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PERF0D* RICE f*.EASUREMEtlT SYSTEM FOR TRAINING SIM|LATC AS

J. C. Praskicvic:

E. J. Kozinsky

ASSTRACT

in May 1976. EPRI initiated a research project, RP769,
"Perforrance Neasurerent System for Training Sirulators," to
design, install, and test run on the Brcwns Ferry fluclear
Power Plant training simulator, a system capable of autoratic
recording of statistical information on operator action and
plant response. Four exercises were develcped in the initial
15 month phase: reactor criticality, plant startup, scram
from high powers and rain steam Isolation valve closure. Key
variables and actions suitable for ronitcring by the training
sleulator computer were identifled and prograrred for opera'
tor actions that the computer could not eenitor, checklists
were prepared in a format that minimized the subjectivity of
the instructor's evaluation. Since that tire, the programs
have been refined significantly.

The perforrance measurerent syste= is expected to become
a useful tool for future EFRI research projects. However,
the cost of training simulator time is hi h; to keep research5
program costs reasonable, the measurement system is b'eing
designed to be an integral part of operatcr training programs.
Furtherrore, enthusiastic cooper.Ttton ift the teve' lop =ent an15
Irproverent of the reasurerent system can oc expected from
the training staf fs if they see the syster. as being directly
useful in the training prograes. .

CRIG itis
.

Three studies played leportant roles in starting this project. The

first was the Reactor Safety Study, WASH-14CO, =.hich, in one section,
performed a human reliability analysis to esticate the influence of huran
errors on the unavailability of various safety syste.- s and corponents.

The principal author of that section, Alan 9. Lain, race the following
complaint:

8203040219 810804
PDR FOIA
MADDEN 80-SSS PDR
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"An actuarial data base for hucan error rates In nuclear
power plants coes not exist. Although the AEC does collect
information on huran errors associated with abnorrel power *

plant incidents, the data are not generally in a forn usable
for human reliability anaylsis." (p. 111-59)

It was Dr. Swain's view (conrunicated separately) that a well-designed
simulator based performance reasurement system could help provide a

satisfactory data base.

A second precursory study was performed under EPRI project RP501
" Human Factors Review of Nuclear Power Plant Control Room Design". In

that study the human factors aspects of five representative nuclear
power plant control roces were evaluated using such methods as a check-

I list guided observation system, structured Interviews with operators and
trainers, direct observations of operator behavior, task analyses and
procedure evaluation, and historical error analyses. The human factors
aspects of design practices were Illustrated, and eeny improverents in' -

current practices were suggested.

The situation selected for analysis at the four PWR simulators
visited was a steam generator tube Icak or rupture. The emergency
hypothesized was a leak that eventually required shutdown but was
preceded by diagnostic activity and control action to avoid an irrediate
crergency trip. At the BWR simulator Investigated, the subject for task

| analysis was a reactor vessel feedsater valve controller failure in
which the controller failed open. The researchers found that the
specific sequence of events was different in each sieulation run because
of the interdependencies of system variables and operator actions, and
because of differences in operator actions allowed within the generalized
procedures. They had difficulty with complete'y and accurately recording
the variable values, plant conditions, and operator actions during the
fast-noving sequences. The study team recorrended that any future task
analyses on training simulators be made with the assistarce of the
sleulator computers for event documentation.

The third precursory study was perforred by the Sieulation Products

| Division of the Singer Company for EPRI, covering the following tasks:
.

1

_ _ , -_
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- Surveyed automated simulator perforrance practices, past

and present, in the U.S. and foreign electric utility
,

industries, in the aerospace Industry, and in the U.S.
mil i ta ry;

- Identified options of which parameters are to be recorded

and in what forest records are to be stored;

- Investigated the type of sirulator hardware and sof tware
nodifications which are necessary to Irplement the
perforcance ceasurement system;

- Developed an esticate of the cost and siculator downtime

which would be required to install a performance ceasure-
ment system.

The present p aject is a direct follow-on to that feasibility study.

Description of Heasurecent System

kith nead and feasibility established in the above studies, in May
1976 EPRI contracted with General Physics Corporation to implement the
perfornance ecasurerent system for four drills on the Browns Ferry
training simulator.

The function of the performince measurement system is to collect
and evaluate simulator data. Figure 1 Illustrates the systems operation.

Curing the conduct of a simulator exercise all control room data (meters,
annunciator lights, switch and knch positions) are collected by a data
collection program and stored on magnetic tape. This occurs concurrent
with the normal operation of the simulator (i .e., Mon line") . The data
collection program is added to the basic simulation program to accoeplish
this data collection. This program must be written in assembly language
for the Browns Ferry simulator, as that language is used in all the
siculation 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 be used to coepile any of a number of different types of

.
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printouts through the use of dif ferent coeputer programs. These programs
a.e irplemented "of f-line", i.e., when the simulator computer is not being
used to drive the simulator, or evaluation of the data can be done on a

computer other than the one at the sirulator. The evaluation programs

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

! to other sinulators or computers.
i

!

