• : • '

'•' ! • : ( •

: ; • " >

ii

:£*'i

1
' • • ' • * <

1

M

*«

^ ^

o
z

p

I!
. •';•'*•
^̂
,'.
i')

i

tr'
.y '.'

h

k:AP
•}•••

?':.'

'far-
' • - .

•'•" i

:!>'

. : : • '

1

h
t'-
f-
"<••

%Y4 •
> ' • ; '

y •

is-

:::.'.

• : < :

: : '

< :

5 7
Day

11

i . /<v«rrfl̂ <r doily flaw detection frequency for all
inspectors in the TEL


