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I. INTRODUCT ION

The program to review the human factors of the Oyster Creek
Nuclear Generating Station Control Room was initiated in
late 1980. A substantial amount of the work has alreaay

been completed. The control room configuration has be.n

documented, a full scale mockup has been constructed, proce-

dures have been walked-through in that mockup, and much of
the control room has been evaluated against human factors
guidelines. Some further work in these areas remains to be
completed. Review of the control room based on the new,
symptom-oriented Emergency Operating Procedures 1is still in
progress. Assessment of the findings from the review, and
the formulation, evaluation, and implementation of correc-

tive action has beern initiated.

The basic objectives of the review are the same as those
stated in NUREG-0700, but because the review was initiated
in advance of that document's issue, there are some

ences 1n methodology However, we consider these differ-
ences ar in form and not in substance d 1at the end

result of the vster Creek hume actors review will meet

the i1intent of

The Oyster Creek

regquirements




NUREG-0/37. Table I-1 illustrates how each of the control
room design review requirements in 82-33 is treated in the
Oyster Creek review, and references are given to the appro-

priate section of this program plan.

The schedule for completion of the control room review at
Oyster Creek is summarized in Table I-2. The review began
with the construction of a control room mockup to facilitate
the evaluation process. In early 1981, guidelines and
objectives were formulated to provide a formal basis for the
review. The review process itself began in mid-1981 with
walkthroughs, in the mockup of several plant operational

evolutions.

Shortly after the review began, work on the evaluation of
the control room as a whole, was temporarily deferred and
the effort was focused on the evaluation of the human
factors cf about twenty modifications affecting plant con-
trols and displays which were p d at that time for

implementation in the near fut

The most extensive modification nned was the replacement
of the entire control room alarm system, primarily to improve
reliability anc o provide space for the addition of new

alarms. A major review of -he alarm system was undertaken

with the objective of making human factors improvements in

the hardwar ipgrade already planned.




In parallel with the continuing human factors effort on

control room changes, work was resumed in mid-1982 on the
review of the control room as a whole. The objective was
make a preliminary assessment of the control room design,
and to 1dentify any short-term improvements that might be

made during the refueling outage of 1983. Work is

to

continuing on evaluation of short-term improvements, and on

review of the control room from the standpoint of new,

symptom-oriented Emergency Operating Procedures that are

being developed for Oyster Creek.







TABLE I-2
ESTIMATED SCHEDULE FOR OYSTER CREEK
CONTROL ROOM REVIEW

Estimated
Task Completion Date

Begin Development of Control Room DEC 1980
Mockup and Guidelines for the Review

Complete Guidelines and Begin Review JUN 1981

First Walkthroughs of Control JULY 1981
Room Operations

Begin Detailed Alarm System Review JULY 1981

Identify Short-Term Improvements NOV 1981
to Alarm System

Begin Review of Other Short-Term NOV 1981
Control Room Modifications,
to Identify Hum Factors

Improvements

Implement Short-Term Improvements 1983 REFUELING
to Alarm System and Improvements to OUTAGE
Other Control Room Modifications

Begin Review and Walkthroughs of MAY 1983
) + I

New Emergency Operating

Submi

Complete Cc
Including
Emergency




TABLE I-2
(continued)

ESTIMATED FOR OYSTER CREEK
CONTROL ROOM REVIEW

Complete Assessment of Review MAR 1984
Findings, and Identify Short-Term
and Long-Term Improvements

Submit Summary Report of Control APR 1984
Room Design Review to NRC

Implement Improvements Identified SUBSEQUENT
from Review OUTAGES




II. MANAGEMENT AND STAFFING

The performance of the human factors review is the responsi-
bility of a team made up of personnel from GPU Nuclear (both
engineering and operations), MPR Associates, and independent
outside consultants. The responsibilities and functions of
the members of the team are described below; resumes are

included in Appendix B of this plan.

GPU Nuclear Corporation

Overall direction for the review is provided by

Mr. T. G. Broughton, Director of Systems Engineering, and
Mr. P. S. Walsh, Manager . Plant Analysis, of GPU Nuclear.
Plant operations is represented on the review team by

Mr. J. Young. Mr. Young is a former Group Shift Supervisor
and holder of a senior reactor op« ense at Oyster
Creek. ¢ S currently a membe

Training Sta Mr. Young reviews results, assures that
plant operations put 1s provided, and provides detailed
knowiedge of p systems and rations Individual
licensed operators C . : aspects of the
review, including for example the procedure walkthr
environmei

on the review >am by Mr. |/ 3 Mr. Hertz participates




in the planning, reviews results, and assures that
engineering input from various sources 1s incorporated

This includes other ongoing plant modifications and
obtaining necessary information from the architect engineer
and other contractors to GPU Nuclear. Personnel from the
GPU Human Factors Staff also participate -- specifically,
Mr. D. Strobhar and Ms. B. Rusinek, who provide human
factors input and participate in review activities,
including the walkthroughs, environment survey and reviews

of ongoinc and future control room modifications,

MPR Associates

MPR serves as a coordinator for the review process. They

supervised construction of the full scale control room

mockup and prepared the photograhic drawings of panel faces
necessary for the review process. They conduct walkthroughs
of operational evolutions with personnel from the Oyster
Creek operating staff and the other members of the ri
MPR also conducted the environment survey and
the control panels. Messrs. H. Estrada,

T. Fink and J. Betlack of MPR ) cipated 1n these

activities.,




Human Factors Consultants

Dr. T. B. Sheridan, Professor of Engineering and Applied
Psychology at the Massachusetts Institute of Technology and
Dr. Julien M. Christensen, General Physics Corporation, as
members of the review team, provided human factors input
early in the review by reviewing the guidelines, and the
methodology that were to be used in the review. As the
review progressed, they also participated in walkthroughs of
control room operations, and assisted in evaluating results
of the walkthroughs. They have also reviewed, from a human
factors standpoint, the initial results from the review and

the short-term improvements that were proposed.




III. INFORMATION SOURCES

The Oyster Creek Nuclear Generating Station has been oper-

b | 2 4
ating since 1969. Consequently its operating procedures are
considered to be a relatively accurate representation of how

the plant is operated. These operating procedures are,

thereforc, the primary source of information for control

room operator activities,

In addition to these procedures, other sources of informa-
tion which have been or will be used in the control room
review include:

plant piping and instrumentation
electrical and control diagrams

operator training manuals and other training
material,

the Final Safety Analysis Report and the plant
technical specifications,

photecgraphic drawings of the control room and the
control

licensee event orts and internal plant
on reactor ps and other events,

plant maintenance record and pr
symptom-oriented | jency Operating

and the Technical G lelines on which
based,




In addition the review team has access to the plant oper-
ators through interviews and participation in the walk-

throughs. Access 1s also provided to other members of the

plant staff - operations, maintenance, and engineering. The

review team 2lso is provided access to the actual control
room as appropriate for photographs of control panels,
surveys, special observations, and specific questions sub-
ject to the normal constraints on control room access

exercised Dby 2 Supervisor.,
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Review of Operating Experience

The objective of the review of operating experience is
to make sure that problems actually encountered in
operation of the Oyster Creek plant are identified and

factored into the review of the control room.