Evaluations for Training1

Two evaluation programs are designed primarily for use by the
simulator traie.ng staf f, the event chronology ar.d the error summary.

The printouts contain listings of errors made by the operatorsf'the

computer has been prograemed to watch for errors considered by a group

j of operators, trainers, and human factors researchers to have a signifi-
'

cant chance of occurrence.
.

PMS Implementation

The second phase of EPRI research project RP769 is to Irplement the
Performance Measurement System on all simulators at the TVA Training
Center, Daisy, Tennessee - Browns Ferry (GE-BWR), Sequoyah (W-PWR), and

Cumberland City (fossil). Additionally, the RJR exercises will be
adapted to Duke Power's McGuire simulator.

EXERCISES

Selection

The Utility Advisory Group (corposed of utilities which own or have
on order a nuclear power plant training simulator) met in June 1978 and
selected ten exercises for development on the Browns Ferry BWR simulator
and ten for the Sequoyah PWR simulator. The exercises selected are

listed in Tables 1.

During 1978, the scope of the project was extended to include the
development.of ten exercises on the TVA Cumberland Steam Plant simulator.

1

1 ...

*
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Because of the different Interests and eephasis with fcssil generation,

cc= pared to nuclear, a Fossil Utility Advisory Croup was formed to advise
this extension. As a result of that group meeting in' Ceceeber 1978, ten
exercises were selected for developeent on the Cumberland City siculator.

Those exercises are shown in Table 1.

The exercises selected for develcpment were designed to provide a
balanced mix to support several different goals of the project. First

was the requirecent to support regular training in norral evolutions,

normal but infrequent evolutions, accident events, and specific licensing

requirerents. Additicnally, the mix of exercises is designed to support

research in the areas of operator reliability, safety functions, and

selection testing. The exercises selected represent a balanced attempt

to meet all these.chjectives.

Development
.

The Electric Power Research Institute project has been expanded to

develop Perfornance Measurerent System (PMS) progra=s for a total of
forty exercises on the Browns Ferry, Sequoyah, McGuire, and Cumberland
simulators. In order to accoeplish this development in an efficient,

uniforn fashion soee standard format and progressicn for exercise

developeent is required. The following instructions detail the steps

involved for the developcent of an exercise to the point where it is
,

turned over to the prograrrer:

Exercise Definition

The development of an exercise cust 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 evaluation and

compatible with available Initial conditions in the siculator. ideally

the exercise will follow operating and emergency procedures wits a
single correct path of operator actions which delistrs the plant in the

desired condition (i.e. Reactor Startup) . Be alert for steps in which

there are cultiple paths to accomplish a given require. ment. Those cases

cust be specifically noted in order to account for that variability of
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action in the programming.

Exercise Description

A. Operator Actions.--The operator / Instructor providing the
initial input for the exercise development cust think through
the selected exercise and follow it through the procedures to

develop a coeplete list of all Coerator Actions which are

expected or required. This must include every switch manipu-

lation performed by the operator in the conduct of the

procedurcs.

B. Controlled Variables.--The operator / Instructor next cust

define each plant parareter over which the operator exercises

manual control during the exercise such as pressure, level,

temperature, etc.

C. 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:

Corcenced rod withdrawal, shifted to automatic,

reactor critical, turbine paralleled to grid, etc.

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

be detected on the siculator.

D. Error List.--The next stage ,9fJcvslaprent is,perh4ps the eest
,

difficult. The operator / instructor must noe go thrcugh the

proposed sequence of events in the exercise and identify every

potential error in the student operators secuence of actions.

To make it manageable, list only reasonable errors for the

given exercise, * e., actions out of sequence, wrong switch,.

failure to , etc. Errors such as spilled cof fee or
,

Inadvertent manual initiation of Safety injection are usually

inappropriate. Tc aid in programming, these errors cust be ,

further grouped into Systen or Process designations with
amplifying data.

.

e
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E. Instructor Check List.--Concurrent with the developeent of the
above error list, complie a check list of operator functions

which cannot be detected from the recorded data. These
functions such as " check" and 'Nerify" are Irportant Indicators
of operator perforrance 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.

Progran Vriting

With the listings of Ocerator Actions, Controlled Variablea,
Milestone Events, and Errcr List, the prograrner should be able to write
the Performance Measurement System evaluation program for the exercise
under development. Recognize of course that considerchie 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 code errors and events.

Where possible system or process designations are parallel across all
, , , ,

three siculators. The system code I=7 refers to the Turbine /Cenerator
in all exercises. Similarly, error 21-2 (1-J) refers to the same
Reactor Vater Level control error in all BVR exercises. This uniform
error coding is designed to make it cas'ler .to,4cspaea -deta between
exercises and between simulators by allowing analysis based on distri-
butions of the occurrence of "I" system errors and Individual "I-J"

errors.
.

