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ABSTRACT

Thi. reoort is a compilation of papers which were presented at tha Tenth
Water Reactor Safety Research Information Meeting held at the National
Bureau of Standards, Gaithersburg, Maryland, October 12-15, 1982. It
corsists of six volumes. The papers describe recent results and planning
of safety research work spcusored by the Office of Nuclear Regulatory
Research, MRC. It also includes a number of invited papers on water
reactor s2fety research prepared by the Electric Power Research Institute
and various government and industry organizations from Europe and Japan.
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PREFACE

This report, published in six volumes, includes 160 paners which were
presented at the Tenth Water Reactor Safety Research Informaticn Meeting.
The papers are printed in the order of their presentation in each session.
The titles of the papers and the names of the authors have been updated
and may differ from those which appeared in the Fin:1 Agenda for this
meeting.

Five papers, which were submitted for presentaiion at the meeting but
could not be scheduled, are also included in this report. They are the
following:

Calculations of Pressurized Thermal Shock Probleins with the SOLA-
PTS Method, 8. J. Daly, B. A. Kashiwa, and M. D. Torrey, LANL,
(Pages 113-130, Volume 2)

Hydrogen Migration Modeling for the EPRI/HEDL Standard Problems,
J. R. Travis, LANL, (Pages 131-144, Volume 2)

Independent Code Assessment at BNL in FY 1982, P. Saha, U. S. Rohatgi,
J. H. Jo, L. Neymotir, G. S1ivik, and C. Yuelys-Miksis, BNL,
(Pages 145-168, Volume 2)

Experimental Evidence for the Depencence of Fuel Relocation upon
the Maximum Local Power Attained, D. D. Lanning, PNL,
(Pages 285-296, Volume 2)

PRA Has Many Face; - Can the Safety Goal Be Well-Posed?

H. Bargmann, Swiss Federal Institute for Reactor Research,
(Pages 105-114, Volume 6).
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HUMAN FACTORS EXPERIMENT SUPPORT®

0. R. Meyer
EG&G Idaho, Inc.

Experiments to evaluate human factors in nuclear reactor power plant
operations receive engineering support to ensure that the experiment
results have significance to safety-related questions. The experiment
gesign is impacted by engineering support which both initiates the
experiment (the safety-related question) and defines the form of results
that would be significant.

The safety-related question must be defired so as to relate human
behavior to reactor safety and, thus, to public risk in observable,
objective terms. The human behavior involved in the safety-related
question needs to be identified both in terms of the activities (tasks) and
the job positions (individual). The emergency response of the main control
room (MCR) crew has current high priority because the study of events at
reactor plants in recent years, for example, the accident at Three Milc
Island, Unit 2 arn . the steam generator tube rupture at the Ginna plant, has
demonstrated a need to understand and predict the impact on reactor safety
of human nerformance during emergency response.

keactor safety is a technical abstraction in that it is a condition
abstracted from a complex aggregat‘on of physical parameters of the reactor
facility combined with the probability of future plant conditions and human
behaviors. The objectives for maintaining reactor facility safety can be
categorized in a progression fr-a normal operation through increasingly
severe stages of departure from wormal. Finally, the technical abstraction
called "reactor safety", itself, must be transformed into its impact upon

a. Work supported by the U.S. Nuclear Regulatory Commission, Office of
Nuc'ear Regulatory Research under DOE Contract No. DE-AC07-761001570.



public risk. If certain proposals (see Reference 1) for a safety goal
definition are fol.ow~d, the public risk will be quantified in terms of (a)
the probability ..at (b) a defined population group will (c) receive a
defined amount of exposure.

Assuminy we have defined a significant, safety-related question
relevant to the behavior of the MCR crew engaged in the mitigation of an
event that coula lead to an accident, w> can now approach the design of an
experiment. The design of the experiment must include the modeling of the
complete MCR cognitive system (see Reference 2) which includes the nuclear
power plant, the safety parameter display system, and the MCR crew. The
€ ‘periment designer must determine which of these elements of the model
shal! be reproduced in his experiment.

‘xperiments can be definea in which all elements of _he MCR cognitive
system are present. The mo.t valid case would be to use the reactor
facility, itself, of course, but there are serious economic, safety-related,
and institutional constraints on the conduct of human factors experiments
using the reactor facility. Training simulators that are only one step
removed from the reactor facility MCR are being used for human factors
experiments (see Reference 3). Training simulators are limited in their
capability to reproduce accident behavior, and are heavily booked for their
basic mission of operator training. There exists, therefore, the concept
of a research facility specifically aesigned fo the conduct of
macro-experiments (o study the behavior of MU cognitive systems (see
Keference 4).

The functional mocel of the macro-experiment facility includes a
“driver system" which reprecents the requirements to reproduce information
aisplay to the subject(s) and to reproduce plant behavior résponse to
subject's action that is similar to that which would be effected by the
actual reactor plant. The driver system would most commonly be some form
and degree of plant simulation, but need not be confined to plant
simulators.



The macro-experiment facility could also be used for the performence
of part-task experiments. It is expecied that such experiments would
utilize only a part of the facility's capabilities, and would be directed
at operator performance of part of the task engaged in by the MCR cognitive
system.

The final form of engineering support of human factors experiments is
the determination of the ultimate significance of the results of the
experiment. As previously stated, the experiment is designed to measure
the effect of human behavior upon public risk. If these data are to impact
public risk, that is, are to do more than provide confirmation of apparent
adequacy, the options for improving the value impact, or the cost-benefit
ratio, should be defined in dollars of cost of the option and person-rem of
probable exposure associated with the option. Ideally, the optimum mix of
options could be then selec.ed to meet a required safety goal as defined
above. This ideal is much simpler to state than to attain.

The effect of human behavior in cognitive systems is more complex than
the simple classification ot “go/no go" used in reliability analysis of
equipment or of humans engaged in sensory-motor tasks (see Reference 5).
Objective definitions of human behavior that may be u-eful in risk
assessment are being studied at EG&G Idaho.

References
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Human Factors Research at the OECD Halden Reactor Project
James P. Jenkins
Seni .~ ¢ngineering Psychologist
Human Engineering Section
Human Factors Branch
Division of Facility Operations
Office of Nuclear Regulatory Rescarch

The Halden Reac.or Project celebrates 25 yearc of service to the

scientific community in 1983. The Project dates from July 1958 when a

BWR, built and owned by the Norwegian Institutt for Atomenergi, became the
subject for an international agreement of signatory nations to participate
and share in nuclear research. The initial goal was to demonstrate the heavy
water moderated reactor concept. The test reactor program has grown from
early thermocouple and flow turbine testiig into three principal

research prcgrams, which are described below:

L B In-core behavior of reactor fuel, particularly reliability
and safety aspects, which are studied through irradiation of
test fuel elements.

2. Models of fuel and core behavior are develcpea for prediction,
surveillance and control of fuel and core performance.

3. Application of process computers and human factors analysis
of power plant control are developed through the use of
prototype software systems, display/control hardware and
~ontrol room manmachine concepts.

Although reports about all the research programs are received by
the NRC, this paper will present the major activities concerning
the third research area at the Halden Reactor Project.



In che past fiscal year of 1982, the Halden Rea~tor Project management
implemented a series of changes which, when completed in FY 1983, will
provide a superior human factors research facility. This “acilily, called
the Halden ManMachine Svstems Laboratory or HAMMLAB, is intended to be the
main site for systems research on process control and human factors
problems. Figure 1 presents the decign and laboratory layout used at
HAMMLAB. The facility will house the NORS full scale simulator which is a
modified copy or the LOV' Z5A simulator in Finland and «i1) occupy an area
of about 3000 sq. ft. (300 m2). Modification to the simulator by “ukia
Electronics and the Finnich Technica: Research Institute were begun in FY
982 and presently are about 50% completed. The Finnish utility, IVO, is
specifying display formats, operating procedures, and other documentation,
for the simulator. This task is more than 90% complete. Other software
development is the responsibility of the Project personnel. System

testing is planned for a two-month period with a debugged system availabie
in March 1983. A structural overview of program systems and main data
areas is shown by Figure 2. The Laboratory's final desiyn was finalized in
August 1982 and the design modifications to the existing facilities, and
installation of equipment has begun. The layocut of physical spaces will

be completed by December 1982 and HAMMLAB is scheduled to become operational
in the Spring 1983. Notwithstanding the development of HAMMLAB, human factors
research activities have been proceeding during FY 1982, and encompasses four
projects which are summarized below:

i. First, work on the Handling Alarms with Logic (HA'0) system has con-
tinued as a part of the plant disturbance handling program. This work is
conceniratad in two areas: completion of a prototype HALO system for use
and experimentation with a small simulator called STUDS and development/
documentation ot the HALO system logic. In FY 1982, about $.% of the
system was completed. HALO consists of an on'ine alarm processing system
which is connected to STUDS and an offline logic generator program. A
detailed specification was prepared in FY '382. Human factors research on
the display format is continuing with several display concepts under
evaluation. Figure 3 illustratec the primary display which incorporates
symbology and intuitive message detection/recognition where alphanumenes
will be minimized. Several experiments will be performed to refine and
verify the adequacy of these formats.

i0



2. The second project consists of a series of supporting activities and
experiments performed with the Finnish utility, IVO, =t the LOVIISA
simulator. The purpose of the project is to complete development of the
Critical Function Monitoring System {CFMS). This multinational research
involves nut only perconnel from the Halden Reactor Project, human fartors
ctaff, but also scientists from Combustion Engireering, IVO and the
Finnish Technical Research Institute, (VIT). In FY 1982, the CFMS
software was mated to hardware at LOVIISA. Twelve crews of operators were
trained on the alarm analysis system. Validation experiments began in
September and are scheduled to conclude in December 1982. The experiments
produced over 200 me *bytes of raw data. Additional software to reduce
this volume remains to be specified and deve’oped. The Halden staff has
developed a methodology ~alled ATEA to provide the theoretical basis for
the experimental design, variable definition and selection, hypothesis
testing, statistical treatment and data analysis. The experimental plan
provides for two different transients of about 30 minutes each to be
presented in the simulator. Six of the 12 crews will run one of the
transients before receiving tra‘~ing on CFMS and the other six after
receiving training. Data will be collected on status of safety

parameters, alarm status and operator activities.

-

3. The third project is a series of human factors experiments involving
different display concepis, software, and formats. The overall objective is
to define unique display characteristics which influence operator (inaividual

and crew) performance in a control room. Several of these studies are described
below:

a. One of the studies analyzes the performance ¢: a two man crew in
identifying key information characteristics which must be shared to
successful ly manage an event. Two operators, each unable to see each
other's displays, must coordinate their activities for a successful
trial. Different display formats and protoccls will be evaluated.

1



b.  Another study involves multinational development of a
concept called a "man-machine systems generator”. The
concept includes a high-level language,(PICASSO), which
is user-friendly, intuitive, and self-documenting. PICASSO
is the language for the generation of graphic displays,
especially a mimic diagram format. It is expected that by
the end of 1983 the development of the system will include
a compiler, a linker and associated picture iibraries and
possibly an interactive editor.

4. The fourth project was the Workshop on Human Factors Experiments
and Validation of Operator Aids. The Workshop was held at the Halden
Reactor Project in March, 1982. A follow on is scheduled for Loen,
Norway in May 1983. The March 1983 Workshop was intended to
provide the signatory representatives forum to discuss the human
factors plans and present their own concerrs, plans and requirements.
The tiiree principal topics were: first, Halden Reactor Project
scientists described their concepts of experimental validation and
the design requirements for such experiments; second,the 13 signatory
representatives provided the results of their experiences and
activities in validation; and third, the Project personnel described
HAMMLAB and the display projects which are summarized in this paper.

12
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FIGURE 2 STRUCTURAL OVERVIEW OF PROGRAM
SysTeEMs AnD MaiN CATA ARea oF HAMMLAB.
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EGG-M-20382

A MULTIMETHODS APPRNACH TO SAFETY PARAMETER DISPLAY ZVALUATION

W. W. Banks, H. S. Blackman
U. I. Gertman, R. J. Petersen

EG&G Idaho, Inc.

The Human Factors Engineering Office of EG&G Idaho performed this NRC-
funded study to assist the NRC in objectively assessing licensee-developed
safe'y oarameter display (SPD) formats and designs. The purpose of this
study was to quantitatively measure the degree to which a tachistoscupic
method of display evaluation would correlate with the results of a multidi-
mensional rating approach to display evaluation. The ultimate goal was to
identify the method which accounts for the greatest amount of operator per-
formance, yet costs the least amount of money. Results of Lhe following
three experiments will be presented; (a) tachistoscopic, (b) multidimen-
sional rating scale, and (c) the combined results of a and b.

The test material for all experiments consisted of three multivariate
data cdisplay formats all under development as SPDs for reactor control rooms
presenting safety parameter display data at the loss-of-fluid test (LOFT)
facility. The three display formats studied were stars, devialion oar
graphs, and meters. Three questions were posed: (a) What is the degree of
concurrence between these two independent methods used in display e-alua-
tion? (b) Can one of the two methods be used successfully to predict
results of the other? (c) What dimensio.. of SPD formats appear to be most
crucial to operators for performance and preference?

gEighteen adult volunteers were used as subjects. Their ages ranged
from 2€ to 44 years and all reported vision correctable to 20/20. All were
currently qualified rea.tor operators from the LOFT reactor plant, with a
mean of 9.4 years reactor operating experience.

15



EGG-M-20382

Tachistoscope Method. A dual-channel tachistoscope (t-scope) was used

to study the three display formats. The classic model of signal detection
was employed collecting data for perceptual sensitivity, response criterion,
percent correct, and reaction time. Two studies were made: signal
detection and parameter recognition. The signal detection study found dif=-
ferences for display type, exposure duration, and interactions. For the
dependent variables of per.eptual sensitivity, percent correct, and response
criterion, stars were significantly greater than the combination of meters
énd bars, and stars were significantly greater than bars. The interactions
of display and exposure duration also showed a superior performance for the
star display, but only with the short exposure as the difference diminished
with increasing exposure durations. Recognition study results revealed no
significant effects or interactions from any of the analyses.

Multidimensional Rating Scale Method. The authors used a combination

of facior-analytic and forced-choice techniques to develop six scales for
evaluating displa, interfaces: content density, content integration,
format, cognitive f'delity, cognitive processing, and general acceptance.
The study sought to determine if this multidimensional rating scale (MDRS)
methodology would apply to the evaluation of the three display formats.

Statistically siynificant results were obtained only for content inte-
gration (CI) and cognitive processing (CP). In both cases, the order of
preference from most to least preferred was bars, star, and meters.
Orthogonal planned comparisons showed that bars and star differed signi-
ficarciy from meters for CP only (p <0.05); no other comparisons reached
significance.

Comtined Results. To answer the three major questions posed as

objectives for this paper, forward stepwise multiple regression analyses
were conducted. Two sets of analyses were run combining the dat- from the
MDRS study with the performance data from the recognition and detection
studies Multiple regressions were run, with the performance data from the
recognition and dete.tion studies serving as dependent variables (d, beta,
percent correct, and ‘eaction time) and the scores from the six subscales
plur a total score from the MORS providing the predictor or independent
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variables. Multiple regressions were run for each dependent variable
against subscale scores (predictors) for each display type and when col-
lapsed across display type.

Discussion. The results of the multiple regressions demonstrated
that statistically significant relationships do exist between the perform-
ance measures of the tachistoscopic method and the MDRS. The MDRS can
reliably predict between 11 and 67% of the variablility in the t-scope
measures of performance. Thus, the two methods do converge.

When the MDRS subscales were considered in i:elation, collapsing
across the dependent measures, and display type, it was found that FO
(format) and CD (content density) each appeared nine times in the multiple
regressions, indicating that these subscales are most critical in predic-
ting performance. CF (cognitive fidelity) and CI (content integration)
were the second most frequent and therefore salient in predicting perform-
ance, each occurring five times. GA (general acceptance) and sum (the
total instrument score) appeared least frequently, (four and two times
respectively). It is important to note that all six subscale scores and
the total score were critical in prediction for the various multiple
regressions. The researchers would also expect the critical subscales t:
change, dependent on display type and performance measure.

Three other findings of interest resulted from the multiple regression
analysis: the dependent measures of d, Beta, and percent correct from the
detection study were negatively correlated with the MDRS; the dependent
measures of d, Beta, percent correct, and response time rom the
recognition study were positively correlated with the MDRS subscale scores
and total score. The detection study only produced significant R2
~25ults with the star display, and the recognition study produced signifi-
cant multiple regression results with the bar ind meter displiays.

