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Abstract. The report describes a set of categories for reporting
industrial incidents and events involving human malfunction.

The classification system aims at ensuring information adequate
for impr~vement of human work situations and man-machine inter-
face systems and for attempts to quantify "human error" rates.

The classification system has a multifacetted non-hierarchical
structure and its compatibility with Ispra's ERDS classifica-
tion is described. The collection of the information in general
and for quantification purposes are discussed. 24 categories,
12 of which being human factors oriented, are listed with their
respective subcategories, and comments are given.

Underlying models of human data processes and their typicel
malfunctions and of a human decision sequence are described.
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INTRODUCTION

The present note is prepared to support a discussion on a set

of categories which can be used in industrial incident and event
reports to ensure collection of adequate information for improve-
ment of human work situations and man-machine interface systers
as w2il as for attempts to quantify "human error” rates.

Discussion of taxonomies to describe human tasks, performance
and errors seems to be an everlasting activity among human factors
specialists and the field is not very attractive after several
not too successful attempts. However, if one wishes to quantify
human errors, one has to identify and define the items one wants
to count or measure and unless the development of modern man-
-machine interfaces should be controlled by piecemeal remedies
after spectacular man-machine misfits -~ such as e.g. TMI - it

is necessary to use models of human performance and define cate-
gories of problems. The basic issue is, prcbably, that one has
to accept that the structure and members of a proper taxonomy
depend very much on the intended use and the specific aspects

of the work situation. One important presert aspect is the rapid
change in level cof automation and in desigi of interface caused
by modern information tachnology. Consequently, human work situ-
ation changes and the taxonomy used must te helpful for transfer
of empirical data to new task designs.

The structure of the taxonomy

To be able to quantify the frequency of inappropriate human acts
in a meaningful way, it is necessary to separate cases of intrin-
sic human variability and spontaneous human errors from cases

of psychologically normal human rea:tions to external events

or changes in the work situation. "his means that a simple classi-
fication of human errors with reference to the task sequence

in terms of omission, commission, timing errors etc. is not ade-
quate. Careful efforts should be spent to identify potential
external causes with reference co categories which allow estimates
of frequencies in another particular situation.
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To serve as a basis for more error tolerant task and equipment
design, more f{undamental understanding of human malfunction in
industrial work situations is needed. Event reports are an extreme-
ly valuable data source for such research, but for this purpose
it *s important to use a taxonomy whizh serve to represent the
circumstances preceding and succeeding the event of human mal-
function and the relation to the human task, and maintain this
information in the data recorded. This leads to a multifacetted
descriptior of the human involvement in system failures as shown
in Figure 1, rather than a classical, heirarchical and exclusive
classification system.

The structure of this taxonomy is more important than the detailed
classes related to the different facets. Some of these will depend
on the specific system in question; others are preliminary classes
which should be refined by future data coilection and analysis.
Therefore, free text comments and descriptions in the reports

are necessary and the facets used in the present taxonomy can
serve to indicate the type of information needed.

Emphasis has been given to obtain compatibility between the human
malfunction taxonomy and the taxonomy of the European Reliability
Data System under development at ISPRA (Mancini et al. 1979).

The combination of the taxonomies is described in the following.



DERSONNEL TA3K

PERFORMANCE SHAPING FACTORS

SITUATION FACTOR3

- Subjective goals and intentions

- Task characterislics
- Physical environment
- Work time characteristics

- Fabrication
- Installatjon
- Inspecticn

- Operation

- Mental load, resocurces

- Affective factors
MECHANISMS OF HUMAN HALFUNCTION
- Discrimination
. atereotype fixation
« familiar short-cut
. stereotype take-over
familiar pattern not
recognized
- Input information processing
. information not raceived
. misinterpretation
« assumption

CAUSES OF HUMAN MALFUNCTION
- External

eveats
" {distraction, etc.)
~ Excessive %ask demand
(force, time, Mnowledge, etc.)
- Operator incapacitated
(sickness, etc.)
- Intrinsic human variability

- Pecall
« forget isolated act
. mistake alternatives
. other slip of memory
- Inference
. condition or side effect
not considered
Physical coordinatisan
. motor variability
. spatial misurientation

- Maintenance,
- Logistics

- Management

N

¥

INTERNAL HUMAN nQL[gnLTlON
- Dataclion
- ldentification
- Decision
. Select gcal
. select target
. select task
- Action
. procedure
.. exacution

« communicution

Figure 1.
malfunction.

Multifacetted taxonomy for description and analysis of events

= Zquipment design
- Procedure desigr

- Test and calibration

- Adeinistration

repair

lIlFNAL HODF OF MALYUNCTIuR l

« Specified Lask net perfi.rmcd i

., omission of aet
+ inaccurate performance
. Wreng timing
- Commission of arronwous
~ Comminsicn of eatrenvous ack

ant

- Sneak-path, s-_idenlua)
of sevaral events or fsuailty

Ciming

involving human



Collection of data, general

The means of data collection are tightly coupled to the taxonomy
and its purpose: They should together constitute a good compromise
between 'he following requirements:

-~ The reporting procedure shnuld not be too 4ifficult or regquire
special insight {(e.g. in human factors) in excess of what
is reasonable from the people invoived in reporting.

- The information reported should be covering and unambiguous
with respect to its intended use.

It is foreseen that a good compromise can be developed only by

an iterative process: the experiences from the practical event

reporting and use of the information collectedi can be expected

to lead to changes of both the reporting procedure and the tax-
onomy .

The above will be discussed more detailed in the following, refer-
ring to Figure 2, where the categories of the taxonomy are re-
lated to their use for event reporting and for analysis.

In order to facilitate event recording, preprinted forms will
be used for categories, where reporting can be done in-plant
by filling in such forms like checklists. At the outset the follo-
wing categories are considered suitable for this kind of report-
ing:
- PLANT:

PLANT IDENTIFICATION

DATA SYSTEM IDENTIFICATION
- EVENT ANALYSIS:

EVENT DETECTION

PLANT STATE

SYSTEMS AND COMPONENTS AFFECTED

CONSEQUENCES OF THE EVENT

RECOVERY SITUATION
- COMPONENT RELIABILITY DATA SYSTEM:

MODES OF FAILURE

CAUSES OF FAILURE

ACTIONS TAKEN
- HUMAN SYSTEM:

PERSONNEL IDENTIFICATION

PERSONNEL LOCATION



PLANT

A PLANT [DENTIFICATION
B DATA SYSTEM IDENTIFICATION

EVENT ANALYSIS

C FREE TEXT EVENT DESCRIPTION
D EVENT DETECTION
E PLANT STATE
sYSTEMS (F) AND compoNeENTs (n)|
AFFECTED
G CONSEQUENCES OF THE EVENT
U RECOVERY SITUATION