Evaluation

Initial atteepts at using the Performance Measure ent System to
score operator perforrance cet with severe dif ficulties. Although there
is sc. c =1 agreement that all errors are not equally significant, a t ter. pts .

to scale errors, saying error X is worse than error Y met with consider-
able disagreement. The ranking of errors depends on many situational

_ _ ___-__
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,

and personal variables which are perceived differently by various

judges. The result was significant variation In scaling between even
two judges for a given set of errors.

Pilot Approach

in the pilot development of the program, errors were assi ned to5

category A, B, C, or D based on prcbable consequences. Class A repre-
sented worst case safety related accidents while D ranged to include

,

very cinor procedural errors. In addition to these four type groups, a

nynerical rank ordering was assigned over the range I to 20 for use in

i n umerical evaluation of operator performance. This rethod generated

argucent because of the roughness inherent in a 4 class or 1 to 20
scaling. Additionally, the scaling of safety related errors with
economic errors develcped into a very sensitive issue. -

Current Approach
.

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

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

disutility scaline. 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

i

l
develop ent are:i

A - Certain Safety Effects

| B - Probable Safety Effects

C - Certain Er.onomic Effects
D - Probable Ecor.omic Ef fects
E - Personal Consequences

A 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.
I

Examole -

Error - Failure to pull rods when loading turbine.

A B C D E

O 2 0 3 1 02031=

i

.
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Meaning - 0 - No definite safety violation. ~

2 - Potential violation of tech spec (terp limit).

0 - No definite cost.

3 - Potential trip -+ 1 hr delay - Sl0 K.

I - Negative comment by Supervisor. ~

y
This method, devised by Dr. Thoras Sheridan of MIT, is designed to

allow a classliication of errors without requiring an apriori ranking of
the safety and ei.oncmic consequences, while allcwing later statistical
evaluation of consequences in all ~ areas. Extension to fossil operators
will require modification of A and B categories. The system is quite
complex and a detailed explanation will not be atterpted here.

This " multi-attribute" rethod of categorization provides core
informaticin than a " single attribute" 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 or above a certain level on one scale while
at the same time at or above a certain level on another scale, etc.

Further, by judging both "certain" and " potential" consequences as
above, we get estirates of both the upper limit and t'.ie 90th percentile
of a distribution, enough to specify the shape in the critical rance of
the consequence-feequency distribution associated with the given error.

,

For " personal reputation" errors such specificity does not seem warranted.
,

Data Collection Architecture

The initiation of the data collection program causes the following
dynamic evaluation of the input / Output variables. Every second the

,

corputer forms a data string consisting of all Digital Outputs (00),
Analog Outputs (AO), and Analog inputs (AI), collected once during that
second, and all Digital inputs (01) formed from a logical "or" of the
4 previous quarter seconds of those DI's. The "Cata string" is then

|

compared to a reference string and if any DI or CO changes during t' hat
second, or if there is a 3% (full scale) change between the reference and
analog values, the data string is written on regnetic tape. If the data

( string is written to ragnetic tape, the entire 01 and C0 section of the

I

|
|'.
!

. . . - - . -.
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reference string are replaced by their corresponding values in the data

( set. If any Al or AO in the reference string dif fers by core than 3%

g from the value in the data strini,, that specific value is replaced by

+ the data strieg value. To avoid once per second data collection, certain ~

cultipoint recorders and process computer lights have been rasked from'

,

b the comparison, but are stored on the ragnetic tape.

Data Collection Initiation

a The data collection program is a seif-contained assembly language

[ program which is initiated through push-button control at the instructor's
console. Sirulator hardware relationships are sh%n in Figure 2. To

-

L('
collect data, a ragnetic tape is rounted on Magnetic Tape Drive #1, and

-

placed "on-line" at the " load" point. L' hen data collection is desired,
.

the instructor depresses the " Par Print" button, located at his console.

This action causes the " Par Print" light, to be lit, and initiates the

data collection 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 written on the e.agnetic tape.
The data collection program is then ready to collect data for another

.

scenario.<

Data Collecticn Attributes;

3

p The current data collection program provides significant advantages
over previous data collection for the following reasons. Firsti the -

] instructor now raintains control over the data collection, determining

/ - when and for how long to collect data. Secondly, " Backtrack" and
1

" Freeze", two irportant instructor's touss, are avallatie during the
'' data collection process. Thirdly, the data corpression described in the

,

architecture section permits the data collection program to be active

j, for longer periods of time. Currently, a 4:1 data coepression has been
realized, however, because of the dynamic natu e of the coepression,

7
more active scenarios have less data corpression.

4

1-

; -
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.

Minicomputer Evaluation

To evaluate the data collection tape in a reascnably short time
af ter simulator performance, and the return of those resul ts to the
Instructor was a cornerstone of the Performance Measurceent System (PMS).
The TVA computers could not perform background processing of the data
tapes concurrent with the sinulator training. Therefore, to do the
evaluation required the reconfiguration of the computer from siculation
to the Real Time monitoring mode, the evaluation of the data ta;e, and,
finally, the return to the simulation rode. Additionally, because the
siculators were in use for most of the day, the time availabfe to
evaluate data tapes or to write the e saluation sof tware programs was
extremely limited.