To understand these results, it is necessary to consider the
methodologies used in the detecticn and recognition studies, and of course
the displays themselves. The detection study methodology sought to
discriminate between displays base solely on abnormal parameter
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perception; a low level phenomena when considering human memory and
learning. On the other hand, the ~acognition study sought to discrim.aate
between display- based on abnormal parameter recognition; a much
higher-level cognitive process. Also, since the MDRS asked the subject to
rate the displays on content density, integration of content, organization
of format, clarity, ease of processing, and aid to decision making, the
subjects evidently rated the displays not based on purely perceptual
aspects, but on how well, in their opinion, the display presented
information for ease and accuracy of use These postulates must be coupled
with the fact that stars achieved significance for the detection study
whereas bars and meters achieved <ignificance only on the recognition
study. The sutar display was unfamiliar to the operators and they did not
have time to become so famil‘ar with the display that they could accurately
predict their performarce with a recognition task using the MDRS. Thus,
the relationship between ratings and actual performance is attenuated. For
bars and meters, however, operators can predict performance because they
have experience with these formats. The detection study collected
lower-level cognitive data not being directly assessed by the MDRS and
somewhat different than what the operator would normally consider in
answering the aeneral question of how well the dis;lay presents information
for ease and accuracy of use. Thus the bar and meter displays did not give
significant results with the detection data and the MDRS; however, since
the star display was unfamiliar, the operators responded to the MDRS in a
manner cifferent than that for either bars or meters, thereby causing the
purely perceptual performance data of the detection study to be predicted
by the subscale scores of the MDRS.

The major conclusion is t“at one can predict the type of performance
data yielded by the t-scope studies us .g the MDRS. It is also true that
the t-scope adds a unique portion of explained variance not covered by the
MDRS. The MDRS is sensitive to differences in operator familiarity with
the display and predicts different levels of cognitive functioning commen-
surate with the operator's prior knowledge. Research is currently being
conducted to include checklist and simulation evaluation techniques in this
multimethods approach to further identify and validate possibie means of
display evaluation.
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A Multimethod Approach
to Safety Parameter Display
Evaluation

W.W. Banks
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Experimental Questions Posed

e What is the degree of convergence between
these two independent methods used in display
evaluaton?

Can one of the two methods be used
successfully to predict results of the other?

What dimensions of SPD formats appear 10 be
most crucial to operators for performance and
preference?
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Detection Experiment
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Cognitive Dimensicnis

e Content Density (CD)

Content Integration (Cl)
Format (FO)

Cognitive Fideity (CF)

Cognitive Processing (CP)
General Acceptance (GA)
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1. Main efiect for variable C! across dispiay type.

df MS  MSemor F Sg
251 1675 427 397 <06

2. Main etfect for variable CP across ~faplay type.
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Muitiple Regression Analyses

* For each dependent vanable aganst subscale
scores in four cases.

1. Collapsed across display type
2. Bar displays only

3. Meter displays only

4. Star displays only

Statistically Significant R2s (cont'd)

Percent Correct
Star Bar Meter  Collapsed
Detection 056 0.14
Recognition 067 044
Reectic- Mme [
Sta Bar Meter Collapsed
D . ..
Recognition 050 016

Statistically Significant R2s

Star Bar Meter  Collapsed
Detechon 044 un
Recogrtion 047 059

B

Star Bar Metes  Collapsed
Detecton  -023
Recogrion 065 e

Major Results
o Statisticaly S MSongiing. i
* Measures are reliable
e Can predict up to 67% of the variabiity

The tachistoscopic and MDRS methods converge
Most salent dimensions in order of importance are
- FO (format) and CD (content density)

- CF (cognitive fidelity) and CI (content integratior:

- GA (general acceptance) and sum (total
instrument score) 1 asen
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Findings of Interest

¢ The dependent measures of d’, beta, and percent

correct from the detection study were negatively

comslated with the MDRS.

The dependent measures of d’, beta, percent correct,
and response time from the study were

positively comelated with the subscale scores

Major Conclusions

e One can predict t-scope performance data
using the MDRS

e MDRS is sensitive to differences in operator
famianty with displays

o Further work utiizang checkiist and simulation
techraques is warranted



Allocation of Functions to Man and Machine
in the jutomated Control Room

R. Pulliam *
H.E. Price *

This morning two speakers (J.P. Jenkins, W.W. Banks) have
already emphasized the importance of human factors to the des’gn
of information displays. Later on, Mr. R. Kisner will talk
about models of man-machine interaction. We shall not need to
convince this audience of the importance of human factors in
control room design. It is sufficient to say that we are all
concerned asout the role of man in nuclear power plant (NPP)
control, especially as we approach higher levels of automation.

In fact, we expect automated control to produce a Jramatic
change in the role of the NPP operator. We hope and believe
that this change will be for the better; in fact we believe
that auto mation may provide the best hope fo: mastering the
complexity of NPP control, and may permit the design of control
systems which are at the same time safer, more efficient, and
better suit-d to the characteristics of man.

The rush to autoization has not always fulfilled these
optimistic hopes. In fact, it is almost a rule that automated
systems are in some ways not as satisfactory as the manual
systems they replace. Nearly every new system creates some
new workload as it alleviates others. Nearly every new sy:tem
generates new causes of error. Automated systems are often
considered "less friendly" by operators, and we constantly see
instances in which the users resist automation, seek to override

the new system, or continue to do by hand what the system was
designed to do.

* BioTechnology, Inc., Falls Church, VA
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Other speakers have suggested some of the causes, and
their possible solutions. But we will emphasize that one of
the principal causes of bad man/machine design is the fact that
usually there¢ has been no deliberate consideration of which
tasks and decisions are best performed by man, and which by
machine,

It is natural for systems designers to exploit automation
to the limits of affordable technology. The gquestion of what
should be automated is seldom asked. Design decisions are
usually made on engineering grounds alcne, and are soon firmly
cast into hardware and software, after which they pe2rmanently
limit the flexibility of the human role. When functions are
automated, the human operators may be unable to monitcr events
Oor to exercise useful control. On the other hand, when
functions are delegated to man the users may be required to
perform unnecessary chores or to do tasks for which humans are
poorly adapted. To a large extent this failure to appropriately
allocate tasks occurs because there is no established procedure
for making these decisions during system design.

This problem is recognized by NRC and by many professionals
in the NPP community. Our company, BioTechnology, Inc. (BTI),
is conducting a project sponsored by NRC through the Oak Ridge
National Laboratory, which hopes to provide NPP designers with
a practical method for allocation of functions, either as a
step in the design process or for evaluating the man/machine
allocations in an existing control room design.

An Historical Study

The project we are reporting began about two years aco. At
that time, BTI undertook a study for the Department cf Defense
in which we examined the R&D literature and the histories of
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recent systems procurements. In spite of DOD regulations which
specifically require allocation of functions as a step in the
design cycle, we did not find a single case in which the allo-
cation of functions was determincd on a system-wide basis, in
an orderly way. This is true in spite of the fact that several
methodologic models had previously been developed and were
available to guide the allocation of functions. Many obstacles
are responsible, but central among them is the absence of an
accepted gereral method and a professional tradition for the
allocation of functions. Accordingly, BTI recomsended the
development of a practical framework and a set of methodclogic

tools which a design team c¢»uld use in allocating functions.

De veloping a Method

In 1981, BTI began developing such a methodology for the
nuclear pow«<r industry. In an effort sponsored by ORNL, we
initially developed a conceptual method for allocating functions
(or assessing existing allocations) in NPP control rcoms. The
method is applicable both to earlier technology using electro-
mechanical process contro. and to later technology exploiting

the computer.

BTI ’‘irst examined the history of control technology, and
then reviewed major models and methods which have been proposed
for the allocation of functions. These begin with the "listing"
approach. 1In 1951, Fitts proposed a table listing the differing
capabilities of machines and man, to be used in support of
decisions about automation. Since th¢n, more elaborate lists
have been put forward, for instaance by Mertes and Jenny (1974),
Edwards and Lees (1974), and Swain (1980). More elaborate
simulations, procedural guides, and information support systems
have also been developed, including HEFAM (Connelly & Willis,
1969) , CAFES (Parks & Springer, 1967), SYSSIM (Ireland, n.d.),
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SAINT (Workman et al., 1975), HOS® (Strieb & Wherry, 1979), and
the Hypothetical-Deductive Mod=»1 of Price and Tabachnik (1968).
Several of these ! ve features which might be applied in deter-
mining functions for nuclear power plant control, but most of
them either were never developed in an operaticn2l form, or
were predicated on the availability of large bodies of human
reference data which do not yet exist. Thus, in spite of
widespread concern over this problem, there appears to be no
instance of a proven methodology for allocating functions to
man or machine.

Findings of this preliminary research inciuded a recom-
mended rule-based, iterative procedure for allocat ng functions
in the design of NPP control rooms, and some "lessons learned":

@ There has been no successful system-wide use of an
allocation method.

® Most proposed or demonstrated methods for allocating
functions are helpful for psychomotor tasks, but not
for the cognitive tasks which are central to NPP control
operations.

® Allocation of functions is like engineeri :g design:
it is an iterative process that reguires repeated
cycles of preliminary design, test, and mod: fication.

® Allocation decisions drive related requirements for
training, procedure writing, and personnel selection.

® A major need in automated systems is for man-computer
communications--that is, for a means by which (1) the
operators can be aware of system states ever when
computers exercise control, and (2) the computer logic
can be informed of human interventicns and the purpose
of those interventions,
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® Engineering design depends on an institutional memory,
within the profession, of past successes and failures.
We need such a memory tc facilitate allocation (and for
other human factors) decisions. This may have been the
key finding at this stage of the research: No allocation
procedure will work without the creative, informed
judgment of experienced professionals.

e Several methodologies, recommended in the past for
allocating functions. were flawed by a simplistic
assumption, as I will explain next.

The Two-Variable Decision Model

The question of whether a designated function will be
better perfc-med by man or by machine has sometimes been viewed
as a single-dimension question. It was assumed that if man
performs a task poorly, a machine will necessarily perform it
well. This is obvicusly not the case; there are tasks, such
as low-speed sorting of objects by color, which both men and
machines perform very well, and other tasks, such as multi-
variate value weighing, for which neither men nor machines are
well suited. In fact each allocation decision requires two
separate aszessments, one concerning the effectiveness of man
and one concerning that ¢f machine.

The relationship between these two assessments can be
illustrated by a two-dimensional decision space, in which any
task or function is represented by a point. We will examine
first the general characteristics of the decision space
(Exhibit 1) and then a specific decision matrix (Exhibit 2)
which can be drawn within that space.

Exhibit 1 represents the decision space concerned, which
is defined by two dimensions. The vertical (X) dimension
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Exhibit 1

Decision Space for Relative Control Performance

of Man and Machine
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represents the relative effectiveness of ma:i;, scaled from
"unsatisfactory" at the bottom to v"excellent"” at the top, and
the horizontal (Y) dimension scaled left to right represents
the corresponding effectiven=ss of a machine. The X and Y
values of a point in that space will represent the estimated
probable effectiveness with which men or machines, respectively,
can perform a specified task or function, and the position of
that point will prove useful as a means of deciding how the
function should be allocated.

At a gross level, this decision space can be divided into
two areas by the diagonal line U-E, representing the values
of % = 1. Any point in the upper left area now represents a
function which is best suited to man, and any point in the lower
right area, a function best suited to a machine. But this
distinction alone is not a basis for an allocation decision,
since special conditions exist at several points. At the lower
left, for instance, in the area marked , are tasks which are
not performed well by either man or machine. Such tasks may be
actually infeasible, or impossible to achieve safely. During
the early davs of flying, a point in this area would have
described the function of piloting an aircraft. By centrast,
at the upper right corner near is an area in which all
functions are performed so well, by either man or machine, that
the allocation decision is largely a matter of free choice. 1In
fact, any function defined by a point close to the diagonal line
U-E is one for which man and machine are equally well (or equally
poorly) suited. An allocation for these functions can be based
principally on criteria other than the relative suitability of
men and machines, viewed as engineering components.
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We can redraw the decision space of Exhibit 1 as a decision
matrix (Exhibit 2) in which there are five differentiated
regions. The decision strategy which is appropriate to apply in
allocating functions is significantly different for each region.

The matrix includes two regions shown as shaded, (E}
(unacceptable: autcmation), ana Uh {»nacceptable: human).
Functions falling in region Ua are too low on the "machine
performance" scale to be considered for automation; they
can presumably be allocated to man by default. Conversely,
in region Uh » any allocation will presumably be to machine.

However, at the intersection of( UJ and <§\ is the region

h
<§;% + where both men and machines perform unacceptably. This
corresponds to the area in the earli~r figure. Any function

which falls in this region should be considered ‘or redesign, or
included in a system only as a final resort.

Other regions in the matrix, not shaded, represent
functions which might be acceptably performed by ¢ither man
or machine, with varying degrees of advantage. 1In the region
@ (preferred: human) man is expected to be substantially
superior as a control component. Functions in this region
will be allocated to man, in the absence of other overridirg
consideraticns. Conversely, in the region (5} (preferred:
automation), allocation will ordinarily be to machine.

Finally, there is the region Pah + which is bounded by
regions (E;D ’ (Eﬁ) » and by the lines of constant proportional
difference U-E and U'-E'. At all points in this region the
difference between the expected performance of man and machine
is not great. This is a region of less certain choice, so far
1S the relative control performance of man and machine is
concerned. In this region the allocation decision can be based
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Exhibit 2

Decision Matrix for Allocation of Functions
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on considerations ~ther than the engineering performance of man

and machine as control components. These considera’!.ons include
costs, worker preferences, and the availability of proven design
2xperience.

The matrix of Exhibit 2 should be used during system design
to evaluate the merits of man or machine as control components.
Any function planned for a system should be evaluated for its
estimated values of expected man/machine suitability, and
recognized as belonging to the decision class which the matrix
suggests. Note thet no numerical values are suggested for
the boundaries within the matrix. Both of the man and machine
performance variables (X and Y dimensions) are themselves
muitivariate parameters which resist quantification. 1In the
absence of an ability to scale X and Y, no reasonable values
can be assigned to the internal boundaries of the matrix.
Furthermore, it must be recognized that the matrix deals only
with the question of which allocation is preferred from the
engineering component point of view. The decision rules
suggested by the matrix may be overruled by considerations
other than the relative effectiveness of man or machine,
viewed as control system componernts only. This may happen,
for instance, for reasons of cost, legal restrictions, worker
preferences, or a technologic inability to construct a system
using the ideal allocation.

BTI's Recommended Procedure:
Constructing an Hypothesis

After establishing the conceptual framework, BTI proceeded
to (1) elaborate a practicual, step-by-step, reproducible method
by which allocations «:an be made, and to (2) identify criteria
sets to be used in applying the method. This method is now
being fully developed and will be applied to a selected real
case in the NPP industry.
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The procedure differs from earlier schemes in at least
one more feature: earlier procedures provided hypothetical
or procedural solutions only. However sound they were, they
provided only an untested hypothesis as to the correct allo-
cation solution. The BTI procedure has added deductive (or
empirical) tests of the hypothesized solution. Furthermore,
these specific tests are to be followed by corrective feedback,
so that the method can search heuristically toward an optimized
man-machine interaction. The method is designed to be applied
continuously, throughout the system design process, and to
produce a series of increasingly accurate approximations to

the objectives expressed in a system requirements statement.

Exhibit 3 illustrates principal steps of the proposed
method. Note the median dashed line, which separates an initial
hypothetical analysis from the following evaluation phase. This
second phase is called the "deductive" phase when deductive
rather than empirical tests are employed, as must be the case

during early (concept or preliminary) design phases.

In the procedure, initial steps identify those functions
which must be allocated to either man or machine for obvious
reasons. These allocations fall in regions <E§D or (ES} of the
matrix (Exhibit 2). Such allocations must be made to automation
(step 1) for instance, when regulation or polircy requires it,
when hostile environments preclude the presence of man, or when
the required system reaction times exceed human response limi-
tations. Allocations to human control (Step 2) may be mandatory
when, for instance, there is a requirement to develop strategies,
to detect patterns or trends, or when meaning or values must be
assigned to events. Additional tests are applied for economic
and technical feasibility (Step 3), and in some cases a tentative
design decision may have to be fed back for reconsideration at
the system requirements level.
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Exhibit 3

The Allocation-of-Functions Process
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Steps (1) and (2) are repeated first at the whole-system
level, then for subsystems, and finally for portions of
subsystems until those parts of the system which clearly must
be controlled by man or computer have been partitioned off
and allocated properly. This will normalliy leave substantial
portions of the system, and of the operating procedure, which
can reasonably be allocated either to man, to machine, or to
some combination of the two. At Step (3), these functions are
classified according to a performance taxonomy and allocated

on a best-choice basis, using regions (E;) ' (E;} , and (E:k

of the matrix.

BTI's Recommended Procedure:
Evaluation

At this point in each cycle of the system design, an
allocation of functions to man or machine has been hypothesized.
In a design which has reached the mockup or prototype phase, an
empirical test is appropriate. But a set of deductive tests is
provided as well, which can be used during concept formulations
and other early design phases.

