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Reports are prepared bty engineers in U.S. rnuclear power piante for o wisds
range of compornent fallures and similar occurrernces. The procios
quirements are specified in the U.S. Nuclear Regulatory Commissicns Regulatory
Guide 1.16. Until 1374, such reports were termed Abrnormal Occurrence reporte.

but since then the term "Abnormal Occurrence reports" has tee

-those occurrences which have some safety sigpificance. what
"Abnormal Occurrences' are row as a general class, termed meportails Cocurrencs:z.

The reports are published ty the US NRC. The work hare ccncerus a siudy of
YAbnormal Occurrence Reports", using the pre 1974 definition and data up te znd
including spring 1974, The data cover a wide range of occurrence types. 1rn par-
ticular they give component failure data mostly of relatively urimportarnt ind
vidual compouert failures, such as miscalibrztion of a sirgle redundant irstru-
ment, but in some cases for failures of some engineering significancs. The re-
ports are much less formal than those required for reliability data carks. Thew
give considerably more background informatior concerrning %tie cause and raturs
of failures than do reliability data banks; and also much more informatior
concerning consequences and interrelationships betweern separate failures.

For this reason, the reports provide very valuable informatiorn, which is
relevant not only to the study of nuclear power plant r:liab:lity, but also
provides insight intc the way failures can occur in many different kinds of

process plant.



~ STUDY OF ABNORMAL OCCURRERCE REFCHIS

Intrﬁduction

An earlier study (Rise-M-1741) attempted to evaluats the rele of desige
eryors ir nuclear power plant reliability. The results of tnat study showed
that design «<rror plays a large rols in powsr plant failure: a-nd the sarprising
result that ar unexpectedly large proporticn of failure incidert

eral independent comporent failures.

. Several suestions arese as a result of that sarlier worx. Ore would =x-
pect that the role of design error diminishes for individual plants as they
grow older. It was decided to investigate the seuernce of atrormsal cccurrercs
reports from individual reactors over a rnunber of years.

Apother guestion is the extent tc which separate failures in zulti~failurs
incidents contribute sigrificantly to the failure corseguence. It is possitis
that several of the failures within an incident have ro direct tearing on the
extent of failure cornseguences. They may play an inciderntal rather thar crucial
part in the failure sequence.

The remaining area of interest for this study is th: probtlem of commorn mode
failure. The importance of common mode failure was established earlisr, but the
only datum obtained was a gross figure for the proportion of failures involving
common mode effects. Resuits of the comron mode failure stydy rerformed here
are published separately (Rise-M-1826).

A major element in motivating this study, was the desire to discover the
weak points in existing technigques of failure mode analysis of process plarnt,
and to develop the background information for imprcving those technigques. There

are sose types of failure for which no systematic analysis technique exists,
for erample

= wiring errors involving incorrect interconnections

- "system design" errors in control systems

- mechanical blockage and jamning problems arising from loose parts

- errors in written procedures

- human ervors due to confusion batween procedures or aisinterpretation

of operating situation.

A1l of these problems involve complex common mode effects, and it is
important to discover to what extent they are important in practize.
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$he procedure in this study has been to take individual incident reports,
and to classify them according to fixed criteria. The nature ol the data prevents
* oue from obtaining good statistical data with known significance, but it is
'fti{: that qualitative, and "order of magnitude" conclusions can be drawm from
the Fesults.

< '&E of date

The data used for this study is abnormel occurrence data submitted to the

m by operators of light water reactors. The reason for this choice is that

‘:"!!;iﬂfurmtion is readily available, there are consistent criteria for reporting
‘the Qata (reporting is required by law), and the quality of the reporting is

" geirally excellent. The information differs from that usually svailstle in
reliability data banks, in that complete failure incidents are described, often

P inu!ﬁns several individual component failures.
"% #me choice of reactors for this study vas determined by the availability
oi“ rel:urds for a period of years. Records from the earliest years of reactor

. ‘o"l'i'fntion were however not available to the author. There has been a change in
etyle of reporting over a number of years, and this has to some extent negated
the value of the data as a record of "design error” evolution.

. Gassitication of occurrences

""" “For each occurrerice report, the date, six wonth period -umber (from
resgtor start up), operating state at the time of occurrence, and method of
flﬁm discovery were recorded. Moat failures are detected during swveillance
uﬁﬁm. some via special inspections, tut sany are discovered as "actual”
foilure incidents which interfere with plant operation. In many cases a failed
condition existed over a considermble period, but the plant state recorded
was movertheless the plant state at the time the failure was discovered. In
virtually all cases it ia true that a« latent failure,discovered during sur-
veillance or special tests, has existed while the plant was operating.