? most useful source of information on operating expe-
rience is the detailed comments, solicited as well as
unsolicited, from the operating staff obtained in the
course of the walkthroughs and talkthroughs on the

control room mockup.

A formal opinion survey of control room operators also
was conducted. The objective of this survey was to
identify strengths and weaknesses of the control room

that have been noted by the control room operators in

the course of operations.

The review of experience also includes a review of
Licensee Event Reports, the Nuclear Power Experience

summaries, as well as a review of plant records.

Inventory of Control Room Instrumentation and Equipment

The objective of the control room inventory is to
identify all instrumentation, controls and equipment
within the control room. All components with which the

operators interface are included in the inventory.

v - 2



In the Oyster Creek control room review, the construc-
tion of a full-scale mockup of all main control room
panels (including annunciator alarms) used by the oper-

ator is part of the inventory process. The displays

and controls for the mockup panels were reproduced by a

combination of photographic and Xerox reproduction of a
work of high quality photographs. Figures IV-1l
IV-2 are photographs ¢ e mockup as assembled at

Oyster Creek. The mockup is being used actively for

training operators as well as for the control room

review,

The actual 1inventory is contained in a complete set of
reproducible drawings of the control panels based on
the photographs used for the mockup. The drawings and
the mockup have allowed identification and review of

the panel components without disruption of control room

activities.

Detailed Revi

Environment

The objective of the control room component review 1is
to identify characteristics of instruments,
ment, layol and ambien conditions

to good human engineering




performed in three stages: the detailed control panel
review, th2 alarm system review, and the environment
survey, as described below:
l. Panel review
This includes review of the following:
controls,
displays,

process computer displays,

panel layout including anthropocmetric consid-
erations, and

control/dispilia relations.
Alarm system rev
This includes review of the following:

selection of the alarms; and

visual and audible presentation
arrangement of alarms.

Environment survey
— — > S

This 1ncludes review of the following:

overall ambi
ature, humidity,

lighting levels;

sound leve]

communications

emergency egq




¥

administrative practices
infcrmation durine
control of key-lock

such as tra
perator shift cha
switches, etc.

ad

The control panel, alarm system and

conditions surveyed are compared to detailed

engineering gulidelines prepared for

&

control room. These guidelines were developed

the guidelines of NUREG-0700 were available and

2

presentccd 1n Appendix A,

Review Based

The responsibillities of the control room

Oyster Creek, divorcea from any speciiic event,

environmental

human

the Oyster Creek

before

are

operators at

have

reactor

been i1cdentified. These responsibilities include:
. Meintain control of the reactivity of the

ccre and the snape of the neutron flux profile
therein.

2. Maintain ccntrol of the energy production by
reactor, the transport of this e Jy Dby me
the steum and feed systems to the turbine, t
conversion of e f 1t to electricity 1in t
turbine generator, and the rejection of the
rewvainder hrough the conds er and circulat

water system.,

. Maintain an adequate inventory of thermodyna
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5.

7.

9.

10.

11,

12,

13,

14,

Maintain control of liquid inventory on the
secondary side of the isolation condenser.

Distribute electical power and cther necessary
services (such as air and cooling water) to the
plant auxiliar es and control the production and
distribution of emergency electric power.

Maintain control of radioactive material which may
be contained in any of the systems which are the

control room operators' responsibility. This
includes the responsibility to maintain the leak~-

tight integrity of the primary and secondary
containment, Also included is monitoring and
isolation, if necessary, of the off-gas discharge.

Maintain an adequate pressure, temperature and
atmosphere (nitrogen content) in the drywell and
an adequate water inventory and temperature in the
containment pressure suppression system (torus).

Monitor the inventory and location of fissionable
material during refueling.

Provide surveillance and administrative control
over bypassed satety interlocks during refueling
and normal operations.

Maintain control of, and complete entries in, the
operators' logs, procedures and checklists,

Maintain administrative control of the blocking
and tagging, maintenance, repair, testing, cali-
bration, jump~2ring, etc. in those systems under
their control,

Initiate those fire fighting actions which are
controlled from the control room, e.g., activating
deluge valves, starting pumps, obtaining help in
fire fighting. In addition, the operators are
responsible for initiating those actions in the
systems under their control which may be needed to
compensate for fire damage.

Recognize conditions requiring implementation of
the Emergency Plan, declare the appropriate action
level for the emergency, and initiate appropriate
corrective actions and coummunications.

IV - 6



E.

15. Maintain security and control access for the con-
trol room,

16. Monitor effluent temperature and chemistry and
initiate dilution as required.

It should be noted that each operator responsibility
involves a number of tasks and each task in turn may
require the operator to take a number of specific

actions,

The detailed manner, i.e., the specific actions by
which each of these operc.Lor responsibilities is dis-
charged in the Oyster Creek control room, is reviewed.
This process establicshes the display and control
requirements for each general operator responsibility
(e.g. control of secondary water inventory) which may
not be obvious from analysis of particular operating
events or from existing plant procedures. These
requirements are compared to the existing instrumenta-
tion. All discrepancies for each identified responsi-

bility are documented.

Review Based on Existing Plant Procedures, and

Walkthroughs of Expected Operational Evolutions and

Postulated Otf-Normal Events

The operational evolutions that have been or will be

evaluated include:

Iv - 7



Normal Operational Evolutions

heatup and startup
shutdown and cooldown

operation at power (including automatic and manual
operations of reactor and main turbine)

control of radioactive gaseous and liquid
effluents

selected surveillance tests (e.g., diesel gener-
ators) and miscellaneous system operations (e.g.,

condenser backwasn).

Transient and Emergency

Turbine Trip and Reactor Scram (from a variety of
mechanistic causes)

Reactor Isolation Scram

Loss of Offsite Power

Failure of Diesel Generator to Start

Loss of Instrument Power

Loss of Feedwater

Loss of Coolant Inside Drywell

Small Steam Leak Outside Dryweil
Unintentional Safety/Relief Valve Blowdown

Secondary Containment Isolation and Operation of
Standby Gas Treatment System

Loss of Instrument Air

Reactor Water Level Control Malfunction

For each of the normal e¢volutions, qualified Oyster

Creek operating personne! perform the simulated oper-

ations on the mockup using the appropriate plant oper-

iv - 8



ating procedures, with the evaluations being performel
by the review team. A talkthrough technique is gener-
ally used in these procedure walkthroughs. On the
basis of the i.formation obtained from the walk~-
throughs, orerator tasks are identified for each of th=«

evolutions considered.

A similar approach is being followed for the emergency
and abnormal events with the following exceptions: the
analysis of these events is initiated by postulating a
set of symptoms consistent with a possible plant
condition, including system or component

malfunctions. The symptoms are in the nature of
specific meter readings, alarms, noises, etc. and are
presented (described) to the operators. The operator
then makes a determination of what specific event is in
progress, and which (if any) plant procedures are
applicable to the perceived event. The operator, if he
wishes, asks for information on the readings of other
meters and the status of other indicators. For some
events, additional symptoms are oresented to the
operator; consistent with the postulated event. In
this way, information is elicited regarding the actual
operator tasks including the displays which the
operator uses to diagnose & problem, initiate a course

of action and confirm the results of his action.