First (Step 4 in Exhibit 1), those functions hypothesized
as "man-rated" are reviewed in detail against the known psycho-
physical capabilities of man, against system constraints, and
against reliability requirements. If found feasible in these
tests, a next step (Step 5) asks whether the human job, as it
is emerging, is acceptable to an operator. Modifications are
made at this point to ensure that operators will feel supported
and important, that the job is coherent, and that it will fit
into a reasonable authority and social structure. Finally,
depending on outcomes of tests (Steps 4 and 5), elements of a
preferred man-machine design are provided to systems engineering
(step 6) or are fed back to other steps of the design process.
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The seven-step process jus; described is reported in devail
in NUREG/CR-2623 (Price, Maisano, & Van Cott, 1982). At each
point in this process decision aids are provided, but the actual
decisions remain judgmental. It is suggested that the procedure
be applied by a team including at least one experienced human
factors engineer and one control engineer. The method provides
an orderly decision procedure and a set of decision aids which
include some representative gquantified human performance data.
More importantly, the procedure provides for documentation of
the decision process. This documentation, one of the "conditions"
discussed earlier, makes it possible for allocation decisions to
be communicated widely within the systems design organization.
It provides a basis for iterative improvement and elaboration
of detail in the man-machine relationship, and for interaction
with engineering design 4decisions as the system design evolves.
Finally, it serves to expand the institutional memory.

MAllocation as a Process in System Design

The steps of the allocation process provide an orderly
decision sequence for allocating functions. But more important
than any particular sequence of steps is the commitment to a
deliberate allocation process. In the past, when designers have
achieved good man-machine designs, that success has been largely
due to an intuitive consideration of human factors. 1Intelligent
designers have tried to foresee how users would interact with
the machine. Often Lhey have had experience as hands-on users,
and they have considered human factors problems and solutions
without consciously practicing that science. Unfortunately, the
more frequent case has been one in which engineering designers
have pursued an engineering solution, without any consideration,
deliberate or otherwise, of what should be automated. The
recommended procedure provides a methodology for the deliberate
consideration of man-computer roles, as part of the systems
design process.
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We assume that the allocation of functions must eventually
become a formal step in control system design. That step will
cost professional effort; it will "interfere"” with engineering
decisions, and will require additional paperwork within the
design documentation system. Is it worth the cost? The answer
is clear: Human error now causes about half of the accidents
leading to a release of radiation, and from 20 to 50 percent
of reported plant failures are due to human error (Sugarman,
1979). In those cases where it is the equipment that failg‘
it is human action which must minimize the consequences and
bring the plant under control. The human element i the mdre
complex part of the man-machine symbiosis, yet we now invest
less than 10 percent of the design effort in consideration of
the human role. Not only are greater efforts justified, but
the allccation of functions is only one step in what should be
a more general investment in human factors engineering during
design.

When systems were relatively simple, intuitive judgments
about the human role were more likely to be right, and the
general adaptability of human beings could be depended upon
to make up for some inadequacies of human engineering design.
As systems become more complex, this is no longer true, and it
will be increasingly necessary to invest in human factors
analysis as an integral part of the design process.
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Review of Operational Aids for Nuclear Plant Operators*

(Summary of Paper to be presented at
Tenth Water Reactor Safety Research Information Meeting
October 12-15, 1982, Gaithersburg, MD)
R. A, Xfzner
Oak Ridge National Laboratory

INTRODUCT ION

Many approaches are being explored to improve the safety of
nuclear plant operatiors. One approach is to supply high-quality,
relevant information by means of computer-based diagnostic systems to
assist plant operators in performing their operational and safety-
related roles. Privately and federally funded research has resulted
in the development of operational aid concepts co {improve plant moni-
toring, dlagnostic and corrective capabilities, and operator process
communication. Many of these concepts have passed from the idea stage
to the point of testing.

The evaluation of operaticnal aids to ensure safe plant
operations is a necessary function of NRC. However, such evaluati: .
is made difficult by the lack of reliable quantitative performance
measures and function analysis data. This lack is a result of the
nuclear power industry not having adopted a rigorous systems approach
as characterized by the aerospace/aircraft industry. As result, to
obtain these data for design use requires post-engineering synthesis,
that {s, reconstruction of the original design process.

Furthermore, a situation the reverss of the systems approach has
evolved: many operational aid systems ~ve being developed w!thout
adequate analysis of the operator's role, system function, and
operator tasks. This is analogous to having solutions in eearch of
problems. Analyses, would help point to specific functions a~41 tasks
for which the operator may require ussistance, especially those in the
areas of information processing and problem solving.

This work has two purposes: to collect limited data on a
diversity of operational aids, and to provide a method for eval,ating
the safety implications of the functions of proposed onerationa! aids.
After a discussion of the method evaluation now under study, this
paper will outline this data collection to date.

*Research supported by the U, S. Nuclear Regulatory Commission under
contract with Oak Ridge National Laboratory, operated by Union Carbide
Corporation for the U. S. Department of Energy.
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METHOD

Several alternative approaches can be =mploved in the evaluation
of potential functions of operational aids:!

1.

No review - No prinr NRC approvair is necessary.
The supposition is that any responsible effort to
implement an operational aid represents a net
improvement in operational safety.

No adverse ¢ ffects - NRC approval is necessary before
testing and operation of the operational aid. The

aid is considered a nonsafety-related system. It must
not be required for safety, and failures must not
significantly affect the ability of plant safety

systems to function as required or cause plant conditions
more severe than without the aid.

Improved ssfety - Prior NRC approval is necessary
tefore testing and operation of the operational aid.
The supposition is that an improvement in safety is
required and that the licensee must demonstrate that
the aid represents such an improvement. Satisfaction
of specific critieria is required.

A general 1list of functions that can be identified either to
improve or adversely affect safety could be useful to suppor: these
approaches, especially the latter two. Several sources exist for

deducing or generating a list of tasks and functions that could
benefit from operational aide:

1.

2,

Operator workload timelines. Tasks and functions
that contribute to workload peaks and overload.

Operator error analysis. Error-prone functions and
tasks.

(perator emeryency response models.?2 General
unctions to achieve safety goals during an emergency.

Operator function classification.2 The overall

functions of an operating crew derived from a context-
free taxonomy.

A possible methodology for evaluation of an individual aid 1s (1)
compare its functions with those determined to be effectual,
ineffectual, or hazardous (this is a theoretical verification of the
efficacy of specific functions), and (2) test its ability to implement
its specified functions at a simlator or other facility (this is an
experimental verification)l.

a1



DATA

Information about specific opers®onal aids under devalopment by
various groups 1s incomplete and has been difficult to obtain.
enlarge and improve the data base, a qiectionnaire was prepared and

used to canvase a limited number of organizations.
included the following categories:

1. Problem definition

2. Function

2.1 Role/User

2.2 Memory

2.3 Control
3. Design

1 Scheme

2 Computer hardware
3 Computer software
4 Verification

5 Standards

4, Plant Interface and Environment

4,1 1Isolation
4,2 1Iratallation

5. Performance

5.1 Reliability/Availability
5.2 Response tiue
5.3 1Input data verificacion

6. Operation

6.1 Interface

6.2 Interaction

6.3 Responsibility of opecation

6.4 Crew verification of system response
6.5 Workload

6.6 Communication

7. Maintenance and Testing

1 Requirements

2 Responsible organizations and duties
3 Methods used to verify accomplishment
4 High m "ntenance components

5 Self-testing and on-line diagnostics

er Training

1 Addition training needed

2 Extent of knowledge of system needed
3 Use of system during training

4 Future users

42
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9. Documentation

9.1 User control ». documentation
9.2 Currency

9.3 Availability

9.4 Perspective

10, Work Status

10,1 Current
16.2 Expected operation

Responses varying widely in detail have been received from 14

organizations. Their salient features will be presented in the full
paper.

CONCLUS [ONS

Without a clear description of the functions and tasks of
operations personnel, it is difficult to determine how best to provide
them with computer-based assistance. The evaluation of computer-Sased
aids developed on the basis of partial knowledge is equally difficult.
Nevertheless, snch systems are being developed and their effactiveness
and safety value must be assessed. This can be done to a limited
extend by the methods described.

REF ERENCES

l. R. DiSuivo, "Regulatory Approaches to Disturbance Analysis
and Surveillance Systems,” February 23, 1981, internal
report, Office of RES, U. S. NRC,

2. R. A. Kisner and P. R. Frey, "Functions and Operations of
Nuclear Power Plant Crews,” NUREG/CR-2587, April 1982,
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TASK ANALYSIS OF NUCLEAR POWER PLANT
CONTROL ROOM CREWS !

Donald C, Burgy
General Physics Corporation
Columbia, Maryland

A task analysis of nuclear power plant control room crews is being
performed by General Physics for the Office of Nuclear Regulato y Research.
The objective of the project is to conduct a crew task analysis which will
provide data for evaluating six areas:

. Human engineering design of control rooms and retrofitting of current

control rcoms

. The numbers and types of control room operators required with
requisite okills and knowledge

[ Operator qualification and training requirements

- Normal, off-normal, and emergency operating procedures

= Jet, performance aids

o Communications
The task analysis methodology employed in the project offers an effective
appr.ach to collecting information which describes power plant crew
composition, their activities and their environment. The task data collected

on the crews will provide a firm technical basis for the development of
guidelines and regulations directed at improved operational safety.

There are five key factors of the overall program approach that should be
considered when reviewing the methodology or comparing the results of this

‘Presentation to the Light Water Reactor Safety Conference, Gaith.rsburg,
Maryland on October 12, 1982. This work was supported under contract NRC-04-
82-005 from the U.S. Nuclear Regulatory Commission to General Physics
Corporation. 1In addition, subcontractors to General Physics for the project
include BioTechnology, Incorporated of Falls Church and AMAF, of ~olumbia,
Maryland.
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project with other task analyses which may be performed on the same operator
population. These factors in.lude:

B Data collection wili be done in a field environment - Task data will
be collected by project teams at power plant sites while observing
the activities of ‘he control room crew. Subjects will be personnel
experienced in plant operations performing tasks as specified by
company procedures and operating practices.

. The control room crew will be observed responding to plant events -
Activities will be observed within a context termed an operating
sequence which has an identifiable beginning and end point. A

condition will be hypothesized which will require that the crew
perform a series of tasks.

. The fo:us of the project wiil be limited to the power plant control
room - The nuclear power plant control room (or a power plant control
room simulator) will be the setting for all observational
exercises. The actions of plant equipment operators or others which
occur outside the control room during operating sequences will not be
observed., However, information on communications between control
room c: -ws and personnel in remots locations will be included.

- The activities of control room crew members will be sampled across a
range of conditicns - A small percentage of all possible power plants
and operating sequences will be observed. Statistical validity is
not a criteria for selection. Instead, variables will be sampled
across a range of conditions in order to verify the completeness of
the *ask analysis methodology and data structure.

= A dynamic data base will be developed - Data collected in the field
will be processed and scored within a computer-searchable data
base. The data base will be designed to incorporate other task
analysis data required in the future. Mata will represent the
situation as observed in the field and the data base will allow
updating should key influences on operator actions, such as operating
procedures or control room design, change in the future.

In order to assure adequate consideration of all the factors in the data
collection approach, a program plan and d:ta collection plan were prepared at
the front-end of the 1’ -month project.

The Program Planz for the crew task analysis described the historical
perspective of task analysis, the new task aralysis approach for this project

2?:05:.. Plan: Task Analysis of Nuclear Power Plant Control Room Crews.
Prepared for the Office of Nuclear Regulatory Research, U.S. Nuclear
Regulatory Commission, Washington, D.C., March 9, 198zZ.
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and the relation of this project to other job and task analyses being
conducted in the nuclear power industry to date. 1In addition, the plan
delineated the power plant sites to be visited, the operating sequences to be
selected, and the crew members to be observed. The plan also presented the
initial concept. of the computerized data base.

Historically, task analysis has consisted of a set of sequenced tasks
whose completion leads to the initiation of a subseguent task. The analysis
was single-thread in nature since there was little if any interaction or
branching in the successive tasks being performed. In the crew task analysis
project, a large number of tasks which could be linked together in a number of
ways was expected. Each operator has different tasks that could vary in
number, manner of linking, sequencing and branching. The variation is due to
the type of pla.: (e.g., BWR or PWR), the vintage &nd architect-engineer, and
the operating modes of each plant. Thus, a multi-thread task analysis
approach was called for as well as a means for sorting and retrieving the
multivariate task data from each plant and operating sequence.

Of major concern in the project was the relation of the crew task
analysis approach to other ongoing industry efforts in job and task
analysis. During the planning phase, selected project staff participated in
the Institute of Nuclear Power Nperations (INPO) job/task analysis effort.
The participation allowed a detailed understanding of INPO's project
objectives and approact in order to assure compatibility of the resultant data
from the two projects. AdZitional inpu. to the project concerning
methodological issues was gained through a pilot task analysil3 performed by
General Physics for Oak Ridge National Laboratory. The pilot study provided
valuable insight into data collection methods available and allowed the crew

task analysis project to refine and modify the techniques and approach already
tested in a control room/simulator environment.

3Barks, D. B., Kozinsky, E. J., and Eckel, S. Nuclear Power Plant

Control Room Task Analysis: Pilot Study for Pressurized Water Reactors
(NUREG/CR-2598) . Prepared for Oak Ridge National Laboratory, May 1982.
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The Data Ccollection Plan‘ for the crew task analysis was prepared

following a peer review and NRC review of the Program Plan. Detaile? data
collection procedures and demonstrations of suitability for analysis were

contained in tae Data Collection Plan.

The data collection approach was divided into three phases:

Phase A: Table~top Task Analysis. Prior to each power plant visit,
the data collection team will spend 4-6 weeks in preparation. Each
operating sequence will be analyzed to develop a preliminary
description of task content. Plant documentation and subject matter
expert opinion are the data sources.

Phase B: On-site Data Collection. Plant visits will be of ore or
two weeks duration at each of eight plants. The preliminary
descriptions of task performance wil)l be refined and verified through
a sequence of plant operations expert reviews and walk-through/talk-
throughs of the operating sequences in the control room or simulator.

Phase C: Data Entry. Following completion of the site visit,
descriptive task data will be refined further through the last in a
series of quality con%trol checks and submitted co data base
specialists for entry into the computerized task data base.

Detailed procedures for acquisition of task data in each phase were written to
assure consistent quality in the final data. Data collection forms that were
initally developed in the Program Plan were revised and currently include:

(1) an Operating Sequence Overview, (2) a Task Sequence Chart and (2) a Task

Data Form.

The detailed descriptions of eacn operating saquence chosen are contazined
in the first form - Operating Sequence Overview (0SO). In a brief narrative
format, crew actions and plant functions are described. Specifically, the
initial plant conditions, sequenrce initiator, expected progression of action,
final plant conditions and major systems involved are noted. The 0SO

establishes the operational context in which all task data is described.

‘Data Collection Plan: Task Analysis of Nuclear Power Plant Control

Room Crews. Prepared for Office of Nuclear Requlatory Research, U.S. Nuclear
Re ulatory Commission, Washington, D.C., July 12, 1982,
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An initial description of the tasks in the operating sequence are
contained in the second form - Task Sequence Chart (TSC). The form is
designed to show the sequence of tasks and their corresponding cues within
each operating sequence. Information presented for each task includes the

task statement, task purpose, initiating cue for the task and the plant system
involved in task performance.

The primary data collection record for crew task performance is contained
in the third form - Task Data Form (TDF). The form is designed to capture
task descriptive data, i.e., that data which characterizes a task and can be
verified by observation of dynamic crew performance. The TDF is presented in
Figure 1 and is structured in three sections called plant identification, task
identification and description of task action. rhe information included in
the first two sections comes from the previous data forms described above. 1In
the third section, task action is broken into a "model sentence" format which
details:

Who performs the behavioral element

Location where action is performed

Discrete operator action (behavior)

Component, parameter, state of system involved
Means of action

Communication required by task

For most of the data fields, there is a list of standard terms that can be
used (see Figure 2). Some fields are free-format (i.e., no standard terms) to
allow for variation among plant specific nomenclature. Through the use of a
standard vocabulary, the crew task analysis should not suffer from the
limitations sometimes re~'ized in previous task analysis efforts. 1In
addition, the stancCard vocabulary allows for easier quality control efforts

during all phases of data collection.

The second section of the Data Collection plan described a demonstration
analysis plan. It featured a discussion of the approach to demonstrating
suitability of the data for analysis. A requirement of the project was to
show how the task data is applicable through examples to the six objective
areas stated above. In the analysis plan, an example for suitability for ea ™
objective area was identified based on hypothetical questions asked by
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potential user groups (a list of questions is contained in the Program

Plan). The demonstration examples will show how the user searches and
retrieves task Jdescriptive data from the data base, analyzes the data through
an accepted methodology or process, and draws conclusions related to the
hypothetical question asked of the data base. For some examples,
supplementary data (e.g., control opoard layout/dimensions, equipment design
specifications) will have to be obtained from the plant or from a further
analysis of the task descriptive data. The supplementary data will be
described in the final demonstration examples as well as the approach for
obtaining that data.

The rationale for the separation of data sources is to highlight what
unique data will be furnished by the NRC crew task analysis project versus
what data is easily available from existing plant documentation or from other
task analysis data bases (e.g., INPO's job/task analysis project). The
additional data is not required to allow the user to search the data base
effectively. The nature of the specific question confronting the user will
determine (1) the level of detail of the data reguired to resolve the issue
and (2) whether or not additional data is required.

