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ASSTRACT

In May 1976, EPRI initiated a research project, RP7€9,
""Performance Measurement System for Training Sirulators,' to
design, install, and test run on the Browns Ferry Nuclear
Fower Plant training simulator, a system capable cf automatic
recording of statistical information on operator action and
plant response. Four exercises were ceveicped in the initial
15 month phase: reactor criticality, plant startup, scram
from high power, and main steam 'sclation valve closure. Key
variables and acticns suitable for monitaring by the training
sirulateor computer were icentified and prograrred for cpera-
tor actions that the corputer could not renitor, checklists
were prepared in o format that minimized the subjectivity of
the instructor's evaluation. Since that time, the programs
have been refired significantly.

The perforrmance measurerent system is expectecd to become
a useful tool for future EFRI research prcjects. However,
the cost of training sirulator time is high; te keep research
program costs reascnable, the measurement system is being
cdesigned to be an integral part of operater training programs.
Furthermore, enthusiastic cooperatton ¥n the 2evelcpment ant
irproverent of the rmeasurerent system can pe expected from
the training staffs if they see the syste—~ as being directly
useful in the training progrars. v

CRIGINS

Three studies played important roles in starting this project. The
first was the Peactor Safety Stucdy, WASH-14C0O, which, in one sectien,
performed a huran reliability analysis to estimate the irfluence of huran
errors on the unavailadbility of various safety syste~s and corponents.
The principal author of that secticn, Alan 7. Saain, race the following

complaint:
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"An actuarial data base for human error rates in nuclear
power plants cces not exist. Although the AEC does collect
infcrmation ocn huran errors associated with abnormal power
plant incidents, the data are not generally in a form usable
for human reliability anaylsis." (p. 111-53)
It was Dr. Swain's view (communicated separately) that a well-designed
sirulator based perforrance reasurement system could help provice a

satisfactory cata base.

A second precursory study was perfaormed under EPRI project RPS01,
“Muran Factors Review of Nuclear Power Plant Control Room Design'. In
that study the huran factors aspects of five representative nuclear
power plant control roorms were evaluated using such methods as a check~
list guided observation system, structured interviews with operators and
trainers, direct observations of cperator behavior, task analyses and
procedure evaluation, and historical error analyses. The human factors
aspects of design practices were illustrated, and rany improvererts in

current practices were suggested.

The situation selected for analysis at the four PR simulators
visited was a steam generator tube leak or rupture. The emergency
hypothesized was a leak that eventually required shutdown but was
preceded by diagnostic activity and control action to avoid an irmediate
emergency trip. At the BWR simulator investigated, the subject for task
analysis was a reactor vessel feedwater valve controller failure in
which the controller failed open. The researchers focund that the
specific sequence of events was different in each sirulation run because
of the intercdependencies of system variables and cperator actions, and
because of differences in cperator actions allowed within the generalized
procedures. They had dif;}culty with corplete'y and accurately recording
the variable values, plant conditions, and cperator actions during the
fast-moving sequences. The study team recommenced that any future task
analyses on trainirg simulators be made with the assistarce of the

simulator corputers for event documentation.

The third precursory study was perforred by the Simulation Products
Division of the Singer Company for EPRI, covering the following tasks:

- —
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= Surveyed automated simulator performance practices, past
and present, in the U.S. and foreign electric utility
industries, in the aerospace industry, and in the U.S.

military;

= lcentified cptions of which parameters are to be recorded

and in what format records are to be stored;

= Investigated the type of simulator hardware and software
rodifications which are necessary to irplement the

performance measurement system;

~ Developed an estimate of the cost and simulator downtime
which would be required to install a performance measure~

oent ’Y‘t‘mo

The present p-oject is a direct follow-on to that feasibility study.
Description of Heasurement System

Lith ne=d and feasibility established in the above studies, in May
1976 EFRI contracted with General Physics Corporation to implement the
performance ceasurement system for four drills on the Browns Ferry

training simulator,

The function of the performghce measurement system is to collect
and evaluate sirulator data. Figure 1 illustrates the systems operation.
Curing the ccnduct of a simulator exercise all contrel room data (meters,
annunciator lights, switch and knob pesitions) are collected by a data
collection program and stored on rmagnetic tape. This occurs concurrent
with the normal operation of the sirmulator (i.e., 'on line"). The data
collection program is added to the basic sirmulation program to accomplish
this data collection. This program must be written in asserbly language
for the Browns Ferry sirulator, as that language is used ir all the

sirulation programs on the simulator.