To resolve those problems, a mini-coeputer with a disc operating
system which could be prograered to read the data tapes and evaluate
the results was purchased. A Digital Equiprent Corporation (DEC) 11-34
nachine with a magnetic tape drive and two 5 Hegabyte discs was chosen.
The DEC machine was purchased principally because of its widespread
usage and its capability with the McGuire siculator (also a DEC rachine).

The principal advantage of the new system is the ability to
evaluate a data tape irrediately af ter exercise coepletion. Additionally,
other advantages have been evidenced including 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 cercand program structure permits a simulator instructor to
sit down at the computer and determine which evaluation program to run.
The Indirect corrend file leads the instructor through those steps *

necessary to start the evaluation, and performs checks to insure that
the instructor corrr.ctly utilizes the system. In this way, the need for
technical assist"nce to perform the evaluation is avoided. The indirect
con =and file is ,o general that it par.its all siculator Instructers to
utilize the sa e program but perfores different branches depending upon
the sleulator type (BWR, PWR, or FOS) and the scenario to be evaluated.

.

S e



)
. .

' *
'

5[?'|p;j}'{.}s.S?-}[-di[,}.[t.
, l'} /+ a~%. . 2;,,' ,l .] ,f-[y,' [.)y[.I };[$NMy [.,[.],. % ~e -

.

2-L r: :__: f_ :.:r i_- m .i . ; -_ ~ ; - -i & _ W p f 3 'u_ f Q'; y 3 * 3 y. 3!
.

.

.

456

The file structure of the DEC rachine has also allowed filing by
system and sirulator, all expected errors in all the scenarios. These
errors are in the code previously descrised. Saeple error files are
shown in Table 2. This format removes the tediousness of rewriting the

saec message for different scenarios, pernits the access of errors
across scenarl'o boundarles and saves significant corputer recory during
evaluation, in addition to sturing the error ressages, five elements
of a culti-attribute list are stored with those error messages. In this -

the occurrence of an error (system nurber and error nurber) withinway,

that systen., provides a direct pointer to that error message and multi-
attribute description of the severity of that error.

In a similar canner, all exercise evaluation programs have been
stored in separate files, each accessed by the sieulator type and
exercise number. Therefore, the Identification of that sirulator and
exercise scenario, in the indirect coerand file, is used as a pointer
to nich performance reasurerent program is to be run. This file
architecture is also used in the, proposed data-base structure, to
support the researchers, as shown In Figure 1.

TRAlHING APPt.lCATION

Two evaluation programs are designed prirarily for use by the
sirstator training staff, the event chronology and the error surrery.
The pr. iuts contain listings of errors rade by the operators; the
corputer has been prograrred to watch for errors considered by a group
of c;erators, traine s, and human factors researchers to have a signifi-

'

cant chance of orrurrence. A sample printout is shown in Appendix A.
Tha first portion of the printout is the event chronology. This

lists milestone events and errors in a chronological order. The second.-

part is an error sumrary, wherein errcrs are categorized by type error,
system, sod nurber of occurrences. The perforr.ance summary, from the
pilot irplementation program, has been celeted due to the aforementioned

a d i sac reeren t s . Until the coeplex, but statistically valid, culti-
attribute disutility scaling system is irplerented; no grading is assigned.

.
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During the pilot ireplementaticn runs, the hu an factors researchers
debriefed each of the subjects. At the conclusion of the structured
Interview portion of the debriefing, the test subjects were asked to
provide frank opinions regarding advantages and disadvantages foreseen
for the performance measurecent system. This questioning revealed a
highly favorable attitude twards the purposes of the measure.ent
program. The major advantages highlighted were:

.

- The program gives the trainer another evaluation tool, one
_

which is more objective than the instructor. This tool

cannot be relied on too heavily since scee subjective
observations cade by the instructor, which cannot be rea-
sured by a cor.puter, are important.

- An instructor is hesitant to tell utility =anagement that
a trainee won't make it. The reasurenent system of fers
a standard by which to rake such a decisien. If a trainee

consistently eckes sixteen errors per exercise and the
norm is only one or two, then t:te Instructcr can use the

.

hard copy of the exercise results to convir<e the utility.

Instructors may be influenced by their likes and dislikes-

arong trainees. There is a tencency to gi w the " nice-

guy" trainee a break. Other trainees that you dislike ray
be d>ngraded unfairly. An Instructor also of ten equates
good performance with an operating style rrcst like his
own; e.g., he operates the boards like I think I would.

.

An objective measurecent system eliminates these factors.
.

Instructors can disagree over the effectiveness of a-

trainee. The cornputer could help settle sch dif ferences.

- The incasurement system could pinpoint errors or deficien-
cles that the operator is not aware of. He can then avoid

these probler.s in the real plant. .

- The reasurerent progran ray help us find out whether an
individual has supervisory capacity, whether he can rake
decisions, and if he has confidence in hieself.

