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ABSTRACT

The United States Nuclear Regulatory Commission (USNRC)is sponsoring an
on-going research program to develop methods of assessing various types of computer-
generated displays currently being implemented in nuclear power plant control rooms.
The purpose af this report is to present an interactive simulation technique for the
evaluation of computer-generated displays. The independent variables for this exper-
iment were transient type (six levels), and display type including the levels of
star + coritrol panel, bar + control panel, meter + control panel, pressure-
temperature raap + control panel, and control panel only. The dependent measures
were deviations of parameter values comprising the safety functions at risk, percent
of time these parameters were out of tolerance from onset of the transient, and accu-
racy of the operator path in transient mitigation. The results indicate that an interac-
tive simulation method can be used to evaluate various display types, and that the
workstation and computer / simulator is an effective configuration. The implications
of these results for display evaluation and design are discussed.
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SUMMARY

The present study is a continuation of research parameters indicative of safety functions as depend-
being conducted at the Idaho National Engmeer- ent measures in evaluating a display aid. In addi-
ing Laboratory (INEL) to identify valid methods tion, the effectiveness of operator action event trees
and data bases for evaluating cathode ray tube (OAETs) as an objective way of scoring operator
(CRT) display formats. To date, four methods paths in transient mitigation was assessed. Both of -

employing operators from the Loss-of-Fluid Test these methods were found to be sensitive to dif-
(1 JFI; ,eactor have been identified and studied; ferences in displays.
these are: signal detection paradigms (psycho-
physics), multidimensional rating scales, human The comparison of the displays used in this exper-
engineering checklists, and noninteractive simula- iment also illuminated an interesting finding. All
tion. A fifth method recently developed, and the the results, including trend data, have indicated that
subject of this study is interactive simulation. operators perform better when using the control

panel only. That is, the addition of an extra top-
The purpose of this report is to describe the inter- level display (a safety parameter display) actually

active simulation method developed to evaluate the attenuated performance. These results must be
effectiveness of computer-generated displays which interpreted with caution as the control panel display
are designed to enhance performance of the reac- used in this experiment is a type of safety parameter
tor operator. As with the past four studies in this display. Also, our control panel is not representative -

>

series, the primary target of this evaluation tech- of designs found in control rooms touay.
nique is safety parameter displays (SPDs), although
the results are applicable to most CRT-based The control panel blended the initial set of
displays. The evaluation method is based upon the necessary controls and indications to run the plant
expressed purpose of the SPD, using operator per- for the transient events selected. It was logically
formance as the yardstick. organized and placed all the parameters in close

proximity (in a single CRT screen). So, in effect,
An experimen'. was conducted to obtain data this was an integration of control and display for

using interactive simulation as a method for the operator. However, adding a second display
evaluating displays. The formats evaluated in thi3 panel, the SPD, did create a decrement in perform-
study are the same used in the noninteractive ance. The root cause of this decrement in perform-
simulation method, and in the previous exper- ance is not perfectly clear. It may be attributed to
iments. This provided the capability for compar- time-sharing between displays, experience with the
ing data gathered in the mteractive simulation with SPD used, the experimental task, or other undeter- -

data accumulated in the other methods. The four mined factors. Therefore, the major implication of
SPDs used in these experiments were named accord- this finding is that SPDs must have a thorough
ing to their format and structural characteristics: operational test to insure their effectiuness in
bars, stars, meters, and a pressure-temperature (P-t) nuclear power control rooms.
map. An additional display for the interactive
experiment served as the control panel. The con- These experiments have shown that an interac-
trol panel consisted of the required controls and tive simulation method can be used to evaluate
parameter information necessary to control the various display types concentrating on correction
plant through selected transients. This was the and follow of transient events. The workstation,
means by which the operator directly interaaed with computer hardware, computer software, and sim-
the plant simulator. The operator controlled the ulator configuration is an effective combination.
plant by pressing buttons and entering ratios, flows. Results can be obtained through experimental con-
etc. through the control panel's touch-sensitive trol and use of these facilities. The use of the OAET
panel. All subjects in the experiment operated the in this experiment has reinforced their use in col-
plant with the control panel. The treatment received lection of human performance data. The trees, in
by each subject consisted of the control panel plus conjunction with a classification system, can be
an SPD or, in the case of the control treatment, used to look at human performance and errors. This
soley the control panel. This technique specifically type of information could also make a logical bridge
tested the efficiency of using deviation of plant to the human in risk assessment.

iii
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INTERACTIVE SIMULATION EVALUATION FOR :=
CRT-GENERATED DISPLAYS j

M
M

INTRODUCTION ]
,

Purpose mitigation, as well as the effectiseness of operator =d
action event trees (OAETs) as objective methods of ]
sc ring perator paths in transient correction.

The purpose of this report is to describe a method
developed to evaluate the effectiveness of computer- Background Q
generated displays designed to enhance reactor y

Nperator performance. As with the past four studies The present study is a continuation of research dm this series, the primary target of this evaluation being conducted at the Idaho National Engineer- a
techmque ,s safety parameter displays (SPDs), ing Laboratory (INEL) to identify valid methods gi .

although the techniques are applicable to most and data bases for evaluatmg cathode ray tube g
CRT-based displays. The evaluation method is (CRT) display formats. To date, four methods g
based upon the expressed purpose of the SPD, using employing operators from the Loss-of-Fluid Test q
operator performance as the yardstick. (LOFT) reactor have been identified and studied; a

these are: signal detectioa paradigms (psycho-
The most general statement of purpose for the physics), multidimensional rating scales, human g,

SPD is "to aid control room personnel during 'ngineering checklists, and noninteractive simula-
--

abnormal and emergency conditions in determin- tion. A fifth method recently identified, also the
ing the safety status of the plant."),2,3,4 subject of this study, is interactive simulation. ;;?

, ,
'

NUREG-0696 defines safety status in terms of the
plant's safety functions which include but are not The methods that have been developed vary in ?-

a
limited to the following (Reference 2): terms of experimental control, cost, time to per-

form, and fidelity to the real world. Table I gives N
* Reactivity control a brief summary, reference, and comparison of the j

[
methods' attributes. The psycnophysics study jj

Reactor core cooling and heat removal demonstrated sensitivity and control over all exper- g*

from the primary system imental variables, but was both costly and time con- _

,

suming with low fidelity to the real world (the 5

Reactor coolant system integrity control room environment). The multidimensional Y*

rating scale was relatively inexpensive and efficient, i
Radioactivity control incorporated a measure of operator preference, and J

*

demonstrated a stronger relationship or correlation j
d

Containment integrity. to real-world performance data. The checklisti *

method was also relatively inexpensive and efficient, j
d

j Specifically, the SPD must allow for the detec- and displayed still greater face validity. That is, it

; tion of abnormal plant conditions which ostensibly was closer to the real world in terms of perceived

could be a threat to one or more individual safety content. Questions on the checklist pertained
i

functions. Detection is stated as the primary pur- directly to seven functional areas describing actual
U

pose of the SPD and has been the dependent display features. However, the checklist and the
measure for two of the experimental evaluation multidimensional rating scale do not actually {
techniques in this series. Two additional but measure human performance. Instead, measure- 2f
optional purposes are the (a) identification of ments are taken on the characteristics of the display, M

,

abnormal conditions, and (b) correction and follow characteristics that are presumed to relate to max- y
of actions (References 2 and 3). imizing human performance. The noninteractive i j

method simulation was more objective and thus,

An interactive technique was designed to test the more powerful because it measured actual operator

concept of safety functions as dependent measures performance with the display formats. This method -j

for the correction and follow of actions in transient was more costly and time-consuming than either of g
9
:

$

1
=
3
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Table 1. Comparison of evaluatiort methods' attributes

Rated

_ (1-low, $-high)

Validity
Authors Title Reliability (Face) Cost Description

Peterson, R. J. An Empirical Examination of $ 1 3 Methods of evaluation were developed
Smith, R. L. Evaluation Methods for Com- based upon perceptual aspects of displays
Banks, W. W. puter Generated Displays: and signal detection theory. Operators were
Gertman, D. I. Psychophysics, asked to identify abnormal parameters on

NUREG/CR-2916, EGG-2214, 3 SPD formats after i and 10 millisecond
September 1932 exposures. Later, operators were asked to

identify and locate abnormal parameters
following the same exposure times. These
methods were sensitive to changes in per-
formance elicited by differences in display
formats.