At the end of an exercise, there is a complete and permanent record
of all the sirulator data that was represented curing the exercise. This

data can then bte used to corpile any of a nu~ter of difrsrent types of
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printouts through the use of different computer programs. These programs
are irplemented '"off-line', i.e., when the sirulator computer is not being
used to drive the simulator, or evaluation of the cata can be cdone on a
computer other than the crne at the sirulator. The evaluation programs

are written in Fortran for ease of discussion, debugging, and transfer

to other sirulators or computers.
Evaluations for Training

Two evaluation programs are designed primarily for use by the
simulator training staff, the event chronology and the error surmary.
The printouts ccntain listings of errors made by the operators; the
computer has been prograrmed to watch for errors considered by a group
of operators, trainers, and human factors researchers to have a signifi-

cant chance of occurrence.
PMS Implerentation

The second phase of EPRI research project RP769 is to irplement the
Perforrance Measurement System on all simulaters at the TVA Training
Center, Daisy, Tennessee = Browns Ferry (GE-BWR), Sequoyah (W-PWR), and
Curberland City (fossil). Additionally, the PWR exercises will be

acapted to Duke Power's McCuire simulator.
EXERCISES
Selection

The Utility Advisory Group (corposed of utilities which own or have
on order 2 nuclear power plant training simulater) met in June 1978 and
selected ten exercises for cdevelopment on the Browns Ferry BWR sirmulator
and ten for the Segquoyah PWR simulator. The exercises selected are
listed in Tables 1.

During 1978, the scope of the project was externded to include the

development of ten exercises on the TVA Curberland Steam Plant sirulator.
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Because of the different interests and erphasis with fcssil generation,

compared to nuclear, a Fossil Utility Advisory Growp was formed to advise
this extension. As a result of that group reeiing in Cecember 1378, ten
exercises were selected for cdeveloprent on the Curterland City sirulator.

Those exercises are shown in Table 1.

The exercises selected for develcpment were cesigred to provide a
balanced mix to support several different goals of the project. First
was the requirerent to support regular training in norral evolutions,
normal but infrequent evoiutions, .ccident events, and sgecific licensing
requirerents. Additicnally, the mix of exercises is cesigned to support
research in the areas of cperator reliability, safety functions, and
selection testing. The exercises selected regresent a balanced attempt

to meet all these cbjectives.
Development

The Electric Power Rescgrch Institute proiect has teen expanced to
develop Perforrance Measurerent System (PMS) progra—s for a total of
forty exercises on the Srowns Ferry, Seguoyah, McGuire, and Curberland
simulators. In order to accomplish this development in an efficient,
uniform fashion scce standard format and progressicn for exercise
ceveloprent is required. The following instructions cetail the steps
involved for the developrment of an exercise to the point where it is

turned over to the prograrrer:

Exercise Definiticn

The development of an exercise rmust start with a clearly defined
idea of what plant evolutions are to be involved. The exercise must
cover a discrete facet of plant operation suitable for evaluaticn and
compatible with available initial conditions in the sirulator. Iceally
the exercise will follow operating and emargency procedures with a
single correct path of ogerator actions which celivers the plani in the
desired conditicn (i.e. Reactor Starzup). Be alert for steps in which
there are rultipls paths to accomplish a given regquirement. Those cases

rust be specifically noted in order to account for that variability of



actionr in the programming.

Exercise Description

A.

Operator Actions.--The cperator/instructor providing the

initial input for the exercise development must think through
the selected exercise and follow it through the procedures to

develop a corplete list of all Operator Actions which are

expected or required. This must include every switch manipu-
lation performed by the operator in the conduct of the

procedurrs.

Controlled Variables.--The operator/instructor next must

define each plant parareter over which the operator exercises
manual control during the exercise such as pressure, level,

temperature, etc.

Milestone Events.--Next consider any significant milestones in

the procedure/exercise which should be noted. If in coubt,
list it. This should cover such things as:

Correnced rod withdrawal, shifted to automatic,

reactor critical, turbine paralleled to grid, etc.

This list should also include a note on how the rilestone can

be detected on the sirulator.

Error List.--The next stace of devalgpreat is perhips Lhe most

difficult. The operator/instructor must now go thrcugh the
proposed sequence of events in the exercise and identify every
potential error in the stucdent operators seauence of actions.
To make it manageable, list only reasonable errors for the
given exercise, '.e., acticns out of seguence, wrong switch,
failure to , etc. Errors such as spilled coffee or
inadvertent ranual initiation of Safety Injection are usually
inappropriate. T¢ aid in programming, these errors must be
further grouped into System or Process cesignaticns with

amplifying darta.
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E. Instructor Check List.--Concurrent with the developrent of the

above error list, compile a check list of operator functions
which cannot be detected from the recorded data. These
functicns such as 'check' and '‘verify' are irportant indicators
of operator performance which unfortunately cannot be ronitored
by the PMS. This check list will serve as a guide for the
instructor to insure he notes these important actions are

accomplished.

Program Writing

With the listings of Ocerator Actions, Controlled Variables,

Milestone Events, and Errcr List, the prograrmer shouid be able to write

the Performance Measurement System evaluation program for the exercise
under development. Recognize of course tha: considerable liasion will
still be necessary to clarify unforeseen questions about the exercise.

Error Codes
.

To facilitate programming and later research data analysis, a
Uniform System and Process System was devised to coce errors and events.
Where possible system or process designaticns are parallel across ail
three sirulators. The system code I1=7 refers to the Turbine/Cenerazor
in all exercises. Similarly, error 21-2 (1-J) refers to the same
Reactor Water Level control error in all BWR exercises. This uniforn
error coding is designed to make it easier to ccspanre data between
exercises and between simulators by allowing analysis based on distri-
buticns of the occurrence of "I' system errors and individual "1-J"

errors.

