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Reply Address

J. V. Stephens

Bldg. 23, Room 240
Electrical Engineering Dept.
Power Division

Brown & Root, Inc.

P.0. Box 3

Houston, Texas 77001

Mr. Roger Mattson, Director July 31, 1979
Division of Svstem Safety

Nuclear Regulatory Commission

Washington, D.C. 20555

Three-Mile Island Incident
Operator Interface

T.ear Mr. Mattson:

The events at Three Mile Island in which :ome of the problems, according

to some sources, have been attributed to operator error and instrumentation
deficiencies led me recentlv to look back on some of my thoughts during

the early stages of development of IEEE-566 "Guide for the Design of

Display and Control Facilities for Central Control Rooms for Nuclear Generating
Stations".

I believe that some of these thoughts which center around the operator-
control interface could be of interest and am therefore enclosing a copy
of my letter dated Mav 20, 1976 and copy of an early draft of P566/D3B
March 1976. My letter of May 20, 1976 was an in-depth and lengthy review
f the P566/D3B draft in which I discussed ome of the problems that could
onfront the operator during and after an accident.

On page 5 of my letter of Mav 20, 1976 I made a number of recommendatioms.
Among them the need for safety systems to be so designed to ensure that

under post accident conditions and failure of automatic systems, the operator
will never be overburdened with necessitv of suddenly having to rapidly
execute a large nuwber of emergency manual operations all needed at the

same time - since this can only aggravate an alreadyv temse situation and
increaze the possibility of an operating error. Included also was the
suggestion for a vigorous analvsis of expected operator actioms during

the post accident period under trauma and greater use of simulators to

evaluate operator performance. \
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For reasons having to do with the difficulty of consensus but more

probably with the political climate of that time none of these recommendations
ever found their way int» the final text of IEEE-Std.566 "Guide for the

Design of Display and Control Facilities for Central Control Rooms for

Nuclear Cenerating Stations" when it was published in July 1977.

while the final analysis of the Three Mile Island accident might reveal
certain factors only generically related to the concerns expressed in my
letter of May 20, 1976, I believe these concerns are pertinent within
the overall objective of minimizing operator error.

With this in mind I respectfully pass on to you the enclosed material
containing some of my thoughts and concerns which may be more acceptable
in the political climate of today and may be useful to those on your staff
working on recommendations resulting from the Three Mile Island accident.

Please note the thoughts expressed in this letter are entirely my ownm,
are meant to be helpful, and based on considerable experience in this
area.

Your time and consideration is appreciated.

Sincerely,

o i

. V. Stephens
Member, IEEE Nuclear
Power Subcommittee
Phone (713) 678-5148

.Y'JS/kam

cc: H. R. Denton, NRC
J. MacMillan, Babcock & Wilcox
W. G. Kuhns, G.P.U.
H. H. Woodson, IEEE
G. Easton, IEEE
B. Sullivan, IEEE/PES/PCC
. T. Boettger, IEEE/PES/NPEC
J. Spurgin, IEEE/PES/NPPC&P
F. Chelotti, IEEE-ANST
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May 20, 1976
Mr. A. J. Spurgin
Chairman, NPPC & P, WG & SC1.2
General Atomic Company
P. 0. Box 81608
San Diego, Califormia 92138
Comments

Guide for the Design of Display and
Control Facilities for Central Control
Rooms of Nuclear Generating Stations
1EEE-P566/Draft 3B March 1976

Dear Terv:

I have reviewed the above draft and am returning a copy herewith
marked up with my comments. Following is an amplification of these
comments coupled with a discussion where appropriate.

GENERAL
1) Minor errors in spelling; word omissions, and wrong word usage occurs
throughout the text. Suggested corrections are marked up on the

enclosed copy.

2) Subsection 7.6.1 Safety System Status.

Needs to be reworked in its entirety.

3) Subscction 7.6.2 Redundant Display Information.

The statement "redundant (i.e. two pressure alarms)" needs to be
carefully qualified.

4) Section 7.11 Intarnal Securitv.

This c~uld be more explicitly stated by a slight change in wording.

" §) APPENDIX - Example of Operator Sensory Overload in Operation of
Safe:v Svstems.

Not the best example. Needs careful rework.
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I consider the APPENDIX to be the most disturbing and shall therefore

start with this.

1

APPENDIX - Zxample of Operator Sensory Overload in Operation of ‘////

Safety Systems.

