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SUMMARY OF PROJECT TO DEVELOP
HANDBOOK OF HUMAN RELIABILITY ANALYSIS IFOR

HUCLEAR POWER PLANT OPERATIONS

For thm past two ycars Alan Swain and Henry E. Guttmann, of

the Stotristics, Computing, and Huwmean Tactors Division, S.ndia
Laboratories, have beoen doeveloping o handbool to aid auclificd
persons Lo cvaluatce the coffcet ol human error on the availability
of cngincered safety systems and featuves in nocleor power
plants. The handbook includes a matheoratical model, proccdures,
derived human failure dato, and principles of huwman behavior
and crgonomics. The handbook is expanding the human crror
analyscs which were presented in WASH=-1400. The derived data
represent generic huwnan error probabilities with ranges of
uncertainty which would be adcguate for determination o tho
relative nerits of different configurations of cquipment,
procedures, and operating practices within a plant, ond for
gress- comparisons among plants.

The work, under the sponsorship of Probabilistic Analysis
Staff, NRC Office of Nuclcar Reyulatory Rescarch (Dr. 1. C.
Cullingford, WRC Program Manager), is about halfl comploted.
An outline of the handbook contents is given in cecpics of
vugraphs (attached}, followed by copices of hunan performunce
model abstractors (also attached). A first draft of the
handbook is scheduled for NRC review by July 1, 1979.
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outtine of 20 Minute Prescntation (+ 10 minutes' discussion) for
NRC talk on Nevember 7, 1978 at National Burewsu of Standurds,
Goermantoen, HMD

Title: A Preview of the Handbook on Human Reliability Analysis
ol Nuclcar Power Plant Operations

Handouts: Summary of Projoct to hevelop Handbook of Human
Reliability Annlysis for Nuclear Power Plant
Opecra’1ons, including related references

Xerox copics of following slides by title:

1. Three Problems in HRA

2. Definitions of Human Reliability, Uuman Error, HER

3. The five catcgoriecs of Humon Errer

4. "From a systems point of vicw”

S. list of chapters in the Handbook

6. wList of chapters irn tho companion volume on data sources

7. DPrcliminary Formulation of Simulation Studies to Veriiy Models

8. Chapanis (1961) definition of a "model"

9. TUHERP use
10. THERY, steps in
11. Human Performance "Rules” to Date
12. FPour Levels of Dependence
13. P(F) Given Different Dcpendence Levels

14. Walk-Around Detection of a Deviant Item
15. Curve showing % recovery by days after walk-around
16. Recovery of Walk-around Efficicncy

k] a3 1 -

18. Usc of Checklist in Walk-Avound Inspection
19. Hypothetical PDF

20, Hypothetical Cumulative Curve



1,

2,

THREE PROBLEMS IN HRA

ESTIMATE PROBABILITY OF PERFORMING EACH INTENDED
TASK, AND DOING IT CORRECTLY,

ESTIMATE PROBABILITY OF PERFORMING SOME PARTICULAR
ERRONEOUS ACTION,

No FORMALIZED METHOD WHICH USES HUMAN PERFORMANCE
DATA FROM A DATA BANK AND WHICH CAN BE USED BY AN
ENGINEER To DO HRA.



HUMAN RELIABILITY: The prebability that a person
(1Y correctly performs some syster.-required aclivity
in a required time period {if time is a limiting faclor),
and
(2) performs no extrancous activily that can degrade
the system.

HUMAN ERROR: Failure to perform the task correclly
andlor within time limits, or performance of some
extraneous aclivity that can degrade the system.

HUMAN ERROR RATE or HUMAN FAILURE PROBABILITY
=1 - Human Reliability

which can be estimated as:

# of errors of a given lype

Pr{F} =
# of opportunities for this error



The five major calegories of human error are:

I. When a person fails to perform a required action,

an crror of omission,

2. When he perforns the required action incorrectly,

an error of commission,

3. When he performs some action which should not have been porformed,

an extrancous acticn,

4. When he performs some required action out of sequence,

a sequential error, or

5. When he fails to perform the action within the ailoticd time,

a time error.