Bach individual component failure was recorded separately for each inci-

dent, and in some cases there were several failures contributing to the inci-
dent.

op Plant operational, generating power.
SU Plant was in start up phase.

SD Plant was in shut down phase.

cs Flant was in cold shut down state.

RF Plant was shut dowr for refuelling.

Table 1. Classification of plant states at the time of failure discovery.

ACT  "Actual" incident - occurs during normal operation of
component.

SUR  Failure discovered during surveillance teasting.

o Failure discovered during post maintenance testing of
the failed component.

COM  Failure discovered during commissicning tests.

81 Failure discovered during special inspection, s a
result of suspected incipient failure, or as a result
of information from other plants.

51 Failure discovered during start up testing.

Table 2. Classification of "mode of discovery" of failures.

In a study such as this, which is concerned with the cause of failure, it
is important to define the term compoment failure carefully. A failure is deemed
to have occurred, if a component is incapable of fulfilling its function, in
spite of the fact that inputs such as power supplies, control signals, mechanical
support, etc. are within the limite specified for the component. Failures due
to incorreot input are judged to be consequent failures, and were recorded for
interest, but were excluded from statistical analyses. Failures due *o environ-
mental changes were recorded as component failures, unless the environmental
change wae a result of some earlier component failure in which case they were
clasgified as consequent failures, and again omitted from statistical analyses.

The degree to which a plant is divided into "components” also affects the
ousber of component failures recorded. In this study, a standard level of div-
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m,,mto components was used, as expreesed by table 3. However, wiere a
i t or subsystem, this fact was recorded

Dy cematenatmg component and systes names.

AM Motor starter
Potentiometer
Recorder
Lightning arrester
Ground switch
Relay

Relay or switch contact
Reset awitch
Resistor

Signal comparmtor
Pressure awitch

ibgnetie clutch
... ‘Control ewitch

betector

“§yeBARIRZIGERONESFEE
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Torque awlitch
7.PC power supply Temperature switch
. Flow switch Fuse
Heater Generator
£ Input module Heat tracing
““Inverter (molidstate) Test button
level switch Thermal overload
Lamp Transforaer
“1dmit switch Transmitter
“Manual ewitch wire
Meter, guage Solenoid S0L
" Motor

""" Table 3A. Electrical component coding.

Accusmlator
Blower

Control rod drive
Control red
Cover plate

Core

Damper

Diesel

Expansion joint
Filter, strainer
Flexible pipe, hose
Fuel

Gas bottle
Gaskat

Heat exchanger
Insulation (thermal)
Ion exchanger
Noggle

Orifice

Pipe

Pipe Cap

Pipe Support
Preossure veasel

Puzp

YIS YB RN RRETJACENGEIRES

Refrigeration unit

Sluice gate

Sump

Tank

Tubing

Turbine

Condenser

Yent

Well

Valve, check
exploeive
hydranlic
motorised
pneumatic
relief
manual
safety
atop
vacuum relief

min steam isolation

solenoid
Seal
Actuating mechanism

Table 3B, Mechanical component coding.

Event sequence

The structure of event sequences has a direct bearing on the way in which
failure records are interpreted and used in later failure mode analyses. Failures
were classified as spontanecue, gradusl, misoperation, latent or consequerit .

A spontaneous failure is one which oocurs at the time of the incident and
serves to start the incident. The classification of "gradual” failures wase
introduced because it was difficult to describe some kinds of initial failures
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FAILURE

b

LOSS OF POWER ETC

Fig. 1 Event sequence with spontanecus
and consequent fallures

=7=

INITIAL EVENT CAUSE
= SPONTANEOUS FAILURE
- ROUTINE OPERATING EVENT
- SURVELLANCE TEST

NTIAL
EVENT
[
|
|
|
|
|
|
I
|
COMPONENT

Fig 2 Event sequence with latent failure
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IS DETECTED
BY INSPECTION

FAILURE

ﬂg:mmnmmmnmmm
gradual fallure.

EVENT
INITIATE E.G. START OF MOTOR
ACTION OR HUMAN OPERATION

MISOPERATION ACTION

Fig. 4. Event sequences including misoperation
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as spontanecus, for example slow leaks which are detected after they have caused
- fazther demage.

Iatent failures occur in components which are called on to work intersit-
tently. Such compuonects may exist in a faiied state, which is "revealed” when
Bnymnt is tested or is called on to operate.

Misoperation failures are those which occur when a cosponent or operatcr
is ‘emlled on to carry out such operation, and which occur while the component
or operator is carrying out the operstion.