The intent of this Appendix, presumably, is to show a classical
evample 07 a situation where cduring or after the occurrence of an
accident, the operator or operators may suddenly be called upon

to perform a large nuber of operations all at once. In this
situation, considering the electrified atmosphere created by the
accident, the psychological response nf the operator at that time,
the possible need under certain circrast-. ces to act quickly

vith a sense of immediacy - could, ronce ivably lead to an operating
error of serious proportions. It .s the fundamental objective

of our document to provide guidel.nes for the organization, inte-
gration and coordination of all controls and displays for use by
the operator so as to facilitate his ability to operate the plant
efficiently and more importantly, to reduce to the greatest extent
practical any potential for operator error by considering possibly,
among other situations, the very example postulated in the Appendix.

The example,unfortunately. .ls down in several ways. The state-
ment "simultaneous operator manual action" in the second paragraph
of the example obviously implies that all the events Nos. 1 through
10 could occur so close together in time as to overload the operators
vith too many tasks to perform practically all at the same time.
Even though it is true that events could proceed in an unforseen
way (in which case, 1f it is unforseen, I don't know what we can

do about it, because a certain amount of "forseeing" is basic to

the design process) it is extremely hard to imagine, even with the
most sympathetic stretch of the imagination that all these events
could possibly occur around the same time. If they did, it could
only be the result of a series of incredible fortuitous events that
not even the NRC, I believe, have ever postulated in their design
reviews, or alternatively, the end result of extremely irresponsible
design.

While on the subject of design you know as well as I do that it is
not possible to produce the perfect design of information and
control systems to perfectly satisfy every event postulated. The
perfect design of say an arrangement of control and display systems
to perfectly satisfy event A may conflict with the perfect design
requirements to perfectly satisfy event B, C, or D, etc. depending
on the number and different type of events postulated and considered
in the design. Of course, there are certain DBE's that must be
designed against and means must also designed to limit their
consequences should they occur. Aside from the mecchanical systems,
in our case we have an orderly arrangement of display and control
devices whicn would enable the operator to perform functions with
minimum potential for crror even when he is in a state of shock

or still recovering from it.

As
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However, there are a number of events which, while possible, are so
improbable that to attempt to organize our control and display facili-

" ties around it with the objective of minimizing as much as possible
any potential for operator error could only be done at the sacrifice
of other arrangements suited for more possible events. Therefore,
design consists of compromises and trade-offs as for example where an
arrangement of control and display devices for say, three specified
Design Basis Events could give a confidence factor of say ¢0%, 95%, and 99%
of freedom from operator error, other events much lower in the scale
of probabilities and consequences will necessarily have to tolerate
confidence factors of a lower order.

In the example given, emphasis should be more on good plant design to
assure that all the events listed to not occur around the same time
than on how we can corganize our control and display systems to help
him cope with a situation which is so incredible as to be close to the
realm of impossibility. My reasons for this viewpoint is based on the
considerable differences in expected elapsed time botween the even’s
postulated. For example:

a) Event 4 - Switchover from ECCS water tank to reactor
containment building sump.

A time period of something ir the order of 20-40 minutes

would elapse after the onset of the accident before the

tank would be depleted to the peint of requiring manual

»r automatic transfer to the containment sump. This

time period will vary scmewhat, depending on the severity

of the break, whether sprays are in operation, aad whether

all or only a portion of the redundant safety injection

trains are running. I have checked with scnme of the PWR

plants that I have worked om in the past and also with some

of our nuclear people. The opinion is that 20-40 minutes

4{s an order of magnitude fairly representative of PWR plants

4n this country. Wwhat I am saying here is that this event is
one that involves a time period, after the accident, of minutes
or at the most hnurs, whereas events No.'s ~ or 8 if they occur
will take place generally at least severa' days after the ac-
eident. Thus, the incongruity of the assumpticn that events
No.'s 4, 7 and 8 could occur so close together in time as to
strain the manual capabilities of the operators.

while on this subject, I would mention that I think there 13
a trend towards automatic rather than manual realignment of
suction valves to the containment sump, although some plants
may have cnly the manual feature. The event described in the
example should therefore be qualified to the extent that it
4ndicates manual transfer where the system is either manual,
or, if automaric, wherc the automatic system failed.



BrownZ Root.Inc.

Mr. A. J. Spurgin

page 4

b)

c)

Event 7 - Replenishment of diesel fuel and makeup of
cooling water.

From 1EEE-308-1974 page 8, Section 5.2.4 (8) Energv
Storage, it can be seen that sufficient stored encrgy
(fuel) must be available at the site to operate standby
power sources (diesels) at accident loads for a period
of which the minimum is not less than (7) seven days.
That is to say that as a minimum, (7) seven days of fuel
supply wmust be available at the site. Admittedly, a
gituation could arise in which, because of a violation
of company procedures or tecnnical specifications, only
8 few hours or few days supply of fuel was available

at the time of the accident at which time of course all
offsite power supplies was lost. But I do not think this
was the intent behind the example. What I have tried

to point out here is the sheer improbability of a
coincidental situation requiring operator action to
replenish diesel fuel which is normally done days after
the accident, with the switchover of the ECCS water

tank to the containment sump which occurs either manually
or automatically after 20 or 40 minutes or at the most

a matter of hours after the accident. In regard to the
cooling-water I am not sure what this means. Presumably
it means engine jacket cooling water.