Evaluation
Initial attempts at using the Performance Measurerent System to
score operator performance met with severe difficulties. Althoughk there
is yonaral agreement that all errors are not equally significant, attempts .
to scale errors, saying error X is worse than error Y ret with consider=

able disagreement. The ranking of errors depends on rany situational
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and perscnal variables which are perceived differently by various
judces. The result was significant variation in scaling between even
two judges for a given set of errors.

Pilot Approach

In the pilot cevelopment of the program, errors were assigned to
category A, B, C, or O based on prcbable consequences. Class A repre-
sented worst case safety related accidents while D ranged to include
very riinor procedural errcrs. In acdition to these four type groups, a
nymerical rank ordering was assigned over the range | to 20 for use in
numerical evaluation of cperator performance. This method generated
argu-ent because of the roughness inherent in a 4 class or 1 to 20
scaling. Additicnally, the scaling of safety related errors with

economic errors develcped into a very sensitive issue,

Current Approach

To allow a finer classificaticn of error and avoid the safety vs.

econcmic controversy, current efforts are to implerent a multi-attribute

disutility scaling. In effect the safety and economic considerations

are separated and a given error is ranked according to its consequences
in each of several areas considered individually. The areas under

development are:

A - Certain Safety Effects

Probable Safety Effects

Certain Erononic Effects

Probable Economic Effects

Personal Consequences

>» m o n @
'

given error is not assigned as A, B, C, D, or E. Rather every

error has a disutility (or adverse consequence) in each a:ea.
Exarple =
Error - Failure to pull rods when loading turbine.

A 8 c D E

o 2 o0 3 1 = o2 H
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Meaning - = No definite safety violation.
- Potential vioiation of tech spec (temp limit).
= No definite cost.
- Potential trip - | hr delay = $10 K.

- w o nm D

- Negative comment by Supervisor.

This method, devised by Or. Thormas Sheridan of MIT, is designed to
allow a classivication of errors without requiring an apriori ranking of
the safety and econumic consequences, while allowing later statistical
evaluation of consequences in all areas. Extension to fossil operators
will require modification of A and 8 categories. The system is quite

corplex and a detailed explanation will not be atterpted here.

This "multi-attribute' method of categorization provides rore
information than a "single attrivute' method in which a given error can
be in only one category. The computer can search the error data for
those errors which are at cr zbove a certain level on cne scale while

at the same time at or above a certain level con another scale, etc.

Further, by judging both '‘certain' and 'potential'’ conseguences as
abcove, we getr estimates of both the upper limit and tye 90th percentile
of a distribution, enough to specify the shape in the critical range of

the consequence-frequency distribution asscciated with the given error.

For 'personal reputation' errors such specificity does not seem warranted.
Data Collection Architecture

The initiation of the data co!lection pregram causes the following
dyramic evaluation of the Input/Output variables. Every second the
corpuier forms a data string consisting of all Digital Outputs (DO),
Analog Outputs (A0), and Analog Inputs (Al), collected once during that
seccnd, and all Digital Inputs (D1) formed from a logical "or' of the
b previous quarter seconds of those DI's. The 'Cata string" is then
compared to a reference string and if any DI or [0 changes during that
second, or if there is a 3% (full scale) change between the reference and
analog values, the data string is written on magnetic tape. If the da:a

string is written to ragnetic tape, the entire DI and 00 secticn of the
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reference string are replaced by their corresponding values in the data
set. If any Al or AD in the reference string differs by more than 3%
from the value in the data string, that specific value is replaced by

the data strirg value. To avoid once per second data collection, certain
muitipoint recorcers and process corputer lights have been rasked from

the comparison, but are stored on the ragnetic tape.

Data Collecticn Initiation

The data collection pregram is a self-contained assemdbly language
program which is initiated through push-button control at the instructor's
console. Sirulator hardware relaticnships are shown in Figure 2. To
collect data, a ragnetic tape is mounted on Magnetic Tape Drive £1, and
placed ""on~line' at the "locad" point. When cdata collection is desired, -
the instructor cepresses the 'Par Print' button, located at his console.
This action causes the 'Par Frint'" light, to be lit, and initiates the
data collecticn program. To terminate the data collection, the instruc-
tor again depresses the "Par Print' button which turns off the correspond-
ing light and causes an "End of File" to be writtan on the magnetic tape.
The data collection program is then ready to collect data for another

scenario.

Data Coilecticn Attributes

The current data collection program providas significant advantages
over previous data collection for the following reasons. First, the
instructor now raintains control over the cata collection, determining
when and for how long to collect data. Secondly, 'Backtrack' and
"Freeze', two irportant instructcr's touss. are availatie during the
data collecticn process. Thirdly, the data corpression described in the
architecture section permits the data collection program to be active
for longer periods of time. Currently, a 4:1 data corpressicn has been
real ized, however, because of the dynamic natu-e of the compression,

more active scenarios have less data corpression.
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Minicomputer Evaluation

To evaluate the data collection tape in a reascnably short time
after simulator perforrmance, and the return of those results to the
instructor was a cornerstone of the Perforrmance Measurerent System (PMS).
The TVA corputers could not periorm background processing of the data
tapes concurrent with the simulator training. Therefore, to do the
evaluation required the reconfiguration of the computer from siculaticn
to the Real Time monitoring mode, the evaluation of the data taze, and,
finally, the return to the simulation rode. fdcitionally, because the
siculators were in use for most of the cay, the time availab'e to
evaluate data tapes or to write the evaluation software programs was
extremely limited.