Gertman, D. I. CRT Display Evaluation: The 3 2 1 A rating scale was developed to evaluate
Blackman, H. S. Multidimensional Rating of operator preference as a function of dif-
Banks, W. W. CRT-Gencrated Displays, ferent display formats. Six dimensions;
Peterson, R. J. NUREG/CR-2942 EGG-2220, content density, content integration, format

October 1982 cognidve fidelity, cognitive processing, and
general acceptance were embedded in the
scale. The total scale wa.1$5 items in
length. Participants evaluated 3 display
types. The subscale of content integration,
and cognitive processing were sensitive to
differences in display format.

Blackman, H. S. CRT Display Evaluation: The s 4 i A checklist instrument was developed to
Gertman, D. I. Checklist Evaluation of CRT. evaluate objective human factors require-
Gilmore, W. E. Generated Displays, ments of displays. The checklist developed

NUEEG/CR-3$$7, EGG-228S, covers the following areas; quality of infor-
December 1983 mation, organization cf data, labels and

abbreviations, feedbacks and cues, CRT
characters, scale characteristics, digital
display characteristics, and column charts
and graph characteristics. The totai instru-
ment was 93 items long, each designed with
an subjectively determined weight. The
checklist was sensitive to differences in
display format.

Blackman, H. S. Noninteractive Simulation 4 4 4 A noninteraulve method of a simulator
Gertman, D. I. Evaluation for CRT.Generatid based evaluation of CRT generated displays

- Gilmore, W. E. Displays, NUREG/CR.3$$6, was developed. Operators were tasked with
Ford, R. E. EGG-6265, December 1983 the detection and identification of 18 simu-

lated transients. Dependent measures were
time to defections and correctness of tran-
sient identification. Four different display
formats were used as stimulus materials. A
workload task was implemented to simulate
a control room environment. Results indi.
cated that this type of method is appro-
priate for evaluating a display's capability
to provide data for the detection and iden-
tification of transients.

2

L

1
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Table 1. (continued)
__

Rated
(1-low, 5-high)

Validity
Authors Title Reliability (Face) Cost Description

Blackman, H. S. Interactive Simulator Evalua. 4 5 5 An interactive simulation technique was
Gihr. ore, W. E. tion for CRT-Generator developed for the evaluation of CRT gen- __

Displays, NUREG/CR-3767, crated displays. Operators were tasked with

EGG-2308 control of the plant through transient
events. A CRT-based, graphic control
panel equipped with a touch screen served
as the operators interface with the sim-
ulator. Four different display formats were
used as stimulus materials. Dependent
measures were deviations of parameter
values comprising the safety functions at
risk, percent of time these parameters were _

out of tolerance from onset of the tran-
sient, and accuracy of the operator path in
transient mitigation. Results addressed the
questions of transient correction and foiiow
of actions, and found the method sensitive
to differences in displays

_

the pencil and paper methods (multidimensional display for the interactive experiment served as the
rating scale and checklist), but had excel'ent con- control panel. The control panel consisted of the j =
trol of the experimental Sariables and also had a required controls and parameter information neces-
higher fidelity to the control-room environment. By sary to control the plant through selected transients.

'-

comparison, the interactive simulation is the closest This was the means by which the operator directly

to the real control-room environment. It is the most interacted with the plant simulator. The operator
objective and allows measurement of correction and controlled the plant by pressing buttons and enter-
follow of operator actions, but is also the most ing ratios, flows, etc. through the control panel's
costly and time consuming of the techniques. touch sensitive panel. All subjects in the experiment
However, it, as mentioned, provides not only the operated the plant with the control panel. The treat-
best data in terms of controlling experimental ment received by each subject consisted of the con- '

variables, but high fidelity to the control-room trol panel plus an SPD or,in the case of the control
'

environment. Therefore, an experimert was con- treatment, solely the control panel.
ducted to obtain comparable data u:ing interactive
simulation as a method for evaluating displays. A description of the experiment and a discussion

of the results are presented in this report. The exper-
:The formats evaluated in this study are the same iment provided for a comparison of operator per. - .

used in the noninteractive simulation method, and formance among the four SPD types to a control l;
in the previous experiments. This provided the group which had no SPD to assist in control of the :

capability for comparing data gathered in the inter- plant. In the experiment, a methodology was
-

active simulation with data accumulated by the developed for evaluating displays where the subject . ,

other methods. The four SPDs used in these exper- works with the display in a dynamic interactive
iments were named according to their format and mode (as in an actual plant). Performance data ,_

structural characteristics: bars, stars meters, and against which the other methods can be validated
a pressure-temperature (P-t) map. An additional were collected.

-

3
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METHOD

Design ditions. The two Lexidata CRTs were driven b/ the
Prime computer through an interface wit,h the

. . LOFT simulator.
The m. dependent variables for this expenment are .

transient type (six levels), and display type including The Lexidata terminals were mounted in a con-
the levels of star + control panel, bar + control trol console located in the INEL Graphics Design
panel, meter + control panel, pressure temperature Research Laboratory. Figures : and 2 give overhead
map + control panel, and control panel only. Each and side views of the experimental work station. All
subject received only one of the above treatments. aspects of the work station conform to the
However, all subjects attempted to mitigate a group guidelines presented in NUREG 0700.
of six transients presented m a random order. The
dependent variables are deviations of parameter The training session was conducted with a train-
values meluding the safety functions at risk, per- ing program developed using the authoring package
cent of time these parameters were out of tolerance Apple Pilot on an Apple lie 128K personal com-
from onset of the transient, and accuracy of the

puter equipped with an Apple 111 black and white
; operator path in transient mitigation. The variables CRT monitor, and dual 5-1/4-inch floppy disk

were analyzed in two separate analyses of variance. drives. The self-paced training system was admin-
The only comparisons made were planned orthog- ;,g ,, y;, pgg ,

onal contrasts among the levels of the factor of configuration.
display type. These comparisons and analyses are
discussed in detail in the analyses section of this The operator's description of his/her actions dur-
report. ing the experimental session was tape recorded using

a cassette recorder and a remote microphone. The -

Subjects experimental task was conducted in an environment
where ambient temperature, lighting, and noise

"""'*"N""*"'"**** * ' ' ' " " "
The subjects for this experiment,20 total, are

.
to the subjects. Particular emphasis was directed to

either currently or formerly certified LOFT oper- the lighting conditions in order to avoid glare on
ators. All subject's prior experiences include nuc! ear the CRT screen,
plant operations m the United States Navy. Their
mean civilian and Navy operations experience level

;

is approximately nine years. Ages of the subjects Maten,als
range from 26 to 39 years and all have 20/20 vision

(actual or corrected) and normal color vision. The A total of five displays were created for this
subject pool maximized the number of individuals experiment, all capable of interfacing with the
who previously had participated m other evaluation BOFT simulator. Four of these displays are the

,

experiments m this senes. SPDs star, bar, meter, and P-t map. The fifth
display is the control panel. These displays are

Equipment and Experiment Work shown in Figures 3,4,5,6, and 7, respectively. All

Station five displays comply with currently acceptable
human engineering guidelines.