- _ - . . - . _ - - - ...- - .-
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- The program may lead to layout changes on the board;
*

perhaps raking more cc.-pact control boards.

RESEARCH APPLICATIONS

Data Base

General Physics Corporation is reconfiguring the PMS software to (a
read on a PDP-ll the tire history tapes which are produced on the train-
Ing siculators, (b) produce the training output on paper and (c) create
files of sumary 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 requirements and design of a data base structure for PMS data
storage and evaluation.

The data base requirements are outlined in terms of (A) the type
of data, (B) the use of data, (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 ecbedded CICD's and ,

.iddi tional task " complicating" f actors. The coeplicating, or task
loading factors might or night not be inserted by an instructor to
keep a trainee challenged. The following kinds of data will be
created:

Errors by system, specific error and time of occurrence.e

Nultiple attribute profiles.
.

e

Operator response tire (and correctness) to alarms and events.e

e Continuous variable perforrance,

Sequence and tir:c of all control ranipulations.e

B. Use of Data

As seen at this tice, the data will be used for the following

purpose:

__. . _ _ __ __ _ . -_
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By Trainers for feedback Irrmediately af ter the ende

of a simulator training session.

By Training itanagecent (possibly) to evaluate class 'e

performance and training program ef fectiveness.

o By Researchers for:

- Ecpirical ecasurerent developrmnt and Irprovernent.
- Human reliability analyses (N660) .
- Control room design Ir provernent.
- Cperator selection studies.

C. Data Indexino for Analysis

The training feedback output has been deireioped (for Initial
purposes) and is beyond the scope of this paper. An Initial list of

'

data Indexing requirernents for analysis by researchers has been
proposed. These requiretrents show the nueber of different ways that
data need to be Jubdivided for analysis. Therefore, che data base
access and Indexing require.ents are defined, and the data base
structure and file architecture should rake it convenient to do so.

The potential requirerrents for data base access and Indexing for
training rnanagement use have also been proposed. These requirerents

,

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 *

a possible future requirenent so it will be convenient to incorporate.

D. Sof tware Functions fo. Analysis

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

The perfornance teasurerent evaluation progrars exist at this
'

tire and perform the necessary analyses and calculaticns to read the
tirne history tapes and exercise text files and g' nerate the trainin'ge

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

.
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extraction of specific data and provide additional inputs such as

instructor concents.

File status and management programs are being developed to
perform tha obvious tasks of canaging and organizing the massive
file structure. Security must also be provided to determine who

can do what with which files.

While perforrance data are collected and stored in output fliss
; sequentially, analysis programs require data to be organized in

arrays by dependent, independent and covariables. The purpose of an
analysis preparation progran is to organize the data for each
specific analysis and they might call the analysis program as a sub-
rou tine.

!

Data analysis programs will either read data 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 prograrred statistical
packages that can be purchased at significantly less cost than pro-
graming them from scratch. There are some cautions, however. Each
of the nore popular packages contain slightly dif ferent features and
standard disclainers (i.e., use at your own risk). There are many
different models and experieental designs that are assumed (or'

|

| employed) 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 leptementation of data analysis prograes will
i
' be an orgoing task in itself. The issue of data analysis programs

is raised here only to preview the possible requirecents so that our

whole processing approach is organized, and the work on data fil,e
structures will be dcne with an eye toward the upcoming requirements.

.

, , , - ,
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N-660

One of the tasks of the project is to collect data to support

developrnent of the American National Standard '' Criteria for Safety-
Related Operator Actions", usually referred to as the ANSI N-660 Standard.
In support of this task the project team has followed the evolution of
the standard, attended several working group sessions and presented to
that group the potential and limits regarding use of PMS data to support
N-660. The current rnood is that the standard t ust spring from sorne
objective data in order to be accepted. The current EPRI research pro, lect
and a similar, more limited, ef fort 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

e s t ir .a tes . -

Exercise selection for the project adequately supports this task
with major accidents being studied on both EWR and PWR sir ulators.
Additionally, the Development of Casualty identification 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 coccittee by late

spring 1973.

Vatts Bar FSAR

A cc rrelary to the N-660 Involvement is a possible application of
project PMS data to resolution of an NRC question on TVA's Vatts Bar

Nuclear Plant Final Safety Analysis' Report (FS AR) . The question concerns
operator response tire to a lo=s cf Corrpone-t Cooling Vater to Reactor
Coolant Pu: p oil coolers with the danger of subsequent pur p overheating
and rotor bearing seizure. If operator intervention is disallowed in

1

I the analysis for a period of 30 minutes, the current NRC leaning on
1

operator action, the Reactor Coolant Pueps r ust be designed and tested
|

.

O

e
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to operate for that period without failure or additional automatic
protective functions rust be Initiated by the loss of Component Cooling.
Initial tests indicate operator diagnosis and response occurs within
about 2 cinutes. It is hoped a data base can be assembled to indicate

the unreaset. ableness of the 30 minute limit.