Iv - 9



The plant normal and emergency procrdures define a set
of control and display requirements. These control and
uisplay requirements are compared to existing instru-
mentation and any discrepancies are documented. The
criteria used in making these evaluations will include

consideration of questions such as:

» Is required input information available?

d Is required equipment, e.g., controls, tools,
charts, lists, communication links, etc.
available?

. Is this task physically and mentally practical to

perform? For example: 1s control too high to
reach easily? Does operator need to have
memorized too much information?

. Is required system response indication available?

» Is required component response indication
available?

o Does this task conflict with other control room

operations in progress?

» Are there potential errors in this task which have
serious consequences?

P Would a simultaneous fire or medical emergency
have a serious impact on this task?

® Do controls and displays used in this task meet
appropriate human factors guidelines, e.g..,
control/display relationships, display units,
label/procedure nomenclature consistency?

" Is manning level consistent with the assignment of
responsibilities for this task?

As a result of the walkthrcughs, those tasks which are

difficult toc perform are identified. The review team

IV - 10



then determines the course of action for further, more

detailed evaluation of the particular task involved.

An additional function of the walkthroughs is to com-
pare the nomenclature of control console and panel
labeling with that of plant procedures and appropriate
piping and instrumentation schematic diagrams. Where
discrepancies are found, these are documented for

further evaluation.

Review Based on New Emergency Operating Procedures and

Walkthroughs of Emergency t.olutions

The objective of this review is to examine the control
room from the standpoint of tne new, symptom-oriented
Emergency Operating Procedures -- to determine whether
the control room provides the information and controls
necessary to perform the functions and specific tasks
called for in these procedures. The procedures, as
required by NUREG-0737, are not predicated on specific
events or malfunctions, but instead are symptom-
oriented, prescribing control actions based on main-
taining basic plant variables within prescribed bounds

regardless of the initiating event.

As part of the review, for each "task" that is required

of the operators in the procedures, an assessment will

be made of whether:

IV - 11



. the required controls and indications are avail-
able to the operator and can be interpreted as
called for in each task (are the indicators of
sufficient accuracy, can the operators get trend
or rate information asked for, etc.)

. the symptoms described and the guidance provided
are sufficient to allow the operator to diagnose
and respond to the spectrum of plant upsets which
might confront him;

v there are any evolutions spelled out for which
time may be a controllinc factor =-- is it reason=-

able to expect the operator(s) to act in the time
required;

» there are any additional aids required for the
operator to be able *o carry out the functions and
tasks called for by cthe procedures.

Scenarios will be devised, based on mechanistic causes,

that challenge the symptom-oriented procedures. Walk-

throughs will be conducted, based on these scenarios,
and designed to uncover any mismatch between the pro-
cedures and the resources available to the operator in
the control room. The walkthroughs will be conducted
at the control room mockup, in a manner similar to that
described in IV.E above. In addition to the task-
oriented questions posed above, the walkthrough

evaluations will also cover the criteria listed in

Section 1V.,E,

Documentation of Review Data

During each phase of the control room review, data are

recorded in the form most convenient to the particular

IV - 12




task,

to minimize the fraction of the review effort

which is devoted to assembling, programming, recording,

and storing data on deficiencies. Emphasis is placed

on using existing documents, for example, copies of the

procedures, marked up to record problems as they are

observed, Special forms are used, however, in some

instances to record data. These initial notes and raw

data

are 1

are further consolidated so that generic problems

dentified.

Examples of specific types of documentation which have

been

or are expected to be used are as follows:

Drawings of the control room panels are produced
from detailed photographs of the existing control
room and are used as part of the record of the
control room inventory. A grid work is overlaid
on the drawings, giving a coordinate system for
unique identification of each control and display.

Forms are used for recording results of the
detailed control panel reviews, listing each com-
ponent by its unique identifier (from the
drawings), noting which guidelines were applied in
reviewing the component, and recording any dis-
crepancies,

Tables will be prepared for findings that are
generic, e.g., for differences from a guideline
which occurred for several control room

components,

Reduced-size copies of procedures are placed on
forms that are annoted with observations noted
during the walkthroughs. The forms are designed
to aid in identification and documentation of spe-
cific tasks, control actions, displays used, etc.,
and to record whether further analysis is
required. These are augmented by collected notes

IV - 13



after a walkthrough session. These data are
further reviewed and evaluated to identify partic-
ular problems, and generic deficiencies.

Forms for recording control room light measure-
ments and sound measuvrements were prepared to plan
the data taking, minimize the disruption of the
control room, and document these measurements.

Control room operator survey forms have been pre-
pared and used in conducting interviews with the
control room operating staff.

Results of detailed analyses, :or those tasks

which present particular difficulties (as identi-
fied by the walkthroughs) will be prepared.

IV - 14
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V. CORRECTIVE ACTION

The most important objective of the Oyster Creek control

room human factors review program is to identify improve-

ments in the control room configuration and operating

practices, which will mitigate or eliminate deficiencies

uncovered by the review prucess. The findings and obser-

vations, i.e., items where the control room review has

established that there are departures from the guidelines,

are assessed by the review team to determine whether correc-

tive action needs to be taken. If action is required,

specific recommendations will be established. Establishing

the recommended action will include an evaluation to ensure

that the action corrects the original problem and does not

introduce others.

A.

Assessment of the Need for Correction Action

The fundamental criterion used in the assessment is
whether the deficiency would likely lead to an operator
error. Each deficiency item is addressed by the best
collective judgement of the review team (and others

that they may call upon).

Generic groupings of deficiency items are used wherever
applicable. This addresses the concern that the

cumulative effect of numerous minor human factors prob-



lems can have a major negative impact even though no
one of them would appear serious. The review does not
rely on "safety" or "non-safety"” as a classification
scheme. Obviously, a human factors problem which has a
credible impact on the safety of the plant staff or the
public must LDe resnlved. However, human factors prob-

lems which impact on plant availability or wnich could

‘lead to damaging equipment are also important, and are

covered by the review.

Where there is a consensus of the review team that
hardware changes should be made to bring the control
room into agreement with the guidelines, detailed
assessment of errors and consequences of a particular
departure from the guidelines is not needed except as
would be useful in establishing and evaluating correc-
tive action. Detailed assessments will be made for

those items for which the review team concludes:

o no corrective action is needed,
. no hardware changes arc needed, or
¢ the action will not be implemented during the next

plant refueling outage.

Establishing Corrective Action

For those human factors findings for which the con-
sensus of the review team is that some action is

needed, a basic approach will be identified. The



action to resolve a particular human factors problem
may or may not involve physical changes to the existing
configuration. Some hardware changes may be desirable
and practical; however, in some instances the most
practical way to meet the concern that a human factors
guideline adcdresses is through the use of modified
procedures and training which is specifically directed

at compensating for the existing configuration.