¥ N

HUMAN FACTGRS DATA

| H COMPONENT RELIABILITY

| DATA SYSTEM HUMAN SYSTEM:

| HM MODES OF FAILURE
| HC CAUSES OF FAILURE"
| HA ACTIONS TAKEN

PERSONNEL [DENTIFICATION
PERSONNEL LOCATION

PERSONNEL TASK

EXTERNAL MODE OF MALFUNCTION
POTENTIAL FOR SELF-CORRECTION
FILLING-IN SITUATION FACTORS

PREPRINTED FORMS HA ACTIONS TAKEN

RECOMMENDATIONS AND COMMENTS
DATA COLLECTION BY

’ .
SPECIALISTS’ ANALYSIS, HF SPECIALISTS ANALYSIS:
IN=-PLANT INTERVIEWS ETC,

v Z X C

INTERNAL HUMAN MALFUNCTION
CAUSES OF HUMAN MALFUNCTION
MECHANISMS OF HUMAN MALFUNCTION
PERFORMANCE SHAPING FACTORS

HA ACTIONS TAKEN

RECOMMENDATIONS AND COMMENTS

- v VO

SPECIALISTS’ ANALYSIS,
PRESELECTED TASK TYPES QUANTIFICATION

Figure 2: Use of human malfunction taxonomy.
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PERSONNEL TASK

EXTERNAL MODE OF MALFUNCTION
POTENTIAL FOR SELF-CORRECTION
SITUATION FACTORS

ACTIONS TAKEN

The preprinted forms and examples of their use are presented
in the document SINDOC (81)15.

FREE TEXT EVENT DESCRIPTION is intended for a short general de-
scription, abt. 10 lines of text.

The category U: RECOVERY SITUATION has been reserved for the
purpose of characterizing the short term remedies applied in
order to cope with a particular event. This category should be
distinguished from categories HA: COMPONENTS: ACTIONS TAKEN and
HA: ACTIONS TAKEN describing the long term remedies applied.

RECOVERY SITUATION has not yet been provided with subcategories
and will not be discussed further in this report.

The categories SYSTEMS AND COMPONENTS AFFECTED are intended for
characterization of both technical failures and human malfunctions.
In case of a technical failure the classification thereafter

will continue in the COMPONENT RELIABILITY DATA SYSTEM indicated
by H in figure 2, specifying MODES and CAUSES C:- FAILURE and
ACTIONS TAKEN. In case of a human malfunction, SYSTEMS AND COM-
PONENTS AFFECTED will specify the physical contact/interface
between the technical system and the human activity, as explained
later in the comments given to this category.

The RECOMMENDATIONS AND COMMENTS under HUMAN FACTORS DATA are
intended for supplementary information for the categories under
HUMAN SYSTEM and, particularly, for supporting the more subtle
classification under the categories:

- HF SPECIALISTS' ANALYSIS:
INTERNAL HUMAN MALFUNCTION
CAUSES OF HUMAN MALFUNCTION
MECHANISMS OF HUMAN MALFUNCTION
PERFORMANCE SHAPING FACTORS
ACTIONS TAKEN ‘

The classification of:these categories is considered to need
human factors specialists’ analysis, at least in the beginning,
and also will involve'e.g. in-plant interviews.
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As indicateqg in Figure 2, the sategories under PLAXT and EVENT
ANALYSIS are expected to B¢ ¢ommon to the component reiiabilic*y
data system under development at ISPRA (Mancini et al. 1%79)
and the taxonomy 2.scussed in this report.

In case of events involving several subevents, &.g. component
failure and human malfunction or several human malfunctions,

the free text descriptica and the three categories A, 83 and O
could be common to the sibevents, these being thereafler classi-
fied as Independent events.

Collection of data for quantification

When data collection is planned for quantification of human error
rates special categories of information must be derived from
task analysis.

- "LDenominator” information sust be faund, {.e. the frequency
of opportunity for the relevant categories of human aalfunc-
tion. For some spontareous human errors this fregquency is
relatec to the task frequency; for malfunctions with external
causes the relation to task frequancy is more complex and
the task frequency can only be used as denominator for esti-
mation of errcr rates in work situations very similar to those
of the plant serving as data source.

- Recovery factors: for use in quantification of human malfunc-
tion, features of the work situation related o the potential
for detection of errors by the person himself is very important
and shculd be emphasized in the task analysis aiming at deno-
minators.
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A PLANT IDENTIFICATION

Al Power reactors:

Al.1 BWR

Al.2 PWR

Al.3 Gascocoled reactors, AGR, Magnox

Al.4 Fast breeder reactors

Al.5 Heavy water reactors

A2 Research reactors

A3 Other. Fuel manufacturing and reprocessing, transport
etc.

Comments

In a data retrieval system extended to more industrial branches
than that of nuclear power, the specific branches could be typi-
fied according to existing proven indexing systems.
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DATA SYSTEM IDENTIFICATION

Comments
The content of this category, having not yet been worked out

in details, should include descriptors characterizing items such

as:

Identification code for the data system in relation to other
corresponding data systems.

Whether or not the event is comprising several subevents.
Individual code numbers for the reported event and subevents,
if any, also covering follow--up or supplementary information
reported after the preliminary event report.

Date of event occurrence and date of report.

Individual code number for the power station unit {(reactor)
involved.
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D EVENT DETECTION
D1 Announced by automatic alarm
D2 During maintenance:
D2.1 Planned/preventive
D2.2 Repair/modification
D3 During test or special inspection
D4 During operational activities
(excluding automatic alarm announcing):
D4.1 Preparatory activities
D4.2 When calling system into operation
D4.3 Routine surveillance during operation
D4.4 Other not covered above
DS During management activities:
D5.1 Review of log, recorder charts
D5.2 Other
D6 Malfuncticn "seen, found" without further specification
D7 Not stated, not applicable
Comments

Event detecticn, i.e. information regarding the way the abnor-

mality was detected, is important to judge the role and quality
of the various measures to monitor the operational state of the

system. The infcormation also makes it possible to estimate the

time interval from different categories of technical faults and
inappropriate human acts to their detection.
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E PLANT STATE
El Under corstruction
E2 Preoperational, startup or power ascension tests

(in progress)

E3 Routine startup operations

E4 Routine shutdown operations

ES Steady state operation

E6 Stretch-out operation

E7 Load changes during routine power operation

E8 Shutdown (hot or cold) except refueling

E9 Refueling

E10 Other (including special tests, emergency shutdown
operations, etc.)

El1 Not applicable, not stated

Comments

The plant state should refer to the occurrence of the malfunc-
tion. (The recognition of the malfunction is classified under
the category: EVENT DETECTION).
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SYSTEMS (F) AND COMPONENTS (H) AFFEZCTED

F _Systems
FA - NUCLEAR ZZEAT STSTEM

FAal Reactar C3dre System

A2 - Reactor Vessel Zguipmert

FA3 - Primacy Coolant System (PWR)
FA4 - Pressurizing Systemm (PWR)

FA5 - Steam Cenerator System (PWR)
FAé - Recireulating Water System (2WR)
FAT « Coolant System (BW2)

FA8 - Control Rod System (PWR

FA9 - Conirol Roé System (3WR)

F3 - ENGINZZ2Z22 Sa5ZTY TZATUR=S

..‘

F3! - Rezc:o:- Contaimment Sys:e
FB2 - meac:or Culiaiim..ens Jr3tis
F33 - Comtainrmant Spray System
FB3+ - Cozmaizmment lesnlation System
F35 - Comnainmen: Pressure Suppression Sysitem (3WE)
F3n - Prasgsure Jelef System (PW3)