Event 8 - Start H_ Recombiner System.
-

Again the time at which a switchover from the ECCS tank
to the sump is needed, and the time at which the genera-
tion of hydrogen in the containment will have reached

a level requiring activation of the recombiner are so far
apart that it would be incredible to think that the two
events could occur even approximately around the same
time, leave alone simultaneously. On some of the PWR
plants that I have checked, the elapsed time after the
occurrence of an accident when activation of the recombiner
is needed is calculated to be something between 5-15 days.
This again, contrasts with the time to switchover “rom
the ECCS Tank to the sump which at most is measured in
hours rather than days.

Tony, I have tried here, as best I can, to bring to your attention
the implausibility of all the events indicated in the example occurring
at the same time. It is true that a possibility exists where the time
to manually replenish diesel fuel and the time to activate the recombiner
could occur approximately around the same time since for each event we
are talking in terms of days. '
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However, even here we must grant the operators a certain amount of
intelligence. Wheres several days have elapsed after the accident and,
assuming the accident is under control, then it is reasonable to assume
that the operators have sufficiently recovered from the shock to

have their wits about them to monitor the trend of hydroger generation
and the rate of fuel depletion by means of instruments available in the
control room some :f which form part of the Post Accident Monitering
System. Thus, the operators will plan their operations. They may
start replenishing fuel in the diesel tank a day or so befcre it is
depleted - they anticipate and try to take prior action rather than
wait for everything to come to a head at the same time.

There are other questicnable events in the example shown in the
Appendix but it would take me too long to discuss them here. However,
the Appendix does have some very positive aspects in that it brings to
mind somewhat, forcibly, the crucial need to consider certain require-
ments which have been conspicuously omitted from our document.

As 1 see it these are:

(1) The need to include somewhere within our document c:iiteria
to the effect that the design ~f safety systems shall
ensure to the maximum extent practical that post accident
events designed %o require manual actions by the control
room operators siall be so spaced in time to obviate the
necessity of a large number of manual operaticns at any
one given time.

(11) The need to include within the document recommendaticns to
the effect that an analysis should be made of expected
operator acrions during the post accident pericd using time
as a base. here could be several analyses based on the
postulated DBE's.

(111) The need to include some words within our document on the
advisability of considering the uce of a simulator and/or
mockup arrangement earlv in the design to evaluate the
performance of both the operator and the control and display
interface for both accident and post accident conditions.

If after reviewing these rather critical comments you decide that
you still wish to retain the Appendix, I will strongly suggest that the
events described be more plausibly related time-wise. They should have
a reasonable possibility of occurring within the first (24) twenty-four
hours after the accident. It will be during this period that, I should
think, that the operators will still be under severe emctional strain
with possibly more potential for operztor error rather than several
dauys after the event, by which time they might have got used to the
idea or alternatively gotten to hell out of it.

oo
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1f this Appendix is unchanged it will be a serious flaw to what I
think is generally a good document. A pity, indeed, considering the
persevering efforts and infinite patience expended by yourself and
others during the nearly three years of development and preparation
of this document.

Since it would be unfair *o expect any one member to put together
such an Appendix unaided, I woild suggest that you call together a
small number of members of the group knowledgeable in the operations
required during accident and post accident conditions so that a revised
Appendix could be prepared as a joint effort. The revised Appendix
should have a clear purpose and relevancy to the document in that it
should advocate, recommend or require the system designer to consider,
analyse, reduce the potential, or try to do something about such a
hypothetical situation (i.e. forsee it) early in the design stage.

The only alternative is to leave the Appendix out altoget! 'r.

2) Page 14 - Section 7.11 Internal Security.

The existing wording does not sound right. Three alternatives are
shown on the marked up copy.

3) Page 13 - Subsection 7.6.2 Redundant Display Informaticn.

Third Sentence:

"These alternate sources of confirming information can be in the
form of redundant (i.e., two pressure alarms) cor diversified (i.e.,
one breaker tripped alarm and one low pressure alarm or indication)
information."

Comment :

a) The "one breaker tripped alarm and one low pressure alarm . . .7,
{s excellent as corroborating information. This is because we
are dealing with cause and effect which are logically as well
as sequentially related. The breaker feeds power to the motor
which drives the pump which raises the pressure in the fluid.