In selecting a corrective action the review team will
consider a number of factors. The most important of

these are:

» the relative effectiveness of the action in cor-
recting the problem;

. the potential impact, of the human factors
finding, on plant safety;

Ly the relative practicality and ability to implement
the action promptly;

" the potential for the action to introduce other
human factors problems;

- the impact of the action on the operator's
training, practices, and habits;

¥ the compatibility of the action with other
requirements, e.g., fire protection and
separation; and

i coordination with other control room
modifications.



Evaluating Corrective Action

All corrective actions are subjected to a human factors

review and are, of course, subject to the normal plant
approval requirements for changes to the existing con-

figuratior, documentation, and training. All those

corrective actions which involve changes in configura-
tion will be incorporated on the full scale mockup. In
most cases, some abbreviated procedure walkthroughs
will be conducted to confirm that the operator's
response has been improved and new problems have not
been introduced. Procedure changes may also be evalu-

ated by the walkthrough technique.

Implementing Corrective Action

Corrective action, after evalua*‘on and appropriate

approval, will be implemented as promptly as practical

consistent with:
o not disrupting the control room;

. not complicating operator training by performing
piecemeal changes to the control room

configuration;

. relative priorities of the changes, including
priorities of other plant modifications which need

to be made.
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MPR ASSOCIATES, INC.

OYSTER CRFEEK
GUIDELINES FOR CONTROL ROOM REVIEW.

I. PURPOSE

The purpose of these guidelines is to provide a basis
upon which to evaluate the Oyster Creek Control Room. They
are intended to assist in the identification of those
aspects of the current control room which may need improve-
ment and to provide guidance for any modifications. Where
the existing control room does not follow these -cuidelines,
it does not necessarily imply that a hardware change :ust
be made. Judgment on a case-by-case basis must be used.
The potentially negative training aspects of changing an
existing configuration, the seriousness of the potential
problems, and the practicality of hardware changes must
all be weighed in determining what should be done when
an existing control room Ieature fails to meet one of these
guidelines. Some hardware changes may be desirable and
practical; however, in many instances, the most practical
way to meet the concern that the guideline acddresses may
well be throush the use of new procedures and training which
would be specifically directed at compensating for the

existing configuration.

It is to be expected that future system design
considerations, as well as operational considerations,
will generate changes to the control room over and above
those resulting from the control room review. It is
intended that these cuidelines would be applied to such
changes to ensure that they are compatible with the overall

control room design.

JXI. OPERATIONAL GUIDELINES

A. PFunctions Performed in Control Room

The control room operators, including their supervisors,

who man the main console and panels* should be provided
with appropriate controls and displays to perform a set

of defined functions. Controls and displavs, including
annunciators, which are not needed to perform those

defined functions tend to divert the control room operators'
attention and should not normally be provided to them. It
should be an objective to move out or keep out of the control
room itself those personnel, controls, and displays which
are not related directly to the defined functions.

In any case, those other functions which may be done

* See Figure 1. Operators manning the operating
area arc said to e "at the controls".
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in the control room should be arranged so that they can
be done by personn=l at the controls, without causing

the interference or distractions,

The functions of the control ruom operators and their
supervisor at the controls are defined to be the

following:

1.

3.

5.

6.

7.

Maintain control of the reactivity of the reactor
core and the shape of the neutron flux profile
therein.

Maintain control of the energy production by the
reactor, the transport of this energy by means o
the steam and feed systems to the turbine, the
conversion of some of it to electricity in the
turbine generator, and the rejection of the
remainder through the condenser and circulating

water system,

Maintain an adequate inventory of thermody-
namically and chemically suitable water in the
reactor coolant and condensate systems. Maintain
an adequate reactor water level and recirculation
pump and valve operating configuration consistent
with power production requirements and reactor

core capability.

Maintain the inventory, temperature, quality and
boron concentration of the liquid in the standby

liquid control system.

Maintain contrel of liquid inventory on the
secondary side of the isolation condenser.

Distribute electrical power and other necessary
services (such as air and cooling water) to the
plant auxiliaries and control the production and
distribution of emergency electric power.

Maintain control of radioactive material which may
be contained in any of the systems which are the
control room operators' responsibility. This
includes the¢ responsibility to maintain the leak-
tight integrity of the primary and secondary con-
tainment. Alsc included is monitoring and
isolation, if necessary, of the off-gas discharge.

Maintain an adequate pressure, temperature and
atmosphere (nitrogen content) in the drywell and
an adequate wator inventory and temperature in the
containment pressure suppression system (torus).



Monitor the inventory and location of fissionable
material during refueling. (Fuel storage pool
activities should not be the control nperators'’
responsibility while the reactor is operating).

10. Provide surveillance and administrative control
over bypassed safety interlock: during refueling
and normal operations.

1. Maintain control of, and complete entries in, the
operators' logs, procedures and checklists,

12. Maintain administrative control of the blocking and
tagging, maintenance, repair, testing, calibration,
jumpering, etc. in those systems under their
control. -

13, Initiate those fire fighting actions which are
controlled from the control room, e.g., activating
deluge valves, starting pumps, obtaining help in
fire fighting., In addition, the operators are
responsible for initiating those actions in the
systems under their control which may be needed to
compensate for fire damage.

14, Recognize conditions requiring implementation »f
the Emergency Plan, declare the appropriate action
level for the emergency, and initiate appropriate
correction actions and communications.

15. Maintain security and control access for the con-
trol room,

16, Monitor effluent temperature and chemistry and
initiate dilution as required.

The following are examples of items which should not be the
responsibility of the control room operators at the controls:

1. Security or access control except access to the
control room.,

2. Communications not directly related to their
responsibilities, e.g., routine plant telephone
calls.

3. Routine operation of the radwaste treatment and
, disposal system.

4. Routine chemical control in support systems, e.g.,
chromate control in the torus.

- Control of fissionable material external to the
reactor when the reactor is operating (except for
the traveling incore fission chambers which nay
contain small amounts of uranium, and for which
operators are responsible).

-



Controls and Displaws Provided in the Control Rcom

Those controls and displays presented directly to the
control room operators at the controls, i.e.,

those directly visible to them when they are

at their normal stazions, should be limited

to those for which a clearly defined need can be
established. Additional guidelines which may be
applicable to the location of controls and displays

in the control rocon are:

1. A control or display may be located in the
control room if its location elsewhere would
not permit its use in a timely manner.

A coantrol may be located in the control room
if the only lccation for the displays needed
to operate the control is also in the control

xoon.

A control or display used only for test
purposes or only for certain planned plant
evolutions may be located in the control
room if it involves the use of other
controls or disvolavs which are located
only in the control room.

Note that the above guidelines do not necessarily

require controls and displays to be directly visible
to the operators stationed at the controls.

Availability of Personnel

The control room arrangement shall be such that any
anticipated off-normal operational evolution can be
effectively carried out in the shnrt term with the
personnel complement dresent for the normal evolution
then underway. Specifically, the response to off-
normal conditions may not assume that any more
personnel are available in the short term than would
normally be present in the control room when the
initiating event occurs. Other on-site personnel
can be assumed to be available in a time period
consistent with the travel time from their normal
location if they have no other duties in the event.
After 2 hours cff-site personnel who are on call
can be assumed to be available.
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Arrangement Priority

D.