The transient initiating events were recorded and A set of six transients were developed which cor-
-

stored on a Prime 550 computer. The data were respond to four major types of accidents:
' displayed on two Lexidata 8100 graphics systems, (a) overheating, (b) overcooling, (c) overpressure,

! one of which was equipped with a touch panel. The and (d) underpressure. The six transients are:
Lexidata System equipped with the touch panel was
used to display the control panel which gave the Stuck open secondary relief valve.

subject necessary parametric information and the
input capabil:ty to drive the simulator in an interac- Loss of priinary coolant pumps*

tive mode. The second Lexidata System was used
,

Steam generator tube rupture.to display the SPD for the four experimental con. *

4
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Loss of main feedwater Each subject was greeted by the experimenter and*

familiarized with the graphic display research facil-
Main steam isolation valve closes ity and the overall purpose of the project. After- : *

being shown the Apple Ile computer, the subject
Stuck open pressurizer spray valve. began the self paced instructional program. The*

; program is briefly described below, but may be:

These transients were evaluated for difficulty and found in its entirety in Appendix A.
ability to control, by an experienced operator and- g

- a human factors expert. The effort was directed at The training program, consisting of four phases,
creating transients which presented a reasonable began with familiarization of each control and:

level of difficulty, but were controllable from the display on the control panel. The subject was asked
'

[ CRT control panel used in the experiment. After to locate each control and display, and answer ques-
'

an iterative review, these goals were met. Operator tions regarding their information content. The'

[~ action event trees were developed for each of these second training secticn dealt with learning how to
; transients and were used by operations experts in operate the control panel in terms of inputting flows

the analysis of the subject's decision path. These and valve status changes using the touch screen.
-

) trees are shown in Figures 8,9,10,11,12, and 13. This involved operation of an input keypad as well
as specific functions alllocated on the control panel.

Procedure Each subject practiced inputting, clearing, and
changing data on a h,ve simulation. The third train-

,

ing section covered the specific SPD that each sub-r

Five experimental conditions existed in this exper- ject used in the experiment. The subjects were
i iment. Four of the five consisted of one SPD (either trained only on the SPD they would use; thus, the
~

bar, star, meter, or P-t map) plus the control panel; content of these sessions differed with the SPD type.

the fifth consisted of only the control panel. Sub- A portion of this training included viewing ten dif-
jects were randomly assigned to one of the five ferent transients on the SPD. Prior to initialization,

experimental conditions. the transient being used was identified enabling the

i

..



Stuck open Scram HPIS Purification Steam
'

secondary (auto / manual) (auto / manual) or primary generator
relief valve feed and feed and

bleed bleed

OK

4

3

5
Degraded core

6
Core melt

<s

Success
assumed

INEL 4 4083

Figure 8. OAET-stuck open secondary relief valve: Transient 1.

,

Loss of Scram Operator Operator Operator Purification
primary (auto / manual) establishes initiates opens operation
coolant natural HPIS primary
pumps circulation bleed path

2
OK

1

3
OK

6

5 OK

4 9 Degraded
core

10
Core melt
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Success
assumed

Figure 9. OAET-loss of primary coolant pumps: Transient 2.
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Figure 11. OAET-loss of main feedwater: Transient 4. 4
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closes bleed g

OK 'EE
a

2 %-5
OK ;__

4 :m-
6 E

1 Core melt _*

M
8 EOK

7 .

A9
Core melt w

11 'OK
10 _

m
_

2
-

12
";Core melt

e> ;
Success INEL 4 4080 y
assumed g

:
Figure 12. OAET-main steam isolation valve closes: Transient 5.
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Stuck open generator i

pressurizer Scram Operator Primary feed Purification feed and
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es

Success
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Figure 13. OAET-stuck open pressurizer spray valve: Transient 6.
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' I

:

subject to study the plant's reactions on the SPD. "A set of plant operating manuals (POMs)
Questions w:re answered regarding the transient, have been provided for your use and you may
and the transient was replayed (once only) for refer to them at any time you deem necessary.
clarification purposes. During phase four of the
training program, the subjects were read instrue. "You may work on the transient until you feel

tions regarding the experimental tasks they would the plant is on its way to stable conditions,
be expected to complete. This section is duplicated thirty minutes have passed in real time, or the

below to give the reader a better understanding of plant simulation model has exceeded its limits.

the experimental task. Please inform the experimenter when you have
completed the training."

.

"Your task in this experiment will be to attempt At this time the experimenter read the following
to mitigate the transient as it unfolds. You will instructions to the subjects:
be tape recorded as you work through the tran-
sient and you must verbalize each action as you " Remember that your task is to mitigate the --

take it and why you are taking it. In doing so, transient which occurs, bringing the plant to
'

you should identify what you think the tran. stable conditions. You must verbalize each
sient is as you take your control actions. action you take and why you are taking it

' '

including what you think the transient is. Do
* # "" # " # "

"Your performance will be scored on the basis
of two measures: how well your solution to the The experimenter then turned the tape recorder on,

..

trarsient fits the ideal model, and how well you selected the transient as dictated by the randomized
contcol the safety functions jeopardized by the transient list on the subject sheet, and verbalized
transimt in terms of operating limits for various the transient number upon initialization of that
parameters. transient.

12 -
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Scoring For measurement purposes, each parameter was
tracked by the ccmputer for each operator as s/he

Safety Function Evaluation. A prerequisite to ".ttempted to mi:igate the transients. hiean devia-
tmn w res we e culated for each of thusing the violation of safety functions as a depend-
parameters and for the percent of time spent out-ent measure in this simulation experiment was the ,

side of the determined setpoint ranges. In this way,identification of specific parameters to be tracked
""*eric se res were created reflectmg the oper-and their associated setpoints. This process was
at r,s ability to maintam control over the sefetybased on expert opinion and accepted plant valtes
""" "5'as found in the Plant Operating hianuals (POhts)

and Technical Specifications. The parameters and Operator Action Event Tree (OAET) Analyses.
their setpoints were selected in terms of standards The third dependent variable for this experiment is
available for reactor operation, behavior under the quality of the operator's actions in mitigation
simulation, and through plant safety analyses. of the transient. To help provide a more objective

,

means of evaluating the operator's performance,
Of the five major safety functions defined earlier OAETs were developed for each of the six test tran-

in this report, only two were challenged by our set sients. The OAET (Figures 8-13) served as the basis =

of test transients. These are reactor core cooling and for the scoring of the operator's action sequence.
heat removal from the primary system, and reac- Action protocols were produced for each subject
tor coolant system integrity. The parameters containing each action they took and when they
associated with these safety functions were initially took it. A sample of these protocols is presented
identified as listed below, in Table 2.

For reactor core cooling and heat removal from Table 2. Sample subject action protocol
the primary system, they were:

* Power level Control Identification Action Time

Steam stop Shut 12:38:08Steam generator (S/G) level*
PCS pump On 12:38:29
Keypad touch 1

Pressurizer (PZR) pressure hfain feed bypass % open 12:39:42*

Keypad touch 1

Hot leg temperature (T-hot).*

Keypad touch 0
For reactor coolant system integrity, they were: hiain feed bypass Vo open 12:41:00

Keypad touch 1

Pressurizer (PZR) level
Keypad touch 0*

Steam bypass Ve open 12:41:20

Subcooling greater than 25 degrees.*
Steam stop Open 1:r.:41:44
ACC fan status On 12:42:04

A three step iterative review process was per. Keypad touch 5
formed to validate these parameters and to develop Steam bypass To open 12:42:38
their associated setpoints. These parameters and Keypad touch 8

associated setpoints were observed through each of
the six test transients, first with no operator actions, Keypad touch I

and then with operator actions taken as dictated by Steam bypass Vo open 12:43:21

proper procedures. Next, these same parameters Keypad touch 0

and associated setpoints were reviewed by qualified Steam bypass % open 12:43:53
Keypad touch Ireactor operators familiar with the LOFT plant on

which the simulation is based. Finally, a review by Keypad touch 5
LOFT safety analysis personnel to insure consis- hiain feed bypass % open 12:44:07
tency with known plant behavior was performed. Keypad touch 2
This process yielded the fmal set of parameters and Keypad touch 5

setpoints for each transient. A table detailing these hiain feed bypass % open 12:44:29
values appears in Appendix B.