A low pressure indication with the breaker still closed could
possibly be a ruptured pipe or maybe a faulty pressure switch.
But a low pressure alarm accompanied by an open breaker not only
confirms the fact of low pressure but also tells the operator
"why" the pressure is low. Why the breaker tripped could be
another matter. The point is that the information the operitor
has received is pretty reliable i.e. that there is definitely
low pressure in the system.

b) Unlike the "breaker tripped alarm and low pressure alarm", the
statement in the first part of the section under review i.e.
“ean be in the form of redundant (i.e. two pressure alarms)"
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4)

5)

can cause problems unless clarified. There is .n point of fact
no confirming information at all if one of the pressure alarms
indicate say, low pressure and the other is passive. Which of
these two is he to believe? It is plausible that the one that
indicates low pressure is the true situation and the one that was
passive the result of a defective pressure switch., Alternatively
the one that indicates low pressure could be the result of a
spurious signal. The operator in this case would have to

verify the situation by looking at other indicators if related

to the system under observation. In the end he might have to
send somebody out to investigate. Clearly cuis does not lend it-
self to rapid verification. As a minimum, I should thirk you
need either three indicacors or preéssure alarms with operation

of two or more to verify the situation or, one pressure alarm
which can be activated only by two or more pressure switches to
avoid false indication by spurious operation of oae switch. This
is, of course, the well known 2 out of 3 concept.

Page 12 & 13 - Subsection 7.6.1 Safety System bStatus

1 appreciate that it is not easy to do full justice to R.G. 1.47 and
IEEE-279 in a couple of se-tences, however, the wording in Subsection
7.6.1 which is based on the foregoing does leave something to be de-
sired. The first and third sentences of this section seem tc be saying
the same thing. The second is superfluous. The fourth and fifth sen-
tences appear to contain the basic message. In the sixth sentence, the
inclusion of, ™. . . more than once a vear" in a document of such broad
scope As ours, seems questionable. I cannot promise but if I can get
the ti.e, I will try to work up a substitute.

One last item which is mor= of an in* resting observatiocr. than anything
else. Compare the follow:

a) Page 5 - Subsection 4.3 Displays (our document)

Devices which cnnvey information to the operator.

b) IEEE 308-1374 - Page 5 Section 3 Definitions

Indicators. Devices that display information to the operator.

The unfortunate point about our definition is that it does not
say that the information conveyed to the operator is by video
means which is the quintessence of a display. An evacuation
horn in a plant, which by itself is purely an audio form of
information, dces convey information to the operator and is also
a device - but it certainly is not a display as the words of the
definition in our document would have you believe.

(S
L’.



Brovn < Root.Inc.

Mr. A. J. Spurgin
page 8

I hope these comments will be of assistance. Best regards.

Sincerely,

dﬂ
J. V. Stephens

Staff Manager - Electrical
Power Engineering

JvS/ml

cc: J. R. Hall

. G. Schwartz
. A, Schmitter
. Tondi

=B
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GENIRAL ATOMIC COMPANY

PO BOXB8YCO8
BAN D t5LD CALIFORNIA 92133
(714) 453-1000

April 26, 1976

JV.STeplens.,

Memters of the P, 566 Working Group

Please find attached a copy of the latest draft of the P.566 decument,
Pleazs would you review the copy for errors and areas of the document
that nave been added since our last meeting in Florida. We have
already taken a vote on the remaining portions of the document and the
vote was unanimcus. The sections that have been altered are:

7.6.1 Safety System Status
7.6.2 Redundant Display Information

7.10 Communications
7.1 Internal Security

Appendix

In discussicns with C. Chiappetta, we have decided to see whether we
can get the document approved at the next N.P.E.C. meeting. In order
to achicve this objective, all the ballots should be returned from
the non-voting memcers, the corments should be resolved in terms of
what is now contained in the Draft DJ8.

I will be askina scme of you to try to get the ballots returned and
othars <o rosolve comments. [ will be sending out a letter on this
shortly, Please let me have your comments as socn as pessible on the
docurent. The document should be in the NPEC members hands 20 days
before the next meeting, which is 3-4-5 of August in San Diego.

Yours sincerely.

,
: Apuj
A. J. Spurgin

i%?:ra} ) RECEIVED
ttac nt BROWN & ROCT, INC.
CC: C. Chiaspetta 51{4S 257 APR 281976

M. 1. Olken SRS

POWER ENGINEERING UEPT.
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Guide for the/Design of Display
and Control

of Nuclrar Power Generating Stations

for Central Contrel Rooms

Foreword.

The nuclear power plant control room is che central leocation of the
operator-power generation interface, It is the location where the plant
operating personnel must make decisions and take actions necessary to

ensure the safe, efficient operation of the plant.