The control room and panel arrangements shouid provide,
in convenisnt locations those controls and disvolays
whicn are neeced for normal planned plant evolutions
.and steady-sta:: operation (plant startup and planned

shutdowns, power generation, hot

e

standby, and refueling);

however, higher priority for arrangement should be

given to the controls and displays which are involved
with the operators carrying out their assigned responsi-
bilities under those off-normal conditions which are
both likely and which require timely action. Such

off-normal conditions include:

1.

2,
3.
4.

5.

6.

7.

Turbine trip and reactor scram including those
caused by loss of load and loss of condenser

vacuum :
Partial or complete loss of feedwater flow
Recirculation flow perturbations

Loss-of-coolant accidents, particularly those
from valve opening or major seal failures

Partizl or complete l2ss of control or
instrumentation power or air

Rapid depressurization accidents, particularly
those from steam system valves stuck open

Upsets resulting from excessive feed or
fluctuations in feedwater temperature

Control rod motion accidents

Electrical power upsets, including loss of all
or a portion of the site AC system or the site

DC system,

The center desk/console should give the operator
a clear unobstructed view of the control boards.
Operator movement and communication should be

unobstructed.

Key Process Variables

It is a requirement that certain displays be provided
to make redundant certain important information

provided to the operator.

In addition to these displays

it should be an objective to provide the operators with

-Sw



the means necessary to confirm qualitatively the
reasonableness of the information they are presented
on certain key process variables. These means should
preferably be diverse from the normally used displays.

These key process variables fall into primarily two
general categories: reactor reactivity balance and
reactor coolant conditions. They include such
specific items as:

1. ReactiVity

® wWhen critical, the operators should have the
process variables necessary to assess whether
the reactivity contributions of the following
are in the expected relationship: rod
position, recirculation flow, power level,
power (flux) shapes, reactor pressure,
moderator temperature and feedwater temperature.

® Wwhen subcritical and preparing to startup,
the operators should have the information
necessary to assess the shutdown condition

of the reactor.

2. Reactor Water Conditions

® Inventory of reactor water, i.e., level
® Steam pressure
® Feedwater flow and temperature

® Concentration of radioactive material in
the steam

® Hotwell level

3. Recirculation flow

4. Recactor Thermal Power

5. Other Miscellaneous: Parameters

® PpPressure-suppression system (torus) water level

® Pressure-suppression system pressure and
temperature

® OQOff-gas radiation level and characteristics
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3. Where a control or display is intended to provide
information to the operators as to whether
conditions are "off-normal”, this should be dcne
in a consistent and unambiguous manner. This
should include consideration of what conditions
are to be defined as "normal"™ in a particular
system as well as avoiding confusion between
indicating status (see item A.2, above) and
indicating "normal" or "off-normal". In general,
the extinguishing of a light should not be used to
convey important normal or off normal information
feedback to the operator, (Under certain circum-
stances, for example, "power off" conditions,
an extinguished light, in combination with other,
active indications may be used effectively to
convey information).

4. There should be some means for the operator to
know that a control or display is not functioning
properly. It is particularly important to know
when a display or control has lost power. The
most desirable situation would be to have the
malfunction evident to the operators without any
action on their part, e.g., by having a unigue
power lost position" for a meter. This may be
impractical. If so, other ways to make the
operator aware of failures may have to be used,
such as:

® Providing means for periodic testing of a
control of display (including status lights),

® Providing thc operator with immediate feed-
back (see A.l. above), or

® Providing redundant or diverse displays
which allow cross checking.

For some critical items it may be appropriate to
utilize severzl ways to make the operators aware
of malfunctions and to provide them with special
training and guidance in the procedures.

5. Communication of a control room operator with an
auxiliary operator either within or outside the
control room shall be considered the same as
operating a control or reading a display. These



communications should not require the use of
communication links which may involve inter-
ference or may be unavailable because of other
activities. The communications should consider
the potential for unusual environmental conditions:
noise, respirators, etc. Voice communications
should be carried out in a formal and consistent
manner which icentifies the initiator and receiver
of the message and provides for repetition and
confirmation of each transmission.

Tag-out of a control or display should:

® PRe unambiguous as to which control or
display is tagged

® Not obscure the identification of the
control or display which is tagged,
and

® Not obscure any other controls or
displays or interfere with operations.

For any changes to the console and panels,
replacement and servicing should be con-
sidered. In that case such guidelines on
maintainability as the following should be

applied:

® Replacement and servicing should not
require the removal of other items

on the panel.

® Replacement or servicing of an item should
not involve operations which preclude
proper operator response to a plausible
off-normal event. This includes putting
an excessive number of other items out of
service in order to perform the maintenance.

® Replacement should involve a minimum risk
of improper reconnection.

® Replacement or servicing should involve
a minimum risk to personnel.

® Replaccment or servicing should involve
a minimun risk of inadvertent actuation

of other controls.




B.

10.

® . pisplays (lights, e¢tc.) used only for maintenance
and servicing should not be visible, e.g.,
covered, during normal operations.

I1f some specific problems with maintenance have

been experienced in the COyster Creek control
room, these should be considered in the control

room review.

The capabilities required of the operators to
perfor.:. the assigned functions should be reason-
able in t2rms of workx load, szan of mental
concentration, physical endurance, amount of
memorization, amount o information to be processed
and time availabe to cterform a function. The
assigned Iunctions shculé be consistent with the
physical capabilities recuired of the operators.

Changes to existing arrangements should be
sufficiently distinct that when an operator
uses the new control or display it is unlikely
that previous training ané habits will cause
errors. Consideration should be given to
using completely diiferent types of controls
in such azoplications, Zor example, using

push buttons in place of a rotary switch
rather than changing the direction of rotation

of the rotary switch.

Control panel sections containing functionally
related controls and displays should be
prominently labelecd.

Guidelines for Controls

Location

a. The most often used controls should be given
priority in location, except where this would
conflict with the use of controls or displays
for off-normal conditions. Control placement
should conmply with the anthropometric '

- standards (5 - 95th percentile male statvrve and

arm reach given in Van Cott and Kinkade).



b. Controls for off-normal conditions should be
placed in a readily accessible location but
clearly distinguished from controls used for
normal conditions.

¢. The progression of controls, numerically or
alphabetically, should be consistent through-
out the panel. It is preferred that they
progress left-to-right and top-to-bottom.

d. All controls for multiple elements should
have the same arrangement, that is, either
horizontal or vertical.

e. If controls are operated in seqﬁence, they
should be located in a ctonsistent left-to-right

or top-to-bottom progression.

f. Whers: multiple controls affect the same element,
e.g., valve control push buttons, their rela-
tionship should be consistent and readily
apparent to the operator without detailed com-

parison of the legends.

@. Mirror image groups of ‘controls should not be
used.