=7 - Hydrogen Vianring Seerem

T8 - Post-Accidaz: Comfainment Atmiszkere Mixing Syszem
F2¢ - Containmezn: Gas Control oystem
F21.0 - Auxiliary Teedwater System (PW3)
F31li - Reactor Core Zsolation Cooling System (3WR)
F3l2 - Zmergexcy Boration System (PWR)
F3:13 - Stapd-bv Licuié Control System (SWR
F3i+4 - Residual Zeat Pemova. System (PWR)
F315 - Residua. Zea: Removai Svstemn (3WR)
F3l6 - High Pressure Coolant Izjection System (PWR)
F3.7 - Accumlasion System /PWR)
F313 - Low Pressure Coolant In/ection System [PWR)
FBL19 - Nuclear Soiler Overpresesuse Protection System (BWR)
F320 - High Pressure Core Spray System (BWR)
F321 - High Pressure Coolant Iajecrion System (3WR)
F322 - Low Pressure Core Spray Sys:e=: (BWR)
F323 - Low Pressure Coolaat Injection System (3WR)

d

‘J

FC - 2ZACTOR AUXILIARY SYSTEM

FC! - Chemical and Volume Control System (PWR)
FC2 - Reactor Water Cleanup Sysiem (2WR)

FC3 - 3oron Recovery System (PWR)

FC4 - Reactor Treated Water Storage System (PWR)



- 17 =

FC5 - Primary Comporeat Cooling Water System

FC6 - Control Rod Drive Cooling Water System (PWR)
EC7 - Primary Loads Service Water System

FC8 - Ultimate Hea: Sink System . -
FC% - Refueling Water System

FClQ - Reactor Wate: Storage System (3WR)

FCll - Radwasta Cooling Water System

FC12 - Safery Equipment Compressed Air System

FCl3 - Nuclear System Fire Protection System

FCl4 - Hydrogen, Oxygen, Nitroger Cas Distribution System
FClS5 - Nuclear System Building Servicing Zquipmant

FD - FUEL STORAGE AND HANDLING SYSTEM |

FD1l < Fuel Storage aad Hazdling Equipment
FD2 - Spent Fuzel Pool Cooling and Cleanu) Syszam
FD31 . Coztainment Pool Cooling and Cleazup Sysstem (3WR)

FE « RADICACTIVE WASTE MANACEMENT STSTZM

FEl - Liguid Racdwaste System

FE2 - Solid Radwaste System

FE1 - Gaseous Racwaste System (PW2)

FE4 - Gaseous Radwaste Syszem (3WR)

FE5 - Zguipre=z: and Zloor Drairage System

FZo - Recovared "Valer Storage and Distritusion Svstem
FZ7 - Stear~ Ceazrazor Slowdown System [PWR)

T -« STEAM AND FOWZ R CONVERSION SYSTEM

! <« Main Steam System .
2 - Turbine Systermn

L] e enimg Qrtavemn € etime Coentaem

2 TosSize Steam Sizling Svystam

- Main Condenser System
- Yen-CindenzaRls Cuvez
Turdbize Bypass System
- Steam Ex:raction System
Condensate and Feedwater System

Moisture Separators, Reheaters System

z Moisture Separators, Reheaters Drain Syitem
FFll « Heaters Dra:ia and Vents System

FF12 - Various Thermal Cycle Drains and Vents System
FFLl3} - Chemical Addizive Injection System

FFl4 « Conde=sare Deminaralizar Svitem

FFl5 « Circulating Water Svstem (oper cvcle)

FTlo - Cirgulating Wastes Syzvem /ninzcd cyele)

FF17 - Circulating Water Treatmen: Systemn
FFl8 - Cooling Towers System

~) O W ol
)

an
]

REEEREREE:

—
o
»
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FG2
FG3
FG+
FC5
FGé

FH -
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FIt

F2

Flt
-5
Fis
FI7
8
F=°
FIi0
F..!
FZl2
1.3
Fl4
FIl5
297

FL - PROT

FL.!
F.2
FL2
Fl.é
FL5

- Generator System

Main 3us Duct Syster

Main Trazsiormers Syster
Auxiliary Transiormers Svstem
Basclk-up Awviliary Traasistmer
Switchyard to Station ZH. V, Conzecsion

- Q.-

3 sam

]

ELECTRIC POWER SYSTEM

~ Mecium Voltage System

- Low Volage System

- Vizal Iestrument azd Computer A.C. System
- Cn-Site D.C. System '
- Diesel Generator System

- Zlactrical Hear Tracing Svstexm

- Tighring and Taixecd Motive Pewer System

- Security System

- Communicazion Sysiem

- Catkeodic Protection Sviterm

- Groundizg Systern

.o we
-— -

ek~

ATMENTATION, SUPERVISION, MONITQORINC SYSTEM

Cormzutay Svstem

clarm Syetam
- Main Control Room Senckboards Sys:sm
- I2-Core anc Zx-Core Neutrcon Monitoring Systex=

Radigtior Monitoring Syster

v

eax Deteciion System

Failed Tuel Detection Syetem {PWR)

Main Steam Line Radiatzionz Monitoring System
Hydroges Monitoring System (3WR)

Cil-Site Racdiologica. Mozitoring System
Seismic Monitoring Sys:em

Mezsorological Monitoring System

Sampling System

Perturbograrchic System

Cooling Water Temperatize Moritoring System

Centainmens

(SWR)

ZCTON AND CONTROL SYST=ZM

n my
- aae

- Reactor Proseciion Syst
230P Protecsion System
Engizeered Safety Features Accuation Sys
- Reactor Power Contra, System (PW2)
Reacor Power Control Syszem (2WR)

- e

P22

Reaczor Coolant Pressure Souncdary Leax Detection System
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- Recirculation Flow Cortro! System (3WR)
- Feedwater Conzroi System (3WR

- Pressure Ragulator System (3WRX)

- Turbine Control System

- Remote Shutdown System

- Remote Contzol Logic System

FM - PLANT BUILDINGS HVAC SYSTEM

FMIL
FM2
FM3
FM4
FMS5
FM6
FMT
FMS
FM9
FM!Q
FM:
Fmi2
FM:3
FMis
FMI13
FMlé
FM!T -
FM!8
FMBIIT -
FM20
M2l
FMm22
FM23
FM24
FM25
F\M24A
FM27

i1 - Peactor Auxiliazy Building

- Containmernt Recizculation Air Cooling System

- Containment Air Purification aad Clzanud System (PWR)

- Drywell Recirculation Air Cooling System (BWQ)

- Containment Purge System

- Containmer? Low Purge and Prsssure Control System (3'VR)

- Drywell Puzge System (BWR)

- Contairmant Pressure Relief System (PWR)

- Anulus Recircularion and Exbaust Systex

e In-Core [nstrumentation P:zrge Sysiem

- Control Rod Drive Mechazism Cooling System (PWZE)

HVAC System

- Conzrol Room 3uilding HYVAC System

« Fzel Building ZVAC System

- Emergency Diesel Generator 3uilding ZVAC Syscex

- Radwaste Building ZVALC Sys:am

- Solid Waste Storage EVAC Systex=
EST Vaults BEVAC System

- Conirolled Area Service Building EVAC Syszen:
Ulitimate Sizk Structure ¥VALC Syzeam