The results of the crew task analysis project should demonstrate the
robustness of the task data base structure to resolve questions relating to
human engineering design, staffing and qualifications, training, procedures,
job performance aids and communications in the nuclear power plant control
room. BEmphasis in the project is placed on collection of dynamic crew
performance data within the context of well-defined operating sequences versus

collection of detailed data such as control room instrumentation and control
inventories.
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The Human Error Analysis Program

William J. Luckas, Jr.
Engineering Analysis & Human Factors Group
Brookhaven National Laboratory

The objective of this program has been to develop and apply realistic
human performance data and models to help evaluate the human's role *n nuclear
power plant safety. To meet this objective, the major FY 82 effort was placed
in several areas of investigation and accomplishment, namely:

- The further development of Human Error Rates (HERs)

- The use of Performance Shaping Factors (PSFs) and quantified expert
judgement in the evaluation of human reliability - the Success
Likelihood Index Method (SLIM).

-«

1..The development of the Operator Action Tree/Time Reliability Correl-
¢ ation (DAT/TRC) approach for post event human decision errors.

- The publishing of the Conference Record for the 1981 Workshop on
Human Factors and Nuc.ear Safety.

Please note that the reference list at the end of this paper contains
the following mentioned documents along with other safety research in human
performance related references recently published at Brookhaven National
Laboratory.

Human Error Rates

The use of Licensee Event Reports (LERs) and appropriate experience has
resulted in the detailed identification, analysis, and categorization of over
four hundred implicit human errors. These have been obtained directly from
the detail scrutiny of over six thousand LERs. The errors were obtained on
events relating to safety related pumps and valves and to instrumentation and
control (I&C) and electrical components. They hive provided an actual human
error data base many times greater than provided explicitly by the LERs "cause
code" or the LER Data Summaries. These detailed analyses of LERs has been
documented in NUREG/CR-2417 (for safety related pumps and valves) and NUREG/
CR-2987 (for I&C and electrical components).

These data bases are intended to provide a realistic assessment of the
real human error data base obtainable from the LERs. As a result, these data
bases will provide a synthesis with the methodology found in NUREG/CR-1880
(for safety related pumps and valves) and NUREG/CR-2416 (for 1&C and
electrical components) for obtaining the opportunities for those errors
identified and put into the bases. This will lead to the generaton of HERs
where

HER = human_errors
opportunities for those errors

from nuclear data and licensed operational experience.
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Success Likelihood Index Method (SLIM)

The use of Performance Shaping Factors (PSFs) and quantified expert
judgement using SLIM is important in the evaluation of human reliability. It
should be noted that the amount of authentic quantitative human reliability
data which exists is small (and is likely to remain small for the foreseeable
future). It is, therefore, likely that subjective judgement and extrapolation
will continue to play an important part. Nevertheless, present extrapolation
techniques are covert, unsystematic, and rely on the knowledge of a limited
number of judges. They do not systematically take into account the way in
which PSFs combine together to affect the probability of success in particular
situations. Moreover, certain tasks cannot effectively be quantified using
reductionist approaches. For these tasks, involving diagnosis, decision mak-

ing and other cognitive activities, a holistic technique will probably be
necessary.

Quantified subjective judgement has emerged from the previous analysis
as being of critical importance for human reliability evalution. SLIM is a
quantified subjective judgement approach which uses PSFs as comprising any or
all of the factors which cobmine to produce the observed likelihood of suc-
cess. The basic premise of the approach is that when an expert judge (or
judges) evaluate(s) the likelihood that a particular task will succeed, he or
she is essentially considering the utility of the combination of PSFs in the
situation of interest in either enhancing or degrading reliability. SLIM has
the means of positioning a task on a subjective scaie of likelihood of suc-
cess, which is subsequently transformed tc a probability scale. This posi-
tioning is derived by considering the judges' perceptions of the effects of

the PSF in determining task reliability. NUREG/CR-2987 documents the initial
appraisal of SLIM.

Operator Action Tree/Time Reliability Correlation (OAT/TRC)

The development of OAT/TRC is presenied as an interim approach for esti-
msting the probability of nuclear power plant (NPP) operators failing to take
actions required to terminate or mitigate potential NPP accidents. This model
is intended to fill the void in the area of human performance known as deci-
sion making or cognitive behavior by complementing the currently used event
tree/fault tree methods. This approach is understandable to the systems
engineer as well as the human factors expert and relies on available informa-
tion as to the real time available to make a decision prior to unrecoverable
core damage. In this way, it is clearly linked to the consequences of the

action as it should be. NUREG/CR-3010 documents the interim firamework of
OAT/TRC.
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Human Factors in Loose Parts Monitoring
James H. Howard, Jr.

The Catholic University Human Performance Laboratory

An operating nuclear power reactor produces a wide range
of audio-frequency signals. These signals fall into two major
~ategories. First, there are relatively constant, broadband
background sounds associated with the hydrodynamic flow of
coolant and steam within the nuclear steam supply system (NSSS)
and steady-state mechanical sounds such as those produced by
coolant pump motors. Second, there are relatively brief
duration transient signals which occur only infrequently.
These can be produced by normally functioning equipment such as
actuators and relays as well as by problematic events including
equipment failures (e.g., bearing chatter), and metallic
impacts of loose parts with components of the NSSS.

For several years it has been recognized that these audio
frequency signals, especially the transient signals, can be a
significant source of safety-related information. For example,
it is 1likely that detached and freely-drifting or loose and
abnormally vibrating parts within the NSSS wultimately will
impact structural components of the reactor.

Recent experience has suggested that loose parts can occur
with surprising frequency (Thie, 1981), and significant
structural damage can occur if these parts are not detected and
eliminated at the earliest possible time (Martin, 1982).
Because of the safety significance of loose parts, most water
cooled nuclear plants now in operation are equipped with a
loose parts monitoring system (LPMS). These systems include
accelerometers attached to areas where loose parts are likely
to collect such as the reactor vessel and steam generator
plenums. The electrical output of these sensors is amplified
and led to instrumentation in the control room. Typically, the
system can operate either in automatic mode to monitor the
incoming data continuously, or in manual mode with the human
operator listening to the audio output over headphones or a
loudspeaker.

The present study was undertaken to assess the
safety-related information potentially available to power
reactor operators in the audio output, To accomplish this
several tasks were completed. First, a literature review was
carried out to identify acoustic signal parameters of primary
interest and to relate these physical parameters to known human
auditory detection and recognition capabilities. An objective
of this task was to determine the level of performance to be
expected during manual operation of current and future loose
parts monitors. Second, the current use of auditory
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information in loose parts monitoring was determined. This
task entailed examining manufacturer product descriptions and
visiting a major instrumentation vendor and two nuclear plants
for discussions with equipment designers and users. The plants
included one which has had extensive experience with loose
parts and another which has not experienced a loose parts
incident in several years. Third, recommendations were made
regarding the optimal use of the human auditory capability to
ensure the safe operation of nuclear plants as well as for
additional research which may be required to eliminate any
deficiencies that now exist. In the remainder of this
presentation I will summarize our findings.

The collision of a loose part with an NSSS structure will
set up shock waves within the structure at the natural
frequencies of the system components. These fluid- or
structure-borne waves radiate from the point of impact to the
sensor location. A variety of factors will influence the audio
signal that is heard by the operator. These include the modeal

geometry of the reactor structures; sensor characteristics
such as mounting, location, and sensitivity; the mass and
velocity of the impacting part; background noises; and

electrical transients from the containment environment.

A number of acoustic parameters characteristic of 1loose
parts impacts are likely to be significant in determining the
auditory detection and recognition performance of human
operators. First, impact transients are of brief duration.
Second, they occur relatively infrequently on a day-to-day
basis. Third, impact signals are generally characterized by a
rapid onset and an exponential decay although a number of
factors will influence the envelope shape. Fourth, the signals
are masked by a varying background noise and often occur at
very low signal-to-noise ratios. Fifth, multiple or
overlapping transients occur because of repeated impacts and
multiple transmission paths to a single sensor. Sixth, the
carrier signal for impacts has a complex, relatively broad
spectrum within the audio-frequency range determined by several
factors.

How are these acoustic data used? Our findings indicate
that three major functions are currently served by a LPMS:
surveillance, diagnosis, and feedback. The first of these
functions, surveillance, is identified as primary in Regulatory
Guide 1.133 (NRC, 1981). The surveillance function focuses on
the early detection of metallic 1loose parts in the NSSS.
Although surveillance depends primarily on continuous
monitoring in the automatic mode, occasional monitoring does
and should occ'r in the manual mode.

The second, diagnosis, function of the LPMS will generally
follow the detection of a loose part. This function involves
an assessment of the safety significance of the detected part
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in order that appropriate action may be taken to eliminate any
potential safety threat at the earliest possible time. Dur ing
diagnosis. support personnel estimate the location, number and
approximate size of the parts. This information will be wused
to supplement data from a number of other soulces to assess the
safety significance of the loose parts.

A third function of manual listening involves the wuse of
audio feedback to provide supplementary information regarding
the response of remote egquipment. For example, the sounds
produced by control rod adjustments can reveal whether the
equipment has responded properly to the operator's commands.
This function of the LPMS was revealed in our interviews of
control rocm personnel; it is not mentioned in either
Regulatory Guide 1.133 or in previous reviews of loose parts
monitoring (e.g., Kryter & Ricker, 1979).

what listening skills are involved in these tasks? We
have identified three broad categories of auditory capabilities
which underlie the three functions described here. Auditory
detection is involved in surveillance, auditory recognition
underlies diagnosis, and semantic interpretation of auditory
signals will be involved 1in both the diagnostic and the

feedback functions of the LPMS. In detection the operator
decides whether an impact occurred or not--are loose parts
actually present or am I hearing only noise? In recognition,

the listener (an operator or engineer) characterizes or
identifies the source of the impacts. Where do they originate;
what is producing them? In semantic interpretation, the
listener attaches meaning to the sounds; that is, the sounds
are related to the listener's knowledge of the reactor and its
function. This enables the safety significance of the parts to
be determined.

Several conclusions may be drawn. Unfortunately, only a
very brief overview can be presented here; the conclusions are
spelled out in detail in the final report for the project
(Howard, 1982).

First, the surveillance function can be well served by
automatic monitoring with state-of-the-art, digitally-based

equipment. Manufacturers of these systems employ various
signal processing techniques to minimize false alarms and to
optimize the reliability of automatic impact detection. These

features are important since intolerably high false alarm rates
seem to be a continuing problem with some older equipment. The
automatic monitoring should be supplemented by periolic
"manual®™ listening by human operators either to investigate an
alarm condition or for occasional surveillance. The ability of
the human listener to detect brief-duration acoustic transients
in noise or to notice a change in normal background conditions
is exceptional, particularly over relatively short listening
periods. If detection performance is to be optimized, however,
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improved training procedures should be introduced. Many
operators have 1little or no knowledge of what loose parts
impacts actually sound like since little opportunity exists to
hear them "on the job." It is well known in the psychacoustics
literature that listener expectancy can play an important role
in detection performance.

Second, the diagnostic function has been automated or
partially automated in only the most sophisticated LPMSs,.
These systems employ a greater number of sensors to determine
the location of loose parts precisely. Given this information,
the impact signatures may be analyzed to estimate the mass of
the impacting objects. Despite these recent advances, however,
automatic diagnosis is 1limited by both theoretical and
practical considerations. The possibility of using the human
auditory capability more systematically to supplement the
automatic analysis should be considered. 1In particular, the
human listener is extremely good at comparing the spectra of
complex sounds since even subtle spectral differences are heard
as changes in timbre or sound quality. Perhaps some auditory
procedure could be developed in which the listener makes a
series of discriminations between live or recorded impacts from
objects of wunknown mass and a calibrated series of sounds.
Psychophysical scaling methods could be used to convert these
judgments into an estimate of mass. When these methods are
combined with state-of-the-art automatic _echniques, improved
diagnosis should result,

Third, it is unfortunate that many operators are not aware
of the potential for wusing the LPMS as a remote feedback
instrument. 1If ambiguity exists regarding the state of any
sonically active in-containment equipment such as actuators,
motors or relays, then existing monitors may be useful as a
supplemental source of information. Furthermore, with the
placement of additional sensors, this function could be
extended to include other remote equipment in high-radiation or
difficult access areas. For example, acclerometers could be
mounted on coolant pumps, solinoids, turbines, and piping.
With proper training and adequate comparative aids, this
equipment could be monitored using the auditory modality.
Similar noise and vibration monitoring techniques are currently
in use on nuclear submarines.

In conclusion, everyday experience suggests that people
are very good at identifying the source of acoustic signals.
The "skilled ears" of the sonar technician, the physician, and
the auto mechanic enable them to identify important events
simply by listening. Our findings suggest that the human
listener's natural ability to recognize and interpret complex
sounds may be used to greater advantage in monitoring the audio
output of nuclear power reactors than is currently the case.
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INDEPENDENT SPENT FUEL STORAGE INSTALLATION TASK ANALYSIS

R. P. Bateman, Ph.D.
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Systems Research Laboratories, Inc.
2800 Indian Ripple Road
Dayton, Ohio 45440

This report presents the results of a task analysis and recommendations for

the training and certification of operations technicians at independent spent
fuel storage installations. Its purpose is to provide a technical basis for
initial and continuation training for operations technicians at Independent
Spent Fuel Storage Installations (ISFSIs). It also provides guidance for
testing operations technicians to ensure that training objectives have been
achieved. The recommended testing provides a basis for certification of ISFSI
operators. The basis for this report was a task analysis conducted at the

ISFSI at Morris, I1linois. Supervisors were interviewed and a preliminary job
analysis was used to determine required operator skills. Training, safety and
operating documents and checklists were reviewed and task inventory forms were
developed with the help of ISFSI supervisors. Operations Technicians were

then interviewed and the task inventory forms filled out with information on
task frequency, difficulty, hazard, time to complete and error potential. These
data were analyzed to determine required operator skills and proficiency levels
necessary for safe ISFSI operations. The training and testing for certification
necessary to verify the skills and proficiency levels were inferred from the
data base and the Morris operations records.

The study was initiated to answer the following questions:
1. What skills are necessary to be an effective ISFSI operations technician?

2. What areas and levels of technical knowledge are necessary for the
operations technicians to operate the facility safely?

3. What type of examination/certification procedure would best verify the
presence or absence of the skills and knowledge necessary to operate an
ISFSI safely?

The spent nuclear fuel receipt/storage cycle consists of (1) casks containing
spent fuel are off-loaded from the transpor. vehicle; (2) cask is placed by
crane in the unloading pit; (3) fuel is removed from cask under water and trans-
ferred to a storage basket; (4) storage basket is placed in one of the storage
basins; (5) cask is removed from the unloading pit; (6) cask is decontaminated
and surveyed; (7) cask is loaded onto transport vehicle and shipped off-site.
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The time required for this entire procedure depends upor several variables
including the type of cask, weather, time of day, shift size, and backlog to
name a few. Because a majority of the fuel receipt/storage work occurs under
water (for radiation protection purposes), the operations technicians may
employ various devices to enhance their fuel basket tool manipulation coordi-

nation. These devices include underwater TV camera, underwater periscope,
and/or binoculars.

Following receipt, unloading, and storage of the spent fuel, operations at an
ISFSI center around maintaining the fuel bundles in a safe and secure environ-
ment. The basin (or pool) in which the fuel is stored to prevent contamination
of the environment must be cooled and the water filtered to remove impurities
which may transport radioactive sources. Filter material and other substances
that have been exposed to contamination must receive special handling and be
stored in a Low Activity Waste (LAW) vault. Installation systems must be
checked for proper operation to prevent leaks of contaminated air or water.
Fuel accountability checks must be made and radioactivity must be monitored to
ensure that the antire system is under control. Once the fuel has been stored,
the ISFSI operation becomes more of a process monitoring than a materials
handling situation.

Because the receipt of fuel was not accomplished during this study, actual
chservation of work activities was not possible. Task inventory questionnaires
were used to obtain subjective judgements from experienced operations techni-
cians in a form suitable for numerical analysis. Data was gathered on 16
activities (217 tasks) which were judged to be typical of routine operations.
From the results of the Task Inventory, there emerged a list of 63 tasks,
approximately 30% of the tasks selected for analysis, which merit additional
attention. For a task to be included on this list, it had to meet the criter-
jon of being rated above average in at least one of the following areas:
Difficulty, Hazard, and error-likelihood. Twenty-five of the tasks were judged
to be both difficult and hazardous. One was judged to be both difficult and
error-likely. Ten tasks were rated difficult, seven were rated hazardous, and
twenty were identified as error-likely.

This information was analyzed along with data on frequency and time spent in
order to make recommendations on training and certification procedures. The
existing training program at the Morris ISFSI was analyzed in detail to obtain
baseline data on the training of operations technicians. Training documents
were studied, actual training materials were reviewed, and training and testing
records were examined to determine what was being done. For comparison,
material from the training program at the Barnwell Nuclear Fuel Plant was
reviewed. In general, the existing training program at the Morris ISFSI was
found to be satisfactory. The certified operations technicians are highly
qualified and fully competent in the handling and storage of spent nuclear fuel.
The training program is basically good without changes. Recommendations include
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the use of inert fuel bundles and simulators to provide hands-on training in
psychomotor skills, There are recommendations to simplify procedures, stream-
line designs of controls and displays, and reassign some tasks.