OEeration

a. The control should be capable of operation
without special aids for the operator, e.g.,
a stool, screw driver, or special tools,
except where reguired to prevent inadvertent

actuation.

b. The forces and motions required to actuate the
control must be within the capabilities of all
the plant o>pera“ors. This applies under normal
operating conditions and when emergency clothing

is being worn.

c. The direction of operation should follow a
consistent set of conventions, for example:

® pushbutton valve coperators should have
the "ovoen" button on top, if vertically
arranged. If horizontally arranged, the
"open" button should be on the right.

=]



® Rotary controls for circuit breakers and
electrical motors should rotate clockwise
to turn the item "on", i.e., close a
breaker or start a motor,

® The "Auto" position of a rotary control
should be a consistent direction of
rotation.

® ®"On" or "start" pushbuttons should be above
"off" or "stop" pushbuttons.

® Rotary controllers should rotate clockwise
to increase the controlled quantity.

d. The direction of motion of the controller should
be consistent with the directicn of motion of
the display which responds to the control.

e. Key operated controls should follow a standard
set of conventions, e.g., detents oriented
upward and slot vertical is the condition with

the key removed.

£f. Control position should be easily identifiable.

3. ' Type

a. Each control type should be readily identifiable.
Control coding, e.g., size, shape and color
should be consistent throughout,

b. Consistent types of controls should be used
for similar functions.

4. Protection

a. Adequate distance between controls and
between groups of controls to allow the
operator to casily recognize the controls
and to avoid inadvertent actuation should
be provided. MIL-STD-1472B guidelines
fc~ separation distance should be utilized.

b. Controls which may be confused and which
have serious consequences if actuated,
should be protected or special steps taken
to highlight or distinguish them. This
may include such means as covers, separate
handles, use of two hands to operate, or
key operatcd controls.
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5.

Cc.

Controls which would otherwise be subject to
inadvertent actuation by clothing, cleaning
operations, etc. should be suitably protected.
Protective measures should not interfere with
control operation.

Identification

£.

Each control should be positively identified
with both a descriptive name and particular
identifying number for the controlled elemenc.

Nomenclature should be consistent with that
used in the procedures and system diagrams
and that on related displays. System diagram
terminology should be used in correcting
inconsistencies. The use of abbreviations
should be minimized.

Leg~nd plates should be located over the
control to which they apply. If this cannot
be done, some special visual clue to the
unusual relation should be providad to the
operator. 1In no case should a location
convention be the only means of telling to
which control a label applies. Legend plates
should be readily visible from the station

at which they must be read.

Where special precautions apply to the
operation of a control this should be clearly
stated and it should be clear to what control(s)

they apply.

Legend plates on controls should meet consispent
standards (Van Cott and Kinkade) of letter size.

Legend plates on controls should neet con-

sistent standards of durability. Temporary

label plates should not be used.

The color of legend plates should conform to
a consistent code, for example:

® Jdentification labels should be black
letters on a white background.

® Pprecaution labels should be red with
white letters.

w)le



® JInformation of a reference nature for
the assistance of the operator should
be white letters on a black background.

h. The legenc plate should be readable from
the location at which such reading is
necessary.

i. Labels should be oriented horizontally.

j. Redundant identification technigues, e.gq.,

. size, shape, location, color, texture, should

be used for similar controls, where feasible.

Maintenance

a. All licht bulks should be commonly stocked

types and shculd te replaceable from the
front of the canel without socecial tools
and without risx of inadvertent actuation
or damage oI the control.

C. Guidelines for Diszlavs

1.

Location

The display should be located properly with
respect to its related controls. (See
Criterion 1I.~.1). Display placement should
comply with &coropriate visibility standards
of Woodson ani Conover, Reference 4.

b. The orientation of multiple displays should be
consistent with normal conventions for
procression of numerical or alphabetical
quantities, i.e., top-to-bottom or left-to-
right.

€. The orientation (horizontal or vertical) of an
array ©f displays should be consistent with the
orientation of related controls.

d.” The operation of the control related to a
display shcoculd not obscure the display.

Scales

a. The graduations on a scale should be consistent

with the resolution required by the operator.
Woodson and Conover, Reference 4, guidelines
should be followed.

=) S



b.

C.

£.

The scale range should be adequate for all
normal and off-normal conditions under which

the display is required.

The major scale divisions should be a usual
numerical progression. Scale mutipliers
should be avoided, but where used should be
in a consistent location and easily read.
Only multiples of 10 should be used.

The units of the scales should be consistent
between rate and integral displays for
related items. For example, all the flows
into or out of a tank should be provided in
consistent units of volume and time and the
tank contents should be displayed in units
which are consistent with the units of flows.

Where multiple displays are provided of
the same parameter, e.g., wide and narrow
ranges, these instruments should havc
consistent scale units and consistent

zero points. For example, reactor fuel
zone, operating and wide range water level
instruments could all be referenced from
the top of the active fuel as "zero".

The arrangement and scale design of multiple
displays should invclve & minimum risk of
confusing the readings, e.g., erroneously
matching the pointer on on2 instrument with
the scale on another.

The scale graduations an? labels should be
adequate in size, lcgibility and readibility.
Van Cott and Kinkade, Reference 3, should

be used for guidance.

Identification

a.

Each éisplay should be identified with both
a deccriptive name and, wheare applicable,
an idertifying number whiclhi relates the
indication unambiguously to a particular
instrument or sensor.

The nomenclature should be consistent
with that used in the procedures and
system diagrams and that on related
controls. The use of abbreviations
should be minimized.
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C.

£.
g.

Legend plates should normally be located
over the display to which they apply.

If this cannot be done, some special

visual clue of the unusual relation should
be provided to the operator. Legend plates
should be readily visible from the station
at which they must be read. In no case
should a location convention be the only
means of telling to which display the label

applies.

If the limits or set points of the displayed
variable are needed by the operator when the
display is used, then they should be pre-
sented in a clear and unambiguous manner.

Jt is particularly important that memorization
of numbers by the operators be minimized.

The method of identifying set points and limits
should be consistent among the displays.

Legend plates on displays should mee* consistent
standards (Van Cott and Kinkade) of letter size.

Note that if the displav is intended to be read
from a distance longer than normal, the size of

lettering may need to be increased above that
normally provided.

Temporary label plates should not be used.

The color of the legend plates used on displays
should follow the same gencral rules as for
controls (see B.5.g.).

Where colors are used as an integral part of

information displays or status indicators, a
consistent coding should be used. Color codes

may include:

® Red to show that a component, usually a
motor, or breaker is "on" or energized.

® Green to show that a . component, usually a
motor or brecaker, is "off" or de-energized.

® A yellow display to indicate that a system
is in a transitional condition or that a
"bypassed" condition exists.

® A white display to indicate a status
condition.



The legend plate should be readable from the

i.

. location at which such a reading is necessary.

j. Labels should be oriented horizontally.

K. Redundant identification techniques, e.q.,
size, shape, location, should be used for
similar displays, where feasible.

Type

a. Display tvoe, e.g., quantitative, qualititative,
analoc or digital, should be suitable for its
intenced application. For example, digital
displays minimize time and error in reading
an exact numerical value, but provide limited
rate information and are ineffective Zor check
reading ("is it in the bandé?").

b. Consistent types of displays should be used
for similar functions.