To resolve those problems, a mini-zorputer with a disc operating
system which could be programmed to read the data tapes and evaluate
the results was purchatzd. A Digital Equiprent Corporation (DEC) 11-34
machine with a magnetic tape drive and two § Megabyte discs was chosen.
The DEC machine was purchased principally because of its widespread
usage and its capability with the McGuire sirulator (also a DEC rachine).

The principal advantage of the new system is the ability to
evaluate a data tape irrediately after exercise completion. Additionally,
other advantages have been evidenced inzluding instructor control of
the evaluation program, and a generalized file structure for errors and

events, and the capability for data storage and analysis.

The interactive nature of the disc operating system, coupled with
an indirect command program structure germits a simulator instructor to
sit down at the computer and determine which evaluation program to run.
The indirect cormand file leads the instructor through those steps
necessary to start the evaluation, and performs checks to insure that
the instructor corr ctly utilizes the system. In this way, the reed for
technical assis’ nce to perform the evaluation is avoided. The indirect
cormand file is .o general that it pemmits 2ll simulator instructers to
utilize the sa'e program but performs different branches depending upon
the simulator type (8WR, PWR, or FOS) and the scenario to be evaluated.
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The file structure of the DEC machine has also allowed filing by
system and sirulator, all expected errors in all the scenarios. These
errors are in the code previously descrided. Sample error files are
shown in Table 2. This forrat removes the teciousness of remriting the
sare ressage for different scenarios, permits the access of errors
across scenario boundaries and saves significant corputer rerory during
evaluation. In addition to sturing the error messages, five elements
of a rulti-attribute list are stored with those error messages. In this
way, the occurrence of an error (system nurter and error nu=ser) within
that systen, provides a direct pointer to that error message and multi-

attribute description of the severity of that error.

In a sirilar ranner, all exercise evaluation programs have been
stored in separate files, each accessed by the sirulator type and
exercise nurber. Therefore, the identification of that sirulator and
exercise scenario, in the indirect corrand file, is used as a pointer
1o anich performance reasurement progras is to de run. This file
architecture is also used in the proposed data-base structure, to

supgort the researchers, as shown in Figure 1.
TRAINING APFLICATICN

Two evaluation programs are desicned prirarily for use by the
si~ulator training staff, the event chronclogy and the error summary.
The pr wits contain listings of errors rade by the operators; the
co~puter has teen prograrved to watch for errors considered by a group
of crerators, traine-s, and human factcrs researchers to have a signifi-
cant chance of orrurrence. A sample printout is shown in Agpendix A.

Tha first portion of the printout is the event chronology. This
lists milestone events and errors in a chronological order. The second
part 's an error surrary, wherein errcrs are categorized by type error,
system, ad nurder of occurrences. Tre performance summary, from the
pilot implerentation program, has been celeted due to the afcrerentioned

disacreerents. Until the corplex, bu: statistically valid, multi-

attritute disutility scaling system is irplerented; no grading is assigned.
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Ouring the pilot implerentaticn runs, the hu~an factors researchers
debriefed each of the subjects. At the conclusicn of the structured
interview portion of the cebriefing, the test sut jects were asked to
provide frank opinions regarding advantages and cisadvantages foreseen
for the performance measurement system. This questioning revealed a
highly favorable attitude towards the purposes of the measure-~ent

program. The major advantages highlighted were:

- The program gives the trainer another evaluation tool, cne
which is more objective than the instructer. This tool
cannot be relied on too heavily since some subjective
observations made by the insiructor, which cannot be mea-

sured by a computer, are important.

= An instructor is hesitant to tell utility management that
d trainee won't make it. The reasurement system offers
4 standard by which to rake such a decisicn. If a trainee
consistently mokes sixteen errors per exercise and the
norm is only one or two, then *)e instructesr can use the
hard copy of the exercise results to convinrce the utilizy.

= Instructors may be influenced by their likes and dislikes
: arong trainees. There is a tencency to giwe the "nice
guy' trainee a break. Other trainees that you dislike ray
be downgraded unfairly. An instructor alsc often equates
gocd perforrance with an operating style mcst like his
own; e.g., he operates the boards like | trirnk | would.
An objective measurement system eliminates these factors.

= Instructors can disagree over the effectiveness of a

trainee. The computer could help settle such differences.

= The measurerent system could pinpoint errors or deficien-
Cies that the cperator is not aware of. HKe can then avoid

these problems in the real plant.

= The measurerent program ray help us find ous whether an
indivicdual has supervisory capacity, whether Se can rake

decisions, and if he has confidence in hirselif.
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- The program may lead to layout changes on the board;

perhaps raking more compact control boards.
RESEARCH APPLICATIONS
Data Base

General Physics Corporation is reconfiguring the PHS software to (a
read sn a POP-11 the time history tapes which are produced on the train=
ing sirulators, (b) produce the training output on paper and (c) create
files of summary performance data for later analysis by several training
and research groups. The object of this task is to insure that the
initial data base structure is as convenient as possible for later
analysis processing. The purpose of this section is to present the
present reguirerents and design of a data base structure for PMS data

storage and evaluation.