Edison Electric Institute Selection Study

The Performance Measurerent System will be used as a validation tool

in a large operator selection study conducted by Personnel Decisions
P.esearch 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. Navy

.

Recognizing the unique advantaSes of a corputer based Performance
.

Neasurement 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 unifornly access trainee perforrance and training
program effectiveness.

SUMMARY

.

In surcary the Performance Measurement System promises to be a
valuable tool for assisting the staff on all types of traini.1C simulators.

|
Further, it provides unique opportunities for data collection on many

|~ facets of operator-system interface for research, design, and regulatory
applications.

-

I
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Table 2. Sa.ple SVR Error Files

08. BWR -- RHR SYSTEM

IXXXXXFAILED TO START A RHR PUMP.
2XXXXXFAILED TO START THE CORRESFC.%31NG RHRSW PUMP.
3XXXXXFAILED TO QPEN THE SLPPRESSICN POOL SPRAY AND RECIRC VALVE.
4XXXXXFAILED TO POSITION RHRSW FX FCV FOR 3000 CPM (INITI AL). .

5XXXXxFAILED TO CPEN THE SUPPRESSICN FOOL RECIRC AND TEST ISOLATION VALVE.
6XXXXXFAILED TO STOP B, AND D. RhRSW FUMPS. *

7XXXXXFAILED TO SATISFY CONTAthMENT SPRAY SWITCH |NTERLOCK.
SXXXXXFAILED TO STOP THE CORE SPRAY PUMPS.
SXXXXXFAILED TO STOP SONE LPCI MCCE PUMPS.

10XXXXXFAILED TO START THE RHRSV FCPP PRIOR TO QPENING THE HX OUT VLV.
IlXXXXXFAILED TO MAINTAIN PROPER N1R FLOW IN SUPP POOL CCOLik: M00E OF CPERATION.
12XXXXXFAILEC TO PRESS RNR RESET PUShBUTTON FOR CONTAINMENT SPRAY.
13XXXXXFAILED TO USE PROPER RNA LCCP.
14XXXXXFAILED TO QPEN INBOARD CONTAlk? INT SPRAY VALVE.
15XXXXIFAILED TO QPEN OUTBCARD CC.%TAlh?.ENT SPRAY VALVE.

12. EWR -- NUCLEAR INSTRUMENTATICM

IXXXXXFAiLED TO SHIFT RECORDERS 70 IRM FRCH APRMS.
2XXXXXFAILED TO INSERT ALL SRM CETECTCRS.
3XXXXXFAILED TO INSERT ALL IRM CETECTCRS.
4XXXXXRECEIVED SRM HICH ALARM.

t SXxxXXRECEIVED IRM HICH ALARM.
-

6KXXXXFAILED TO BYPA!S FAILED SRM.
7XXXXXFAlLED TO SVITCH SRM CHART RECCRCER TO OPERATICNAL CHAhhEL.
SIXXXXFAILED TO BYPASS FAILED IRM.
SXXXXXFAILED TO BYPASS THE RWM.

10XXXXXFAILED TO BYPASS FAILED APRM CHANNEL.
IlXXXXXFAILED TO NAINTAIN IFM'S GREATER THAN DOWNSCALE TRIP.
12XXXXXFAILED TO MAINTAIN IRM'S CAEATER THAN 15%.
13XXXXXFAILED TO MAINTAIN IRM'S LESS THAN 85%.
14XXXXXFAILED TO MAINTAIN IPA'S LESS ThAN R0D BLOCK TRIP (1063).
15XXXXXFAILED TO MAINTAIN IF.M'S LES5 ThAN SCRAM TRIP.
16XXXXXRETRACTED IRM CETECTORS. .

.

.

, . _ . . . _
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T 1M E EVENT OR ERRC8-e

- %R: MIN:SEC
%
(1
ju 00:00:00 START cr EXERCISE.
..r -

CH
%
i@ 00:01:34 STEAM "ENERATCR TUBE RUPTURE INTIATED.
ss -

WATER LEVEL < 38%.C; 00:01:J5 FAILED TO CONTROL STEAM GENERATUR et
D1 00:01:31 FAfLED To CCNTROL STEAM GENERA 0R #2 WATER LEVEL < 36%.

38%.51 00:01:35 FAILED TO CONTkCL STEAM GENERATCR e3 WATER LEVEL *

r 00:01:35 FAILED TO CONTROL STEAM GENERATOR #4 WATCR LEVEL < 28%.
jf 00:02:C8 FAILED TO SELECT P3fH SOURCE RANGE RECORDERG AFTER P-6 PERMISS..
7j 00:03:34 PLACES TWO ADDITICNAW CHARGING PUMPS IN SERVICE..

.R :
61

*

[5 00:04:41 CCMPENCE POWER DECREASE.
N̂
1 00:04:41 FAILS TO ISCLATE PLOWDOWN (PRIOR TO POWER DECREASED.