- Main Pine C=ase HVAC System

- Interhriléings Corridors azd Tunneis EVAC System

- Auxiliary Teedwater Pumps Chase HVAC System (PWR)

- Plan” Stack a=d Vent Air Discharge System

« Tirtine Biléing YVAC Srstem (PWR)

2zbine Building HVAC System (3WR)

- Man-Zssential Switchgear Building EVAC System

- Ceneral Sesvice Building HVAC System '

s

FN - SERVICE AUXILIARY SYSTEM

FN!
FN2
FN3
FN4
FN5
FN6
FNT
FN3
FNO
FN10

- Service Warer System

- BCP Cooiing Water System

- Cailled WVaser System

De:mmineralized Water Production ané Distridbusion System
« Raw Water Maxe-yp System

« Pratreazed Water Digtribuzion System

- Potab'e and Sanitary Water Sysiém

- Auxiliary Steam and Hot Water System

- Auwddliiary 3oiler

- Non-Racicacrive Waste Treatmen? Systsm
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FNLL

FN12 - 80P Sa....:a..-.g Syszex
FNL3 - I=dustrial Water Svstam
FX14 - Diaparagm 3ailing Svsiem
FN15 - BOP Fire Tighzizg Systam
FX16 - Service Squipment System

FO - STRUCTTRAL STSTINS

FOl - Reactor Auxiliary Building
FQ2 - Fue! Storage Building

FO3 - Turbize, Condersate Treatmen: an

FCs& - EST Vaul:s

FQ35 - Radwaste Treatmazn: 3uilding and
»

FC6 - Sol:éd Waste Storagz

FO~ - Zanzzs! Foor 3uil

FC8 - Zmecgency Diesel
el Storazs

FoQe . Ulimate Zeat 5_"_< Szruzcture

F2L0 - Consroiled Area i

FQl. - Cizculating Wz

- Sexvice ard mstrummern ZTomzressad Alr System

Zeataer 3ay Bullding

anme-ator Suildings 2nd Dieszt

FQOL2 « Mizcallaneo:s Szac-ed 3u2ildinge and Strectura,

H Components

Hl ANNUCIATOR MCDULES

H1A  audio
H1B Visual
“HI1C Audio/Visual

H2 MECHANICAL FUNCTICN UNITS

H2A  Contro.ler/Governor
H2B Coupling
H2C  Pover Transmission Device

H3 PENETRATICNS, PRIMARY CONTAINMENT

H3A  Personnel Access
H3B  pyel Handling
H3C  Equipment Aaess
H3D Electrical

H3E  Instrument Line
H3F  Process Piping

0
O



H4 RSCCHMEINERS
H4A  Flame
H4B  Catalyrtic
H4C Thermal

*H5 RELAYS

H6 SHCCK SUFRESSORS/SUPPCRT

H6A  Hangers
H6B  Supports
H6C  Stabilizers
H6D  snubbers

H7 GENERATCRS

H7A Alternator

H7B Converter
H7C Cymamotor
H7D Generator

H7E  Amplidyne
H7F Inverter

H8 FUEL ELEMENTS

H9 VESSELS

H39A Reactor Vessel

H9B Pressurizer Vessel
H9C Containment/Drywvell
H9D Pressure Suppression

HIOBATTERIES

H10A Lead
H10B Nickel Cadamium
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Hi1

H11lA
H11B
H11C
H11D
H11E
H11F

H12

H12A

H12B

HiaC
H12D

H12E

H13

Hi4

H14A

Hi4B
H14C

H15%

H15A
H158

H15C
H15D
H15E

H16

H16A

H16B °

H16C
H16D
H16E
H16F
H16G
H16H
H16J

CIRCUIT Cl CSER/INTERRUPTERS

Circuit Breaker
Centroctor
Controller
Starter

Switch
Switchgear

ELECTRICAL COMDUCTORS

Bus

Control Cable
Powver Cable
Signal Cable

Thermocouple Extension Vire

CONTROL RODS

HEATERS

Electric

Fuel 0i{1
Gas

BLCWERS

Compressor
Gas Circulator
Fan

Ventilator
vacuum

HEAT EXCHANGERS

Heater/Superheater
Beciler

Cooler

condensel
Evaporator

Steam Generator
Heater/Cooler
Desuperheater
Reheater
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H17 CHAwruE,/LiSCHARGE MACHINE

Hi8 DEMINERALIZERS

H18A Anion
H18B Mixed Bed
H18C Cation

H19 CONTRCL ROD DRIVE MECHANISM

H20 PUMPS

H20A Axial

H20B Centrifugal
H20C Diaphragm

H20D Gear

H20E Reciprocating
H20F Radial

H20G Rotary

H20H Vane Type

H20J Eiectromagnetic
H20K Jet

H21 TRANSFORMER

H21A Fower

H21B Voltage

H21C Current

H21D Variable

H21E Isolation

H21F  Power Step-up
H21G Pover Step-Down

H22 ELECTRIC BCARDS/PANELS

H23 TUREINES

H23A Ccendensing
H23B Noncondensing
H23C Comhustion
H23D Hydro

H23E Air

H24

™

H24A
H24B
H24C
H24D
H24E
H24F
H24G

H25

H25A
H25B
H25C

H25D
H25E
H25F
H25G

H25H
H25J

H26

H26A
H26B
H26C
H26D
H26E
H26F

H27

H27A
H27B
H27C
H27D
H27E
H27F
H27G
H27H

PIPES, FITTINGS

Orifice/Diaphragm
Nozzle/Safe End
Rupture Diaphragm
Straight Section
Thermowell

Mivers .
Meters (Flow)

FILTER/STRAINERS

Membrane A
Mechanical Restriction
Porous Solid

Chemical
Gravity
Centrifugal

Electrostatic

Self-Clean
Drum

DIESEL-GENERATCR {(SETS)

2-Stroke in Line
2-Stroke "V"
4-stroke in Line
4-5troke "V"
2-Stroke Radial
4-Stroke Radial

SEnochd/incTRe AND CONTROL

Vibration

Position

Pressure

Flowv

Temperature
Level/Frequency
Neutronic

Nuclear (Radioprot,)
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28A
28B
28C

29
30

30A
\30B
30C
30D
‘30E
30F
306G

MCTCRS
Electric
Hydraulic
Pneumatic

VALVES

VALVE CPERATCRS

Electric Motor

Hydraulic
Pneumat./Diaphragm/Cylinder
Solenoid '

Float

Explosive
Mechanical (Pressure)

Comments
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H31

H31A

H32

H33

H34

H34A
H34B
H34C

H3S

RECTIFIERS

Charger

CONTAINMINT IMTEPN, STRUCTURE

FUEL TRANSFERT DEVICE

ACCUMULATORS

Liquid Pressurized
I.imid Unpressurized
Gas

AIR/GAS DRYERS

The categories SYSTEMS AND COMPONENTS AFFECTED are including
rather detailed subclasses since this part of the taxonomy is
intended to cover technical failures as well as human malfunctions.
When backtracking to find the cause of an abnormal event, a
technical failure may be identified and localised in terms of

systems and components affected.