The assignment of functions to an operator, the type, layout and acces-

sibility of the necessary information and action devices, the design for

the comfort and protection of the operator, and the degree - ./ "~h 2;»
automatic control is utiliz:d must all be es:ablishcdf;ecog.:;-.: the

response capabilities of the op:rator, so as to optimize the use of his
judgement as a valuable reso.rce.

The selection of specific display and control equipment as well as the
determination of i{nformation formats and control switchboard layouts has
traditionally been and undoubtedly will continue to be largely the pre-
rogative of the individual user. Also, the technical cperating require-
wents for individual plant svstems are determined and established largely
by the individual system designers. Therefore, the successful integration
of the requirements into a coordinated desl;n that will meet operating and
regulatory objectives requires that common guidelines be generated to guide
all involved designers in making necessary selecticns and decisions. It is
to this end that this document sets forth such guidelines.

The committec recognizes that the method of dealing with functional
classification of displays and controls is impcrtant, Table 1 of the

document is one of several metihods which the designer may use to classify

KNG 756
1 s £ S
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and group the various control room displays and controls.

Investigations

were made by the committee in an effort to quantify the relative values of

various types of controls and displays.

The committee recommends that a

systematic approach to determine the classificaction of the control and
display facilities be used.

"///fZZIS
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1.0 SCOPE

This document establishes guidelines to be used by power plant system
designers in selecting information and control devices to be made available
in the central control roor, and in determining how and where they shall be
made available so that they can most reliably and quickly be used by the
operator., The guide addresses the functionmal requirements of the informa-
tion systems, controls and displays, but not the selection of specific
devices or equipment, It does not apply to the physical design of the

control room enclosure or structures mounted therein.
2.0 PURPOSE

To provide uniform guidelines for the functional selection, coordination
and organization of control and information systems in a nucl2ar power

plant central control rcom.
3.0 REFERENCES

The reference section is divided into two parts, the first contains the
references mentioned in this document, and the second contains a set of

related references to which reference is not made,

3.1 Specific to Document

'/_’— Crilewa 7%5-
IEEE 279-1971

Protection Systems for Nuclear Power Generating

Stations p— C'nTc'ua ﬁl—

[ o -
IEEE 308-1974 € Class IE i&ooz:is Systems for Nuclear Power

Generating Statioans

3.2 Other Refercnces

@ eneral Design Criteria (10CFRSO, Appendix A)

’
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CMTEHOI; 1

Instruszen

CriTernn

Control Rnom

1EEE Standards and Guides

1971
236
/  338-1975
J 384=1974

420-1973

ANS Standards

ANST N660

Installation, Inspecticn and Testing Requirements
for Instrumentation and Electric Equipment during
the Construction of Nuclear Power Generating
Stations,

Criteria for the Period Testing of Nuclear Power

Generating Station Clasi/}E’?E:}r and Protection
T S0
g’ ‘b ’ %

e Standard briteria for Separaticn of

Equipment and Circuits
e Guide for Class IE Control Switchboards

for Nuclear Power Generating Stations

Criteria for Safety Related Operator Actions

(Document is still in the review process)

o~



4,0 DEFINITIONS

4.1

4.2

4.4

4.5

insTanTaneouvs

Availabilicy

Relates to the dccessibility of informacion to the operator on

‘instanteous.y "sequenced" or as "called for" basis. It is
»

not the intention of this document to address hardware (system)

availability,

Central Control Room

A continuously manned, protected enclosure from which actions
are normally taken to oyfrate the nuclear generating station

under normal and abnormal conditions,

Jisplays V""J - ar;‘blﬁr&v

Devices which convey‘information to the operator,

Emergency Operations Area(s)

A functional area(s) allocated for the displays used to assess
the ptatus of safety systems and the controls for manual opera-

tions rcquired during emergrncy situations,

Functicnal Area

A location or locations designated within the control room to

are assigned.

{", ma
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4,6 Information

Data describing the status and performance of the plant.

4.7 Normal Operations Arca

AHO&GWQ/'.

A functional area allocated for those displays and controls
/En pesfdines

necessary for(:::7€::ks during plant

startup, shutdown and power operation modes.

4,8 Operating lMode

The nuclear power plaat modes as defined by the technical

specifications for the plant,
4,9 Operator

A person licensed to operate the plant,

4,10 _afety System

The collection of systems which perform to mitigate the

consequences of design basis events,

4,11 Supporting Operations Area(s)

Fnctional area(s) allocated for supporting plant control and

display functions that are required infrequently.
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$.0 DESIGN BASES

5.1

5.2

General

The design bases for the control and display facilities in the
central control room should be established and documented,
before beginning the detailed controcl room design. This
establishes the bases for making design decisions as well as
making judgements on the appropriateness and adequacy of

idnformation and its p:csentation.?ifc;nt’-k w 7K c";?‘;/s
and Tiei~ ©rierlalion,

Content

The following are examples of items to be considered as part of
the design bases. The design bases need not be limited to lles?

itens:

$.2.1 The operating modes for which the central control room

display and control facilities should be designed.