: Consequent failures are those which occur as a direct result of some
i1 efiier failure,

s Spontapeons
G Gradual

L Latent

] Misoperation
4 Consaquent

Table 4. Classification of failures according to how they are
triggered.

- Purther classification of "consequent™ failuree is possible - input
faiiures (I) (command fajlures), overlomd or stress failures (secondary fail-
wres) (0), and direct effect failures (D). Buch classification is often made
i fajlure mode snalysis studies. But such classification was made only for
common mode failures, in this study.

Sysbolic description of the different kinds of failure are shown in rig.
1 to b (see Rize Report Rise-M-1743;. For each of the different kinds of fail-
wre, & different model is required to describe failure probmbility.
As & result of the study, some of the initial ideas on classification of fail~
ures were revised, and these ideas, which were not used in the study 1itself,
ure given in Appendix 1.

mottmmmajcnin-um-nmmum.mm
of failure events occurring in actual failure sequences. For this purpose,
fallwres detected by tosting were ignored. Also, several failwres ocomring
withis similar comprnents due to a comaon mode effect, were treatel as single
faslures. Consequent failures vhich were cartain to ocewr, given eosrlier fail-
uFe#, in the sequence were iguored. But consequent failures which imvolved some
peobability factor, such as destruction of components by impinging stean jets,
ware counted as separate fallures.

-11-

Common mode and coupled failures

As part of the study of sultiple failures, a study was made of common
scde and coupled failures in similar plant components. The results cf this
atudy are presented in a separate report.

‘|
Failurd cause

The objective in this study has been to come as close as possible to the
original canse of failure. Failure causes are classified at two levels, as
shown in table 4. The second level of classification is much less certain than
the first. In the case of oper and maint errors, the subclassification
was cospletely experimental.

To maintain consistency of canse classification it is important to have

clear criteria. An error was considered a design error if it wes explicitly

described as such in the abnormal occcurrence report, if it was one of a long

series of similar failures with very high failure rate, or if the design was

modified as a result of the failare. A similar criterion was used for classi-

fying procedural errors. Failures were classed as operator errors if this was
explicitly stated in the abnorual occurrence report, and similarly for main-

tenance and installation errors. (This can lead to underestimation of operator errors).

Random component failures were recorded in those cases whcre a simple

su of comp t failure was involved e.g. bearing leakage,
shorting of a relay coil etc., and in which no excessive grouping of failures
of & similar kind occurred. .

In gome cuses, more than one cause of component fajlure conld be discovered.
In other cases, it was difficult to judge between two alternative failure causes.
In these cases, fractional contributions to failure classes were recorded, an
equal fraction to each contributing camuse.

In sany cases, the same kind of failure occurred in the same component
seversl times in the course of a few years, These cages were counted as single
failures in determining relative importance of different failure causes (though
all incidents were counted in determining comson mode failure proportions). If
one does not count failure causes in this way, then soze frequently occurring
failure types come to dominate the distribution of causes. The proportion of
design error failures, in particular, becomes inflated.




¢ . Random component failure

“hp Design error

©. . Operator error
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Cause subclass

Mechanical

Blectrical

Problem unknown at design time
Complex systea interactions
Tnterdiaciplinary problems
Oversight

Communication problems
Calculation, sizing preoblems
Component selection problem
Omission

Unnecessary extra operation
vrong target of operation
Error in amount of operation
Error in operation sequence
¥Wrong procedure used
Judgement of quantity
Communication problem

Lack of recognition of danger
situation

Misrecognition of danger situation

Table 4, Coding for causes of failure.

M
1

-~

=13
Cause Cause subclass
Maintenance error A

Adjustment (of instruments, switches)

Installation error

Procedure error

O Oumiseion of step in installation,
repair
P Positioning of component

M Misuse of component, handling
problem

B activation of other equipment not
under repair

C Choice of component to install,
repair

I  Interch of two

ponents,

cables etc.

Q Quality of join

0 Omission of subprocedure

C Extra control, checking required

M Procedure open to misinterpretation
U Effect unknown before failure

¥  Procedure wrong

Fabrication fault

Causs unknown

Table 4, Continued.
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Buts

Abpormml occurrence reports from five reactors vere classified for
with start up dates in 1962 , 1963, 1967, 1969, and 1970. Abnorwal occurrence
reports vere generally available to the amthor only from the later yesrs of
resetor operation (from 1969 omward).