From a systems point of view,
A human action (or lack of action) is an error
only if it reduces or has the potential for reducing

some desired system function.



HANDBOOK OF HUMAN RELIABILITY ANALYSIS
FOR NUCLEAR POWER PLANT OPERATIONS

ParT I. Basic CoNcEPTS

CuarTER 1. PurpPosE anD Use ofF THE HANDBOOK
CrnrTER 2, ExpLAnATION OF Basic Terms
CHaPTER 3, PERFORMANCE SHAPING FACTORS

ParT I1. MeTHOD FOR AnALYSiS AND QUANTIFICATION oF Human
PERFORMANCE
© CHAPTER 4, THE HumMaN RELIABILITY MoDEL
CHAPTER 5, Mai-MACHINE SYSTEM AND TASK ANALYSIS

Part 111, Human PeRFORMANCE MODELS

CuaPTER 6. DePENDENCE MwtonG HuMan EVERTS
Charyer 7. UNAVAILABILITY
Charter 8. WALK-ARounD INSPECTIOHS
CuarTer 9, Disprays 1n ConTrOL Room
CHAPTER 10, AHNUNCIATORS
CuapTER 11, AnarLoc Dispiays awp Dicitar Reapouts
CunpTER 12, STATUS LAMPs
CaPTER 135, STRESS
CHapTER 14, RECOVERY FACTORS
CHuapTER 15, DISTRIBUTIONS
CuaPTER 16, SkiLt LEVEL

.

. 20
ParT IV, An InTERIM DATA Bank

Charter 21. DeErivep Human Errxor RaTe Dara AnD ReLATED
PERFORMANCE SHAPING FACTORS

CHAPTER 22, NEED AND SUGGESTIONS FOR A Human PerFormance
Data BANK FOR NUCLEAR PoweR PLANT OPERATIONS

ParT V. AppLicATION OF THE lIANDBOOK ' .
CunpTer 23, A SarPLE Man-MacHine SysTEM AND TAsw AnALYSIS
Chapter 24, A SAMPLE HumMAN RELIABILITY ANALYSIS

EFERENCES '
1ST OF LQUATIONS

ILOSSARY ) .



HUMAN PERFORIMANCE DATA RELATED TO
" RUCLEAR POWER PLANT OPERATIONS

ParT 1. UnMopiriep Data
CunpTER 1. INTERIM TAxonomMy oF NUCLEAR PoweR
' PLANT TAsKS
CuapTER 2. THE Sanpia Huviane Error RATE Bawk (SHERB)
CiapTER 3. A ComPeEnDIUM OF Raw (UnmODIFIED)
Human PERFORMANCE DATA

ParT I1. DErIvED DATA
CHAPTER 4., DescrIPTION OF DERIVED DATA IN
Hanpeook
CuaptER 5. THE AIR Data SToRe
« CHAPTER 6. THE Bunier-Raro DATA Bank
CHAPTER 7. THE AEROJET-GERERAL DATA Bank
CunpTer 8. OTHER DaTA DaNKS



PRELIFMIIARY FORHULATION OF SIMULATION STUDIES
TO VERIFY HUNMAN PERFORMANCE MODELS IN HANDBOOK

A, SareTY-ReLATED Tasks 121 ControL Rooi

ll

NORMAL OPERATING CORDITIONS
A. SIMULATOR STUDIES
B. LER DATA TO "CALIBRATE” SIFULATOR DATA

UNUSUAL (STRESSFUL) OrERATING CONDITIORNS
(E.G.,, ANTICIPATED TRANSIENTS, LOCAs)

A. USE OF PHYSIOLOGICAL MEASURES IN SIMULATOR
STUDIES
B. PSYCHOLOGICAL SCALING BY "EXPERT" JUDGES

B. SafFery-RerLaTcD Tasks Outsipe ConTrol Roon

ll

DELIBERATELY #1SS SET PLANT STATUS INDICATIONS
A. USE OF ACTUAL EQUIPMENT

B. USE OF SIMULATED EQUIPMENT

PSYCHOLOGICAL SCALING OF "EXPERT” OPINION

LER DATA TO CALIBRATE DATA FROM ABOVE TWO APPROACHES



MODEL

A mode! of a system is an
abstraction which reproduces (simufates)
symbolically the way in which the

sysiem functions operationally.