13
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The scoring scheme useo required the scorer to Weights for the six categories were subjectively

classify each action as being desirable, ineffective, assigned by the experimenter. These weights are
or undesirable in ecnjunction with being defined or presented in Table 3. The rationale for scoring was

not being defined by the OAET. Two judges classi- based not only upon the relative consequences of

fied eacn item. Items were discussed until a consen- the three branches, desirable actions, ineffective
sus was reached between the judges. The juda;es actions, and undesirable actions, but on whether or

were operator licensing examiners. Essentially, Fig- not the action was tree defined, indicating it was

ure 13 captures the essence of what we were contained in the procedures. Undesired, tree-
attempting to measure. Figure 14 presents the rela- undefined actions were assigned the lowest weight

tionship of time and plant instability for the various (-3). These actions had the greatest potential
branch points of an operator's action. This repre- negative consequences and were not a part of the

sents the operator's action as a continuum rather standard procedures. Undesired, tree-defined
than the simple dichotomy of the OAET. Six cate- actions were assigned a weight of'-2. Other actions

gories were develop:d relating to the three branches which also had the potential of a negative conse-

of Figure 13. These categories are listed in Table 3. quence were a part of the procedure, but were taken

The scorer's task was to fit each action to one of at an inappropriate time. Incffective actions
these six categories, whether tree defined or not were assigned a weight

1 = Undesired actions
2 = Ineffactive or no actions
3 = Desired actions

i

1

._0
=
E
8
F
=
2

2
8.
0
2
S
u
C
D

~
i
|

3Operator
action ,

1

i

Time INEL 4 4079

ligure 14. Relationship of time and plant instability for operator action.
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of-1. A negative weight was assigned because these Table 3. Categories of action k;1. .
.

c. actions would not improve the situation. No dir- classification weights n. c. , ,
,.

ferentiation was made between tree defined and tree [.,f.| ;
,

undefined because of the lack of a difference in Category b ..Y
[ likely consequences. Tree-undefined, desired actians Number Description Weight W L -i

were weighted a positive score of 2 since they 'vould ' p:e

I Undesired, tree-undefined -3 ;./ improve the situation but were not a part of the pro.
"d * "

cedures. Tree-defined, desired actions were given |: //. ,
11',- the highest positive weight (3). These actions would 2 Undesired, tree-defined -2 +

9~t.p improve the situation and were a part of the st m- action gi
p' dard procedure. The experimenter summed the .i 4 . . g

[i
3 Ineffective, tree-undefined -1 7pweights to determine an overall craegory-based

d'"
score for each transient. In addition to the class- f.^5;

N. ification of actions, the scorers were asked to assign 4 Ineffective, tree-defined -l U .I
;g a percentage score of transient solution " good- action y[
1. .' ness." The maximum score was 100%, the min- .N

'

5 Desired, tree-undefined 2 (Q . ~imum 0%. These two scores presented an accurate
..v-|v p .

action v. -

desen. tion of how well the operator was able to g. eo9 e

js mitigate the transient and bring the plarit to stable 6 Desired, tree-defined action 3 Y{86.
T.|7 , conditions. V!'. '

% tL.a
f: ANALYSES .., |. JS

'

5
,. .;: .;. 9 ; 4
.

[ Four major analyses were conducted on the data Table 4. Planned orthogonal comparisons .?.7 7
p"- described. The first two analyses were made with for ANOVAS 9 .: U.

the dependent measures of plant parameter devia- t .1 ' -
.h tion, and time out of limits. These analyses were f.| h.

. |.{-};.< run using a one-way analysis of variance (ANOVA) Control P-t f. :,
p with the planned orthogonal comparisons listed in Panel Bar Star Meter Map *,3

y- Table 4 below. The analyses were run by transient Q -'.O
for each plant parameter indicative of the safety 4 -1 -1 -1 -1 ,M'

,

ci function being compromised by that transient. 3".,

(6-ia:
p Separate analyses were conducted for parameter 0 -1 -1 -1 3 , _;

W deviation and percent time out of bounds. Only
jMM th)se analyses resulting in statistically significant 0 -1 -1 2 0

T' effects are reported in the results section. W J'i
( ML~
D The second two analyses were made with the orthogonal comparisons for the factor of display 9 .I b'
N dependent measures of category-based score and type as in the previous analyses. One analysis was %~;j)

t percentage score of operator performance. These conducted for the category-based score and one 1.1/ + '

p% analyses were 5 (display type) by 6 (transient) analysis for the percentage score. Comparisons of ');.y.y

Q,j@ repeated measures ANOVA, with the same planned interest are discussed in the results section. .

. .{
i$ RESULTS W'y $ .y_cc
w M. ,
.,,;.( The analyses of the safety functions via plant panel group had a smaller deviation of power level '. t ,p

,'f parameters yielded two significant effects from the than the other groups. The orthogonal compar- , ., . 4 -
,'six transients investigated. For Transient 1, a stuck isons, means, and standard deviations are presented

i;J
'-~:-e

3 open secondary relief valve, power level gave a sig- in Tables 5 and 6, respectively. The second signifi- i '4

?g h.. ? nificant difference in the comparison of control cant effect was found for T-hot on transient 5, main

)C.g. panel only vs. the combination of all other display stnm isolation valve closes. Here the difference
h,y,; types. The mean scores indicate that the control occurred between the P-t map vs. the combination J.y
=. T. i.

' [,h. '
.,. , y.S.

'%e
-

.: r.

iT 15 P;
d. b8ay g4
; & 343 % :.:.y.<,w u.;g.g5 xj.sw :; 4 7 mm.9 :y:.*5. a fy.
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Table 5. ANOVA table for safety functions: Transient 1 power level deviation score

Standard
Coefficient Error T-Value Significance

Control panel vs. bar, star, P-t map, and 12.75 5.033 2.53 p < 0.05
meter

P-t map vs. bar, star, and meter -3.25 3.90 -0.834 NS

Meter vs. bar and star -1.25 2.76 -0.453 NS

of the bar, star, and meter display. The comparisons
and measured standard deviations may be found in
Tables 7 and 8, respectively.

Table 6. Means and standard deviations
The analyses of operator's performance in terms safety functions: Transient 1

of the OAET will now be discussed. Tables 9 and power level deviation score
10 present the results for the category-based scor-
ing. Table 9 contains the ANOVA, and Table 10,
the means and standard deviations. The major com- Standant
parison of interest is between the control vs. all Mean Deviation
other display types. This comparison reached
statistical significance and, upon examination of the Control 5.75 2.63
means, it is seen that the control panel only group
performed significantly better than the others. Bar 9.25 1.26

Evaluating the two other comparisons along with
the mean scores, the subjects are shown to have Star 8.50 3.00

p done equally well with the star, meter, and P-t
meter, while substantially better with the bar, and P-t map 9.75 0.50
cven better with the control panel only. There were
no statistically significant differences achieved Meter 8.25 2.75
between the (.isplays on the scorer's subjective
scores, althous;h the means followed the same pat-
tern. Therefore, these analyses are not contained
in this report.

Table 7. ANOVA table for safety functions: Transient 5 hot leg temperature percent
tiene out

Standard
Coefficient Error T-Value Significance

Control panel vs. bar, star, P-t map and -0.081 0.215 -0.378 NS

meter

P-t map vs.1:ar, star and meter 0.354 0.166 2.13 p < 0.05

Meter vs. bar & star 0.001 0.117 0.002 NS

16
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Table 8. Means and standard deviations
for safety functions: Transient 5

; .

hotleg temperature percent time
out

Standard
= hican Deviation

~

Control 99 1.7
.- . tA

'4, f c.

Bar 99 0.52 /;. T, j ;f.gy.
-

# ' .i '
'

v.
. ., :- 9 a) /|Star 99 0.21 J-? -Q

'

/2' . . it JP-t map 88 21.4 f'Q 1
4.?.. i !.

hieter 99 0.36 | ./ .
y, .:= V .a.a '
, . _ . w, .. . .

c;:,. ; < j .::
,. [. 'I .' >:#

Table 9. ANOVA table for category classification score dji+] ,.

_y _ , - . , .

. e,

. . .

Standard l'~ g|$
I f.' 0..Coefficient Error T-Value Significance r.<

. . . , . . .

. 4 , . ,.

Control panel vs. bar, star, P-t map and -174.42 70.83 -2.46 p < 0.05 ?( ' ?; . '.

meter 7 R. '). .
bl ;/s;:;,.

P-t map vs. bar, star and meter 32.42 54.86 0.39 NS ''n
.

L ._ , |+\ .;.
hieter vs. bar & star 13.04 38.79 0.34 NS b .(' 9.C.f

.

; 4 . . '. ;...: e.