It was concluded that a person needed only a high school education and normal
psychomotor skills to qualify as an operations technician. Far more important
than knowledge or dexterity are the character traits of relfability, careful-
ness, and dependability. In the process of earning certification, novice
personnel acquire skills in crane operations, process control, rail car opera-
tions, radiation monitoring, and log keeping. The job requires familiarity
with a number of utility systems and processes such as demineralization and
electrodecontamination.

While the existing training program was judged to be effective in preparing
operations technicians to perform their tasks safely and efficiently, the
certification examinations presently in use were Judged inappropriate. A
valid certification program requires observation and evaluation of actual per-
formance. The certification program at the Morris ISFSI is especially strong
in this area. A minor recommendation is that the "walk-through" examination
be expanded to require more actual cperation of equipment. In some cases, the
use of simulated equipment is recommended.

The written examinations used for certification were designed to measure general
intelligence level and general academic background. It is recommended that
examinations be developed to measure specific knowledge required to perform the
tasks. It is further recommended that these tests be standardized and maintained
at NRC. In this way, NRC will have the ability to measure the required knowledge
level of all ISFSI operations technicians and the ability to evaluate a random
sampling of technicians during on-site “walk-through" examinations. This combi-
nation permits the individual ISFSIs to control the certification of their
employees, yet provides the NRC with a reliable procedure to verify the presence
or absence of the skills and the knowledge necessary to operate an ISFSI safely.
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EMERGENCY OPERATING PROCEDURE
VALIDATION METHODOLOGY

JAMES L. vonHERRMANN

WOOD-LEAVER & ASSOCIATES

The Plant Status Monitoring (PSM) Program was initiated by the Nuclear
Regulatory Commission to develop and validate methods to systematically address
a number of important safety issues concerned with enhancing the operator's
ability to respond to potential accident conditions. In the flurry of post-TMI
activity related to investigating the role of the oparator in overall plant
safety, the need was perceived for a logical framework to address these various
issues in a manner which would ensure that any resultant conclusions and recommen-
dations would be firmly anchored to a thorough physical understanding of the
plant response to important potential accident conditions.

The basic thesis of the PSM program is that, whiie there are numerous
facets of the overall man/machine interface problem, any efficacious changes to
plant design and/or operation must be based on a firm foundation consisting of:

. An explicit identification of potential accident sequences and
the plant states comprising these sequences.

. A careful delineatipn of the actions required of the operator at
each plant state.

B A clear understanding of the physical phenomenon associated with
each plant state.

In previous projects performed under the Plant Status Monitoring
Program (Refs 1,2), it has bzen demonstrated that Operator Action Event Trees
(OAETs) can provide this systematic tabulation of the key cperator actions and
plant symptoms associated with the various stages of risk significant nultiple
failure accident sequences.
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One of the significant tasks tu which this foundation of information
has recently been applied is the production of improved emergency operating

procedures guidelines.

Subsequent to the accident at Three Mile Island (TMI), industry groups
have endeavored to develop emergency procedures which do not require the
Operator to diagnose a specific event or series of events before guidance is
provided. In the first phase of the work reported herc, the function- or
symptom- criented approaches which have evolved since TMI are summarized and
discussed, [t was concluded that these alternate approaches to guideline
development - as exemplified by the programs of groups associated with each of
the four major U.S. vendors - have, in theory, the potential to produce

ffective guidelines. However, when attention is focused on a limited number of
critical safety functions (or symptoms indicative of the performance of these
functions), the concern arises that diverse accident condition: which exhibit
common or similar symptoms can result in ambiguous operator diagnosis and

ineffective response,

Thus, the potential pitfalls which must be avoided in the practical

ipplication of these alternate approaches to guideline development are closely

linked with the primary motivation for their development, The pre-TM]
procedures requiced the operator to know too much before he could be assured of
'ng the right action. The proposed remedy is to provide guidance based on
less information (a limited number of key symptoms associated with the

e of a few critical functions). However, whenever guidance is based

d information, extreme care must be taken to assure that it is always

and unambiguous.

eveloped which can help assure
guidance can, in reality, lead to unambiguous and
J1agnosis and response regardless of the specific failure events.

were based on the use of the Operator Action Fvent Trees noted




DAET-based methods were developed which can systematically "“produce”
unambiguous guidelines in three basic ways:

(1) Preliminary or incomplete guidelines can be "“finalized" using
input gained from a systematic OAET-based investigation of the
incomplete guidelines.

(2) Complete guidelines can be systematically reviewed and any
inadequacies corrected.

(3) Guidelines can be produced directly from the OAETs.

The gquideline review methods (which, along with the guideline
development method, is presented and discussed in Ref. 3) systematically
compares the actions and symptoms documented in the OAETs with the actions and
diagnostic symptoms cited in the Guidelines under review. This comparison is
designed to answer four basic questions:

(1) Is the collection of symptom sets complete? That is, are there
risk significant states requiring operator action which could
occur but for which no guideline instruction applies?

(2) Are the instructions always right? That is, if the guidelines
say "when you see Symptom-Set A take Action Set P," is Action Set
P always appropriate for every situation that can produce Symptom
Set A?

(3) Are the action sets always complete? That is, are there
important actions which should be carried out at a particular
state which are not included in the action set indicated at that
state?

(4) Are the instructions always unambiguous? Are there plant states
which produce symptom sets which the operator might confuse with
quideline symptom sets and thereby take inappropriate action?

Subsequently, the ability of these OAET-based methodclogies to produce
effective guidelines applicable to a Westinghouse PWR plant design was
investigated. An additional product of this methodology application was the
identification of those aspects of Westinghouse plant design, operation, or
response to nultiple failure accident sequences which could result in
incomplete, ambiguous, or incorrect guidance to the operator if not carefully

addressed in the guideline development process.
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This application of the methodologies developed and presented in
Reference 3 utilized OAETs developed for the Zion 1 Westinghouse PWR (Ref. 2).
Best estimate analyses provided by the NRC's Severe Accident Sequence Analysis
(SASA) Program were used as the primary source of information related to the
physical plant response to multiple failure accident sequences.

The results of this investigation (documented in Reference 4)
demonstrate that the OAET-based methodologies can provide a very effective tool
to the regulatory process associated with the development, review, and ultimate
implementation of functional emergency procedure guidelines applicable to
Westinghouse PWRs. These methods could be especially valuable as an integra!l
part of the regulatory process because:

0 From the regqulatory side, they provide an easily audited process
which also provides very high assurance that the guidelines
submitted by the Westinghouse Owner's Group and implementation
plants submitted by the individual utilities operating Westing-
house PWRs will result in unambiguous operator guidance under all
important accident conditions.

0 From the industry side, they provide a well defined process by
which regulatory concerns over the technical content of guide-
lines and procedures applicable to Westinghcuse plants can be
systematically satisfied.

In conclusion, it is recognized that the development of effective
emergency procedures entails inputs from a wide variety of sources, ranging from
plant transient analyses to human factors analyses. The OAETs offer a mechanism
by which information concerning the realistic thermal-hydraulic response of
plants to risk significant accident sequences can be systematically presented
in a form which can be readily integrated into human factors engineering
analyses. In order to produce effective guidelines, there must be a strong
interaction between the human factors analysts and the plant thermal-hydraulics
analysts. The OAET-based methodologies presented in this volume appear to
provide the critical link which allows this interaction to occur.
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SURVEY OF FOREIGN REACTOR OPERATOR
QUALIFICATION, TRAINING, AND STAFFING REQUIREMENTS

by
Markley L. Au
and
E11is W. Merschoff

U.S. Nuclear Regulatory Commiscion

1.  Background

NUREG-0863, "Survey of Foreign Reactor Operator Qualification, Training, and
Staffing Requirements" was published by the Office of Nuclear Regulatory
Research in May 1982. It was compiled in an effort to provide the Commission
with the information needed to place various proposed changes to the regula-
tions in the areas of qualifications, training, and staffing in perspective
with respect to the practices of other countries. These changes to the regu-
lations include revisions to 10 CFR Part 55, which would upgrade education,
training, certification, and requalification requirements; a revision to

10 CFR 50.54, which would upgrade staffing requirements for nuclear power
plants; and a revision to 10 CFR 50.34 based on the issues discussed in
NUREG-0737, “"Clarification of TMI Action Plan Requirements.

The questionnaire was developed to request detailed information in five areas,
shift staffing requirements, eligibility requirements for operators, operator
training program requirements, initial operator's license or certification

requirements, and operator retraining requirements. It was sent to the reqgu-
latory authorities in Argentina, Belgium, Brazil, Canada, Finland, France,

Federal Republic of Germany, India, Italy, Japan, Korea, Mexico, the Netherlands,
Spain, Sweden, Switzerland, Taiwan, and the United Kingdom. A1l responded.

Upon reviewing the responses to the questionnaire, it became apparent that
certain factors should be considered if one wishes to draw conclusions from the
data. These factors are:

In order to ensure that the survey questions were applicable to the
different organizational and educational systems encountered inter-
nationally, the questions were intentionally broad in scope. As a
result, the specificity of the responses varied widely. It is
frequently unclear whether the statement or condition is a regulatory
requirement or simply a practice. This same type of uncertainty is
common in the U.S. regulatory system (e.g., a regulatory guide which
endorses a consensus industry standard is not necessarily a require-
ment, but is often cited as such and is usually adhered to in
prac*ice).

Only a half-dozen or so of the respondents have accrued a significant
number of reactor-years operating experience. The cumulative
reactor-years of operating experience has been calculated for each
respondent and is provided as Table 1.

It is not always clear whether the respondent was speaking as a regu-
lator or as a member of the regulated industry. This relationship
is known to vary internationally.




TABLE 1

Cumulative Reactor Years
of Operating Experience

Country/Area Reactor Years*
Argentina 7
Belgium 37#
Brazil 0
Canada 74
Finlard 7
France 152
Federal Repubiic of Germany 93
ndia 32
Italy 53
Japan 126
Korea 3
Mexico 0
The Netherlands 20
Spain 31
Sweden 37
Switzerland 32
Taiwan "
United Kingdom 527
United States 547

¥As calculated using data from Nuclear
News - February 1981.

#Reactor years include Westinghouse PWR
Plant BR3 in operation at Mol, Belgium.

48 Results

The data obtained from this survey have been displayed in matrix form in the
NUREG report to facilitate comparison among the respondents. A1 five of
these matrices have been included in this paper as Appendix A. Since not all
questions facilitated a concise answer, heavy use is made of footnotes to
supplement the information represented on each chart. If more information in
a given area is desired, such as a more complete description of the training

program or operational responsibility, Appendix C of NUREG 0863 should be
consulted.

2.1 Matrix 1, Shift Staffing

1. The tabulation of the total number of operating personnel in the control
room during reactor cperaticns was performed for a single operating unit
rather than for each of the various multiple unit control room configura-
tions in order to prevent the tabulation from becoming overly complex.
The number of operators varied from a minimum of two to a maximum of
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2.2

seven. Staffing by two operating personnel suggests that one senior
reactor operator (SRO) or equivalent and one reactor operator (RO) are
on duty during reactor operations. The extreme of seven operating per-
sonnel reported by Japan may be attributed to data which include assist-
ant operators and balance of plant personnel. It should be noted that
several countries indicated the use of assistant shift supervisors as
well as shift supervisors.

In general, the minimum number of shift crews maintained by each respond-
ent appears to be a practice of the respective utility and not an
explicit regulatory requirement. Most foreign utilities maintain five or
six shift crews per unit.

The majority of the resnondents reported that each shift normally works
8 hours per day. The majority of respondents also indicated that there
are restrictions on the amount of overtime hours worked by operating
personnel. These restrictions may be attributed to nationa! labor
regulations, union, and national practices. Eight respondents have no
specific requirements Timiting the maximum number of continuous working
hours that an operator is permitted to work in the control room.

A detailed description of the various shift structures can be obtained
from the organization charts provided in NUREG 0863.

Matrix 2, Eligibility Requirements for Operators

Of the eighteen respondents, eight indicated a requirement for technical
schocl training for reactor operators. Two more, India and the Nether-
lands, indicated some form of college/university level education but not
necessarily a university degree requirement for reactor operators. Korea
and Mexico are the only respondents that require a university degree.

Working experience requirements for reactor operators varied from a mini-
mum of no specific experience to a maximum of seven years. The minimum
experience was reported by the United Kingdom and the maximum was reported
by Japan (only one of the required seven years experience in Japan must

be gained working on a reactor similar to the one on which the operator
will be assigned). Six respondents accept conventional power plant
(fossil fuel or marine power plant work experience) as part of the experi-
ence requirement for reactor operators.

Of the eighteen respondents, five require a college or engineering degree
for senior reactor operators and nine require a college or engineering
degree for shift supervisors.

Senior Reactor Operators are expected to have from ! to & years of nuclear
power plant experience. Some conventiona! power plant operating experi-
ence is acceptable, but experience should be predominately in nuclear
power plant operations. For shift supervisors, three respondents indi-
cated that the candidate must serve as assistant shift supervisor for

at least two years, and ten respondents indicated that experience as a
reactor operator is required.
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2.3

2.4

Sixteen of the eighteen respondents required some form of medical examina-
tion for the reactor operator, senior reactor operator, and shitl super-
visor candidates. Only six indicated requirements for aptitude or psycho-
logical testing of candidates.

Matrix 3, Training Program

Five of eighteen respondents indicated that the utilities were responsibie
for initial screening of reactor operator candidates. The length of the
reactor operator training program varied from five months to seventy-two
months depending on the prior experience and education of the trainee.
Academic subjects in the training programs of most respondents included
nuclear physics, thermodynamics, fluid mechanics, radiation safety and
protection, ard nuclear power plant systems. Fifteen of the respondents
indicated some form of casualty exercise as part of the training program.

Nine respondents indicated that the trainees are tested during the train-
ing program, while five indicated that a final examination is given.
Seventeen respondents required in-plant training, which suggests a con-
sensus on the significance of such training for reactor operating per-
sonnel. Simulator training appears to be considered an important com-
ponent of operator training by sixteen respondents. Training programs
are generally reviewed by the national/central government regulatory
authority to determine adequacy.

Fifteen of the respondents reported that the training instructors were
experienced nuclear power plant senior reactor operators or engineers,
supplemented as necessary by outside professional technical instructors.
In general, iilities are responsibie for maintaining an operator training
program. However, they are not generally required to maintain a permanent
training staff as a regulatory requirement.

Matrix 4, Initial Operator's License or Certification

Fourteen respondents require some form of examination for licensing or
certifying reactcer operators by the regulatory authority. The plant
superintendent or manager is generally responsible for determining when a
candidate is ready for the licensing examination. There are no require-
ments for licensing examinations by the regulatory authorities ot four
respondents. There is a consensus that the examinations should cover
response to emergency situations, academic subjects, and knowledge of
nuclear power plant operating procedures.

0f those respondents providing their passing criteria for regulatory
examinations, about half use a quantitative evaluation (numerical grading
in %) and the remainder uses a qualitative approuach (e.g., "demonstrates
adequate knowledge") In most cases, the test results are passed back to
the utility.

Generally, an operator's license is valid for two to three years.
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2.5 Matrix 5, Operator Retraining

1. Generally, there are formal retraining programs for reactor operators and
senior reactor operators although such programs are not universally
required. Most of the respondents indicated that retraining included
operations on reactors (e.g., start-up, shutdowns, and response to tran-
sients) as well as a one-to-two-week concentrated trainir period annuailv

3 Summary

The data collected as a result of this survey are presented in Matrices 1
through S of NUREG-0863. In general, there appear to be more similarities
among programs than there are differences. Specifically, similarities can be
noted in the areas of working hours, shift staffing, and experience require-
ments while significant differences exist in the areas of educational require-
ments and overtime restrictions.

Most respondents required either two or three operators in the control rcom
during reactor operations, and a total of either five or six shift crews. A
normal shift is eight hours per day and restrictions on the amount of overtime
usually exist. However, these restrictions vary widely and may be expressed
in terms of either hours per day, hours per week, hours per month or hours
per year.

A comparison of operator eligibility requirements revealed a spectrum of
educational requirements varying from none to a university degree. Most res-
pondents require some nuclear power plant experience for reactor operators. A
medical examination for operators, senisr reactor operators, and shift super-
visors is required by a majority of the respondents.

NUREG-0863 provides an extraordinary amount of information on the details of
the respondent's training program organization and content. Since a great
deal of the information was not suitable for display in matrix format, the
reader is encouraged to consult Appendix C of the NUREG for any information
not found on Matrices 1-5.
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THE SAFETY-RELATED OFERATOR ACTIONS PROGRAM

Paul M, Haas
Engineering Physics Division
Oak Ridge National Lahoratory

Introduction

The Safety-Related Operator Actions (SROA) Program is intended to
provide information and data for use by NRC in assessing the performance
of nuclear power plant (NPP) control room operators in responding to
abnormal /emergency events. The primary effort has involved collection
and assessment of data from simulator "experiments" (actually recorded
observations of training exercises) and from historical records of
abnormal /emergency events that have occurred in operating plants (field
data). These data are to be used to develop criteria for acceptability
of the use of manual operator action for safety-related functions. The
program also has iacluded studies of training simulator capabilities, of
procedures and data for specifying and verifying simulator performance,
and of methods and applications of task analysis. The program is scheduled
to be completed in FY 1983, This paper summarizes the major results of the
program to date as well as the plans for completion of the program and the
general plans for two related programs which have been initiated.