00:04:41 REDULED TURBINE POWER IN EXCESS OF 2% PER MINUTE.
}}j

-

00:06:57 FAILED TO NAINTAIN VOLUME CONTROL TANK LEVEL > 20%.
,
F
yt 00:09:56 COMF LETE REACTOR SHUTDOWN.
M
47 00:09:57 FAILED TO SELECT MANUAL ROD CCNTROL.

00:09:57 RETURNED STEAM GENERATUR #1 WATER LCVEL < 38%.

- D[F 00:09:57 FA! LED TO CONTROL STEAN GENERATOR #1 WATER LEVEL > 28%.
Ut 00:09:57 RETUSNED STEAM GENERATOR #2 WATER LEVEL < 38%.
C; 00:09:5? FAILED TO CONTROL STEAM GCNERATCR #2 WATER LEVEL > 29%.
(1 00:09:57 RETL R NE{t STCan GENERATOR 43 WATER LEVEL < 38%.
g. 00:09 57 FAILED TO CONTROL STEAM GENERATOR 43 WATER LEVEL > 28%.
{[ 00:09:57 RETLRNED STEAM GENCRATOR #4 WATER LEVEL < 38%.

00:09:57 FAILED TO CONTROL STE AM GENERATOR 94 WATER LEVEL > 292.
,j 00:10:00 FAILED TO SEL ECT MANUAL FEED CCNTROL.
f| 00:10:11 FAILED TO MAINTAIN FRESSURIZER LEVEL ABOVE 25%.
a;
&

00:10:26 TRIPS GENERATOR CUTPUT BREAKERS.a

3
?j 00:10:26 FAILED TO MAINTAIN STEAM GENERATOR el WATER . LEVEL > 10%.
' 00:10:26 FAILED TO MAINTAIN STEAM GENERATGR 42 WATER LEVEL > 10%.
I"i 00:10:26 FAILED 70 MAINTAIN STEAM GENERATOR #3 WATER LEVEL > 10%.
3 00:10:26 FAILED TO MAINTAIN STEAM GENERATOR e4 WATER LEVEL > 10%.
1 00:10:30 RETURNED STEAM GENERATOR #1 WATER LEVEL i 10%.
.O 00:10:30 RETURNED STEAM GENER ATOR #2 WATER LEVEL > 10%.
'd 00:10:31 RETURNED STEAM GENERATOR 93 WATER LEVEL > 10%.

00:10:31 RETURNED STCAM GENERATOR 44 WATER LEVEL .' 10%.
51 00:10:41 EXCEEDED A 100 ItG/NR. C00LDOWN R A TE.
?) 00:12:42 RETURNED C00LD0wN RATE TO s 100 CEG./HR..
9 00:13:19 RETURNED FRES5URIZER LEVEL"ABCTE 25%.

! T
l

00:13:41 CCM-ENCE C00LDOWN AND PRESSURE DECREASE.
Cl

;| 00:16:03 FAILED TO MAINTA'4 !s 5M M'3L TANK LEVEL > 20%.? 00:14:23 RETURNED VOLU* s
iSvAIZER LEVEL ABOVE 25%.

I ;] 00:16:42 EXCEE2ED A 107 ''?Ge w C ?.0LDOWN RATE..

| - 00:17:19 RETURN 5e .Se* 7. E R LEVEL ABOVE 25%.
! JJ 00!!7:45 FAILED TC Ma 4' ''S FSSURIZER LEVEL APOVE 25%.

? 00:18:42 RETUR% 7 as> , . RLTE TC < 100 DEG./HR..
00:20:42 EXCEE1ED A = 00 0 Lws m.. C00L10aN RATC."

[
,

I F; 00:22:42 RETu;NLL C00LD0wN A ATE To .100 DEG./HR...

00:23:02 RETU;NED FEESSURIZER LEVEL APCVE 25%.
- 00:38:16 ISOL ATED UFFER-wE AD INJECTIC4 AC2VMULATORS TOO SCCN.

-

00:40:50 FAILCD TO MAINTAIN VCLUME CONTSCL TANK LLtEL > 20%.
00:43:22 EETUCNED VCLU-E CCNTROL TANN LCVEL > 00%.
00:58:43 ISCLAT ED COLD LE3 ACCLMLLATORS T20 500N.

s
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00:02:49 AFFCCTED GENE A4TO't ISOLATC3.4

!
i

E-0:58:5 S END OF E*EECISE.
it

CO:!9::S FAILE!* 10 SHUT MAIN FEEp vat st.i ,
00:09:5S FAILS TO SHIFT AUXILIAd' STC&" SUPPLf To e4 MTEAN GE*ESA!:E.3

:

5

' tra TE ::S.SE p. 70
I

, htJN : .
t

I
'

E.R Y 3 k SUnnA RY

STC4 P GENERAT0R TU9C RUPfURE
I

.