Both the mumsber and ch ter of ab 1 varied greatly from
reector to r . The iation could bave from the dif quantity
and type of equipment at the reastor plant, as well as differences in reliability

"ot components. However, it was hoped that by concentrating on the proportion
of occurrences of different types, meamisngful conclusions could be drawn.

As can be seen from fig. 7 not too mach significance can be attached to
the sctual ousbers of abmormal occurrence reports for successive ysars.

In addition to abnormal occwrrence reports, sowe "ummsual event®™ reports
wete included in the anmlysis, where the reports concern safety related or

. p-u-u-e boundery equipment (see USAEC safety guide 13.2. for defimiticn of
b 1 ence. 1 event).

There may be some omissions of abnorsal occurrence reports for the reactors
studied, though where possible r ds were checked against f 1 operating
reports. On the assusption that cmissions are randomly distributed, the effect
on proportions of failure types should not be too isportant.

In all there were 67, 24, 33, 141, 75 abnormal occurrences for the respect-
ive reactors.

Causes of failure

Fig. 8 and 9 show bow the various causes of failure bebave as plants grow
older. No significant trends can be detected, the proportion of failures due
to respective caunses seem if anything move or less constant. But much more
data would be required, before trends could be detected beneath the random
varjations in the data. As has been observed in earlier studies, design error
seems to be the dominant cause of failure, followed by random component failure.

Table 5 gives the numbers of failures attributed to particular cauge classes,
for each of the reactors studied. The pattern ia more or less comstant, appart
{fron an unusually high proportion of failures attributed to mmintenance errors,
for one of the older reactors, and a complete lack of reported cperator errors
for one reactor.

The classification of dary for design, op + procedure, and
saintenance errors are shown in tables 6 to 9. Thu classifications here are
eoxperizental, and should be regarded as indicative rather than definite. Such
olassifications can be used as & guide to qualitative studies of failure causes.

S i

"

Fig. 7 NUMBER OF INCIDENTS N

§ MONTH PERIODS FROM START UP
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Table 5. Cause classes for component failures.

- Component selection

0 Oversight

U Error due to effect unknown at

design time
Z Sizing, dimensioning error
c Error due to lack of recognition of

complex system interactions
Error due to communication probleas
Error with cause unknown or unrecorded

Table 6. Design error secondary causes
( Based on 147 ocowrrences)

14

1?7

25

13

22
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% of error
0 Omission of a step, operation or
procedure (reason for omission E <
unknown) ¥
0 Error due to omission of step
P Wrong procedure used : 16 ar procedure . 56
B lack of recoguition of situation 7 '] Error due to omiamion, because
sffect was unknown at the time
M Misrecognition of situation 2 ; the procedure was defined 16
8 Error in operation sequence b N Procedure was open to misinterpretation,
unclear ?
| ] Operation applied to wrong target
o nent N F Wrong teat frequency specified 2
J Error of judgement of amount 2 v Wrong procedure specified 2
[ Error due to commnications problems, ¢ Extra control rlqn:lred - procedure
lack of communication L does not contain sufficient cross
checks 6
E Error in amount of adjustment 2
? Error with unknown cause 1k
? Error due to unknown cause 9
Table 8. Secondary causes of errora in procedures.
Table 7. Secondary of op errors. (Based on 44 occurrences) ‘
(Based on 77 occurrences) |




%

A Problems with adjustment of instruments,

1imit, torque switches stc. 22
W Wrong operation carried out, or

right operation carried out wrongly,

due to lack of knowledge or expertise 16
B Spurious activation of other equijment

while carrying out tests or repair 9
I Interchenge of two cables [
U,0 Omiseion of oparatiom, due either to

oversight or to ignorance of requirement 6
P Brror positioning component 3
Q Problems of quality in soldering,

welding 3
R Error dus to lack of recognition of

situation 3
c Zrror in choice of which componsnt

to repair 3
8 Breach of safety regulations 3
? Error dus to unidentified causes 25
Table 9. Secondary causes of installation and maintenance

TTorS.
- (Based on ¥9 cccurrences)

ol A B
SR s

23

It is possible to make some gualitative comments on the results.

A large proporcionv of design errors involve effects which were unknown
before failure occurred. Many failures of this type cccur repeatedly, the
same component sometimes being repaired several times before the failure is
carractly diagnosed. Such incidents underline the value of abmnormal occurrence
reporting.

Another large group of design errors involve inappropriate choice, of
materials, or especially, of instruments. Problems of this kind can be reduced
by qualification testing ard standardisation, activities which are receiving
a great deal of attention from nuclear engineers.