If no technical fault is iden-

tified, we have a case of human malfunction and the categories

then specify the physical contact/interface between the technical
system and the human activity. It may be identified as the last
technical item found when backtracking the cause of the event.
Component identification is considered important for the analysis
of malfunctions in test, calibration and maintenance, however,

a very detaiied classification not being necessary.
Correlation/compatibility with other (international) classification

systems should be emphasized, therefore,

the ISPRA classifica-

tions developed/under development are adopted. These classifi-
cations are intended for use in the ISPRA Component Event Data

‘Bank, see Mancini et al.

1979.
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HM COMPONENTS: MODE OF FAILURE

HM1 Demanded change of state is not achieved~=

HM1.1 won't open

HM1.2 won't close

HM1.3 neither opens nor closes/does not switch

HM1.4 fails to start

HM1.S5 fails to stop

HM1.6 fails to reach design specifications

HM2 Change in conditions (state)

HM2.1 Classification as for suddenness and Jlegree:

HM2.1.1 catastrophic failure

HM2.1.2 incipient fajlure

HMZ2.2 Classification as for observed state of the com-
ponent:

HM2.2.1 no output

HM2.2.2 outside specifications **

HM2.2.3 operation without request

HM2.2.4 erratic output (false, oscillating, instability,

drifting etc.

» The definitions are of general nature and have to
be properly inter; reted for the varicus items.

i Including failure of item part found and repaired
during preventive maintenance.

Comments
The ISPRA classification is adopted, see Mancini et al. 1979.

Correlation/compatibility with other (interrational) classification
systems should be emphasized, therefore, the ISP4A classifica-
tions developed/under development are adopted. These classifi-
cations are intended for use in the ISPRA Compcnent Event Data

Bank, see Mancini et al. 1979.



HC

HCAL
HCA2
HCA3

HCC
HCD
HCD1
HCD2
HCE
HCE1
HCE2
HCF
HCG

HCH
HCL
HC™

HCN
HCO

Comments
The ISPRA
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COMPONENTS : CAUSES OF FAILC

Engineering
engineering/design {hardware)
engineering/desigr (proced./specificat.)
other causes related to engineering
Manufacturing (in workshop}
Installation/constructior {in situ)
flant operation
personnel error
incorrect procedure/instructions
Maintenance, Testing, Measuring
personnel error
incurrect procecdure/instructions
Material incompatibility {(unexpected)
Expected wear, aging, corrosion, erosion, distortion,
abrasion
Abnormal service conditicn
Puilution
Failure caused by other piant devices, by associatec
devices, or by off-site influence.
Unknown
Others (NGCC)

clasgification is adopted, see Mancini et al. 1979.



HA

HA2.1
HA2.1.1
HA2.1.1.1
HA2.1.1.2
HA2.1.1.3
HA2.1.1.4
HA2.1.1.5
HA2.1.1.6
HA2.1.1.7
HA2.1.1.8
HA2.1.1.9
nA2.1.1.10
HA2.1.1.11
HA2.12
HA2.1.3
HA2.1.4
HA2.1.5

HA2.2
HA2.2.1
HA2.2.1.1.

HA2.2.1.2

HA2.2.2
HA2.2.2.1
HA2.2.2.2

HA2.2.2.3
HA2.2.2.4

|
v
|

|
|
i
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COMPONENTS : ACTIONS TAKEN

Corrective Action

Corrective maintenance
repair without disassembly
repair with partial disassembly
repair with total disassembly
recalibration, reseal, repack
adjust
repair part(s)
replace part(s)
repair component
replace component
temporary repair
temporary by-pass
Modification/Redesign of component
Modification of operation duty (a)
Special surveillance (a)
Control of similar eguipment

Administrative Consequences

On Repair Schedule
Urgent Repairs
- urgent repairs that may result from emergen-
cies and are accomplished bypassing normal
administrative procedures
- urgent repairs accomplished without bypassing
normal administrative procedures
Not-i'rgent Repairs
~ accomplished at a scheduled time
- accomplished at nearest shut-down
On Plant Operaticn
Forced stop reguired
Stop required at short term
_ = repair within 2 days
- repair within 7 days
- repair within 14 days
- repair within 30 days ‘
No unscheduled unit shut-down required?
Others
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HA2.2.3 Documentation

HA2.2.3.1 - Failure reported to architect/engineer
HAZ2.2.3.2 - Failure reported to NSSS vendor
HA2.2.3.3 - Failure reported to consultant
HA2.2.3.4 - Failure reported to component manufacturer
HA2.2.3.5 - Failure analysis recommended

HA2.2.3.6 - Failure analysis performed

HA2.2.3.7 - Photographs were made

HA2.2.3.8 - LER submitted

HA2.2.3.9 - None of the above

HA2.3 Start-up Restrictions

HA2.3.1 - No restriction

HA2.3.2 - Permission by licensing authorities
HA2.3.3 - Request Licensee Revision

Comments

The ISPRA classification is adopted, see Mancini et al. 1979.
"It is identical with that used under the human factors category
ACTIONS TAKEN: Other actions taken.



Gl

Gl.1
G1.2
G1.3
Gl1.4
G1.4.1
Gl1.4.2
G1.4.3
Gl1.4.4
G1.5

G2

G2.1
Ga2.2
G2.3
G2.4
G2.5

G2.6
G2.7

Comments
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CONSEQUENCES OF THE EVENT

Consequent effect on system as stated in category:
SYSTEMS AND COMPONENTS AFFECTED
System inappropriately put into operation

Loss of system function
Degraded system function
Loss of redundancy:
Loss of 1 train
Loss of 2 trains
Loss of 3 trains
Loss of more than 3 trains
No significant effect on system

Consequent effect on reactor operation:

No significant effect

Delayed coupling

Partial standstill or power reduction

Turbine trip

Reactor shut-down (automatic/manual trip, forced
shut-down)

Abnormal off-site releases

Abnormal radiation level in working area

The purpose of this category is not to characterise the human

malfunction but to indicate the efficiency of the various

measures for stopping the propagation of the event chain ini-

tiated by the malfunction. The category is based upon that

used by ISPRA with a few changes.



J

J1
J2
J3
J4
J5
Jé
J7
J7.1
J7.1
J7.2
J7.4
J7.5
J8
Jg9
J1o
J11
J12
J13
J14

Comments
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PERSONNEL IDENTIFICATION

Utility management

Plant management

Shift supervisors

Licensed operators or senior operators

Non-licensed operations personnel

Roving operators

Maintenance and repair personnel:
Mechanical profession
Electrical profession
Electronics profession
Chemical profession
Profession not specified

Health physics personnel

Design and fabrication personnel

Construction personnel

Contractor and consultant personnel

~Cther foreign personnel

Other not covered above
Not stated

This category is intended to represent information on the educa-

tional background and organisational relation of the person.

Implicitly it characterises the actual work situation of the

person during the event.