'

SEJUOY AH SIMUL 4 YOR

I. 5tSTEM OFELATION
....................

|

2. CPENICAL AND VOLUME CCNTROL.
W.m&ER OF EkROR
COC' A AaCES -----J

1 PLACE 3 TWO AtDITION AL CHARU!NG 1"U"eS IN SEEVICE.

3. KOD CONTA0L.
% .'M P E R OF ERROR
0;CUAAACES -----

t F AILCli TO CEL ECT MANUAL kOD CC%TKCL.

|

|

4 MAIN AND AULILI ARY FEED.
v.-FER OF EREOR
0:CusascES -----

t FAILED TO SELf07 NANUAL *EED CCNTFCt.
I FAILED TO SHUT MAIN FEED VilvE.

. ... ......

e. FAIN STEAM.
Se-FER CF EAEOR
0:CL'% 'nC E S -----

1 F AILS TO IsrLATE PLCWOUWN (PRICR TO F0WER CECEEACE).
| RAILS TO SHIrf Aux!LIARf STEA1 0'4*3 Y TO 44 STEAM GChCA A TOR .
i

-

|

&

9 7. TURP!NE AND GEhEEATOR (AUXILIARIESD.
) N.'"FCk CF ERACR
) c::L54 CES -----

,

k. & RED"CJD TU4 b!NE F 06ER IN CXCCSS CF 0% FER FINUTE.
.

.
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b b
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9 sart . : wcCfrew,
ro*KACP (4 tw
G.* gr.4NCES . - - - . .

0.an D COLD t.CG 4 C.Mt a' ots 100 $004*

t 30. A' L D UF F C R -M E A D i s.t*.1* *.Zr% AC C.JPtt ATO%$ TOC 500N. .

11. e~.s 2 * * : .% D I S T R 11.U f ! CM.
s .' L4 RUR% s *q t$ ARCA .

1
.

12. %CLC4A |wSTEUPCwTAT:CM.
NemFCR CF Eksth
UCC*JEANCCS * * * * *

: . C..O t 0 *;f LCCT P0f > 1RLAT:t Ra<t RECORDERS ArTER P-6 F chm 3 55..

!!. rACCESS CC*% C..
...... ........ ....

.

;*1. FCE % d!!CR LEVC..
NunFER Ur L4tCR
CC*uhANCES ---*

3 ra t. D 10 PetNTAIN FRCSS.41.V LLbCL APOVE 05%.
3 'CltJ4NED 6 AESSL'NIN% LCdt. A1.QVC ;*1.

22. FECSSLR:.*ER FRES3URE.
[ % 3 ERRORS Zh THIS ARCA .

,

1 -

03. k.C.$. *C=FERATsCE.' r

NLPFCR OF CM.'%
i 00CURANCES - - - - -

i

3 E 4 :*.1 M 3 A 100 DIG #*d. CNhN RATC.
3 stTU%NED COOLDL*.% AA's ?O s 103 :CG./HR..

.

.
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24. STEAM CENERATOR LEVEL.
NUMPER CF ERE04
cCCLSANCES -----

1 FAILED TO CONTROL STEAM GENERATCR 91 WATER LEVEL *: J8%.
1 FAILED TO CONTACL STEAM GENERATCR 92 wA1ER LEVEL s 38%.
1 FAILED TO CONTRCL STEAM GENERATCR 93 WATER LEVEL A 38%.
1 FA! LED TO CONTROL STEAM GENERATOR 94 WATER LEVEL < 382.
1 FAILED TO CCNTROL STEAM CEACKATCR 41 WATER LEVEL > 08%.
1 FAILED TO CCNTROL STEAM GENERATCR 42 WATER LEVEL > 28%.
1 FAILED TO CENTROL STEAM GENERATOR 93 w A TER L EVEL ,. 08%.
1 FAILED TO CONikOL STEAM GENEEATCA e4 WATER LEVEL .% 28%.
1 RETURNED STEAM GENERATCk 01 bATER LEVEL 4 30%.
1 ECTURNED STEA9 GEhEAATOR 92 GATIR LEVEL s 58%.

#
1 ACTURP:ED STEAM GENEkAt02 03 hATEk LEVEL < JEZ.
3 KETURNED STEAP CEMRAfou #4 WATO LEVEL < 35%.
1 FAILED TO PAINTAIN STEAM GENERATOR 81 WATER LEVEL > 10%.
1 FAILED TO PAIM2AIN STEAM GENERATCR 82 WATER LEtiL ', 10%.
1 FAILED TO PAINTA!w STFAM CENCRA TCR e3 uATER LEvf L > 10%.
1 FAILED TO .*AINTAIN ST**AM CENERATOR 9 4 6 A T E R Lf '.TL * 10%.
1 ACTUkNED STEAM GENERATOR 61 6ATER LEVEL > 10%.
1 RCTURNED STEAM GENERATCR 42 WATER LEVEL > 10%.
1 RETUANED STEAM GEhERATem e3 6ATIE LEVEL . !!%.
1 KETukNED STEAM CENE%ATL& 84 6ATER LCvCL i 30%.

25. STEAM GENCAATCA FRESSURE.
NO ERR 0RS IN TH!5 A REA . .

.
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