By far the largest proportion of operator errors involve omission or
oversight, involving just a single type of plant operations. By their nature,
such errors are relatively easy tofome. and analyse, even in the cases
where several components are affected in a common mode fashion. More serious
are the errors due to lack of recognition of &

ous situations, misrecog-
nition, application of inappropriate procedures or application of correct
procedures to the wrong component. Among installation and maintenanco errors,
difficulties in adjusting limit switches and torque switches are outstanding.
Bome types of failure are difficult to account for in failure analysis.
It is difficult to identify all of the failures of this kind, but the following
provides a list of errors vhich occurred, but for which no systematic failure
analysis procedure exists (as yet).

locae parts jamming 5
electrial circuit omiesions or miswiring 5
omigsion of essential procedural steps,

or incorrect steps 3
hugen decision errors with wide ranging effects 3
established trip levels inappropriate 6

water hamper effects 3

Also, thers wers mome iustances of problems present special difficulties in
failure mode aualysis.

common dependence of several compousnts on one
service supply or ewvironment 7
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Jo this study, as in the previows one, the number of maltiple failure
inchlents was high when compared with expectation. At the level of conssquence
repr by ab 1 occurrence reports, there are still a signifieant
weligy of 4, 5, 6, and 7 fold failwre iocidents (fig. 8).

This puttern holds true in mpite of the fact that

a) failures to several components of the smme type, dwe to
the came camse, have been treatsd as single failwres.

b) failures which are a direct conssquence of sarlier failuwres,
are not counted in arriviog st the musher of indepsndent
failures.

¢) {failures which do not contribute significantly to the
of the ineid huve been ignored.

Examining the nature of the miltiple failure incidents revesals several
distinct types,

- blowdown incidents, in which steas is released, causing
defects in swrrounding components to be revealed, in
some cases, and camsing a large variety of safety cosponents
to be activated.

~ maltiple human errors. It is clear that in some of these
incidents there is coupling between the errors. Once oo
hwman being has made an wrror, others tend to perpetuste it.
However, the pature and degree of interdependence of these
errors is difficult to determine.

= because of the way that these data are classified, if
single component fails to work becamse its design 18
inappropriate and ita op ng procedure is i s the
result is counted as a double failure. This "classification
effect” is significant in raising the nswmber of 2 and 3 fold
failurss. It doss not contribute significantly to the number
of 4, 5, 6 fold failures etc.

By far the largest proportion of failwre types in the sultiple failure
incidents are latent failwres revealed duying special incident conditions,
or revealed when safety equipment is activated.

:
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Contlusions
Conclusions as to the meaning and importance of the kind of reasulte given
here have been presented before (Rise-M-1742). The additional data collected

hare serve merely to reinforce those conclusions which are

1) That design and other human errors are responsible for a significant

number of failures and abnormal occurrences.

2) Bome "design error" type failures cannct be accounted for in tra-
ditional types of reliability analysis.

3) Improvement in particular component reliability performance, in
testing, and in standardisation, should be valuable in improving
plant reliability, because a small number of component types are
responsible for a large proportiorn of failures.

%) Myltiple failure incidents play an unexpectedly large role in
abnormal occurrences. Records of interrelationships between
failures would be & useful addition to failure statistics data
bases.

In addition to these .remarks, some conclusione can be offered concerning
the type of classification etudy attempted here.

It would be useful to obtain some standardization of the terme used in
classifying different types of failure, according to the way in which failures
reveal themselves, the plant state at she time of occurrence and/or diacovery,
and the triggering mechaniem of the failure. The classification used here is
self consistent, but is different from schemes used elsewhere.

The classification of primary causes of failure asecems acceptable, and
is simular to that use by the USAEC (e.g. OOE~0B001, 1974)., However the method
of ¢lassification used here, attridbuting a failure to a single class, or using
fractions to represent degree of responsibility for a particular cause, is
messy. Accepting that a failure may have several csuses, and that the per~
centages of failures due to different causes may total to more than look,
seems preferable, But if this method of classification is accepted, some defi-
nition must be made of how important and umusual an effect must be, before it
is accepted as a contributing cause of failure.

The classification of different failure into dary gories
was pot particularly successful, Often there was insufficient information in
the abnormal occurrence reports to make claseification precise, And the cat-

G b« A e

L ‘ i A
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egories used here often overlapped. The information in such classification

should not be used to derive percentages to which different causes are respon-

sible for failures. The information might be used to perforn clustering studies
s

with the hope of finding more clearly identifiable types of failure.
Uncertainty as to cause of failure should not be used as an excuse for

assigning two causes to a particular fajlure, Instead, if there are several

clearly alternative causes, this fact should be recorded explicitly (e.g.