The data base requirerents are outlined in terms of (A) the type
of data, (B) the use of cata, (C) data indexing for analysis and (D)

software functions for analysis.

A. Type of Data
Data will be derived from PWR, BWR, and Fossil Fuel Simulator
plant evolutions and training exercises with embedded CI!CD's and
additional task "complicating'' factors. The corplicating, or task
loading factors might or might not be inserted by an instructor to
keep a trainee challenged. The following kinds of data will be

created:
e Errors by systerm, specific error and time of occurrence.
e Multiple attribute profiles.
e Operator response time (and correctness) to alarms and events.
e Continuous variable performance.
e Seguence and tire of all control ranipulations.

B. Use of Data
As seen at this tire, the data will te used for the following

purpose:
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e By Trainers for feecback immediately after the end
of a simulator training session.

® By Training Managerent (possibly) to evaluate class

performance and training program effectiveness.
e By Researchers for:

- Erpirical measurerent development and irprovement.
= Human reliability analyses (N66Q),

= Control room design improvement.

- Cperator selection studies.

Data Indexing for Analysis

The training feedback output has been developed (for initial
purposes) and is beyond the scope of this paper. An initial list of
data indexing requirements for analysis by researchers has been
proposed. These requirements show the nurber of different ways that
data need to be subdivided for analysis. Therefore, che data base
access and indexing requirements are defined, and the data base
structure and file architecture should make it convenient to do so.

The potential requirements for data base access and indexing for
training management use have also been proposed. These requirements
are introduced because of past experience. When the benefits of data
on each simulator run are discovered, and trainers have confidence
in the system, then the training community will suggest other uses of
the system. The data base structural design should recognize this as
2 possible future requirenent so it will be convenient to incorporate.

Software Functions fo. Analysis

Data processing requirements can be divided into four major
functions, (1) performance reasurement evaluation (2) file status
and management (3) analysis preparation and (4) data analysis.

The perforrance reasurerent evaluation programs exist at this
time and perform the necessary analyses and calculaticns to read the
time history tapes and exercise text files and generate the training

cutput. It is planned to upgrade these programs further to allow




-

an 2 3 - _]u'-—. Y Ty — ..y--tv-w,(——v = B 3 s as e e - e T S SRR YTy
- ¥ ’ i . = - - - g - P 2
ot e L i il ot i B ‘—Qumm. Py L e s e e gt ’

<60

extraction of specific data and provide additicnal inputs such as
instructor corments.

File status and ranagerment programs are being ceveloped to
perform th: obvious tasks of managing and organizing the rassive
file structure. Security rust also te provided to determine who
can do what with which files.

while perforrance data are collected and stored in output fiizs
sequentially, analysis programs require cdata to be organized in
arrays by dependent, indepencdent and covariables. The purpose of an
2nalysis preparation program is to crganize the data for each
specific analysis and they might call the analysis program as a sub-

routine.

Data analysis programs will either read cata from core or from
disk files and produce listings of results. Available or required
programs will need to be reviewed by each researcher to establish

specific needs.

Many of the analyses are available in pre-prograrmed statistical
;ackages that can be purchased at significantly less cost than pro=
grarming them froo scratch. There are some cautions, however. Each
of the rore popular packages contain slightly different features and
standard disclairmers (i.e., use at your own risk). There are many
different models and experimental designs that are assumed (or
erployed) by these canned programs and there are some features (such
as Ridge regression and removal of effects of repeated measures) that

are not included.

The selection and implementation of data analysis progracs will
be an orgoing task in itself. The issue of data analysis programs
is raised here only to preview the possibie requirerments so that our
whole processing approach is organized, and the work on data fil,
structures will be decne with an eye toward the upcoming requirements.



[~

-—-_vr-- L o Y. b T‘."“.v,'vf:‘—" ;T - -

e p at ga s

T T o P w o -

VRS WIPLL LA .3 B TSR nalt

461

N-660

One of the tasks of the project is to c¢callect data to support
development of the American National Stancard ''Criteria for Safety~
Pelated Cperator Actions', usually referred to as the ANSI %N-660 Standard.
In support of this task the project team has followed the evoluticn of
the standard, attended several working group sessions and presented to
that group the potential and limits regarding use of PMS cata to support
N-660. The current mood Is that the standard rust spring from some
objective data in order to be accepted. The current EPRI research proiect
and a similar, rore limited, effort by Westinghouse currently afford the
only sources of such data. Final standard development will be keyed to
data collection in those projects or require a retreat to subjective

estimates.

Exercise selection for the project acequately supports this task
with rajor accidents being studied on botn BWR and PWR sirulators.
Additionally, the Development of Casualty lIdentification and Control
Drills (CICD's) will provide a useful data base for this task area. The
goal is to provide initial statistical data to the cormittes by late
spring 1979.