- 30 -

K PERSONNEL LOCATION

K1l Central control rooms -
K2 Other control room consoles

K3 Relay and terminal rooms

K4 Work on equipment in plant under normal conditions
K5 Work on equipment in radiologically controlled areas
K6 Workshop

K7 Office

K8 Outdoor

K9 Other location

K10 Not stated, not applicable

Comments

This category represents a general characterisation of the work
location during the occurrence of the malfunction.
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L PERSONMEL TASK

L1 Design and design changes of equipment

L2 Procedure design and medification

L3 Fabrication

L4 Installation

LS Inspection

L6 Operation:

16.1 Monitering

Le6.2 Manual acts, maneuvers and other manual operations
L6.3 Inventory control

L6.4 Supervisory control

L7 Test and calibration:

L7.1 Getting access to location for work (including

getting permit)

L7.2 Preparation of equipment and tools

L7.3 Execution of the actual test and calibration acti-
. vity

L7.4 Restoration, removal of tools etc.

L8 Maintenance and repair (modification etc.):

Ls.1 Getting access to location for work (including

getting permit)

L8.2 Preparation of equipment and tools

L8.3 Execution of the actual maintenance activity

L8.4 Restoration, removal of tools etc.

Lo Logistics

L1i0O Administration: recording, reporting etc.

L11 Management: resource allocation and supervision

L1i2 Other not covered above

L13 Not stated, not applicable

Comments

The identification of the task is important to describe the
circumstances during which the event occurred. Description of
elements and structure of a task and correlation with data on
HUMAN MALFUNCTION MECHANISMS and INTERNAL HUMAN MALFUNCTIONS

are necessary to predict human performance in new or revised

work situations.

The tasks of Test/Calibration and Maintenance/Repair are described
rather detailed in the present taxonomy, because they were well
represented in the sample on which the *taxonomy has been based
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and because they are immediately safety related.
Other safety related tasks e.g. inventory control and supervisory
control should be considered for extended description in actual

data collection campaigns.
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M EXTERNAL MODE OF MALFUNCTION AS LEADING TO THE STATED
CONSEQUENCES OF THE EVENT

M1 The specified or intended task not performed due
to

M1.1 Omission of task

Mi.2 Omission of act

M1.3 inappropriate, inaccurate performance

M1.4 Inappropriate timing

M1.5 Actions in wrong sequence

M2 The effect is due to specific, erronecus acts on

system under treatment:

M2.1 Wrong act executed on correct component, equipment
M2.2 Wrong component, equipment

M2.3 wWrong time

M3 The effect is due to extraneous act, i.e. act on

other system than that under treatment

M4 The effect is due to coincidence or co-effect with

other erroneous or normal human activity or technical

condition. Sneakpath tied to special circumstances

M5 Not stated, not applicable

Comments

This category describes the immediate, observable external effect
of human malfunction upon the task performance. It reflects

the way in which the malfunction initiates the consequent chain
of accidental events. This category and the correlation to cate-
gories INTERNAL HUMAN MALFUNCTION and MECHANISMS OF HUMAN MALFUNC-
TIONS, are important for prediction of the effect of human mal-
function in a specific task and/or system.

In case of simple human malfunction, there is found a direct
relation between these three categories and the structure of

the task, in mofe complex situations involving a sequence of
critical human decisions, this is not the case (see comment

to INTERNAL HUMAN MALFUNCTION). Likewise, in some cases the
effect cannot be predicted from a task analysis (extraneous
acts). Therefore, special subcategories are given for extraneous
acts and complex coincidences.
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It is recommended that the ccntent of the category EXTERNAL MODE

JF MALFUNCTICN is extended by future data collection campaigns
for important safety related tasks as for instance repair and

test/calibration. This can be done by extending the present crte-
gory or, as it has been dcne in this taxonomy, by differentiating
the description of the task. See the category PERSONNEL TASK.
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N POTENTIAL FOR SELF-CORRECTION

N1 Lack of correction by the performing person himself
due to:

N1l.1 Malfunction not immediately observable

N1.2 Malfunction not immediately :reversible

N2 Not stated, not applicable

Comments

Information on the detection of the malfunction is important,
since it is tightly coupled to the initiation of an event report,
and, therefore, may bias the da‘a reported. For instance human
malfunction which is immediately corrected will not release

a report, and potential for operatcrs' self-monitoring will

be an important bias aon the data.

A more elabcrate description of the potential fcor self-correction
will be important, but should be part of the background descrip-
tion of the task for which event data are collected, not a

part of the event record. The present members of the category

has been used to separate the two major bias factors during
analysis of existing event compilations.
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P SITUATION FACTORS

P1 Task characteristics, "preparedness

P1.1 Familiar task on schedule

P1.2 Familiar task on demand

P1.3 Unfamiliar task on schedule

P1.4 Unfamiliar task on demand

P1.5 Other not covered above

P1.6 Not stated, not applicable

P2 Physical environment

pa2.1 Noise

pa2.2 Uncomfortable temperature, humidity, pressure, smell
etc.,

pP2.3 Light

P2.4 Radiation

pP2.5 Other not covered above

P2.6 Not stated, nct applicable

P3 Work time characteristics

P3.1 Day shift

P3.2 Night shift

P3.3 In beginning of shift

P3.4 In middle of shift

P3.5 In end of shift

P3.6 Not stated, nct applicable

Comments

Information on factors related to the general work situation
which will modify performance and probability of human malfunction
is important. In the present context, the categories SITUATION
FACTORS and PERFORMANCE SHAPING FACTORS are used to describe

the more general work conditions, such as noise, temperature,
workload, etc., and other factors which are generally affecting
the state of an operator and which are not tied to 2 causal
relation among events and acts, but rather contributing an overall
modification of the performance. Physiological and psychological
factors related to individuals are not reccmmended for inclusion
into an event reporting scheme.

Important SITUhTION FACTORS are related to the ''preparedness'"

of the operatof for the specific event. The taxonomy in this
respect includes a distinction between familiar and urfamiliar

} }
|

|
|
|
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task and between scheduled task and task on demand.

A familiar task is a task which is performed freguently enough

to enable the person to perform it by know-~how, i.e. without
the need for special planning or modification of procedures.
An unfamiliar task is a task which needs special planning or

consideration of modification of procedures or normal work prac-
tise, or is so infrequent that use of preplanned written instruc-
tions is needed.

On _schedule refers toc the situation when special procedures

are planned ahead or existing procedures can be studied and
rehearsed, or the task ié initiated by the operator according

to a time schedule.

On demand represents the situation when planning has to be done
concurrently with task performance and typically is based on

the operators diagnosis and immediate decisions, i.e. the task

is called for unexpectedly by the system, e.g. interfering with
an already running task.