Maintenance

a. Replacement of bulbs should take place from
the front of the panels and all light bulbs
should be commonly stocked types. Special
tools should not be recuired.

b. The risk that a display will be reassembled
in such a manner that it gives erroneou
information, for example, by switching lighted
legend lens caps, should be minimized.

Recorders

a. A recorder should mecet the same regquirements

for visibility, scales, units, etc. as any
other display.



Where multipoint or multi-pen recorders are
used, the recorded data should be unambiguous.
When different inputs can be selected for the
same recorder, switching transients should
not be such that they can be mistaken for

signal changes.

When different inputs can be selected for
presentation there should be some positive
way to determine what specific input the
trace represents.

The amount of the recorded trace which is
visible should be adequately long to cover
the time span of interest to the operators.
Reference to portions of the trace which
are nct visible should not involve blocking
other critical displays or controls or
risking inadvertent actuation of controls.

The recorder should provide for a tolerance
on the time for changing paprer or ink of

at least two hours. That is, chart paper
and ink should be replenished when there

is at least two hours of recording left.
This is to insure that if an emergency
evolution takes place there will be at
least a two hour capability to follow

it without servicing the recorder.

It is preferable for charts to have time
as the horizontal coordinate increasing
to the right.

Changing chart paper or ink should require
a minimum of time and should not block
other critical controls or displays. There
should be little possibility of the
inadvertent actuation or damage of nearby
controls.

CRT Displays

The loss of any CRT display or other single
failure in the associated hardware (power
supplies, computer, keyboards, etc.) should
not preclude the performance of an emergency

procedure.




h'

Information orientation and zones, titles,
label locations and parameter locations
should be standardized. Standard sets

of characters, symbols, and abbreviations
should be used.

Color assignments should be consistent
from display to display and should be
consiste .t with color conventions
used on the console and panels.

Mimic displays should be oriented from
left-to-right or top-to-botton unless
this conflicts: with existing panel
mimics or the arrangements of items

on the panels. Procedure steps or
decision "trees" should be oriented
from top-tc-bottom. Time should be
displayea from left-to-right.

Each display should have a descriptive
title. This title shoulc¢ be in a
consistent location ard have a consistent
color and format.

Display characters should be selected from

a standard set (such as ASCII). The letter
size and height-to-width ratio and stro.=2
width should rmeet consistent standardés (Van
Cott and Kinkade) rfor the distance at which
tiley are used. Capital letters should be used.

The display loading (text and graphical
content) should be limited to about
25 percent, of tne CRYT screen area, excluding

the title and any alarm notes.

The refresh rate of the displays should
be 60 Hz or more.

Process Computer Cuidelines

Process computer access and interaction should adhere
to the guidelines provided in NUREG-0659, Reference 6.
These are in summary:

l. Only authorized personnel should be able to
alter the computer data base.



2. Data base changes should require a positive
command action by the operator. The operator
should be automatically provided with information
describing the implications of the data base
change before he makes the change. The system
should then require him to acknowledge this
information before the data base change is
executed. The system should provide confirmatory
feedback when the data base change has been
accomplished.

3. The process computer command language should
be logical and consistent. Language words
and abbreviations should be consistent with
operating procedures and system diagram
terminology.

4., Command entries should reguire a minimum
number of keystrokes. Single keystroke function
keys should be used for important control inputs.

S. The process computer operating system should
aid the operator by providing prompting and
assistance in recovering from an error.

6. Command entry keyboards should be standardized
and readily usable under all operating conditions.
The operator should receive positive feedback of
each keyed encry.

7. Computer output devices, e.qg., line printers and
typewriters should present information in a
readily usable and readable format. Output

devices used to list alarn messaaes should
have adeguate output speced to list alarm messages

in recal time with no significant backlog or loss
of information.

Overall Ceontrol Room Environment

The overall control room environment should be suitable
for the operators to carry out their required functions.
This includes consideration of the following items.,
Quantitative limits for each item, e.g., temperature,
humidity, and lighting are provided in MIL-STD-1472B,
Reference 1, unless otherwise staced.

1. Adequate temperature and humidity control
should be provided.

2. Adequate ventilation should be provided.




3.

S.

10.

1l.

Adequate lighting should be provided for both normal
and emergency conditions. Lighting arrangements
that minimize glare and shadows should be selected.
In an emergency, lighting should be provided even
in the event of temporary failure of the diesel
generators to start. Reflectance, luminance

and illumination levels should comply with
MIL-STD-1472B, Reference 1, standards.

The background noise level, including reverberaticn
should ccmply with MIL-STD-14723 for operational
arcas. There should not be conditions in the plant
operation which result in large changes in noise

level.

There should be adecuate provision for the control
of traffic in the control room and accommodating -
visitors or observers without adversely affect.ng

operations.

There should be adeguate provision for the storage
of personal items and emergency ecguipnent. X

There should be adeguate workspace for the operators
to use reference material and to support any on-the-job

training.

There should be adeguate provisions for storage and
use of the following without hlocking access to

any controls or displays:

a. Procedures

b. Manuals

c. Diagram and Drawings
d. Logs

e. Personnel Rosters

f. Other Files

There should be direct and defined access to the
supervisor's office. A good visual and voice
contact with the control rocom should exist.

There should be adequate rest room and kitchen
facilities.

There should be adequate and defined access for
maintenance of the control room equipment including
availability of technicians, tools and spares. Such
maintecnance should not interfere with normal operation.
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12, There should be adecuate access from the control
room to the remaincer of the plant.

13. The control room and its associated spaces should
contain acdequate provisions for ccmmunications.
This includes pariticular consideration of:

® Means for paging in the rest rooms, kitchen and
any other associated spaces shnuld be orovided.

® Comnmunicaticn facilities should be provided
for the shif% sucervisor, shift foreman, and
other personnel in the contrel room so that
they do not interZere with or confuse the
communication linxs usec by the operators at
the controls.

14. The control roocm should be free of personnel
hazarés such as: itexms which could trip the
operators, sources oI electric shocks. etc.

15. There should be aZecuate safeguards on the
systens which contrcl temcerature and venti-
lation so that, in case of failues in these
systens, working conditions can be re-estab-
lished before they cdeteriorate excessively.

16. Energe icy eguirment including operator protective
ecuirnent, fire extincuishers suitable for
elect*xc £ires, radiation ecuizment and rescue
equipment as recuirec shculd be readil; available.

17. Access orenincs ncrma2lly used by the control
roon operator shoulé be clearly and consistently
labeled. Labels shculé be readable - with access
door orzen. Labels shoulé contain prominent
warnings if access area possesses a danger, €.gG.,

high voltage.

‘

F. Guicdelines for Alarms

l. Selection

The following guidelines and criteria should be used
in evaluating alarn selection.

a. Candidate alarm conditions include: (1) con-
ditions within a system which cause, or may
cause, the system or its components to mal-
function, or to function in a manner different
from that intended for the existing mode of



plant operation, and (2) conditions which cause,
or may cause damace to plant egquipment.
Candidate alarm conditions should be chosen
based on knowledge of the operation and intended
function of the system or component. In deter-
mining what is "normal"” or "intended" operation
for a given system, Guideline b., below, should

be applied.