.! .e' , . - * ;
' . ,

u, 7 y
~~

. "*. . . ,

Table 10. Standard deviations for It' ..'t8 9
category classification score -

-

Standard
Nican Deviation

Control 93.71 69.94

Bar 69.96 45.95

Star 40.00 27.74

P-t map 42.00 23.15

hieter 48.46 74.79

17
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DISCUSSION - -

The purpose of this report is to desenbe the eff ec- expenment allowed the systematic examination of
tiveness of the evaluation techmque deselorrd at the SPDs relatise etteetiseness m aidmg the oper-
INEL in evaluating computer-genera'ed d y!:ys. ator to determme what course of actions to take to
The technique specifically tested the efficiency of bring the plant to stable operating conditions.

..

using desiation of plant parameters indicatise of Exammations of these actions are a face sa'id and
safety functions as dependent measures in esal- credible manner of SPD esaluation.
uating a display aid. In addition, the effectiseness
of OAETs as an objective way of scoring operator The companson of the displays used in this exper-

paths in transient mitigation was assessed. Critical iment also resealed an interesting finding. All tl.e
safety functions as measured by plant parameters results, including trend data, base mdicated that
yielded differences for two of the six transients operators performed better w hen using the control
studied in this experiment. One of those findings panel only. That is, the addition of an extra top-
was consistent with the OAET scoring method, lesel display (a safety parameter display) actually
while the other was not. This method is sensitise attenuated performance. These results are not
to differences in the display aids. How ever, it is sub- directly generalized to the nuclear power plant con-
ject to the operator's style in operating a plant. That trol room. The control panel used in tnis experiment

is, if a gisen operator reacts quickly rather than is unlike any control panel presently found in
more slowly, this variable i significantly effected today's control rooms, and was intended only to
while the end result of stabilizing the plant is not. allow the operator to control the plant. In fact, the
Thus, when using a tracking system such as this, control panel displav used in :his experiment is a
it is important that the operators realize they are type of safety parameter display. The SPD as
being scored as absolute numbers representing the defined in NUREG 0835, NUREG-0696, and Sup-

operating range, and how long they remain outside piement I to NUREG-0737 (References I, 2, and
that range. It is equally important to realize that 3), is an integrated, concise display of the minimum
this forces a behavior change and may temporarily set of the critical plant parameters. The control
change the operator's style in operating a plant. panel blended the initial set of necessary controls
Care must be taken to select transients that will md indications to run the plant for the transient
challenge safety functions, and that hase param- events selected. It was logically organized, and
eters trackable and visible to the operator. This placed all the parameters in close proximity (in a
study, as well as others,5,6 has clearly demonstrated single CRT screen). So, in effect, this was an inte-
the applicability of this technique in measuring gration of control and display for the operator. But
performance. the purpose of this research was to test the concept

of interactive simulation to evaluate SPDs, which,

The second method of measuring performance in fact, the control panel enabled us to do.
in this study was the use of OAETs. The major con-
tention with the OAETs has been their dichotomous The reported decrement in performance :ould be
nature. That is, the operator either takes a specific attributed to a number of different factors including
action or s/he does not. As previous!y discussed, training, treatments, or what ce beliese to be the

~

we do not feel this adequately addresses the realm most likely, time sharing between tasks. What
of possible operator actions. The use of an a : tion follows is a discussion of the possible implications
classification system allows the OAET to serse as of this and an evaluation of the independence of
the basis while accounting for the continuum of SPDs in the con:rol room. However, it is empha-
possible operator actions in performance terms. Our sized that these effects may not at all be present in
system of classification did yield significant dif- a real control room situation.
ferences among the displays, demonstrating its
sensitivity. We assert that the addition of second display

panel caused the operator to time share between the
The evaluation of operator actions is a mean- two displays, creating a decrement in performance.

ingful way to assess the effectiveness of displays, This phenomenon is supported by a model
procedures, and prior knowledge. Adequate con- deseloped by Norman and Bobrow,7 which shows

trol of procedures, and prior knowledge in this that the ability to share attention is related to the

18
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b;. , , . . .5" { ycognuise resources required by the tasks Ihe tance (herall, it is esident t hat care must be taken
* number of tasks, as well as their associated com- to t ully miegrate the man and mat hme m the ?-j''?# -

{ ., Q ' 1jKy;-
plexity must also be considered h is crucial that sy stem

*the design features of a machine and the operator's 1 ,

ability to execute time-shared tasks am balancedM | ?.ggg
-;g T his raises the question, f or whom is the SPD ., 9 , , , .

* intended? If it is intend-d f or operator use, care t . '.: ,>.9V
. ,,

must be taken to present degradation of perf orm- These experiments hase shown that an interac- ji . .,7',_
,

[. ance. Oserw helming operators and crew s w uh tasks tne simulation method n an ettectne means of f '( . [
and information is certainly undesirable, especially esaluatmg sarious display ispes conientratmg on (.j p;'

^ if such a situation causes more errors and lowers correction and follow of transient es ent s . The i ' f 7 ? ..?
performance. W Un the other hand, operator per- method could also be easily used to esa'uate sanous [
formance may not be a factor if a shift superusor. displays usability m the detecnon and recogninon i '. ' j$

'

*

't or other person not directly insohed with control- of transients. T he workstation, computer hardware, ! ;. . .; . S
..

hng the plant, makes use of the dnplay as a top lesel computer software, and simulator configuration is '. $ qt
I indicator of plant status. a productise tombination. T he transfer of this $ .( _Y,

method to tull-scope simulators would be straight- -- *
:,' Techniques might also be employed to better inte- t - t . .. r

.

forward A f. ll scope simulator would also enable - . .w&.&. --u
grate new displays in the con'rol-room. N1ultimodels -

the esaluator to examine the tullintegration of the ~ M.; i

bisual, tactile, auditory) presentations hase been . . . . . a. s:

SPD into the control room. I.his method can also + -m - -?, -

shown to reduce workload, although they are r.ot
- well understood.11 13

be used as a template to compare utility demonstra- f.J. . . *r
:>

: *
49 .tion or tests of their SPD implementation. The use . tyg. -. ,,

.; . . , , ,.
1, Certain types of training can also improse per- of the OAET in this experiment has reaffirmed their g.pg ;.4

formance with shared tasks. Rieck, Ogden, and usefulness in the collection of human performance p :. ., ' ~ ' '*

-- Anderson 13 demonstrated that the amount of dual data. The trees, in conjunction with a classification > ' '. W . I . i,.
.

,

4 task practice is a major determinant of subsequent system, can be used to look at human performance 4 , . . ,

. dual task performance. Thus, training involving the and errors. This type of information could also (7 4 yg ,'.h,t 5shared tasks will improve performance, suggesting make a logical bridge to the human in risk .<

- M, - p.f, . } ..that simulator training has a great dea! of impor- assessment.
e. s .=
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'APPENDIX A

INTERACTIVE SIMULATION TRAINING PROGRAM

Print of lesson NAMES u: return

*zl
PR:lS t:The selected functions of the sarious
D:N$(20) : controls are shown by a white
T:Please type in your name. :backlight. Deselected functio 1s are
a:$n$ shown by a cyan backlight. 'herefore,
*ql 1:if the off button for the PCS Pumps is
t: : white, and the on button is blue the
t:$n$ , the control panel you will be :PCS pumps are off. All cont rol
:using is composed of fise major : functions are indicated in this
: instrument and control groups. These : fashion.
:are secondary coolant system, reactor u: return

: control, reactor coolant system, t:is the main feed pump indicated as on
: emergency core cooling, and purifica :or off on the control panel?
: tion system. a:

u: return m:on! running
j:al ty: correct m

* return tn:$n$ , incorrect try again.
t: jn:zl -

t: PRESS RETURN TO CONTINUE u: ret urn
as: t:We will begin by familiariziag you
g:es :*ith all the controls, and displays on

; e: :the control panel. The first system we
* al :will consider is the secondary coolant
t:How many major instrument and control : system.

:goups make up the control panel? t:

a. t:

m:5!five *q3
ty: correct t:The secondary coolant system is
in:$n$ , incorrect try again. : composed of 20 controls and displays.