Chapanis - 1961



THERP
Technique for Human Error Rate Prediction
Used o
Evaluate degradation to man-machine systems
‘Due to human errors in association with
Equipment functioning, operational procedures & praclices
Other system & human events and characieristics
Which influence system hehavior.,



THERP

(Technigue for. Human Error Rate Prediction)
Define system (or part-system) failure.
Identify and list human operaticns performed and their relationships
to system tasks and functions,
Predict error rates for each reievant human operation.
Determine effect of human errors on system failure rate,
Recommend changes fo reduce system failure rate to an acceptable level
and repeat steps 1-4.



HUMAR PERFORIANCE "RULES™ TO DATE

DEPENDENCE (COUPLING)
HaLk-Arounp InsPECTION
UNAVATLABILITY

Disprays 1n ControL Room
ANRUNCIATORS

AnaLoc Disrravs (anp DiciTaL NEADOUTS)
STATUS LANMPS

STRESS

RecoveRY FACTORS
DIsTRIEUTIONS

SkiLL LEvEL



FOUR LEVELS OF DEPENDENCE

ZERQ (ZD) - Complete independence ¢f activities
MODERATE (WMD) - G of Pr{F|z} end PriFjco!
“Haifivay" beteen Z0 and CD
HIGH (HD) - G of Pr{F|wD} ang priF|cD}
| "Halfiay” between MD and CD
COMPLETE (CD) - If one activity occurs,

the other(s) always occurs



P(F) GIVEN DIFFERENT DEPENDENCE LEVELS

Parallel Systems Series Systems
) ZERO
AxBx....N I-axbx...n
COMPLETE
I, where [ is the 1 - i, where i is the
HER for whichever P(S) for whichever
event occurs first. event occurs firsl,
A+B+ ... N 1_a+b+...n,
N ’ n
when the order of when the order of events
events is indefinite is indefinite
MODERATE
Pwico x PNz 1 - [P(sicn x psHZD]?
HIGH
[Perco « PErmp)? 1- [pisieD x psimn)?
or or )

1
oy [PEZD] risico[o120)’
PINCD [l"(l:)ICD:l - st G



WALK-AROQUND DETLCTION OF
A DEVIAHT 1TEM

Days After

Doviztion Occurred PS)
1 .1
2 .0
3 025
4 .00+
5 etc. . 001+

* Correcled from . 000



Percent Recovery

100
90
80
70
60
50
40
30
20

10

4 5
Days After Walk- Around



RECOVERY OF WALK-AROURD EFFICIERCY
BY DAYS BETWEEN WALK-AROUID THSPECTICHS

Days Z | % Recovery
1 -3.0 0.1
2 -2.0 2.3
3 -1.0 16
4 0 50
5 1.0 B
6 2.0 97.7
7 3.0 99.9



USE OF CHECKLIST IN WALK-ARCUND INSPECT{ON

P(Sany 1 itEm[correct use) = .99

P(Sany ! itemllmproper use) = .9

P(Sany 1 iiemmz proper & 1/2 improper use)

=.5%x .99 + .5x .9 = .04 =~ .95

|above use) = .5(.9‘9N + .9N)

P(Sall N items’



ative Frequency of

Rel

Hypolhetical Prohability Densily Function
for Time of Detection After Inilial Scan

Gap represents indeterminate
time belween successive scans

Hours Past First Scan
{After Initial Audit)



Cumulative Probadility of Date

L0 Hypothetical Curve of Cumulative
Scanning Eifectiveness
d t 1 ' , \ R R
0 2 3 4 5 6 7 8

Hours Past First Scan After |nitial Audit