The distinction between SITUATION rACTORS and PERFORMANCE SHAPING
FACTORS is made only to separate the information which can be
recorded immediately by check lists from information which depend
on human factors analysis, respectively.

fuidelinpes for use of the subcategories under "Task characteri-
stics" are presented in Pedersen et al. 1981.
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ACTIONS TAKEN

In order to improve human functions:

Reinforcement cf instructions

Revision of procedures and instructions
Modification of equipment design ‘
Modification of work planning
Mod:ification of work situation
Modification of organisation

Retraining and rehearsal

Redesign of training program

Other not stated

Other actions taken:

Corrective Action

Corrective maintenance
repair without disassembly
repair with partial disassembly -
repair with total disassembly
recalibration, reseal, repack
adjust
repair part(s)
replace pact(s)
repair component
replace component
temporary repair
temporary by-pass
Modification/Redesign of component
Modification of operation duty (a)
Special surveillance (a)
Control of similar equipment

Administrative Consequences

On Repair Schedule
Tsgeat Remairs
- urgent repairs that may result from eme;: jeacics 224 avre
accomplished by_passing normal administrative procedures
- urgent repairs accomplished without bypassing normal ad-
ministrative procedures
Not-urgent Repairs .
= accomplished at a scheduled time
- accomplished at nearest shut-down
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HA2.2.2 On Plant Operatiea
HA2.2.2.1 Forced stop requiced
HA2.2.2.2 Stop required at skort term

- repair within 2 da

-- ® " T =

- L] - 14 >

- » » ” -
HA2.2.2.3 No unscheduied uait stut-down required
HAZ2.2.2.4 Uthers
HA2.2.3 Documentaties
HA2.2.3.1 - Failure repeorted te architect/engineer
HA2.2.3.2 - Failere reported te XSSS veador
HA2.2.3.3 - Failure repeorted to consultamt
HA2.2.3.4 - Failure reported teo component manufscturer
HA2.2.3.5 - Failnre analysis recommmended
HA2.2.3.6 - Failure analysis performed
HA2.2.3.7 - Photegraphs were made
HA2.2.3.8 - LER submitted
HA2.2.3.9 - Noae of the abeve
HA2.3  Start-up Restrictions
HA2.3.1 - No restrictioa
HA2.3.2 - Permission by liceasing authorities
HA2.3.3 - Request Licensee Revision
Comments

This is a category describing the actions taken in oraer t:
remedy the malfunction.

The first subcategory covers actions particuiarly aiming ac
improving human functions, the second covers other acticns and
is identical with the ISPRA classification already given under
HA COMPONENTS: ACTIONS TAKEN.
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Q1
Qe

Q3
Q3.1

Q3.2

Q3.3

Q4
Q4.1

Q4.2

Q4.3

QS

Comments
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INTERNAL HUMAN MALFUNCTION

Beware: Internal human malfunction does not necessarily

imply a failure or error on the part of the man.

Detection: Operator does not respond to a demand.

Identification of system state: Operator responds

but misinterprets the system state.

Decision:
Selection of goal: Operator responds to properly

identified system state, but aims at wrong goal (e.g.
operation continuity instead of safety).
Selection of system target state: Operator selects

an improper system target state to pursue proper

gnal (e.g. he decreases power to 80% instead of shut-
down).

Selection of task: The operator selects a task, an

activity which will not bring the plant to the intended
target state.

Action:

Procedure: The sequence of actions performed is in-
appropriate or incorrectly coordinated for the task
chosen,

Execution: The physical activity related to the steps
in the procedure is incorrect.

Communication: Written or verbal messages are given

incorrectly.

Not stated, not apolicable

The operator's task which is specified in the category PERSONNEL
TASK in terms referring to the operatiosnal requirements of the

plant will require some internal, mental data processing or
decision function.

The category INTERNAL HUMAN MALFUNCTION is a causality-ordered
sequence of human decision elements and is used to characterise

that step/element in the decision sequence which was inappropri-

ately performed or not performed at all due to a habitual bypass.

There is basically some ambiguity in this classification:

Firstly, the description in terms of identification, decision
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and execution can be done at several levels of detail in the

task description. It is Intenced that the use in event classifi-
caticn should be kept at a high level referring to the overall
task description. A repair task can be taken as example: the
diagnostic part of this task: to find the fault, should, if
incorrectly performed, be classified as "identification of system
state".

Alternatively, assume that the diagnosis has been correctly
performed, that the repair man's proper intention of component
replacement has been stated, and that he is performing the acticns
necessary for the fault remedy. During this phase of activities
the repair man performs acticns in wrong order of succession,
because he does not identify the real state of the system under
repair: this should be classified as "procedure”.

This is a matter of convention - but the position taken here

can be defended, partly from the fact that information for classi-
fication at a very detailed level generally is not present in
event reports, partly from the usefulness of the classification
results for improvement ¢f werk aids.

Secondly, ambiguity is caused by the fact that malfunction in

the first phases of a decision will frequently lead to inappro-
priate decisions later in the sequence. To describe such sequen-
ces, detailed time line analysis and identification of all criti-
cal decisions are necessary, as described by Pew et al (1981),
but this analysis must be based on very careful data collection
including interviews of personnel (which is only feasible if

it can be done immediately after the event, for instance by
studies on training simulators.)

In general, the information cannot be obtained and in the present
taxonomy we suggest that classification is only done for the
first element of the human decision sequence which is inappro-
priately performed or shunted out by stereotyped bypass. Since
most event reports are backtracking the course of events to

an explaining plausible cause, tnis first malfunction sending

the operator off the proper track, is the most likely to be
represented in the record. This means that in more complex situ-
ations, the causal relation from the internal human malfunction
and the relataed error mechanisms to the external effect of the
malfunction will not be preserved in the recorded data. However,

from a view point of statistical quantification or generalization
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in terms of improvements, this is not too important in the present
cortext since the variability and degrees of rreedom in human
responses after a wrong decision - say an identification - 1is

so high that they can only be characterized after detailed
studies.

It must be emphasized that the category INTERNAL HUMAN MALFUNCTION
does not take into account any cause of the malfunction and

that the term "malfunction" does not imply in itself a "human
error”.

The malfunction can be caused by external conditions or events,
such as interfering people, wrong orders, ordered absence etc.,
which are all considered separately under CAUSES.

The members of the present category are derived from a model

of human decision sequence which is described in detail in Rasmus-
sen (1974) and which has been used to derive the guidelines

for analysis presented in Pedersen et al. 1981. For reference

the model is illustrated in Figure 3.
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Reproduced from Rasmussen, 1976.
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R CAUSES OF HUMAN MALFUNCTION

Event or short term condition taking active part

as a link in the causal chain of events

R1 External events:
Rl1.1 Distraction by system and/or environment
R1.2 Distraction by other persons: Questions, message,
noise
R2 Excessive task demand in the specific situation:
R2.1 Physical demand, time, force, etc.
R2.2 State information inadequate, wrong
R2.3 Background infcrmation related to the specific situation

(knowledge, instruction) inadequate or wrong

R3 Operator incapacitated: (sick, injured, etc.)

R4 N¢ external cause:

R4,1 Intrinsic normal human variability; spontaneous human
error

R4.2 Intentional act

R4.3 Sabotage

RS Other not stated above

R6 ‘Not stated, not applicable

Comments

Identification of possible external causes is important for

many reasons. First of all, there is a natural tendency when
analysing the chzin of events implied in maloperation of a system
to accept a human error as the explanation if an inappropriate
human act is met by the causal backtracking; the tendency is
natural since it is difficult to continue the causal backtracking
"through" a human performance, and also it is generally accepted
that it is "human to err", It is, therefore, important that
special care is taxken to identify pcssible external causes as
part of an event analysis.