Simulator and Field Data

The initial impetus for the SROA program was the need for data to
assess proposed design criteria’! for the choice of manual versus automatic
action for completion of safety-related functions during design basis
accidents., After a preliminary assessment of available data,“ a program
of data collection during "quasi-controlled" exercises was initiated in
March, 1980. A paralle) program was initiated to collect field data which
could be used to "calibrate" simulator results. The approach taken in the
proposed design criteria was that if the designer chose to rely on manual
operator action, he had to allow certain time margins, depending on the
severity of the eveat, complexity of actions, etc. If those time margins
were not available, the actions should be eutomated. Consequently, the
emphasis in the SROA program has been on collecting data on the time required
for operators to take correct action, despite the recognition that a more
comprehensive approach to allocation of functions is desired and that other
measures of performance may be equally or more importan: in many cases. This
simple approach was feit to be reasonable for interim use in a design standard
until scme basic changes are made in the approach to NPP control room design
and a more comprehensive research and data base exists.
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Data on operator response times, i.e., the time from the activation
of an alarm or observable cue until the time of initial correct operator
action, have been reported for a series of preliminary simulator exercises
on a pressurized water reactor (PWR) simulator?® and boiling water reactor
(BWR) simulator.“ A report on a more extensive series of exercises
recently completed is in preparation. Response times are quite variable
but tend to be correlated more to "operational" characteristics of the
event, e.g., how rapidly it develops and how specifically it is annunciated,
than to the severity of the event. However, there is obviously a question
of the possible effects of stress during an actual event which is not
reproduced in the simulator. Initfal comparison of field data to
simulator data® suggests that for highly expetienced operators, response
times in the simulator will be "on the average" considerably less (as
little as one-sixth to one-seventh) of typical response times in the field.
Very limited data presented at a previous Water Reactor Safety Meeting
indicated that response times on the simulator for inexperienced operators
(trainees ready for operator licensing examinations) may be greater than
typical of field data.

Some preliminary data is available on operator error rates estimated
from simulator exercises and on the apparent impact on response time of
some of the important perforwince shaping factors. Of the performance
shaping factors considered, the only one identified as having a statistically
significant affect on performance is overall plant experience.

Methods and Applications of Task Analysis

During FY 1981 a pilot study on task analysis methods was conducted
as part of the SROA program to provide input to NRC in planning and conducting
its current program of Task Analysis of NPP Control Room Crews. The study.
which included task analysis of operator response to four specific PWR
accident sequences, developed a structure and methodology for a global task
analysis that was subsequently modified for use in the more extensive NRC
effort. It also demonstrated the use of simulator data to supplement and
validate task analytic results obtained from traditional sources - operating
procedures, interviews, systems documentation, etc.

In FY 1982, the same methodology has been used to conduct a task analysis
of ten BWR events that had been examined previously in simulator exercises.
The formal task analysis will provide a more objective description of operator
behavior in response to abnormal/emergency events than was previously
available and, hopefully, more objective data for formulation of a "model"
of operator response. The model can provide the desired structure for future
data collection and, hopefully, for definition of more comprehensive criteria
for safety-related operator actions.

Simulator and Simulator Training Requirements

The program has included two separate but related studies concerned with
simulator performance and the use of simulators in training. The first,
completed in FY 1980,® summarized the then current state-of-the-art of NPP
simulation and the use of simulation in NPP operator training. The
fundamental conclusion was the need for a more systematic, objective basis
for defining and measuring simulator and simulator training requirements.
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The second study,?*10 completed early in FY 1982, focused more specifically
on techniques used in nuclear &nd non-nuclear industries for specification
and verification of simulator performance. However, the fundamental
conclusions and recommendations of the earlier study relating to the need
for a systems approach to definition of training system requirements,
including simulator performance requirements, were re-emphasized. A separate
program has subsequently been initiated which will adopt well-established
procedures for a systems approach to training system development to provide
NRC with a model and supportive research base necessary to evaluate industry
training programs.

Conclusion

The Safety-Related Operator Actious Program has included a number of
separate but related studies concerned with NPP operator performance, task
analysis techniques, and the use of simulators in operator training. The
program is one of the earlier NRC research programs in the human factors
area, having begun prior to TMI-2, and has in some ways "evolved" with the
NRC research effort. The central task - development of criteria for safety-
related operator actions based on simulator and field data - will be completed
in FY 1983 and this will terminate the program as scheduled. A more
comprehensive, more structured program of simulator and field data collection
will be initiated, and related research elements which originated in this
program will be carried out in separate programs.
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THE SAFETY RELATED OPERATOR Al ONS PROGRAM
HAS INCLUDED TASKS IN THREE INTERRELATED ARCAS:

(1) COLLECTION AND ASSESSMENT OF OPERATOR PERFORMANCE DATA (FY 80-83)
® TRAINING SIMULATOR "EXPERIMENTS"
e FIELD DATA COLLECTION
e CALIBRATION OF SIMULATOR DATA
e RECOMMENDATIONS FOR CRITERIA

(2) TRAINING SIMULATOR EVALUATION
e ASSESSMENT OF SIMULATOR CAPABILITY AND USE (FY 79-80)
e SIMULATOR PERFORMANCE SPECIFICATION AND
VERIFICATION (FY 81-82)
(3) TASK ANALYSIS
e DEVELOPMENT - PWR PILOT STUDY (FY 81)

e APPLICATIONS - BWR STUDY FOR MODEL AND CRITERIA
DEVELOPMENT (FY 82)
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SAFETY RELATED OPERATOR ACTIONS
CLLLECTION AND ASSESSMENT OF OPERATOR PERFORMANCE DATA

HISTORY

1979 - PRELIMINARY ASSESSMENT FIELD DATA (NUREG/CR-0901)
® (COMPREHENSIVE (SYSTEMS) APPROACH REQUIRED

® [F WANT INTERIM DATA USE FIELD-CALIBRATED
SIMULATION

1980 - INITIAL PWR EXPERIMENTS (NUREG/CR-1908)
® SEVEN EVENTS, TEN OPERATOR TEAMS
® COLD LICENSE TRAINEES, NON-SITE-SPECIFIC

1980-81 - PWR FIELD DATA COLLECTION (ORNL/SUB-7688/1)
® RESPONSE-TIME DATA, THREE EVENTS
® SUBJECTIVE DATA ON PSF's

1981 - INITIAL BWR EXPERIMENTS (NUREG/CR-2534)
® TEN EVENTS, TWENTY-THREE OPERATOR TEAMS
® REQUAL. CANDIDATES, SOME SITE-SPECIFIC

1981-82 - BWR FIELD DATA COLLECTION (ORNL/SUB IN DRAFT)

® PRESPONSE-TIME DATA ON SEVEN EVENTS
APPROXIMATELY 120 OCCURRENCES AT
FIVE SITES
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SAFETY RELATED OPERATOR ACTIONS
COLLECTION AND ASSESSMENT OF OPERATOR PERFORMANCE DATA

FY 1982

SIMULATOR DATA (NUREG/CR DRAFT IN PREPARATION)

® PWR REQUALIFICATION PROGRAM
SITE-SPECIFIC OPERATORS
EVENT-BASED PROCEDURES
14 EVENTS, 188 RUNS ANALYZED

¢ BWR REQUALIFICATION PROGRAM
SITE-SPECIFIC OPERATORS
SYMPTOMS-BASED PROCEDURES
8 EVENTS, 40 RUNS

o PWR CERTIFICATION TRAINING
SITE-SPECIFIC OPERATORS
EVENT-BASED PROCEDURES
3 EVENTS, 16 RUNS

SIMULATOR-FIELD CALIBRATION (NUREG/CR FINAL DRAFT IN REVIEW)

COMPARISON OF FY 80-81 SIMULATOR DATA WITH LIMITED
FIELD DATA
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ORNL-DWG 81-12504
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Flg. 1. Structure of the Nuclear Power Plant Operator Performance

Measurement System (PMS),
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SAFETY RELATED OPERATOR ACTIONS
COLLECTION AND ASSESSMENT OF OPERATOR PERFORMANCE DATA

HIGHLIGHTS OF RESULTS TO DATE

RESPONSE TIMES

@ RT's FOR FIRST ACTION NOT SYSTEMATICALLY RELATED
TO EVENT SEVERITY BUT TO TASK/EQUIPMENT/SITUATIONAL
CHARACTERISTICS

e "ON THE AVERAGE" TRAINEES IN SIMULATOR TEND TO BE
COMPARABLE TO OR SLOWER THAN OPERATORS IN THE
FIELD; EXPERIENCED OPERATORS IN SIMULATOR TEND TO
BE FASTER

e RESPONSES AND RT's HIGHLY VARIABLE
ERROR RATES (ERRORS OF OMISSION ONLY)

e FASTER TEAMS TEND TO MAKE FEWER ERRORS

e EVENTS REQUIRING (ALLOWING) FASTER RESPONSE TEND
TO HAVE HIGHER ERROR RATES

e DISTINCT DIFFERENCE FOR "OPERATIONAL" VS. "INFORMATIONAL"

e OVERALL RATE - APPROXIMATELY 7%

PSF's

e INTERNAL - OF AGE, EDUCATION, EXPERIENCE, ONLY EXPERIENCE
STATISTICALLY SIGNIFICANT (SMALL SAMPLE PLUS
PROBLEM OF INDIVIDUAL VS. TEAM PERFORMANCE)

e EXTERNAL - PROCEDURES A MAJOR FACTOR IN ERRORS OF OMISSION
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SAFETY RELATED OPERATOR ACTIONS
PLANS FOR PROGRAM COMPLETION IN FY 1983

e DEVELOP RECOMMENDED STRUCTURE OF CRITERIA FOR
NRC TO ASSESS ACCEPTABILITY OF MANUAL VS.
AUTOMATIC ACTION

e ASSESS ALL AVAILABLE DATA AND INFORMATION
PAST EXPERIMENTS (FY 80, 81, 82)

- FIELD DATA

- TASK ANALYSIS

- SIMULATOR AND FIELD DATA (B7492)

- SANDIA DATA

- ORNL ALLOCATION OF FUNCTIONS WORK (B0438)

e DOCUMENT CRITERIA AND DATA BASE (NUREG/CR)
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“TRAINING SIMULATOR EXPERIMENTS" (B7492)

(TO BE INITIATED IN FY 1983)

QUASI-CONTROLLED EXPERIMENTS SUPPORTED BY FIELD DATA TO
ADDRESS SPECIFIC REGULATORY ISSUES

SYMPTOMS-BASED VS. EVENT-BASED PROCEDURES

RELATIONSHIP EDUCATION TO PERFORMANCE

- RELATIONSHIP EXPERIENCE TO PERFORMANCE

- EFFECTIVENESS OF OPERATOR AIDS DURING
OFF-NORMAL EVENTS

- CONTROL ROOM STAFFING REQUIREMENTS

- RELATIVE EFFECTIVENESS OF VARIOUS TRAINING
DEVICES
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HUMAN FACTORS EXPERIMENT DESIGN
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A “model” of operator behavior/performance is
central to the SROA criteria and to further
data collection.

“Measurement . . . is not something which can

be employed out of context . . . The measurement,
Ir. fact, cannot be better than the description
and classification on which it is based.”

- Hollnagel & Rasmussen, 1981
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COMPETENCE A COMPETENCE

; DESCRIPTION
@
=
4 |removal of context, identifica-|
o | tion of recurrent strategies/ |
z | subroutines, mental models, |
- | performance criteria, etc. |
] //,
PROTOTYPICAL g CONCEPTUAL
PERFORMANCE DESCRIPTION
| many-to-cne comparison, identi-|
|fication of typical patterns/ |
///Istrltegics, goals, intentions |
FORMAL ANALYZED
PERFORMANCE EVENT
DATA
| translation from professional |
|to formal terms, classificaticnl|
|of activity types by means of |
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ACTUAL INTERMEDIATE
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o FORMAT
-
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PROPOSED APPROACH

MODEL / TAXONOMY

o IDENTIFY/CLASSIFY BEHAVIOR OF INTEREST

o IDENTIFY AND RELATE DEPENDENT & INDEPENDENT VARIABLES
(HYPOTHESES)

DATA COLLECTION/ASSESSMENT

® SELECT OPERATIONAL SEQUENCES EMBODYING BEHAVIOR OF INTEREST
(USE NRC-GPC-BIOTECH SEQUENCES & INPO SYSTEMS TAXONOMY
AS POSSIBLE)

¢ ANALYZE SEQUENCES TO DEFINE “CORRECT" (PROTOTYPIC) RESPONSE

- REQUIRED PERFORMANCE

- SPECIFIC MEASURES OF PERFORMANCE (DEF. OF ERRORS)
- INFORMATION ON PSF's

e COLLECT FIELD DATA DOCUMENTING DEVIATIONS FROM PRCTOTYPIC
RESPONSE

¢ DESIGN & CONDUCT SIMULATOR EXPERIMENTS WITHIN PRACTICAL
CONSTRAINTS, MAKING OPTIMUM USE OF TRAINING PROGRAMS

® MAP CONTEXT - SPECIFIC DATA ONTO TAXONOMY, TEST MODEL

REVISE & EXPAND MODEL/TAXONOMY AS NECESSARY

ITERATE UNTIL HAVE DEVELOPED & VALIDATED MODEL TO LEVEL REQUIRED

MODEL AND STRUCTURE MAY BE USEABLE FOR SROA CRITERIA IN EARLY STAGES
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Safety Related Operator Actions

Task Analysis
Background

e PWR “pilot study” (NUREG/CR-2598) preceding NRC/RES
task analysis

1) Demonstrate use of task analysis techniques
and investigate data sources for analysis of
emergency/abnormal events in NPP’s.

2) Assessed use of simulator and PMS data to
supplement and validate traditional task
analysis.

3) 1llustrated use of task analytic data base
to help address safety related issues of
concern to NRC.

4) Developed “standardized” terminology and
computerized data categorization/retrieval
procedures for a task analytic data base
specific to NPP’s.

e Original plan for BWR (FY 1982) work was essentially
identical study

e Plans revised to focus more specifically on needs
ot SROA Program
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Safety Related Operator Actions
Task Analysis

FY 1982 Task Analysis Effort (NUREG/CR Draft in Review)

e 10 BWR events (FY 1981 simulator exercises)

® General information on task analysis
techniques/applications (extension of
PWR study)

e Provide specific task analytic data for more
rigorous evaluation of FY 1981 BWR scenarios -
simulator and task analysis data mutually
supportive

e Provide more objective cata to assess anc
quantify (possibly suggest) cnndidate
behavioral model and taxonomy (several
models examined within SAINT structure)

o Support SROA criteria development
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SAFETY RELATED OPERATOR ACTIONS

TRAINING SIMULATOR EVALUATION

(1) SURVEY OF NPP SIMULATOR CAPABILITIES AND USE FOR OPERATOR TRAINING
AND REQUALIFICATION (NUREG/CR-1482)

MAJOR_CGHCLUSIONS

- NO OBJECTIVE BASIS FOR SIMULATOR REQUIREMENTS
- NO SYSTEMATIC MEANS FOR DERIVING TRAINING REQUIREMENTS

- SIMULATOR CAPABILITIES NEED SOME UPGRADING, BUT MAJOR IMPROVEMENTS
BY MORE EFFECTIVE USE

MAJOR RECOMMENDATIONS
- REQUIRE SIMULATUR TRAINING

- USE SYSTEMS APPROACH TO DEFINE TRAINING AND SIMULATOR REQUIREMENTS

- DEVELOP REGULATORY STRUCTURE
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SAFETY RELATED OPERATOR ACTIONS
TRAINING SIMULATOR EVALUATION

(2) SIMULATOR PERFORMANCE SPECIFICATION AND VERIFICATION

® COMPARISON OF NUCLEAR VS. NON-NUCLEAR
PRACTICES (NUREG/CR-2353, VOL. I)

® CONCLUSIONS AND RECOMMENDATIONS FOR NRC
AND NUCLEAR INDUSTRY (NUREG/CR-2353, VOL. II)

MAJOR CONCLUSIONS

= NRC AND INDUSTRY SHOULD ADAPT SAT METHODS

= NUREG-0696 REQUIREMENTS MAJOR IMPACT ON DATA SOURCES FOR VERIFICATION

= NRC SHOULD BE MORE INVOLVED IN EVALUATION OF PERSONNEL TRAINING SYSTEM

= STANDARDS PROCESS SHOULD SUPPORT SYSTEMS APPROACH
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SAFETY RELATED OPERATOR ACTIONS
TRAINING STMULATOR EVALUATION

(2) SIMULAT R PERFORMANCE SPECIFICATION AND VERIFICATION (CONTINUED)

MAJOR RECOMMENDATIONS

- SAT/ISD
COOPERATIVE NRC-INDUSTRY PROGRAM PLAN
NRC RESEARCH PLAN
USERS GUIDE, JOINT NRC/INDUSTRY WORKSHOPS
FULL-SCALE PILOT STUDY
INTEGRATE LICENSING AND TRAINING ISSUES
SUPPORTING REGULATORY ACTIONS

- SIMULATOR PERFORMANCE(FIDELITY) VERIFICATION
DEVELOP/ADAPT COMPREHENSIVE METHODOLOGY
COORDINATE PLANS WITH NUREG-0696 IMPLEMENTATION
DEVELOP REG STRUCTURE FOR DISSEMINATION AND USE OF DATA
CONSIDER NATIONAL SIMULATOR CERTIFICATION TEAM
REQUIRE DATA COLLECTION ON SIMULATORS

- NRC INVOLVEMENT
"PARTICIPATIVE" ROLE

- SPECIFIC IMPROVEMENTS TO ANSI/ANS 3.5
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NUCLEAR POWER PLANT PERSONNEL SELECTION & TRAINING (B0466)

PROGRAM OBJECTIVE

PROVIDE A SYSTEMATIC METHODOLOGY FOR DEFINITION AND EVALUATION
OF SELECTION AND TRAINING REQUIREMENTS AND THE RESEARCH BASE
NEZESSARY TO SUPPORT THE IMPLEMENTATION OF THE METHODOLOGY.