5.2.2 The number of operators and the responsibilities

assigned to them under each operating mode.
$.2.3 The functional areas, iantc which the control room is to
be organized, these may include the normal, emergency

and supporting operaticas areas.

Note, these functional areas need not be physically

separate.

5.2.4 The basis for grouping of display and control devices

within any functional area.

~/ s (o VS b
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5.2.5

5.2.6

50207

5.2.8

5.2.9

5.2.10

5.2.11

The limiting number of display devices, by type, esta-
blished as a design gral for each functional area of the
CONLTOL TOOM e it £ O au‘::d operator sensory satu-
ration.éan example of sensory overload is contained ia
the Appendix.)

A listing of the safety related display and control
instrumentation (including Post Accident Monitoring
{nstrumentation) for which specific requirements are
already established by :;gula:ory requirements, industry

standards and/or safe: ' analysis reports.

The requirements which are mandated by, or directed by,

user company policies and/or contracts.

anKieppomeine
Tha(.a&b&oaa&&ée;relationshié§E> be used for design of

the control boards.

The list of funrtions, which arc shared between the
central control room and the remecte shutdown facility,
the status of which are to be displayed at both

locations.

The sequence of events fcr the postulated design bases

events,

Data to be used for trend and historical raocord

purposes,

wrd

)

O



6.0 USAGE ANALYSIS an&l

The designer should establish and document a sys ematic method for deter-

mining the aviilability, priority, importance, location of the control

devices and displays.
The following items should be considered:
a) Plant systems
b) Operating modes
e¢) Frequency of use
d) Response time
e) Safety classification

£) The grOupihg of displays and control devices in an ecperational

area.
g) Special requirements

One systematic approach is depicted by use of Table 1, The designer, in
this apprcach, first lir all the plant systems and completes the tabu-
lation for each system. Each control device and dispiay within a specific
systenm, is then listed in a separate tabulation and the appropriate deter=-
mination of usage made, When such a system is properly applied and the
results analyzed, patterns wfll emerge to assist the designer in the physi-
cal allocation of switchboard space and assignments of operator controls

and displays. Compliance with the design basis should be obtained.

509 264
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7.0 FUNCTIONAL REQUIREMENTS PP
4 &b [‘/

7.1  General

The opcrator’Ghould be considered as onz part

f an integrated

system that is necessary for.gfhe prope” and gfficient operation

of a nuclear power plant. The system(Ghallpe designed so that

the operator can monitor the sta:uf/gf’ihe plant and take

actions necessary to control tﬁs/ﬁiant.

7.2 Display Facilities P

L~ ééxggﬁ;n,’z>

In ouppoyf‘thc operator needs, the control(room esigner
. e

Cshould arrange the display facilities so that the operator can
readil;_:;;:?Ve-chg displays and aialyze the status of any

system,

7.2.1

7.2.2

\\

——

\
Availabilityv: As appropriate, the ope:;;;;*gggczd;have
e —

{nformation and controls available on a "d;d{Eated,"

"{ntermitteut - periodic" or "intermittent - as called

for" basis. The need for information to be displayed
and its availability to the cpgrdtor depends on: (1)
the consequence of the ope;atEr not taking corrective
action, (2) the importaize of the data to the operator
in determining the plaﬁt status, (3) the degree of auto-
/ “V__g A

mation to be used in control(Esggpdesign and (4) the 1se
of such display techniques as "display by exception.”

Readabilfty and Comprehensicn: The display equipment

ould provide means to facilitate operator comprechen=

sion., These include consistent use of the following:

<?J Physical differentiation of data which i{s presented,

using such techniques as color coding, size, shape;(&i)
Formats keved to and consistent with the physical repre-

lentation@ used, @,8., @& vertical bar indicator
- = -~ . -

‘”“ rE-%e
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’
for lev: "-’ .ii) Graphic displays fov% flov diagrams,

. \Y
electric one lines, bar charts, etc.

7.2.3 Abnormal Conditions: The operator should be alerted to

sbnormal or unsafe conditions or significant changes in

the plant, ite process systemc and/or safety systems.