Watts Bar FSAR

A ccrrelary to the N-660 involvement is a possible agplication of
project PMS data to resolution of an NRC question on TVA's Watts Bar
Nuclear Plant Final Safety Analysis Report (FSAR). The question concerns
operator response time to a loss cf Compone~t Cooling Water to Reactor
Coolant Pump 0il coolers with the danger cf subsequent pump overheating
and rotor bearing seizure. |If operator intervention is disallowed in
the analysis for & period »f 30 minutes, the current NRC leaning on

cperator actien, the Reactor Cocolant Purps rust be designed and tested

Mt < R o il
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to cperate for trat period without failure or additional automatic
protective functions rust be initiatec by the loss of Component Cooling.
Initial tests indicate cperator diagnosis and response occurs within
about 2 rcinutes. It is hoped a data base can be assembled to indicate

the unreascrabieness of the 30 minute limit.
Edison Electric Institute Selection Study

The Performance Measurement System wili be used as a validation tool
in a large operator selection study conducted by Personnel Decisions
Pesearch Institute under Edison Electric Institute funding. Additional
work by consultants on the EPRI project deals with application of a PMS
to a minicomputer driven part-task siculator for possible selection

testing applications in addition to part-task training.
U. S. Kavy

Recognizing the unigue advantages of a corputer based Perforrance
Measurerent System as a training evaluation tool, the U. S. Navy is
negotiating for installation of a PMS on their Fast Frigate 1200 psi
Steam Plant Sirulator. Especially attractive in that environment of
high personnel and instructor turnover is a standardized, objective, hard
copy evaluation to uniformly access trainee perforrance and training

program effectiveness.
SUMMARY

In surrary the Performance Measurerent System promises to be a
valuable tool for assisting the staff on all types of trainiag simulators.
Further, it provides unigue opportunities for cata callection on many
facets of operator-system interface for research, cesign, and regulatory

applications.
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IXXXXXFAILED 50
2XXXXXFAILED
IXXXXXFAILED
LXXXXXFAILED
SXXXXXFAILED
EXXXXXFAILED
JXXXXXFAILED
EXXXXXFAILED
SXXXXXFAILED
TCXXXXXFAILED
TIXXXXXFAILED
F2XXXXXFAILEL
13XXXOXFAILED
IGXXXXXFAILED
ISXXXXXFAILED

12.
I XXXXXFAILED TO

IXXXXXFAILED TO
IXXXXXFAILED TO

«64

Table 2. Saple BWR Error Files

B<R == RMR SYSTEM

START A RHR FPUuMP.

START THE CORRESFONDING RHMARSW PUMP.

CPEN THE SUPPRESSICN POOL SPRAY AND RECIRC VALVE.

POSITION RMRSW BX FCV FOR 3000 GPM (INITIAL). .
CPEN THE SUPPRESSICN FOOL RECIRC AND TEST ISOLATION VALVE.
STOP B, AND D, F=RSW FUNPS.

SATISFY CONTAINMENT SPRAY SWITCH INTERLOCK.

STOP THE CORE SFRAY PUmPS,

STOP SOME LPCI =CCE PUNPS.

START THE FHRSW FL™P PRICR TO CPENING THE HX OUT VLV.
MAINTAIN PEOPER AMR FLOW IN SUPP POOL COOLING MODE OF OPERATION.
PRESS RMR RESET PLSHBUTTON FOR CONTAINMENT SPRAY.

USE PROPER RMR LCOP.

OPEN INBOARD CONTAINMENT SPRAY VALVE.

OPEN OUTBCARD CONTAINMENT SPRAY VALVE.

EWR == NUCLEAR INSTRUMENTATICN

SHIFT RECCRDERS TO IR FROM APRMS.
INSERT ALL SRM CETECTORS.
INSERT ALL IRM CETECTCRS.

RXXXXXRECEIVED SRM MIGH ALARM.
SXXXXXRECEIVED IRM MIGH ALARM,

EXAXXXFAILED TO
JXXXXXFAILED TO
EXXXXXFAILED TO
SAXXXXFAILED TO
JIOXXXXXFAILED TO
TV XXXXXFAILED TO
12XXXXXFAILED TO
I3XXXXXFAILED TO
"LXXXXXFAILED TO
JEXXXXXFAILED TO
JEXXXXXRETRACTED

BYPASS FAILED SFm.

SWITCH SRM CHART RECCRCER TO OPERATICNAL CHANNEL.
BYPASS FAILED IRA.

BYPASS THE RWM.

BYPASS FAILED APAM CHANNEL.

MAINTAIN IFM'S GAEATER THAN DOWNSCALE TRIP.
MAINTAIN IRM'S GAEATER THAN 15%.

MAINTAIN IRM'S LESS THAN B5%.

MAINTAIN IPM'S LESS THAN ROD BLOCK TRIP (i0E3).
MAINTAIN IFM'S LES> THAN SCRAM TRIP.