102



NUCLEAR POWER PLANT PERSONNEL SELECTION & TRAINING (B0466)

REGULATORY ISSUES WHICH WILL BE ADDRESSED

SELECTION REQUIREMENTS - ENTRY LEVEL
e KNOWLEDGE
e SKILLS
e ABILITIES

QUALIFICATION REQUIREMENTS
e EDUCATION
e EXPERIENCE

TRAINING REQUIREMENTS
e MEDIA SELECTION
oJT
SIMULATOR
CLASSROOM
e SITE SPECIFIC VS. GENERIC SIMULATOR
e SIMULATOR FIDELITY REQUIREMENTS
e SIMULATOR EXAMS
e RETRAINING REQUIREMENTS
e COURSE CUR?ICULUM
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NUCLEAR POWER PLANT PERSONNEL SELECTION & TRAINING (B0466)

FY-1982 OBJECTIVE
(MARCH, 1982 - MARCH, 1983)

® ADAPT SAT/ISD TECHNIQUES TO EVALUATION FROCESS

® DEMONSTRATE

® PROVIDE PROGRAM PLAN

® DEVELOP INTERIM CRITERIA FOR SELECTING SIMULATOR MALFUNCTIONS
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Safety Related Operator Actions

Conclusion

EARLY NRC HUMAN FACTORS PROGRAM - EVOLVED WITH
NRC PROGRAM

PROGRAM HAS INCLUDED BROAD RANGE OF TASKS - HAS
LED TO DEFINITION OF OTHER BASIC PROGRAMS

NEED FOR COMPREHENSIVE APPROACH TO EMPIRICAL
DATA COLLECTION RECOGNIZED IN FUTURE PROGRAM
PLANS
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NRC HUMAN FACTORS RESEARCH
ON
NUCLEAR INDUSTRY ORGANIZATION AND MANAGEMENT:
ASSUMPTIONS, OBJECTIVES AND MILESTONES

by

Thomas G. Ryan, Ph.D
Human Factors Branch
Division cof Facility Operations
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

BACKGROUND

Throughout the 1970's several safety-related even’s occurred within the
U.S. commercial nuclear power industry. Included among these were the
H. B. Robinson, South Carolina emergency instrumentation failure (June
1973), Browns Ferry, Alabama fire (March 1975) and the Three Mile
Island, Pennsylvania core melt-down (March 1979). Studies conducted
into these and other safety-related incidents, most prominently the
Reactor Safety Study (WASH-1400, 1975)1 and the Report of the
President's Commission (1979)2. concluded that the majority of
safety-related incidents could be traced to the human component of the
system (management, technical, administrative). It was therefore
recormended that human factors research and engineering be integrated
into the management, design and operation of U.S. nuclear power plants.

The Nuclear Regulatory Commission (NRC) human factors research program
described in the following pages focuses primarily on the functions and
roles performed by nuclear industry management, within an organizational
context, during power plant design, construction, start-up and
operation. More specifically, this organization and management research
program is a response to post Three Mile Island action and planning
guidance including the NRC Action Plan (NUREG-0660)3, NRC Long Range
Research Plan (NUREG-074O)4 and Human Factors Society Long Range Plan
(NUREG/CR-2833)5. These, as well as other Government and industry
action and planning documents, call for long-term improvements in
on-site and off-site organizations and management to insure safe
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construction and operation of nuclear power plants during normal and
abnormal conditions, and accident situations. While reactor safety is
the explicit theme of these planning and guidance documents, the
research program described herein also addresses general plant

safety and plant security.

PROGRAM ASSUMPTIONS

Until recently, and appropriately, NRC human factors research has been
directed at nuclear power plant control room, auxillary operator and
sundry other technician and maintenance roles. The organization and
management program discussed here is a systematic attempt to build on
earlier human factors research, and to extend that work to an
organizational framework with primary focus on above shift supervisor
level management. The current program derives from the following
assumptions:

An organizational perspective is required to fully understand
the structure, operating dynamics and human-related problems
attendant in a nuclear power plant, if we are to institute
timely and adequate remedial actions.

Significant nuclear power plant accidents occurring during the
past decade (e.g., Browns Ferry fire, Three Mile Island core
melt-down) involved organizational as well as individual
personnel failures.

Organizational effectiveness, in fact the very survival of

most organizations depends, in large measure, on the actions
and behavior of its management.
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" Management provides organizational continuity throughout

power plant design, construction, start-up and operation.

PROGRAM OBJECTIVES

The objectives of this long-range research program are to analyze and
model the nuclear facility from an organizational (systems) perspective
with primary focus on management (above Shift Supervisor Level), and
to determine what impact both organizational and management factors do
have, and can have, on plant and public safety. The program addresses
organization and management factors during all phases of power plant
development and operation (i.e., design, construction, start-up,
operation). Products of this research will include organization and
management safety assessment standards (practice-safety outcome sets)
and safety enhancement guidelines (revised practices to optimize plant
and public safety). Research results will support current NRC
licensing, analysis, inspection and enforcement activities, therefore,
are confirmatory. Research results will provide a technical base for
supporting future NRC rule-making actions in the areas of organization
and management, therefore, are also exploratory.

Research is directed toward achieving new and objective safety
assessment standards and enhancement guidelines. Safety assessment
standards are defined as:

Diagnostic statements, empirically derived and validated, describing
the relationship(s) between cluster(s) of organization and/or
management practices and cluster(s) of safety related indicators.
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Standards are diagnostic since they describe current organizationc] and
management practices. Each is supported by field validation data
demonstrating practice - safety related indicator correlations. The term
cluster represents our current supposition that patterns rather than
individual practice - safety related indicator sets represent a more
realistic perspective on organization and management effectiveness. The
term practice refers to any formal or informal activity undertaken by
the organization or its management which helps define the organization
(e.g., reactor type, reactor location), establishes a policy or
procedure (e.g., on-site resources, training and requalification), or
carries out an established policy or procedure. Practices (activities)
which define the organization and/or establish policies and procedures
are considered management practices. Those which carry-out established
policies and procedures are considered organization practices provided
they involve at least one manager in their executicen. Finally, the term
safety-related indicator refers to an outcome of one or more
organization or management practice symptomatic of general plant safety
(e.g., workspace layout, lighting, ambient noise), reactor sufety (e.qg.,
reactor integrity, containment integrity, steam system integrity) or
plant security (e.g., penetration and/or sabotage countermeasures).

Safety enhancemen’ guidelines are defined as:

Prescriptive statements, empirically derived and quantitative,
describing the potential relationship(s) between cluster(s) of
organiztion and management alternative practices and cluster(s) of
safety related indicators.
Guidelines are prescriptive since they designate alternative practices,
or practice implementation procedures, to achieve the desired

safety-related outcome more completely, efficiently, etc. Therefore,

109



guidelines represent advanced organizations and management
configurations. Guidelines emerge from enhancement modeling of
organization and management functions and roles, and from consensus
(expert judgement) rather than field validation.

Safety assessment standards and enhancement guidelines achieved by
this research program will support current and future NRC licensing,
analysis, inspection and enforcement activities.

0 Short-term support (FY 1983-84) is directed toward achieving a
technical base for validating, revising and increasing the
objectivity of guidelines and standards employed currently by
the NRC to lTicense and monitor near-operating and operating
nuclear power plants. Included are NUREGs 07316 and 08007
establishing guidelines for utility management and
organizations, and procedures for assessing the degree to
which these guidelines have been achieved. Also included are
requirements and standards contained in NRC Inspection and

Enforcement Manuals, and references, for Plant Operation58
Safeguardsg.

and

0 Long-term support (FY 1985-86) is directed toward achieving
safety assessment standards to support NRC licensing and
inspection activities during power plant design, construction
and start-up. Additionally, it is directed toward achieving
safety enhancement guidelines for optimizing organization and
management during all phases of nuclear power plant
development and operation through: allocation of functions and
roles, distribution of prerogatives and responsibilities, and
development of decision aids and inter/intra organization
communication networks.
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RESEARCH PROGRAM MILESTONES AND SCHEDULES

Current Research

Organization and management research projects were initiated in June
1982 and October 1982 directed at achieving the short-term (FY 1983-84)
goals of the program.

In June 1982, a 24 month contract was awarded to the Battelle Pacific
Northwest Laboratory to develop and field validate new, innovative
approaches and standards T‘or assessing nuclear facility organization and
management effectiveness i+ matters crucial to plant and public safety
for near-operating and operating power plants. This research involves
the following tasks and milestones.

0 Literature review to establish nuclear facility
organizational, management and safety typologies. That is,
to answer the following questions: What are the structures,
characteristics and operating dynamics of its organization,
management and safety elements? Is the organization open or
closed (i.e., how is it influenced by outside forces such as
stockholder groups, unions or corporate headquarters)? What
are its boundaries? That is, can our research on organization
and management be limited to the nuclear power plant level, or
must we also address ourselves to either or both the utility
and corporate levels? Are there generic organization,
management and/or safety typologies, or are several required
to account for the power plants operating in the U. S. today?
Regarding safety, what are the physical events ¢ mmonly
associated with safety? How are they interrelated? What
person-person/ person-machine interactions are involved in
these events?
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Reviews of related organizations and their performance
assessment programs (e.g., military, commercial aviation,
service industries such as police and non-electrical
utilities), and current nuclear utility programs based on
NUREG 0731 and 0800, and Inspection and Enforcement Procedural
Manuals for Operations and Safeguards. The purpose of these
reviews is to capitalize in successful approaches and methods
which come under the rubric of the organization, management
and safety typlogies developed from the earlier literature
review.

Analysis of safety event reports and data (e.g., personnel
turn-over, license qualification) developed currently at the
power plants, to establish safety-related indicators
(performance criteria). Reports and other data are being
reviewed for their relevance to safety, reliability, freedom
from bias, practicality, measurability and generalizability.

Classification and grouping of organization and management
safety-related practices and indicator sets emerging from
earlier work and incorporating same into general approaches
for assessing organization and management effectiveness in
near-operating and operating power plants. In this context an
assessment approach refer: to a perception of the organization
and its managen. ot stucture for the purpose of evaluation.
Safety assessment standards are the practice-indicator sets
used by the approach.

1nz



o Selection of safety assessment approaches and standards for
further development and field validation. The purpose of this
task is to select assessment approaches based on their
practicality (e.g., implementation cost, generalizability),
acceptability to Government and industry and potential for
success; develop implementing procedures or protocols; and
collect field data to establish the veracity of both the
approaches and standards involved.

At the end of the first 12 months of the project (May 1983), the NRC
will have developed diagnostic information on: nuclear facility
organization, managerent and safety dynamics, safety-related practices
and indicators, practices which have no discernible safety related
cutcomes, and safety-related indicators not being attended to through
current utility practices. This informaticn will be used to support
validation, reviews, revisions to NRC licensing guidelines and standards
(i.e., NUREGs 0731 and 0800), and Inspection and Enforcement standards
involving operating and near operating plants. At the conclusion of
the project (May 1984), tie NRC will have developed and field validated
safety assessment approaches and standards along with user materials for
the NRC and the utilities. Figures 1 and 2 describe and display
respectively project milestones scheduled for FY 1982-84.

In October 1982, a 24 month contract was awarded to the Idaho National
Engineering Laboratory to conduct analyses and establish enhancement
modeling requirements for organization and management functions and
roles crucial to general plant safety, reactor safety and plant
security, during power plant design, construction, start-up and
operation. This research involves the following tasks and milestones.
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Focus

Figure 1

ORGANIZATION AND MANAGEMENT RESEARCH PROGRAM

oF ORGANIZATION AND MANAGEMERT PROGRAM:

Issues IDENTIFICATION

-- ORGANIZATION TYPOLOGIES
-~ MANAGEMENT TYPOLOGIES
-- SAFETY TYPOLOGIES

TecHnicAL DATA Base DEVELOPMENT

-~ FuncTION ANALYSES
-~ RoLE ANALYSES
-~ ENHANCEMENT MODELING REQUIREMENTS

TecHnoLoGY DEVELOPMENT

-~ SAFETY ASSESSMENT STANDARDS
~- SAFETY ENHANCEMENT GUIDELINES

TecHnoLoGY EVALUATION

-- CoNsENSUS VALIDATION
-~ F1ELD VALIDATION

TecHnoLOGY TRANSFER

-- PRACTICAL APPLICATION
-- User MATERIALS
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SLL

ORGANIZATION AND MANAGEMENT RESEARCH PROGRAM

SAFETY ASSESSMENT STANDARDS PRODUCTS:

RESEARCH
MILESTONES

ISSUES
IDENTIFICATION

TecHnicAL DATA
BAse DEVELOPMENT

TECHNOLOGY
DEVELOPMENT

TECHNOLOGY
EVALUATION

TECHNOLOGY
TRANSFER

FY 1982

OPERATIONS

NucLeAR Power PLANT LiFe CycLE

FY 1983

OPERATIONS
START-UP
CONSTRUCTION

OPERATIONS
STAarRT-UpP

OPERATIONS

FY 1984

DEsS1GN

CONSTRUCTION
DESIGN
StarT-Up

OPERATIONS

OPERATIONS

FY 1985

CONSTRUCTION
DEs1GN

StarT-UP

StarT-Up

FY 1986

CONSTRUCTION
DeES1GN

CONSTRUCTION
Des1iGN

2 aanbiy



Development of a function inventory (i.e., listing of all
major organization and management activities which define the
organization, establish policies and procedures, an carry-out
established policies and procedures). Eaca function so
identified will be appended the following descriptors: (1)
type function (i.e., individual, group), (2) performance
requirements (i.e., information gathering, decision making,
monitoring), (3) plant life cycle (i.e., design, construction,
start-up, operation), (4) setting (e.g., normal/abnormal
operation, emergency operation), (5) criticality to safety,
(6) parent cluster (i.e., other functions immediately
preceeding, following or cccurring simultaneous with the
function of interest), and (7) personnel involved (e.g.,
management, technical staff). The purpose of this task is to
estabiish an organizational structure within which to study
organization and management functions and roles deemed crucial
to safety.

Detailed analyses of functions and roles selected from the
above inventory as being crucial to plant and/or public
safety. Subsequent analyses will involve organization and
management roles both individual and group engaged in
functions crucial to safety. The purpose of this task is to
develop a technical base for developing safety assessment
approaches and standards for evaluating organization and
management effectiveness during power plant design,
construction and start-up; and to support enhancement
modeling of selected functions and roles to optimize

plant and public safety.
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¢ Identification of enhancement modeling requirements to support
optimization of organization and management during all phases
of nuclear power plant development and operation. The purpose
of this task is to identify organization and management
functions and roles for modeling, modeling objectives (e.g.,
time-saving, efficiency, cost-penefit), modeling media (e.g.,
paper-pencil, computer-based), and modeling limitations (i.e.,
magnitude of function and role engineering which is
practical).

At the end of the first 12 months of this project (September 1983) the
NRC will have developed a technical base to support organization and
management function engineering. That is, to assess the adequacy of
current organization and management allocation of functions, preroga-
tives and responsibilities, and intra/inter organization communi-

cation networks. At the conclusion of the project (September 1984)

the NRC will have added a technical base to support role engineering
(i.e., assess the adequacy of current organization and management

role allocations). Additionally, the NRC will have established modeling
requirements for conducting exploratory research on advanced organization
and management concepts to optimize plant and public safety. Figures 1

and 3 describe and display respectively project milestones scheduled for
FY 1983-84.