A/B means either cause A or cause B is involved, C & D/E means either cause

C and E are together responsible, or cause E is responsible).
causes are unknown, should be recorded separately,

Failure for which
Orly in this way is it
possible to interpret the meaning of failure cause data.

A revised system of clasaifying different failuree according to event
sequences, ia given in appendix 1.
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Appeadix 1. Classification of failure events

‘ Classificatica of the different kind of failure events which can enter

into event sequences is useful and important, because it indicates the relevance

 of particular pieces of failure data to different reliability calculation models.
In fact, as reliability models become more complex, more complex failure classi-~
fications are required. The scheme introduced here is therefore just a particu-
1ar ‘example of a range of possible schemes which differ in level of detail.

-~ The first distinction is made between failuree which are caused by some
external event or process, and those which arise with no apparent caus: or for
which the failure cause is an inherent property of the component. This secind
group is the one which has been called "random component failure”" earlier in
this note. These are called spontanecus failures here. Examples are the normal
forme of bearing failure, relay contact failure etc., for which no specific cause
can be described, or wiich cannot be prevented in normal engineering practice.
Esamples of typical causes in the first group of failures are design and instal-

lation errors, extreme environmental conditions, misoperation by an operator etc.

A distinction which is equally important for obtaining a reliability model
of frilure consequences is whether the effects Zollow instantaneously from the
failure, or whether the effects are gradual (e.g. slow leakage of some valuable
material).

When components operate intermittently or only occasionally (such as safety
pystems) or with intermittent load (such as many pneumatic orhydraulic systems)
a third distinction becomes important - whether the effects of the failure remain
latent, or whether the consequences show themselves immediately. In the case of
a latent failure, a failure event occurs at some time. The component ie reduced
to & state in which it cannot operate according to specifications. When the
component is called upon to operate (the failure is triggered), a "failure to
operate’ occurs.

The definitions of the various failure types are illustrated in fig. 7.
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external cause
slow, continuing consequence

continuing failure c; d faili
! ause allures

external cause /

instantaneous consequence

instantaneous failure,

external cause

delayed consequence for plant

internal or "normal" cause
slow continuing consequence for plant

internal or "normal"” cause spontaneous

instantaneous consequence for plant failure

_—

latent failure

internal or "normal” cause

delayed consequences for plant

Fig. 7. Definitions of failure classes.

) For latent failures, the stage at which the failure ie discovered becomes
mportant, eepecially for systeme in which automatic continuous teating and
periodic testing is performed.

A latent failure may remain hidden due to the fact that the particular

type of etror is not exercized or-triggered by the test inpute applied. These
failures are called "untriggered”, Equally,

a failure may b
ite effects e st oo o

may not be indicated because the failure alarm outputs and test
Deasurements performed, are inadequate.
(Bee tig. 8),

These failures are called unmonitored.
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latent failure

Stage at vhich failure pheromeron occurs revealed automatically antriggered
unrevealed
unmonitored
kind of failure ] ]
imvolved contimous operation| during stand-by | on activation
revealed by test
i failure to
latent ——— lateat failure rate
untriggered in test
::i-].:e = bidden failures
= revealed by start up unmonitored ir test
imsediate failure in active misoperation
operation failure
Fig. 8 . Types of latent failure.
Actunl failures = hidden failures
+ failures in operation
+ active failures
Table 10, Terms used in describing latent and i di failure seq

+ misoperations, not under test

Finally, it is useful, in clageifying eultiple failure sequences, to
indicate whether a failure was initial (initiated the sequence), contributory
(independent, but triggered as a result of the initial failure, or increasing

the consequences of the initial failure), or consequent (caused by the initial
fadlure).
A useful distinction in judging the effectiveness of testing, is that