..

jn:ql :Your task is to find each of these - '-

u: return : controls and displays, and tc record
*q2 :the operational s'. ate using tt e
t:In addition, a numeric input by : keyboard following the contiol/ display
: keypad is located in the lower right :name.
: hand portion of the screen. This key u: return

: pad will be used to set rates and t:Your task in this series of cuestions
: speeds for the various pearameters. The :is to ___ _ each control and
t: operation of this key pad and all : display, and to ___ _ _ the operational
: controls will be explained later in : state following the control /cisplay
:this session. :name.
u: return a:
t:Where is the key pad located on the m: find & record!cnter
: control panel? ty: correct
a: tn:$n$ , incorrect try again.
m: lower $right! jn:q3
ty: correct u: return
in:Sn$ , incorrect try again. t:The first subgroup in the secondary
jn:q2 : coolant system are those controls / dis

A-3

"
. . . _ . . . m . . . .
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: plays dealing with the steam generator. ty: correct
i t:The first item is: tn:$n$ , incorrect try again.

t: jn:e6;
'

*q4 *e7 __

- t:SThi Generator Level t:SThi Stop
3 # ; |/.. .'.

J.;.
.h J':a: a:

9 m:8 m:open!on .;-fN.m
ty: correct ty: correct %.T by
tn:$n$ , incorrect try again. tn$n$ , incorrect try again.

' :,.l.9[3
-

.%'E .jn:q4 jn:e7
'q5 *e8 .- ;y..' -

, . . =

I t:SThi Generator Pressure t:SThi Flow Control sJ 4
( M.;i.i$("a: a:

.

m:808 m:58 ' 1
( ,(TLg c .-, ;g 7{,dty: correct ty: correct

tn:$n$ , incorrect try again. tn:$n$ , incorrect try again. ''

jn:q5 jn:e8
j y .[,:; g
y f9 ., ..

g *q6 u: return . ,v
3 1:SThi Genciator Temperature 1:The next text deals with hiain Feed. % fd?a: :These are: Oy'"

. m:519 t:_

ty: correct t:
I tn:$n$ , incorrect try again. *q9
- jn:q6 t:hiain Feed Flow

[ *q7 a:
r t:Stm Gen Lvl Control m:167
r
g. a: ty: correct

E m: auto!autamatic tn:$n$ , incorrect try again.
5 ty: correct jn:q9

[ tn:$n$ , incorrect try again. *ql0
t jn:q7 t:hiain Feed Bypass
, *q3 a:
i 1:SThi Generator Blowdown m:0!0%
, a: ty: correct
L m: shut! closed!off tn:$n$ , incorrect try again.
"

_

ty: correct in:ql0
tn:$n$ , incorrect try again. *qlI

3

g Jr.:q8 t:hiain Feed Isolation
: u: return a:
I t:The next subgroup deals with SThi Flow m:open!on

b :these e.rce ty: correct

i t: tn:$n$ , incorrect try again,

f
1: jn:qlI

j 'e5 *ql2
1:SThi Flow. t:hiain Feed Controlx

I a: a: "

{gh::.|f
m:167 m:33:33%

L ty: correct ty: correct .g e.

.. fen:41 tn:$n$ , incorrect try aga'n tn:$n$ , incorrect try again. L.3
|}Qy;tg.f

jn:e5 jn:qi2 m
g,

*e6 *ql3 e, N"9.J
t:SThi 3ypass t:hiain Feed Pump Nji Yi

jf 3a: a:
m:0 m:on! running 4

- ,-
,

k,, |' . '

F'N"sA-4 - * ''

BRImam
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( S k ? Q .| * $. N h |:} y ,.y.; .:

s._

[ *j . 1Mkg ,

. . . u
-

a, .. . - ... _ .

y.},. ?d ._ ?"

a 4 ;w . ;

'( 1' ME

{ ty: correct *q20 ,e - .y - ,

tn:$n$ , incor rect try again. t: Reactor Stat t:,-Trip s Q _..' . . .- 7 4 (;
-

s . . -
- jn:ql3 a: &.jj . ,, ~ . ..

u: return m:no! indication!off' blank y"V * - " .N P ~ .,y , . .
- es

g t:The next subgroup is concerned with t y : correct kj gg p$,
.

7 :the condensate receiver. These are: tn:$r$ incorrect try again. A " W# %
- t: jn:q20
-

*e4t:

*ql4 t: Reactor Status PC T PW R
- t:Cond. RCVR Level a:

a: m m0' 80%,

g m:32 ty: correct -

E ty: correct tn.$ns . incorrect try again.
E m . S t.1 incorrect try again. jn:e4
L-- jn:ql4 *q21
I *ql5 t:Positise indicators (Rod 2,4,6 and

t:Cond. RCVR Pressure :8 Finchesg
a: a:

1 m:300 m:54'54 inches

( ty: correct ty: correct
s tn:$ns . incorrect try again. In:$n$ incorrect try again.

~~

jn:ql5 jn:q21
; *ql6 *q22
; t:Cond. RCVR Tempert:ure t: Reactor Scram

_
a: a:

.

m:4P m:none'no!indicat on!off! blanki

ty: correct ty: correct L

in:$n$ , incorrect try again. In:$n$ , incorrect try again. -

,

7 jn:q16 jn:q22
u: return *q23<

f t:The last subgroup is the Aux Feed. t: Rod Drise
i t:These are: a:

b t: m: hold
r_ t: ty: correct
_

*ql8 tn:$n$ , incorrect try again."

E t: Aux Feed Pump jn:q23
.

a: u: return

k m:off!stop t:The third system is the reactor
__

9 ty: correct : coolant system which is composed of %
.

tn:$n$ , incorrect try again. : thirteen controls and displays. These d . . 1, ,

j$({s * .$
jn:ql8 :are: # ,6.; 4. 4 ;-

'

*e2 t:
t: Aux Feed Isolation t:

^

M. . es -./Ia: *q24 .x, ..

; m: shut! closed!off ::PZR Level ',y,g ; Jg.

Q h - Q. ('a"
,, ' ii ty: correct a: ,

{ tn:$n$ , incorrect try again. m:45

'.M }?--y .. ggjn:e2 ty: correct
-fjay|7

u: return tn:$n$ , incorrect try again.
1 : -| ; B

E; t:The second system is the reactor jn:q24 5

1 : control system which is composed of j:25 s;g c.

':
' !, . . -If :four controls and disp!avs. These are: *s5 ?M f-

:' , . !-JL
' + p.4- *

t: ty: correct f.; < ./ ' -y' ' f'...

b[ C E9 I.J I II
-

t: tn:$n$ , incoirect try again. i
- . a. . ._
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e: jn:q33.

i *q25 *q34
_ t:PZR Pressure t:PCS Flow .-

-

- a: a:

5 m:2185 m:3800 .

-

u:t5 u:s5 JQ
jn:q25 jn:q34

.<

/ *q26 *q35 m ..

p t:PZR Temperature t: Hot Leg Drain
,

a: a:

[ m:uS2 m:0 -
*

| u:ss u:s5
jn:q26 jn:q35*

*q2' 'q36e
'

t:PORV t: Cold Leg Drain =
_

E a: a:
'

m: shut!off m:0
"

u:,5 u:s5f
1 jn:q27 jn:q36
- 'q28 u: return
4 t:PZR Spray t:The fourth system is the Eme.rgency

$ a: : Core Cooling which contains nine
h m: auto! automatic :controie and displays. These are:
g u:s5 t:

jn:q28 t:w

E *q29 *q37

[ t:PZR Heaters t: Coolant Source

[ a: a:
; m: auto! automatic m:none!not selected
'

u:s5 u:s5
jn:q29 jn:q37

- *o30 'q38-

| t:PGRV isolation t:HPiS Pump A
E a: a:

m:open!on m:off
u:s5 u:s5

g jn:q30 jn:q38
c *q31 *g39

h t: Hot Leg Temperature t:HPIS A Flow
L a: a:

h m:564 m:0
u;s5 u:s5;

;- !:n:q31 jn:q39
L * c,32 'q40
$ t: Cold Leg Temperature t:HPIS A Isolation
E a: a:
~

m:535 m: shut! closed-

u:s5 u:s5
jn:q32 jn:q40
*q33 *q id

g t:PCS Pumps t:HFiS Pump B
_,

- a: a:, .. ; .

g H,i m:on! running .n:off
h u:s5 u:s5
- gp};, . qA -Af : f ?..