FUTURE RESEARCH

FY 1985-86 research will be directed toward achieving valid, reliable
safety assessment approaches and standards for evaluating organization
and management effectiveness in matters crucial to safety during power
plant design, construction and start-up. The research will proceed on
the basis of findings and lessons learned during earlier safety
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assessment approaches and standards work, and on the basis of technical
data derived from the earlier function and roles analyses project.
Figures 1 and 2 describe display safety assessment standards research
milestones scheduled for FY 1985-86. Related FY 1965-86 research will
be directed toward achieving organization and management performance
enhancement guidelines. Enhancement modeling and consensus validation
(expert judgement) research will be undertaken on selected functions and
roles determined crucial to safety and in need of restructuring, for
power plant start-up and operation. Figures 1 and 3 describe and

display respectively project safety enhancement guidelines milestones
scheduled for FY 1985-86.
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MANAGEMENT AND ORGANIZATIOMAL DESIGN:
AN INITIAL LOOK AT A NEW PROJECT

Richard N. Osborn
Jon Olson
Battelle Human Affairs Research Centers

A new project, started this summer, is designed to establish one basis
for empirically linking aspects of management and organizational design to
the safe operation of nuclear power plants. Current work is focusing on
(a) reviewing existing literature reievant to this linkage, and
(b) isolating and incorporating numerous safety relevant indicators. Later
stages of this project will involve hypothesis development, data collection,
and analysis.

Why a new project stressing organizational issues? The most recent
impetus stems from DHFS assessments of utilities applying for operating
licenses. Draft guidelines incorporating many salient "lessons learned"
from Three Mile Island (e.g., NUREG-0731) still yielded approaches to
management issues based on primarily subjective criteria and assessment
processes (see Osborn et al, 1982). Because of a lack of objective
criteria, even skilled reviewers steeped in the history, culture,
terminology, technology, and plans of an applicant continue to have
difficulty in analyzing proposed management and organization in a systematic
and justifiable way (see Nadel, 1982). This is reflected in the fact that
management and organization criteria vary substantially across licensees.
For instance, some utilities attach maintenance personnel (fossil and
nuclear) to a central headquarters unit, some do not. To compound the
assessment problem, existing analyses of safety related measures appear
quite incomplete (e.g., Howard, 1976). Thus, measurement of safety needs to
be investigated prior to launching the empirical work.

Yet, as i11-defined as management and organization criteria may be,
many industry executives, regulators, and intervenors appear to agree that
management and organization factors are important precursors to safe
operations (see Widrig et al, 1980). What is clearly needed is systematic
research that can provide empirical support for regulators and industry in
their respective attempts to integrate safety concerns into management and
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organizational design. What aspects are important? Of the important
aspects, which can be subject to regulatory influence?

Two important gaps in our current understanding confront any such
attempted research. The first gap is the paucity of comprehensive
conceptual or empirical studies of management and organizational factors
within the industry. Existing studies appear limited by one or more of the
following constraints: (1) concern with only one or a few sites, (2) lack
o7 attempts to validate clinical estimates of cause-effect relatinnships,
(3) overly critical judgments where existing conditions have been compared
to some ideal, hypothetical, but untested conditions (here all licensees
appear deficient), (4) lack of sound conceptual underpinnings, or (5)
little, if any, concern for potentially important factors impinging on the
plant from the corporate and industry level. These constrairts seriously
limit the ability to make empirically based regulatory decisions about the
relationships among management, organization design, and safety. While no
one project can rectify all such deficiencies, a carefully constructed
research project can help establish a better conceptual and empirical basis
for regulatory judgment.

The unique position of the regulator must be recognized and continually
incorporated if research findings in this area are to be translated into
effective regulatory tools. This position coincides with a second
identified gap in the literature. The plurality of work specific to the
nuclear setting focuses on the bottom of the organization where specific
operational problems are most directly manifested. Researchers are forced
to try to "work up" the organization or across to related individuals,
groups, or departments (e.g., building organization charts from staffing
information) in their attempts to find causal and mediating factors in the
structure of the organization and management practices. Few studies take a
holistic or systemic view which starts with the utility or plant. Yet,
there are potentially rich sources of published information regarding plants
and utilities. Still fewer attempt to combine both published information
(e.g., NRC inspection reports) and primary data (e.g., surveys and
interviews). A "top down" perspective is needed.

Not only is a "top down" perspective consistent with the role of NRC as
a force outside the utility, but side benefits of such an approach can be
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expected. These include a sensitivity to a wider range of policy issues,
constraints on management, and the history of the utility (e.g., Tech Spec
changes, safety record during construction), and overall plant, rather than
issue specific, performan.e (cf Osborn et al, 1980).

The "top down" view also raises an important analytical question for
future analysis: What should be the unit of analysis in safety studies?
The utility as a whole, the portion of the utility dedicated to nuclear
operations, the portion specific to a particular plant/facility, and the
various operating and staff units within the plant may be salient. The
exact boundaries between these "units of analysis" may be difficult to draw
(e.g., what part of a centralized maintenance function serving both nuclear
and fossil operations should be considered?). Thus, central concerns early
in the project include problems of defining (and the implications of
alternative definitions) the unit of analysis to be used in explaining and
predicting safety. There is a very real possibility that the appropriate
unit of analysis may depend on the exact safety issue in question, and that
the issue may not conform to convenient distinctions such as operations
versus engineering or onsite versus offsite pressures (e.g., NUREG-0731).

So far, the report has highlighted the difficulty of assessing
management and organizational factors, the potential importance of these
factors for safety, and two important gaps in the literature (few published
studies of utility management and organization and who/what is the
appropriate unit of analysis for investigation). Prior to the empirical
work, however, meaningful indicators of safety need to be developed.

We have started to identify (1) some conceptual foundations for
defining safety, and (2) readily available indicators of safety. Current
conceptual development has focused on plant/facility concerns and selected
safety issues. (This will be the subject of a later report.) Table I shows
the data sources already identified. For some indicators (e.g., LER's),
previous work suggests a number of limitations and some potential if each is
used in conjunction with other information (e.g.. Howard et al, 1976;
Chakoff, 1978; Conver, 1978; NUREG-0572; NUREG-0834). The current strategy
presumes that the development of accurate, reliable indicators of safety
should recognize both basic and applied concerns. Obviously, the
development of measures of the relative "safeness"” of operating



plants/facilities is the most sensitive area to be raised in this project.
Work to date suggests that even with the inclusion of new indicators and
methods {e.g., morale, public stress, Probablistic Risk Assessment) we may
fall short of capturing the varied meanings of safety. Consequently, any
one set of readily available indicators may be inappropriate for measuring
safety.

Current work has identified some generic problems with combining
potential indicators. For instance, indicators may or may not move together
to provide a consistent picture of safety (e.g., INPO evaluations, SALP
reports, and the number of LER's). The who, what, how, and timing questions
of measurement may account for some of the differences (e.g., 1980 utility
reported deviations from Tech Specs versus INPO evaluations based on
clinical observations versus SALP ratings). Some indicators may be expected
to move in opposite directions (e.g., stability as indicated by proportion
of operations at greater than 50% power versus mean time to failure of
specific equipment). An understanding of these relationships is crucial to
a more accurate measurement of safety.

Concurrent with the focus on specific indicators of safety, we are also
concerned with its conceptual definition. Work in this area includes
attempts to conceptually link safety to similar notions (e.g., quality).
More applied issues of safety are also being considered (e.g., is safety
only the absence of accidents or should attempts to prevent accidents also
be considered?).

In sum, the rich, though primarily conceptual, literature linking
management and organizational design with organizational effectiveness is
being systematically explored. We have just started, and recognize that the
creation of reliable indicators of safety and reasonable verified hypotheses
linking specific management/organizational characteristics to safety will be
a difficult task.
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NRC Human Reliability Research Program at Sandia National Laboratories

R. R. Prairie and A. D. Swain

Overview

Peginning with the application of Sandia's human reliability analysis
(HRA) methodology to WASH-1400, the NRC has sponsored application and
research studies for us to expand this methodology to probabilistic risk
assessment (PRA) of nuclear power plants (NPPs). Our present research
program is funded by the Office of Nuclear Regulatory Research and is
managed by the Division of Facility Operations. This human reliability
research program consists of the further development of our HRA methodology
known as THERP (Technique for Human Error Rate Prediction), the derivation
of estimates of human error probabilities (HEPs) and models of human
performance which apply to NPP operations, the definition of methods for
collecting data and information to support the HRAs which are required for
PRAs of existing and future NPPs, and the collection and analysis of this
data to compare with the estimated HEPs and models we have developed.

In addition to this research program, the Office of Nuclear Regulatory
Research has given us the opportunity to teach courses to NRC personnel on
our HRA techniques, models, and data, to include our technology as pa.t of
the National Reliability Evaluation Program (NREP), and to apply our methods
and data to PRAs which are part of the Interim Reliability Evaluation
Program (I°EP). This work is managed by the Division of Risk Analysis.

Through the Division of Safety Technology, Office of Nuclear Reactor
Regulation, we have evaluated the HRAs in the Zion and Indian Point PRAs.
Since these HRAs made considerable use of our HRA methodology, estimated
HEPs, and models, cur evaluation has provided us with information to use
in improving our human reliability research products for the Division of
Facility Operations.

Finally, under sponsorship by the Division of Reactor Programs, Office
of Inspection and Enforcement, we have managed contractor research to
develop methods for evaluating the quality of written materials used in
NPP operations.

This paper briefly describes the human reliability research program
supported by the Division of Facility Operations and very briefly mentions
our other work supported by the NRC. A1l of our work for NRC is related
directly or indirectly to the safety assessment of light water reactors.

126



Research on HRA Methods, Models, and HEPs

The Handbook

In October 1980 NUREG/CR-1278 Handbook of Human Reliability Analysis
With Emphasis on Nuclear Power Plant Applications (Pef. 1) was issued as
a draft report for interim use and comment. Hundreds of comments have been
received from the U.S. and abroad. We collated and classified these comments
(ref. 2) which have been very helpful in preparing a revised version of the
Handbook. Our own experience in using the Handbook for NRC-sponsored PRAs
in the IREP plus our reviews of other PRAs which made use of the Handbook,
also provided valuable inputs for the revised Handbook which is in the
final stages of preparation (ref. 3). In addition, contractor support
from Science Applications, Inc., and Technology for Enerqgy Corporation was
obtained to develop a systematic approach to the categorization of procedure-
based HEPs related to NPP tasks (ref. 4).

The Workbook

As a companion document to the Handbook we prepared NUREG/CR-2254
A Procedure for Conducting a Human Reliability Analysis for Nuclear Power
PTants which was pu5|isﬁe§ in December 1981 as a draft report for interim
use and comment (ref. 5). We have now revised this document (ref. 6).
Whereas the Handbook is both a guide and textbook for HRA, the Workbook
provides a step-by-step procedure to illustrate the use of the data, infor-

mation, and models in the Handbook. The Workbook is oriented specifically
toward PRA.

Handbook Exercises

Under contract to SNL, Human Performance Technologies, Inc., arranged
for 29 experts in human factors and/or PRA to solve some practical problems
using the Handbook as the primary source book. It was hoped that these
experts might be able to provide some data or information on estimating
HEP's to include in the Handbook. This did not happen; in general they
noted the subjectivity of our estimated HEPs in *he Handbook, but they had
no substitutes to offer. However, the participants in this study provided
many useful suggestions for the revision of the Handbook, especially Chapter
20 which summarizes the estimated HEPs and models. Reference 7 reports
the results of the Handbook Exercises project.

Special Reports

Two reports were prepared for the 1981 IEEE Standards Workshop on
Human Factors and Nuclear Safety (known as Myrtle Beach II1). Reference 8
is a short article on human reliability and reference 9 is an article and
discussion on the human performance data bank concept.
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Two other reports were prepared for the 1981 joint meeting of the
American Nuclear Society and Furopean Nuclear Society on PRA. Reference
10 summarizes the general approach to HRA described in NUREG/CR-2254,
and reference 11 describes an approach to the incorporation of HRA into
a PRA. A later report prepared for the 1982 Workshop on Low-Probability/

High-Consequence Risk Analysis presents a case study of an HRA of NPP
operations (ref. 12).

Methods to Collect Data to Support HRA

Three approaches are being investigated to provide the means of

collecting data to support HRAs in PRA studies as well as to provide infor-

mation on human performance of use to design trade-off studies in NPPs.

These approaches involve the development of a program plan for a human

performance data bank, the use of training simulators to provide HEPs and

response times for control room tasks, and the formulation of procedures

for using expert judgment to derive estimates of HEPs and response times.
|

Human Performance Data Rank

In Tate FY80 the NRC provided SNL with sufficient funding for a 2-year
project to develop a program plan for a human performance data bank oriented
towards the collection of data in NPP operations that could be useful in

PRAs, and to try out the plan to see if such a data bank is feasible and
practical.

General Physics Corporation was selected as the SNL contractor to |
develop the program plan, as the first part of the project. To date two |
major reports have been prepared and are in press (refs. 13 and 14),

The next part of the project is to carry out a test of the data bank
concept. It is anticipated that this work will get underway during the
first quarter of FY83.

Simulator Program for HRA

Because of the subjectivity of much of the estimated HEPs in
NUREG/CR-1278 the NRC decided to see if training simulators could be used
to provide realistic estimates of HEPs for certain control room tasks in
NPPs. A two-year contract was let by SNL to General Physics Corporation
to determine if there are HEP data available from simulators in other
fields (e.q., commercial aircraft simulators), if simulator studies could
indeed yield data useful for HRA, and, if so, to generate and carry out
a research program in conjunction with ongoing operator training programs
in NPP simulators to obtain indices of HEPs.

128



An unpublished survey of available data from simulators was completed,
yielding negative results.

Data from earlier simulator studies conducted by the Oak Ridge
National Laboratory were reexamined, and it was ascertained that a
Performance Measurement System (PMS) developed by GPC and in use at the
TVA simulator facility was capable of yielding worthwhile HCP data, if the
data were gathered under suitable controls. Therefore, a study plan was
developed for the purpose of gathering HEP data under well-controlled

conditions. The study is currently under way, with data being gathered at
two simulators.

Use of Expert Judgment

Because of the shortage of actuarial data on HEPs for HRA, persons
performing PRAs must often resort to the use of expert judgment. In
some PRAs the methods used for expert judgment have rot been documented;
in others, the methods used do not conform to the best available
psychological scaling techniques. It was decided, therefore, there was

a need for devising methods that would make the best possible use of
expert judgment.

Accordingly a contract was let to Decision Sciences Consortium to
review the literature on psychological scaling and to develop a set of
best methods for using expert judgment to derive estimates of human error

prubabilities. This work has been completed and is presented in references
15 and 16.

Special Projects

Human Reliability Support

For several years we have been providing support to NRC in the
general area of human reliability. As part of this effort we report on
human reliability information from sources outside the U.S. This past
year, at no cost to NRC, we visited NPPs and simulators in France, Japan,

Sweden, and Norway. Information ¢ tained in such visits was used in revising
NUREG/CR-1278.

Fuel Handling Task Analysis

Under contract to SNL, System Research Laboratories, Inc., analyzed
the fuel handling tasks at the Morris, I11inois, Independent Spent Fuel
Storage Installation (ISFSI). The purpose of the study was to provide a
technical basis for initial and continuation training for operations
technicians at 1SFSIs. Reference 17 describes the results of a task
analysis and recomndendations for the training and certification of these
personnel at ISFSIs in general.
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Support for Division of Risk Analysis

Course on Human Peliability Analysis

On March 1-5, 1982, we conducted a one-week course for NRC personnel
in Bethesda entitled "Assessment of the Effects of Human Performance on
Nuclear Power Plant Operations.” The next course will be taught Feb. 14-18,
1983, with a second one planned for August or September 1983,

National Reliability Evaluation Program (NREP)

As part of the Technical Writing Group which prepared NUREG/CR-2300
?RA Procgdures Guide, we wrote Chapter 4 - Human Reliability Analysis
ref. 18).

Interim Reliability Evaluation Program (IREP)

We provided some support to the Brown's Ferry BWR and the Calvert
Cliffs PWR PRAs. We performed the HRA portions of the Arkansas Nuclear
One Unit No. 1 PRA (ref. 19). The HRA approach used in the latter study
is detailed in NUREG/CR-2254.

Support for Division of Safety Technology

We evaluated the HRA portions of the Zion PWR PRA and the Indian
Point PWR PRA. Our evaluations are documented in references 20 and 21.

Support for the Office of Inspection and Enforcement

For the Division of Reactor Programs, Office of 1&F, we contracted
with Human Performance Technologies, Inc., to carry out an evaluation of
NUREG/CR-1369, Checklist for Evaluating Maintenance, Test, and Calibration
Procedures Used in Nuclear Power Flants. This document was tried out by
NRC inspectors in the NRC regions. The outcome is reference 22, which is
Revision 1 of NUREG/CR-1369,

Concluding Comments

Our research and applied studies for NRC in FY82 in the general area
of human reliability and human performance in NPP operations indicate that
there are problems but that these problems are solvable. HRA is viable,
and it provides a needed part of PRA. Without it, PRA would not be
treating the single largest source of potential safety problems in NPPs--
human errors.
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In June 1979, the Nuclear Regulatory Commission began a formal
reconsideration of the role of emergency planning in ensuring the
continued protection nf the public health and safety in areas around
nuclear power facilities. The Commission began this reconsideration
in recognition of the need for more effective emergency planning and
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