Common sense definition of causes is very ambiguous and, there-
fore, in the present context must be clarified. From a point

of view of quantification of human error it is beneficial if

the definition of cause is clearly related to the freguency

of the events analysed. Therefore, we define as a cause an event
or a change in the man's normal work condition which acts as

a causal precedent to his inappropriate 'action. General conditicns

i
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which may affect his error proneness such as normal, but high
noise level, inappropriate ergonomic design, fatigue during
night’ shifts etc., are all considered SITUATION FACTORS or PERFOR-
MANCE SHAPING FACTORS which influence the error probability,

but - according to our definition - does not cause errors.

The present members of the category 'causes" should be taken

as illustrative; they are based on a limited number of analyses,
generally reliable information on causes is not to be found

in event reports due to the reasons discussed above. Special
guidelines for identification of causes as part of event analysis
will be developed within the present CSNI work, based on the
analysis published by Griffon (1981).

More general guidelines for use of the category R: CAUSES OF
HUMAN MALFUNCTION are presented in Pedersen et al. 1981.
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MECHANISMS OF HUMAN MALFUNCTION

Discrimination

This group is related to the man's ability to discrimi-
nate between and select the proper mode of control
of his activities. The subcategories of malfunction
mechanisms are characterized by interference between
the man's repertoire of stereotyped habitual - and
often subconscious - responses on one side and on
the other side aspects of the actual work situation
during infrequent and unique task demands.

Sterectype (skill) fixation

Definition: Man operates in skill-based domain.

He does not recognize a situation calling for
attention and caution.

(Cues for recognition may not be present or may
"be overlooked, this is characterized by the catego-
ries: CAUSE OF HUMAN MALFUNCTION, or INTERNAL
HUMAN MALFUNCTION)

Familiar association short-cut

Definition: It is recognized that conscious identifi-
cation of the situation is needed but familiar

cues activate incorrect intention and task in

man. It is not recognized that knowledge based
evaluation and planning is needed.

Stereotype take-over

Definition: Task or act according to proper inten-
tion, but "absentmindedness'" during performance
leads to relapse to stereotype action links related
to different act or task.

Lack of recognition of familiar pattern

Definition: Familiar pattern relevant for the
situation is not recognised, higher level knowledge-
-based evaluation or planning is unnecessarily

and inappropriately applied.

Input information processing

The subcategories are related to the man's activities
in obtaining information.

That an information output malfunction has occurred
is classified under:
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INTERNAL HUMAN MALFUNCTION
Erroneous function in action
Communication given incorrectly
s2.1 Information not recieved/sought

Definition: Cues do not activate man because sensi-
tivity/attention is insufficient for present infor-
mation level.

S2.2 Misinterpretation of information

Definition: Response 1is based on wrong apprehension
of information such as misreading of text or instru-
ment, misunderstanding of verbal message.

s2.3 Assumptions replace search for information

Definition: Response is inappropriately based

on information supplied by the operator (by recall,
guesses, etc.) which does not correspond with
information available from outside.

s3 Recall
53.1 Forgetting isolated act or functicn

Definition: Operator forgets to perform an isolated
act or function, i.e., an act or function which
is not cued by the functional context or is not
having immediate effect upon the mental or motor
sequence.

53.2 Mistake among alternatives

Definition: Simple choice of wrong alternative,
a category is correctly used but by wrong member,
e.g., mistakes of up/down, +/-, left/right, A/B,
open/closed, locked/unlocked.

$3.3 Other slips of memory

Definition: Erroneous recall of reference data
values; names, item; need for actions, etc.

Inferences
This group is covering problems of linear thought
in causal nets.

S4 Side effects or latent conditions not adeguately

considered

Definition: The man is in a less familiar situation
characterized by knowledge-basea, goal-controlled
performance. He performs erroneously during func-
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tional inferences: The situation is not properly
identified, the consequences of an event chain

are not adequately predicted or an improper intention
is chosen or latent conditions are not adequately
considered. Consequently, the task or the intended
goal is not fulfilled or adverse side effects

occur or a combination of these consequences.

(Can be due to oversight, lack of knowledge etc.,
this is characterized by the category: CAUSE OF

HUMAN MALFUNCTION.

S5 Physical coordination

S5.1 Motor variability

Definition: Lack of manual precision, too big/small
force applied, inapprcpriate timing. Including
deviations from '"good craftsmanship".

S5.2 Topographic, spatial orientation inadequate

Definition: In spite of man's correct intention and his correct
recall of identification marks, tagging etc., he unawaringly
performs task/act in the wrong place or on the wrong object,
because he is following his immediate sense of locality, this,
however, not being applicable (not updated, surviving imprints
of old habits etec.).

S6 QOther identified mechanisms
sS7 Mechanism not identified
Comments

This category represents an attempt to formulate a set of generic,
task independent human error mechanisms. The related categories
EXTERNAL MODE OF MALFUNCTION and INTERNAL HUMAN MALFUNCTION

are tightly task related and reflect basically the effect of
inappropriate human performance upon the task. To evaluate human
performance during design of new tasks and improved work ccndi-
tions, including man-machine interfaces, it is important to
identify human malfunction mechanisms in generic terms relating
inappropriate task performance to features of the psychological
mechanisms which are the basis of the performance and to limitirg
properties of such mechanisms,

A human 1is capable of performing the same task in various differ-
ent ways depending upon the state of training, the subjective
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formulation of the goals and performance criteria, and consequent-
ly the role of the psychological inechanisms will be very person
and situation dependent. Inappropriate task performance reflects

a mismatch between task requirements and the human resources
applied, and if the nature of this mismatch can be identified

- irrespectively of the underlying cause - impcrtant information
on the psychological mechanism applied and its limiting properties
with respect to the task can be obtained.

The present category is intended to characterize cases of such
resource/demand mismatch and is based on a model of operator
performance derived from a preliminary analysis of 200 event
reports (Rasmussen 1980). The structure of the model is illustrat-
ed in figure 4.

Guidelines for use of the category S: MECHANISMS OF HUMAN MAL-
FUNCTIONS are presented in Pedersen et al 1381.
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Figure 4, Model of human data processes and typical malfunctions,

Reproduced from Rasmussen, 1980,
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T PERFORMANCE SHAPING FACTORS
T1 Subjective goals and intentions:
Ti.1 Aspects of task performance are given exaggerated

promotion e.g., speed, thoroughness, acsuracy,
effort to avoid delay

T1.2 Task content is inappropriately extended
T1.3 Task perceived as secondary

T1.4 Conflicting goals

T1.5 Other not covered abave

T1.6 Subcategory not applicable

T2 Mental load, resources:

T2.1 Inadequate ergonomic design of work place
T2.2 Overlapping tasks

T2.3 Inadequate general education

T2.4 Inadequate general task training and instruction
T2.5 Other not covered above

T2.6 Subcategory not applicable

T3 Affective factors:

T3.1 Social factors

T3.2 Insufficient load, boredom

T3.3 Time pressure

T3.4 Fear of failure

T3.5 Other not covered above

T3.6 Subcategory nnt applicable

Comments

See comments to SITUATION FACTORS.

Guidelines for identifying performance shaping factors will
be developed, based on the analysis in Griffon (1981).
Guidelines for use of the subcategories under "Mental load,
resources'" are presented in Pedersen et al 1981.



DATA COLLECTION FORMATS

Preprinted forms for data collection in plant and examples of
their use are presented in the document SINDOC(81)15.
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