7.2.3.1 Alarms - The alarm function should not be
restricted solely to deviations of measured
variables beyond specilic limits, but rather
should be, to the greatest extent possible,
based on a true abnormal condition or indicated
action (e.g., low oil pressure on a shaft
driven oil pump on a condensate booster pump
should e alarmed only when the booster pump is

in service),

7.2.3.2 3System Modes - Continuous or automatic display

of information, including alarms, should be( S '3/
. terminated or suppressed during modes of opera-

tion when it would be meaningless, due to

changes in the operating mode (such as startup,

power operation, shutdown, etc.) so that infor-

mation priority for the current mode of

operation can be readily assessed.

7.2,3.3 Limit Monitoring - In addition to normal equip-

ment protective limits, plant operatiocnal lim-
its imposed by governmental agencies and by
plant administrative procedures must be moni-

tored by the operator., Provisions must be made

to facilitate(E;;Z:Drequirements.

#E Ih/a/th)t» Qi OIT@
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7.3

7.4

7.5

7.6

R —— ve—

>

v L Y v~ ¢ L’ N 0‘7.
Centrol Facilities “,&G ,u-‘,«c pua gic. 1

The operator requirey control devices that enable him to take
the actions as dictatkd by plant or system needs. This includes

manual control during tertain phases of plant operation.

(Note: Plant operating procedures specifying cperator response

to alarms will be readily\available to the cperator.)

Device and Display Identifidation

Identd fication of control and Yisplay functions should be easily
associated with the physical being monitored or con-
trolled. Where alpha numeric identification systems are used,

they should be supplementary to a narrative description.

Conventicn for Contrcl Devices -

A convention shall be established to provide consistency in the
operation of controls that perform similar functions, e.g.,

control switches are to be turned clockwise to 'close.'

Display and Control Facilities - Special

Special requirements such as Safety Surveillance, Post Accident
Monitoring and Remote Shutdown shall be considered in usage

analysis described in Section 6,

7.6.1 Safety System Status: The operater should be automati-

cally informed by means of a display systea of the bypass
or deliberately induced inoperability of systems which

ecould affect the safety status of the plan., This system

, §9 1T . Yrf+31" .
nan ANINIAIAL e y
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f will be used to enhance the normal plant administrative
procedures, Automatic indication of the bypass at the
system level or deliberately induced inoperabilicy of the
protection system shall be provided. The indication sys-

tex should also be activated by the bypass or deliber-

%gbi ately induced inoperability of any auxiliary or sup~-
M o - porting system, which effectively bypasses or renders
4!&11" inoperable the protection system Oor systen actuated or

controlled by the protection system. Each system level
indicator (or indication) of the display system shall be
capable of manual initiation from the central control
room. This display should be used for those protection

systems for which tlie act of bypassing -~ being rendered

inoperative occur more than once a year. In accordance

E&X with the general requirement (see Secticn 7.2,3,2) that
the operator not be subject to confusing information.
The display should only be activated when the protrotion

system or comjonent is expected to be available.

7.6.2 Redundant Displiy Information: The operator's ability to

reliably interprat information will be affected by the

availability of zlternmative sources of confirming infor-
mation., Certain :nfermation pertaining to safety related
”i':”. ‘!;e\l 9;5u¢%‘ ystems must be re.dily available in redundant form such
A—f:".all - . j.oa '/;"?\ s Ahat the operator cin rapidly verify th of an
5 ,tld'\ﬁ.\ unsafe condition cr trend. These alternate sources of
o - 54‘ i /f““ confirming informatisn can be in
/ﬁ 0/’ C;:ﬁo{::.j’/;“ ﬁe.. two pressuvre ilarms)
o o

te 7O~ o breaker tripped alara and cne low pressure alarm or indi-

—aiversified (i.e., one

cation) information. To ensure that the operator uses
’,ny" :3 5 ooth sources of information to reliably interpret the

i{nformaticn, the devices should have the same importance.

!
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7.7

7.3

7.9

7.1

Area Arrangement

The Normal Operations area should be centrally arranged within
the control room to provide the cperator with surveillance and
access capability to other operating areas within the control

room.. The Emergency Operations area should be readily acces-

sible and visible from from the normal operations area. This

area should not be in a separate room or enclosure from the

Normal Operations area,

Device Arrangement

Individual devices or groups of individual devices should be
arranged to minimize operator motion including changes in
direction of vision.

Equipment or System Status

Consideration should be given to provide indication when non-
- ~fety related is taken out of service for maintenance, cali-

bration, inspection and when it is returned to service.