betwsen actual failures and failures fouod under test. For actual failures
consequences occur which affect the operation of the plant. The following
relation is true.
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117 A0 [Dec. 7 UR A jav ADJ 2 Y [L | R JC |vacuum breaker block
JAM valves jamming
135 jur by 7] un E {RT. CIR L {R | ¢ | Resistor overhested - burn
RE -+ broke - jammed timer
relay
138 Q0 Pun.7] pur M Ips, .00 L IR €
CS -*JA.T
139 Wan. 7} ACT PP 8§ |G |1 {cCollapsof package boiler
flue
140 Fun , 7) BUR Cc |PM. P 2 Y |L R [ C | water hammer/vibration
(of:] in core spray
148 g.7] ACT TX. OVF § |6 |C | Excess demand for rod
RD waste storage while tank
LU maintenance in progress
o2 R M XV, LK 8 G c
RE
RPS
1y * oP BUR M |xv LTAM Lt |r |c
8 .01
g.17 BUR M . TAM L R |C |Dump tank (CR, water hold up)
R, level alarm relay binding
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4 oF puRr D 5 |RT. CIR ¥ L 2 A o Same as earlier relay
"E. failure - see 5°-217-11%
RHR
5 Sp SL'RM ja} 1 IMS T LK % L R o Same as earlier MSIV
LK leakage
5 HOP JACT 0 JMSIN AN L P 7 Failare to equalise pressure
BRK across valves » | breakage
~ linkage brak - failiure to
ACT D,P ] N MV, LK~ A N L G [2g close oll ieak to motpr «
RHR FTRY S Ll:;rn cut
G? Hyd L Led to water hammer
ACT I,n ieP. BRK s I 1 Air supply pipe rupture -
A S loss of air = scrams -
manual scram
Other compresser could
take over only after manual
valve closed
? ICO BI.K s G I Blockage of concentrator
R + plant outage +
[TK. s Excess activity in tank
{RW
D L Lack of spare concentrator
159 6 Pec.7} SUR SW b4 2 L R < Empty fuel oil tank due to
ACT PM pump switch problem
T K. (JEN CI
cC M
Added toc check list
P L
o] L New annunciator added
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Failure 3/4" vent line -
orderly shut down

Due to poor pipe hanger
installation, pipe hanger
extra needed

LOCA .
Failure to insert fully-
neal leakage

Shut down generator 1 &
core spray 2

New procedure
Loss of buss power

Extra circuitry to prevent
problem

Extra tagging procedure

Many plant subway terms
but power

Operator removed 125 v §
DC power -+ load drop

Peedwater pump scoop tube
jammed
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Reliay overheating

Rubber expansion joint
broke on pump start

95V ieakage again

Turhine cooling water tower
temp. switch iost its jas
charde

Outside waste tank again -
high activity

Loose nut - loss of torque
in torque tube of PS

Containment spray pump
circuit hreaker
open circuit 7 dire

Added to check procedures

Failure of containment
isolaticn condensers

Hissing snubber - full
scale reading - sticking

+ motor valve too tight
on seat
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L] 1 } Operator opened door of
relay cabinet - scram

L 2 < Electromatic relief valve
failed to reseat (?vhy did
it open) see below

LOCA

4}l v L Rroken parts on 4 relief
valves

¢
"

L R} C| Missing parts problem

L RjcC Mode switch hroken,
prevented switch to start
up mode = MSIV closure

L} R C] msSIV fajiled to close

L Pailure of isolatinn
condenser, condensate
return valve to open
L] 2] C} Stock gas sample line
{frose

] Pefsonnel overexposure
in clesn up after blow=
down

¥

Failed open circuit
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jTAM 5 B -] rrde pin for sclennid

cockel, jammed - remade
with sironger weld

L ¥ 3 I I Thromated water leaked from
*vick rank valve ~ radio-
xceivity release

5 W &3 s bt I Vacuun reliefl valve leak
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Light ning wrecked
transformer -no fuel
transfer pump