. . . ,m,c
M

_
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. . . . . . _ _ _ _ . . . . _ _ . . _ .. __

jn:q41 *q$0
*q42 t:PURIF Throttle
t:HPIS B Flow a:

a: m:0
m:0 u:s5

u:s5 jn:q50
jn:q42 *q51

*q43 t:PURIF Outlet
t:HPIS B Isolation a:

a: m: shut!off! closed
m: shut! closed!off u:s5

jn:q43 ja:q51 mi
*q44 u: return

$- y..+;y;y
;3

..(t:Downcomer Isolation e:
p g; t . ' .n;.j

t pa:
m: shut!off! closed Print of lesson CONT 4|L... ".f.T

c'. S.':? - -u:s5 D E- I.jn:q44 *ql
*q45 t:In this experiment, the mimic screen f.;J.}
t: Cold Leg Isolation :also allows the operator to control 149:' .
a: t:various plant parameters. You will be .:g ;c ? .

m: shut!off! closed : asked not only to observe plant @ l''. [ [.
rJ'

F ~ '.,Nu:s5 : status, but the screen will provide a
[ J.i.jn:q45 1: capability for control input as well.

3
u: return :There is a touch sensitive panel y .ar.3

t:The fifth system is the Purification :placed over the screen that will i..iE.,

: System which is composed of six t: signal an audible " beep" when buttons }.i" [ .};)(
;f;.f .{.].

,

: controls and displays. :are manipulated.
! ;, . . ..t: u: return
%
n.%y..N cn

t: j:42
. i .] .:/f ,'. . .r!...'

*q46 * return
-

t:HPIS ti Purif Sys t:
t: PRESS RETURN TO CONTINUE ..? '- 1 -

'

a:
N ' . s ....> ..

t -
m: shut! closed!off as:

u:s5 g:es g j.4
jn:q46 c: $. [ s ..a;

.

'..;f; ~N.*q47 *q2
.

h;.-
.

'kt:PURIF Flow t: Additional feedback is provided to
.'.a: :the operator in the form of color

m:0 : coding the controls and changes in GY"?
u:s5 : numeric data. $47 f.; [ ,'

~ V ':- .t2.J.jn:q47 u: return ..

*q48 t:There are two types of controls -) #' .J
t:PURIF Inlet : presented on the screen. One type .2II .g.d. :.
:: : permits the actual selection of C $ =-

m: shut! closed!off : numeric values for selected parameters M 3 '$ r
(fr I.[ - C.iu:s5 .

jn:q48 t:The letter type gives the operator i .7 V.3:
*q49 :the K: +: 1^ 4

1:PURIF Pump : option for selecting whether a Id6[{ F ' H

[y-[.ha: : specific component should be "ON", .

g.,f , h.7m:off! closed!not running u"OFF", "OPEN", " SHUT", or " AUTO". or y, , .:< -

klu:s5 :in the case of the reactor control
jn:q49' : rods, "IN", " HOLD", and "OUT". g.].pd J

4... CQ 'f
'M'.:' . 4

j}. . - _ g;
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u: return :the Control Box for " Steam Bypass" and
t:The actual s quence for controlling :the remosal of the value shown in the
:and operating these two types of t: input window is transferred to the
: controls will now be discussed. : control box window to update the
:First, you will be introduced to the : numeric value presiously displayed.
t: procedure for selection and input of t:
: numeric values. In the lower right t: At +is time we would like you to
t: hand corner of the screen is a : practice mding such changes. Please
: numeric keypad similar in layout to a :make a change in the following
:touchtone key pad. This key pad will : controls:
: serve as an input device for the t: STN1 FLOW CONTRO1
t: selection of desired flow rates in gpm t: NIAIN FEED BYPASS
:and valve status in percent open for t: HOT LEG DRAIN
: specific controls on the screen. u: return
u: return t:In this section you will be
t:The steps for accomplishing this task : introduced to the operation of the
:can best be described using a brief :second type of controls. This {
: example. First, locate the control t: category includes the control boxes
t: labeled : Steam Bypass" in the :with the "OFF-ON", " SHUT-OPEN"

: Secondary Coolant System. Now, suppose the t: combinations and including other
digital : specialized buttons for controlling

: indication in the window is currently :the plant. The procedura for
3-t: set at "0" gpm and you want to bring : controlling various parameters of

:the flow up to 25 gpm for this pump. t:this nature can best be described
t: :using a brief example.
t:THIS VALUE IS ENTERED BY PRESSING u: return

t:THE BUTTONS IN THE SEQUENCE t:First locate the AUX FEED PUNIP in the
"2",and "5" : Secondary Coolant System. This

u: return : control should be in an off condition
t:After this sequence, the input window :which is indicated by the utilization
: located immediately above the first t:of a white and cyan color coding
: row of numeric keys oa :he key pad : scheme.

:will display the value er <ered. t:Therefore, current opera.ional mode
t: : indicating AUX FEED PUMP is in a non-
t:The "cl" button, on the key pad, can be pressed if : operating condition i3 conveyed by the
:you are not satisfied with the value : white backlight displayed on the "OFF"
:shown and a new value can be entered : key, and subsequently the cyan
:following the sequence previausly t:backlight displayed on the "ON" key.
: discussed. u: return
t:For example, if you decided to t:These co ors will toggle back and
: change flow to 27, you would press :forth as a function of operational
"ct" followed by "2",and "7" You are now : mode. In other words; white indicates

t: ready to change the flow rate to 27 :an active mode whereas cyan indicates
:gpm after verifying the value t:a passive or nonoperational trode.
: displayed in the inpat window is t:
: correct. t:IT IS CAUTIONED THAT PATIENCE BE
u: return : OBSERVED WHEN N1ANIPULATING THESE
t:This is accomplished by simply : CONTROLS DUE TO A LAG TIN 1E FOR THE
: pressing the box. Any location within :SYSTENI TO RESPOND.
:the boundaries of the box can be u: return
: pressed to achieve input. t:For example, if the operational
u: return : setting for a control were of f and 'he
t:immediate feedback is received by the : desired setting were to turn the,

: display of the new updated value in : control "ON", the following sequei.ce

A-8



t:will usually be observed: a toggle in :first is a brief description of the
:the color code will occur by which the :SPD you will use, and the second is
:"ON", button will code white followed t:the viewing of sixteen known
:by a rebound to cyan for a moment, : transients to acquaint you with the
:then switch back to white and remain : characteristics of the SPD.
t:at this setting until another change u: return
:in operational mode. j:d4
u: return * return
t:At this time. a training session will t:
:be conducted to familiarize you with t: PRESS RETURN TO CONTINUE
:the specific controls designated to be as:
: manipulated in the manner just g:es
: described. In order to fully acquaint e:
1:you with controls of this type you *d4
:will be asked to input data for t:At this time please type in the
:various controls. : letter of the display type you will be
u:rcturn :using
t: SThi GEN LVL CONTROL t:
t: h!AIN FEED PUh1P t:
T: PORV t:A. Bars
T: PCS PUh1PS t:
T: HPIS PUh1P A, flow = 25gpm t:B. Stars
T: COLD LEG ISOLATION t:

T: PURIF INLET t:C. hieters
T: ROD DRIVE t:
T: REACTOR SCRAh! t:D. P-t map
u: return d:f5(30)

a:$f5
Print of leeson DISP g:es

j(f$ "A"): bars
pr:is j(f$ "B"): stars
t:Please type in the letter of the - j(f5 "C"): meters
: display type you will be using. j(f$ "D"):P-t _

__

t:A. control panel * bars
-

'

t:B. bar, star, meter, or P-t map u: color -

'
a: :reae
m:a!A t:The bars display uses a central line
g:es :to indicate the normal value.
jy:fh : Parameter deviations from this value
t:Your last section of training will t:are shown as bars to the left or right
:famitivize you with safety :of norraal. High and low range values
: parameter display that you will use in :were shown as vertical lines.
:this experiment. Keep in mind that u: return
t:the purpose of this experiment is to t:Param:ter descriptions and digital
: determine if the SPD does enhance your : values are on the right of the
: performance of detecting and : display. As parameter values reach
: identifying transient, and mitigating :the intermediate ano out of limit
t:those transients to a " safe" plant : barriers the bar indicator and digital
: condition. Therefore, it is : values on the display change to the
: imperative that you use the SPD as an : appropriate color. Notice that the
: aid to you in accomplishing these : primary coolant system parameters are
: tasks. t: grouped at the top with the secondary
u: return : system parameters at the bottom.
t:This training has two parts. The u: return

A-9
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_

5
e

F

a

E j: fine : tied together to form a nine-sided

"_ * color : polygon. Digital values and parameter

E t:Each of the parameters on the display : descriptions are shown around the

E :will give you the following color :outside of the maximum range ring.