Communications

Reliable means of communication between the operator and various

internal and external bodies, such as plant security, are

required, The methods provide divert the operator
from his principal duties. :
éilﬁgulzif ;:>

Internal Security

Where display and alarm devices are provided within the central

econtrol room to alert the operator to unauthorized entry inco

(A%}
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vital areas, the devices should be clearly differentiated from

any devices provided for plant functions by color, arrangement
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Example of
‘ stems and
Subsystems
Analysls

(1) nOTE:
¥ajor Evaluation Criterla for
Ccrponents, devices and
Parar .ters may advantageously

Include additional ltems such as:=

fensequence of Action [Alarms or

Safety
Plant Shutdown

System Shutdown

None

Start-Standby
Minor Conseguence

Control)

TASLE I SYSTEM-SUBSYSTEM-COMPONINT USAGE ANALYS!S
Plant Operating Mode When System ls Used Class]fication’ nc!u'uon/hs' ol 8
MAJOR lhen Used
EVALUATION Kormal Operstion | lEmera‘c Its Need/ |Pesoon m.
1 ! Pce'y Is Dper. £
CRITERIA (1) l s | : 2
SYSTEM, S ! . E _§ «
SUESYSTEM, S s . i < & <, -~ %
COMPOLENT $ il 4 | - tl ¢ e o & ~| 3 €l 3
e, 215335 5|l Bzle b2l e 8|2 Bigg ol oS3 ¥ 5 88|28
- -t -2 £ v ? - A < o > :t. e (P =
1T N s g AR IR EHARER TS E
AP R I I HEHEHES E R A
Klg.?é 23 2 ' : 3 I 3lu - “ w|o uomia:; <<m'ua o~1<
TELECT?ICAL | i i il | LT i | i i i 1
[T S.itchyard 1| | i L X & 3 R 1Y i %_g' i i i
Station fux. Poser g X ! X ° | X X [ (x 11X v | v L
' Diesel Cen, I I | MK N | X | X Y 3l o '
o 1 i | v I ] 1 T —
Fe51°F - GERERATOR : i i A } i Feyk
[ §-C tontral X x| X [x_ /| L X 1y |V S
“lute 001 X i x 7 . | X X 1| i ¥l i i
I atic i X U i > i i ; g TR T | 7
St= Seal & Oralns % ! Y | . X X __;' T W0
Tairning Gear X 4 I X i fo* ' | X 1 X H _fy/.
€inorylzony X1 X N x_ 7 ¥ T [ UV
“Cer Eacitation N ;.{'s..;;}_x s i JIX X1 K| Wl
T Sunz. Centrols i “/{_(“-_3__*} A " X_ T X ) i TR .
T Guab. Seal GiF | Ry n \ w I ] N E N 0 1 *
(en. ¢ . e T A | . i P X T X |
Staio N - X T _Tx
B — T
T | ) i Informatlon Dlsplayed
]

System Status - Hormal
System Stalus - Alarm
Corponent Status - Normal
Component Status - Alarm
System Aval'labilluvy
Corponent Avallabll ity
Operatlng Parameter Displey
Limlt tonitoring

Post Aicldent Fonltoring

Response to Oper. Reg. for Info

Operator Action guldance

NOTE :

THIS TABLE IS TYPICAL.

X

usage by the operator

v/ major evaluation criteria
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APPENDIX
overbuiclon

Example of Opcrator(Seﬂsorv Ovc;:::EBLn Operation of Safety Systems
~d aus

An operater's performance cannot be accurately predicted particularly when

<workin7) under stress, The operation of the plant protection systems must
therefore for the most part be independent of cperator-initiated action
<

On the other hand, the memory, reasoning and

during upset conditions.
decision-making capability of the operator should be utilized to the

maximur extend possible to augment plant operaticrn,

Exanples of requi:cdmpcrator manual action during a plant
1 Even though a

incident condition in a PWR could be as envisioned below.
conservative analysis indicated tolerahility of the worst possible sequence

of events, the actual sequence might proceed in an unforeseen way.

1) Selection of mode of operation of high or low precssure ECCS pumps

2) Reduction of diesel load
3) Routing of residual heat removal system to the containment -1 "»ﬂ,
20 }'8‘)»’0
5 f. ~re

building spray headers.
/3 7‘-*'/ e 5
.na ne

‘‘‘‘‘ o

4) Switchover from ECCS water tank to reactor containment bu
( \'p@wq;{mjuwia‘umaue dwuohv)

5) Control rod manipulation

.
- '

6) Restoring spent fuel cooling
w X mavval dw:-/"'(iv**“

X
u/c«, cw
WRC hok us/cup( o a.J—auc
L</6Lns4¢ 17;-
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o b Te bover c-t-mcj’ Tl ot .c"w:a'.' P "
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7)@.enishment of diesel fuel

8) Start Ul

2 Recombiner System

nd makeup of cvoling water

9) Start containment building air purificacion and cleanup

10) Auxiliary fcedpurptr“
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