Dash pot sesl leak -
timing error

Leak - 5 gpm see LOCA

Shock absorber seal failure

Excess radicactivity in
outside waste tank again

Moth power busses out
- getting of transfer relay

Roth generators out
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320 M- ACT ? . - L R| ¢ New condensate return
0 . valve
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k¥ 3= SUR D s BSL. LK Y j21 Yl L RI| ¢ Spubber seals again
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336 ho pet.73 9 SUR ¢ In bs. TR | rR| c
DS
SUR 7 STY W L R C See above
SUR ? . L R C
R
338 SUR D s, LK vyl 2l v] | rR| c| 2 more Ms1v's leaking -
L but this time through
stem packing
7 8 Pet.7) ACT 0 P s 1 I
349 pi- 0 fo Adjustrjent Bf ppwer s} I C
6 0o e trifbs - S Il c
o] 2] caliulation] incprregt 5 1 C
r 0 0 S 1 C
P Q L R Cc
| >
! wol o
oo MR
, Alelali) s :
# X s a o I E g . ; v
b+ ! = Sletia bl {
i 7 : HL PG 115 i
gg 533 Eq = i ;i' E 2 5 - 3 “.r ] - 12 af 20
= ] A |n a 571 5 53181]=% i TN | B RN SIS K AR i) it
339 pO Pet.73 SUR c, In E Ejm 5 tlr
132 0 pet.73 ACT M %y LK G Radiatiorn release, closed
| Fu cooling wat: r system leak
: 14,501 gal,
U L
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346 o 9 SUR s B b.x 1 Rergen Patterson
arrestor again
363 P3- pec.73l 9 SUR 8. brifk ytealvyinlric
0 PS
355 P4~ [ln.ﬁ 9 SUR s, briflt vyl2jY|LIR}|C
2
366 pia~-1pan.d (9 SUR c,{o Pps. DrifF vidtYy|LIlIR}C
D, AD.J
367 Pp4-3pan.13}9 SUR s LH L | R| ¢ | Bergen Patterson
snubber aqgain
168 J4-5 9 rSUR M HsSIV] LK L | R} ¢ ] vValve packing back again
as Sep. 71
369 F4-6pan.22}9 ACT 1 kne L | Rjc{ Operator user too much
5 02 NN2 - misijudged amount
left - deltivery :late
370 fs-7 9 IACT Sa br L £ Lirn|c
PS
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178 ACT I . 1 Loss of DC power
pC
179 SUR i . BTX C Overtravel - pr, transient
STV pIRY
30 ACT . D1t 1
rs.
85 SUR Q . c poer sddered contact
s JACT C I. ‘P C
E.
R
1% ACT o PpP. ‘mx ¢ Radioactivity release after
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400 SUR ? I. hrif] C
AR i
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o~ Asj for 1, 74-p, | 7440
12 s
425 J4- pab.18] 9 IACT niIe L Cleanup system isolation
¥] | valve inoperatable
l ? V. M - Manpual trip 'blunder’
failed to -~lose
428 ¥4~ Mar.7 |9 |Isp JACT ? LW. L C | Loas of electrical power
L7 CR. on twn husges
E P
129 |4~ par.0 |9 D |s PBH vy171yY}|L c | As 74-3
8
130 4~ Par.9 ]9 IACT D 7?7 BG. ST L o Gauge sticking -
9 L
o] (o] s C mitted to check rercorder
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Li SURT I} {sL. LK b 4 Y JL Leaking because seal
4 MSIY was cut to install,
tnstead of dismantiing
ACT) ? Xv. 5 Rvpass valve open
PG
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SUR D 5 |FSs. [Crif v 2 Y L
RHR
SUR ? LS [LK b4 2 b4 L
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ACT o 0 L. S Omitted to measure
S off gas filter activity
< PH, L Fmergency Service water
F.SW pump failed ko operate
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500 j74- May 10 JIRP | SUR M ﬁ:s. prig L
509 130 | 14 t
505 4= May 10 |IrF |sUR L [TI. TN Yyl 2] vl 7 seconds extra delay
3 21 LADS on ADS
508 4~ Pay 10 HRF }SUR rs, CIR L Merchoid pressure cwitch
2121 Ics failed cpen
511 4~ 10 Bergen Mattdrsor Y 2 Y L
b 4
512 D4- pay 10 iRP IPEN LK S Leakage in instrument
548 P4 28 penetration (LOCA~minar)
(0.02 gal/nr.)
520 Pay 10 Jisu jACT Pod, s, Yyid 2 v} Reset trip point
25 0 CS
Several switches on one
alarm
Nparator did not reset
529 D4-bul.s |10 ||su |sur s Ps . viaelvl Barksdale switches,
5 p15 T As 74-)
530 P4~ puly {10 [Jlor [sur 8 ps, L Another Rarksdale
6 5 awitch
543 puly | 10 SUR 0 . v 21 Y| o Activation of main line
4 drain tsnlation ralves
amittad




2
w o ’ ; =
> N EN P Il
- AR e
: e = s o . . . e
S ETY ) = L R ERER
fun el 212 2121213
: ' ~ o : sls 121
g 8 |7 S A S -2 BN 17 af 20
S48 }74- 10 Barksdale switches
i »” again. As 74-1
552 {74~ R dPa er in
40 10 # *‘
357 ] M«fJuly 10 s |uv TN New activation desian on
Wi MSIY these valves
358 Jr4-jaury |10 su z |es. orife
3 14 ADS
£59% 1M=jJuly |10 su s Barksdale switches again
41 19 as 74-1
560 |74=-]July |10 Ditto
42 1 2%
B 11 Aug.8110 Ach M.
RPS
566 [74=]aug.9|10 74-]1 B#rkmlale swifche
£ 1]
568 [74-jAug.2§10
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$82 {74«}jAug. |10 504 S, jvv. JAM L ¢ | Teflon ‘growth' in
46 26 u |c hinge
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596 (74-{Sep. |[l0 A.C'q s i Scram - load rejection
48 ] 25
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