IRM CETECTCORS.
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Central Control Room

—————————— . —————— -

Problen Control
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i . . -
Main I
Memory !
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PERI ORMANCE NEASURENENI

SYSTEHMR

FERFORMANCE MEASUREMENT SYSTCM

DLVELOFED FOR THE ELECTRIC FOWER RESEARCH
INSTITUTE BY GENERAL FHYBICS CORFORATION
OCTGHER, 1978

EVENT/ZEKEKOK
Gcouvnogvran

STEAN GENEKATOR

SslauUuLATOR

CHRONULOOD Y

RUPIURE

DATEI2S-SCP-78
KUN & 3

L9
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4

TInmnE

MRIMINISEC

2:00:00

00:01:3a

00:01:3%
00:01:32
20:01:3%
00:01:35
Q0:inl:ce
00:03: 3¢

00i04Ala}

0Q0i0a:a]
00:i04aza1
00:06:57

00:0%:%6

00:09:57
00:09:52
00:0%:%57
00:09:57
00:09:S>
00:09:%?
00:09.27
00:09:57
00:09:352
G0i10:00
ooi10:i

00:10:2

00:10:2

00:10:2

00:10:2

00:10:26
00:10:30
00:10:30
0ciioill
00:10:31
00:10:43%
00:12:42
001319

00:13:41

00:14:23
00:16:03
00:16:42
voi17:19
00:17:45
00:18:42
00:20:42
00:22:42
00:23:02
00:38:16
00:40:7
00:43:22
00:58:43
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EVEMNMT OR ERKCEFR

START COF EXERCISE.

STEAM TENERATOR TUBE RUPTURE INTIATED.

FAILED TO CONTROL STEAM GENERATUR #1 UATER LEVEL < J8X.

VATLED TC CONTROL STEAM GENERATCR 92 WATER LEVEL « 28X,

FAILED 7O CONTHGL STEAM GENERATCR #3 WATER LEVEL 38%.

FAILED TO CONTROL STEAM GENERATCR #4 WATER LEVEL < I8Z.

FAILED TO SELECT #3TH SOURCE RANGE RECORDERS AFTER P-4 PERMISS..
PLACZS TwO ADDITICNAL CHARGING FumPS IN SERVICE.

COmMmMENCE POWER [ECREASE.

FAILS TO ISOLATE FLOWDOGN (PRIOR TO POWER DECREASE)D.
REPULED TURRINE POWER IN EXCESS OF 2% PER MINUTE.
FAILED TO MAINTAIN VOLUME CONTROL TANK LEVEL > 20Z.

COMFLETE REACTOR SHUTDOWN.

FAILED TO SELSCT ™ANUAL &OD CONTROL.

RETURNED STEAM GENERATOR #1 JATER LEVEL < 38X,
FAILED TO CONTROL STEAM GENERATOR #1 WATER LEVEL > 28Z.
RETURNED STZAM GENEXATOR 42 WATER LEVEL < IBX.
FAILED TQ CONTROL STEAM GUNERATOR 42 WATER LEVEL > 28X,
KETURNED STEAM GENERATOR 43 WATER LEVEL < 38X.
FAILED TO CONTROL STEAM GENERATOR 43 WATER LEVEL > JBX.
RETLSNED STEAm CENCRATOR 94 WATER LEVEL < I8X.
FAILED TO CONTROL STCAM GENERATOR 94 WATER LEVEL > 28X,

FAILED TO SEILECT mANUAL FEED CONTROL.
FAILEYD TO MAINTAIN FRESSURIZER LEVEL ABOVE 235X.

TRIPS GENERATOR OQUTPUT EREAKERS.

FAILED TO MAINTAIN
FAILED TO MAINTAIN
FAILED TQ MAINTAIN
FAILED TO MAINTAIN
RETURNED STEAN
RETURNED STEAM
RETURNED STEAM
RETURNED STEAM

STEAM GENERATOR #1
STEAM GENERATOR #2
STEAM GENERATCR #3
STEAM CENERATOR 4
GENERATOR 91 WATER
GENERATOK #2 WATER
GENERATOR 93 WATER
GENERATOK #4 KATER

EXCEEIED A 100 [EG/MR. COOLDOWN RATE.

RETURNED COOLDOWN RATE TO <

WATER
WATER
WATER
NATER
LEVEL
LEVEL
LEVEL
LEVEL

RETURNED FRESSURIZER LEVEL ARDYE 2sX.

COmM=ENCE COODLDOUN AND PRESSURE DECFEASE.

RETURNED vOLU™
FAILED TO MAINTS <«
EXCEEZED A 107 =7

RETURN" 5 31

FALLED TC =&
RETUR. T o

LEVEL
LEVEL
LEVEL
LEVEL

2

>
>

!w DEG./”. .

M1%0L TANK LEVEL > 20X.
“§ ~IZER LEVEL ABOVE

. CLULDOWN RATE.
ER LEVEL AROVE

25%.

10%.
10X,
10z.
10%.

2sx.

P SSURIZER LEVEL ARQVE 25X.
R.TE TG < 100 DEG./HR..

COOLLOUN KATE.

VvV ivVY

10Z.
10Z.
0%,
10%.

EXCEZIED A 00 DEu.
AETUANEw CCOLDOMN EATE TO « 100 ZEG./HR..
RETUANED FRESSUKIZER LEVEL ARCLE 25X,

ISOLATED UFPFER-~EAD INJECTICN ACCUMULATORS TOO SCON.

FAILEL TO MAINTAIN VOLURME CONTHOL TANK LEVEL > 203,
LETUSNED VOLU~E CONTROL Tans LEVEL ~ T0X.

ISCLATED COLD LES ACCL=LLATORS T30 SO3IN.
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voiteiay AFFECTED CENERATUR ISOLATED.