B : coded information. u: return

t: t background rings show the intermediate _g
E t: :and out of range positions, with the

} t: Normal Operation- The setting is the :Jigital parameter indications changing

; : center region for a given parameter : color as previously described.

i :Inel and is communicated to the u: return

| : operator with a green color code. j: fine
5 t: Numeric characters will alsc, be * Meters

7 : green. The color green tells the u: color

1 : operator to proceed and that parameter n:reac
condition is satisfactory. t:The meter display represents

u: return : parameter salues as needle positions
t: Intermediate Limits- The setting is :on nine meters drawn on the cathode-

g :immediately above or below a given ray tube. The green, yellow, and red

g parameter for normal operation, but .: ranges were shown on the meters with i
:not exceeding the extreme areas for :only the color corresponding to the

F t:being out of limits. The condition is : current parameter salue lit. Digital
I : interpreted to the operator with a : values (color coded as described) and

T'
: yellow color code. Numeric characters : parameter descriptions were inside'=

- :will also be yellow. The color code t:each meter. '

i t: yellow conveys caution to the operator u: return

=, :and tells him a recheck is necessary. j: fine

y u: return * P-t

y t:Out of Limits- The setting is either u: color

E :above or below a given parameter of t:Obtain the three figures on the P-t
-

? :the range of intermediate limits. The : map from the experimenter. Figure 1

I : condition is interpreted to the :shows the PT diagram with information

3 : operator with a red color code. : pertinent to normal operation. In _

E t: Numeric characters will also be red. :this n' ode, the reacter is at power
"

:The color red alerts the operator and t:when it is presented on the screen.

: informs him that corrective action : Figure 2 is displayed when there is a

:must be taken. : scram condition and the primary
-

: coolant pumps are in operation. The- a: return
: scram condition also exists in Figurc: -

'reac t:3, but in this case, the primary

1:The display also gives you reactor : coolant pumps are off.

I2
: power in percent at : enter bottom, and u: return

: control rod status in a box at the t:In general,each P-t map shown in the
- left margin. : figures include a saturation curve

:which applies to both primary andc:
' Stars : secondary steam conditions. Above the

t. : color t: saturation line is the subcooled water
: region; below it is the superheatedu:reae

t The star display represents parameter : steam region.

values as positions on the spokes of t: Digital information for the Primary
: circle. A small inner circle : Coolant System (PCS) and the

:iepresents range minimums while an : Secondary Coolant System (SCS) are I

t: outer circle represents range : presented adjacent to the P-t map. )
- : maximums. :The box labeled PCS prosides the

t: Current salue spoke positions are t: operator with numerical values forr
E

t

-

i

""
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: Pressure, Hot Leg Temperature, and t: Figures 2 and 3).
: Cold L.eg Temperature. t:The critical mode in Figure i
t:The SCS box presents a value for : illustrates the location of the trip
: pressure and steam temperature. : lines. The high pressure trip is
u: return : located at 2346 psig, and the low
t:The P-t map, regardless of operatic n t: pressure trip is at 2059 psig. In
: mode, show a data point for pressur e : addition, there is a T-hot trip at 603
:and temperature in the Hot Leg Priinary : degrees F. The lines for Figures 2

,

: System (denoted with an "H" cursor), t:and 3 arc set at 2410 psig for PCS
t:and a point for pressure and : pressure relief and at 1088 psig for
: temperature in the Secondary System :SCS pressure relief.

:(denoted with an "S" cursor). A u: return

: pressure temperature point is t:The cursors are color coded depending
: established for the Cold Leg Primary :on their relative positions to these
t: System (denoted with a "C" cursot ) : lines and windows. The color coding
t:when the reactor is in one of the : scheme is that which was previously
: scram conditions as illustrated in : described. [
: Figures 2 and 3. The "C" cursor is u: return (
t:not evident in Figure 1 since it on13 ' fine
: manifests itself when the plant is in t:Tell the experimenter that you have
:a scram condition. : completed this portion of the training
u: return :and are ready for the transients.
t: A box or window is enclosed arour.d u: return
:the "H" and "S" cursor in Figure 1. *fh
:This window represents boundaries for t:Your task in this experiment will be
: normal operation around the cursor :to attempt to mitigate the transient
: points. :as it unfolds. Your will be tape
t:These boundaries were established o : recorded as you work through the
: account for mir4or plant variation, i.nd t: transient and you must verbalize each
: power level. t: action as you take it and why you are
t: Normal power operation could be :taking it. In doing so you should
:anywhere withia this window and b; : identify what you think the transient
: acceptable. The windows are dynarric :is as you take your control actions.
:in that they are functionally related u: return
t:to reactor power levels. There are t:Your performance will be scored on
:many conditions that will result in :the basis of two measures. How well
:the cursor ("H" and "S") leaving the :your solution to the transient fits
: box. The position then becomes out of :the ideal model, and how well you

: specification for Hot Leg Temperat. ire t: control the safety functions
t:and Pressure ("H") or Secondary System :jeapordized by the safety in terms of
: Temperature and Pressure ("S"). : operating limits for various
u: return : parameters
t:Immediately after the cursor leaves u: return,

i :the box, a series of data trails will t:A set of P.O.M.s have been provided

: track its position on the P-t map. :for your u3e and you may refer to them
1:The data trails consist of a string :at any time you deem necessary.

:of dots for the "H" and "S" cursors t:
:with plus signs (" + ") for the "C" t:

: cursor. These trails are illustrated t:You may work on the transient until
t:in Figures 2 and 3. :you feel the plant is on its way to
u: return : stable conditions, one half hour has

t:A set of dashed trip lines are also :past in real time, or the plant
: presented on the P-t map for the : simulation model has failed.
: critical mode. These lines are t:Please inform the experimenter that
: replaced with a set of pressure relief :you have completed the training.

: lines under the scram modes (see u: return

A-I l
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APPENDIX B

TABLE OF SETPOINTS FOR PARAMETERS BY TRANSIENT
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APPENDIX B

TABLE OF SETPOINTS FOR PARAMETERS BY TRANSIENT

Subcooling
Hot Leg Greater -

Power Steam Pressurizer Temperature Pressurizer Than
Transient Reactor Level Generator Pressure (T-hot) Level 25 Degrees

Name and Number Status (%) (in.) (psig) (*F) (in.) (*F)

1. Stuck open Before scram 75 - - - - -

secondary After scram 0 - > l500 - - -

relief valve s 1670 ..

w

2. Loss of primary Before scram - - - - - -

coolant pumps After scram 0 - - > $41 - -

< 503

| 3. Steam generator Before scram - - > 2100 - - -

I tube rupture After scram 0 - < 1100 - > l8 m20
< 70

4. Loss of .nain Before scram - > -5 < 2210 < 525 2 37 -

feedwater < 13 < 565 s 51
After scram 0 > -32 - - - -

5. Main steam Before scram - > -5 < 2340 > 525 a37 -

isolation valve < 13 < 565 s 51
closes After scram 0 - - > 503 - -

< 541

6. Stuck open Before scram - - > 2050 - - -

pressurizer spray After scram 0 - - - < 70 2 20
valve

i

!
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