CoiITRILYS END OF EXERCISE.

017022 FAILEDT 10 SHUT MAIN FEED vaL A2,

CoiTa:%3 FAILS TO SHIFT AUXILIAKY SICim SUPPLY TQ 0a STEAN GENERATIR,

PATE:“S-SCF-70
KUND .

ERP K SvmAmaRyY

STEARP GENERATOR TURE RUPTURE

SEIUOYAM SIMULATOR

I« SYSTEm DFERATION

BRATAIFLNETEIIRSTEanES

Je CHEMICAL AND VOLUME CONTROL .
NUMEER OF EARROR
CICULANCES cnme-

FLACES TWO ACDITIONAL CHARGING FU=S IN SEAVICE.

.
-

3. ROD CONTAOL.

N _MEER OF ERROR
CICURAACES ceam-
1 FAILED TO SELECT maNUAL KOD CONTRCEL .

4, MAIN AND AULTLIARY FEED.

N_=EFER OF ERROK
T.TuRaNCES -
1 FAILED TO SELEST MANUAL CEED CONTEZL.
1 FAILED TU SHUT MAIN FEED wiLVE,

o. MAIN STEAN,

NomFER CF ERROK
CCUkaniES = esses
1 FAILS TO ISOLATE FLOWDOWN (PRICR TC POVER [ECREAZE).
1 FAILS T0 SHIFT AUXILIARY STEAS S.P<" v T0O 04 STEAM GONCRATUR .

7. TURBINE AND GENERATOR (AUXILIARIES).
N "FEK CF EARRCR
CIZURRNCES ey

REDC.D TUABINE FOBER IN EXCLSS CF T FLR ®=INUTE.
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7. FACDTS INOECTION.
Nabla 9F SASR
FLJLANCES .

. e 2L D COLY LEG ASC.™ L3 RS 100 sI0w.
t ITOLATLLD UFFER-MEAD IS ELTION ACUUMLLATONS TOU SOON.
12¢ Foe°sIlA0 DISYRIMUTICN.

LR LEARUKS t w Tatltse AREaA.

12, SLOLEAR INSTRURENTATIONG

NSUSEFER OF Tasun
VCCURaNCES e m
3 LT 10 SELLCT ROTM SOUATI RaANCE RCCORDERS AFTER P-o

Ii. ROCESS CONT L.

ERAL  RAT T L TEET dads

21. FRESISIILR (EVEL.

NUMBER UF LNSCR

OCIUKANCES ceene
3 VAl : D 10 MAINTAIN FRISSSITTR LEVEL AROVE 25X,
3 SLTUANED #RESSUNITES LINEL ARVE =3,

2. PRESSLRITER FRESSURE.
~ 2 ERRORS Iin TH!S AREAN,

23, K.J.3¢ TIWERATURE.

NUMERLR OF LRSI
0ZCURANCES - —
3 EALIDED A 120 DEIG/wN e TV WN RATE.
3 <L TURNED COSLDUeN SATE T2 o 10Q S€6.7MR,..

FChm1SS..
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24, STEAM GCENERATOR LEVEL.

NUMPER COF ERROR
OCCURANCES MR

1 FAILED TO CONTKROL STEAM GENERATCR P#: WATER LEVEL - J8X.
FAILED TD CONTRCL STEAM GENERATCR 02 &ATER LEVEL . 38%.
1 FAILED TO CONTROL STE2M GENERATUR €3 WATER LEVEL <« 38X,
1 FAILED TO CONTROL STEAM GENERATOR #4 WATER LEVEL « 38X,
1 FAILED TO CCONTROL STEAM GENCAATOR 8 wATER LEVEL > J8x.
1 FAILED TO CONTROL STEAM GENERATCR 82 WATER LEVEL * 28X,
1 FAILED TO CONTROL STEAM GENERATOR 63 WATER LEVEL - 28X,
: FAILED TO CONTKOL STEAM GENERATCR 94 WATER LEVEL ~ 28X.
1 RETURNED STEAM GENERATOR #1 WATER LEVEL < 3s5X.

1 RETURNED STEA® GESERATOR #2 WATEIR LEVEL « 282,

! RETURMED STEAM CENERATOR.83 wATER LEVEL < 3EX.

1 RETURNED STEA™ CE~LRATON 04 WATTR LEVEL < 322,

1 FAILED TO maINTAIN STEAM GENERATOR 81 GATER LEVEL ™ 10X.
1 FAILED TO mAINIAIN STEAM GINERATCR 82 WATER LEVEL ~ 10X,
1 FAILED TO AINTAIN STram CENERATOR €3 WATER LEVEL > 10X,
- FAILED TO =AINTAIN ST¥am CENERATCR 04 WATER LEWTL ™~ 10X,
1 RETURNED STEAM GENERATOR 8! ATIR LEVEL > 1202,

2 RETUANED STEAM GES~ERATLS 02 «ATER LEVEL > 10X,

1 RETUANED STEAM GENCRATLA 03 WATIA LEVEL . ©°X.

3 RETUKNED STEAM CONERATI A 84 LATEIR LEVEL -~ 10X,

2%. STEAm GENCRATCR FRESSURE.
NO ERROKS IN T3 S AREA.,