With respect to the different types of systems
in the plant, the following guidelines should
be applied on a system-by-system basis in
order to identify candidate alarm conditions.

(1) Candidate alarm conditions for fluid
systems are values of the thermodynamic
parameters in the mass, momentum and
energy equations which indicate the
system is not functioning as intended.
In particular, inventory, flow rate,
temperature and pressure usually
are candidate alarm conditions.

(2) cCandidate alarm conditions for electrical
distribution systems are breaker trips,
improper paralleling of generators,
batteries or inverters, and inverter
failure or malfunction. Candidate alarm
conditions for transformers are high
temperature, high gas pressure, pri:sence
of combustible gas, and other conditions
for their support systems which are
determined by application of the appro-
priate system-specific guidelines (e.g.,
the guidelines above for fluid systems).
Candidate alarm conditions for batteries
and diesel generators should be determined
by reference to the guidelines below for
protection systems and large machines.

(3) Candidate alarm conditions for control
systems are loss of power, automatic
transfer to manual control, automatically
initiated changes in automatic control
mode and symptoms of control loop
malfunctions.

(4) cCandidate alarm conditions for protection
systems are a lack of readiness, actuation
of the system, problems in actuation and
problems in operation. Candidate alerm
conditions for problems in cperation

.y -
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should be chosen by application of the
appropriate system-specific guidelines
(e.g., the guidelines above for a fluid
system) . ’

(5) Candidate alarm conditions for large machines
are trips, and trip causes that may alter the
operator's response to a trip. Alarms
for supporting subsystems should be chosen
by application of appropriate system-specific
guidelines.

Candidate alarm conditions should be chosen so
that the process annunciator panels are dark
when the plant is operating normally at power.
"Normal" means full power operation with all
systems operating as intended in their most
typical lineup for this condition.

In order to warrant an alarm in the control
room, each candidate alarm condition must
satisfy the following criteria:

(1) The condition regquires operator action as
defined below, and

(2) The operator's normal surveillance activities
cannot be relied on to alert him to the
condition, and

(3) It is considered plausible that the
condition could occur during the life
of the plant.

For the purpose of this guideline, cperater
action may take any of the following forms:

® Dpircct manual action
® Backup of an automatic action
® Other modification of surveillance activities.

Any condition not meeting these criteria should
be eliminated from the list of candidate alarms.

After a set of alarms has been defined, these
alarms should be reviewe.. .0 ensure that each
alarm requires unique opecrator action, in order
to minimize the number of annunciators in the
control room. Alarms which require identical
operator action may be candidates for combination.

-



2. Presentation

In order to minimize the number of annunciators
within the control rcom, several types of alarms
should be considered for combination into a
single annunciator, whenever doing so would not
interfere with timely operator response to the
alarm. If alarms are combined, a reflash*
capability should be provided. The following
types of alarms should be considered for
combination (subject to the restrictions listed
in the next paragraph):

® Alarms for the same parameter on the same
component, e.g., tank level high/low:

® Alarms for the same condition on redundant
components, or logic trains, when each has
a separate indicator and the indicators are
placed in close proximity on the console,
e.g., punp A/B trip, safeguards actuation
A/B;

® Alarms for several conditions relating to
one component or several redundant components,
which require the operator to obtain Zfurther
diagnostic information either by sending an
auxiliary operator out to the component(s)
or checking the computer (if applicable),
e.g., pump A/B trouble.

Candidates for combination should not be
combined if:

(1) Different actions are to be taken depending
on which constituent is alarming and
information is not available to the operator
to identify which constituent is alarming;

(2) The regquired response time is so short
that taking time to consult the control
panel or the computer (if applicable)
to determine which constituent is alarming
weuld risk an inadequate opecrator response;

*"Reflash” 1s the capability to cause an annunciator combining
a number of alarm conditions to recommence flashing and sound
a tone on the existence of a second alarm condition occurring
after a first has been received and acknowledged (but has not

Cleared) .
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(3) Information or protection for the other
alarm constituents after any one has
activated the combined annunciator is not
available to the operator;

(4) Operator understanding is improved Ey
annunciating the conditions separately
because of similarity to the layout of
the associated controls;

(S5) The constituents and/or significance are
not of a similar nature and are not of
the same order of importance.

Alarms should be grouped according to plant
system or function. Within each group, the
alarms should be arranged to maximize the
operator's ability to assimilate multiple
alarm occurrences. Alarms should be organized
to indicate relationships among alarms within
the same system.

Alarm groups should be placed in close proximity
to the corresponding controls.

Annunciator windows should be designed and
lettered according to the following guidelines:

(1) Nomenclature and abbreviations should be
consistent with those used for the
corrcsponding controls and indicators.

(2) If no prececdent has been set on the
controls and indicators or by other
commonly accepted usage, abbreviations
should be in accordance with MIL-STD-12C.

(3) Lettering size, type font and viewing
angle must be such that the alarm legends
are readable by the operators when standing
at their primary control stations. 1In
addition, it is highly desirable that
the legends be readable by the operator
who is acting in a supervisory capacity
(e.g., shift foreman) when he is at his
assigned station. The standards in Van
Cott and Kinkade, Reference 3, should be
used in making these evaluations.



Annunciator panels should be positively
identified. Label plates used for panel
identification should r.eet standards for
letter size that are consistent with those
used for similar labels on the control
panels (Van Cott and Kinkade).

An operator should be able to acknowledge
only those alarms within his field of vision.

An operator should be able to acknowledge an
alarm only from a station near the controls

which are cperated in response to the alarm

and from which the alarm is easily read.

Audible tones signifying an alarm should
satisfy the fcllowinc reguirements:

(1) The combination of tone volume, frequency
and constructicn (e.g., warble or other
variation) must ke chosen such that the
operator is alerted to the alarm under the
most adverse anticizated conditions of

background noise.

(2) The tone nust not be so loud that the
operator is startled or disoriented, or
is unable to efiectively communicate with
others in the control rocom.

(3) The audible tones used for the various
annunciator zanels should be chosen and
directed such that the operator can
distinguish which annunciator panel or
panels recuire his attention.

Flach rates used for annunciator lights should
be within the range of 1 to 5 flashes per second.
Equal amounts of on and off time should be used.
Flash rates which nust be distinguished one

from ancther should éiffer in rate by at least

a factor of two.

Annunciator lights should be bright enough to
stand out clearly acainst the panel on which
they appear under all expected lighting
conditions, but thev should not be so bright
as to be anncying or distracting.

The capability to reconstruct the sequence

of events in a multiple alarm situation should
be provided. In particular, the operator should
have a means of identifying the first alarm that
occurred.
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k. Annunciator ringback®* should be provided whenever
" the operator regquires information on clearing of
an alarm, garticularly if he must take action
- {or stop the action he took in response to the
alarm) when the condition returns to normal.

Ringback should not be used if the operator

does not recuire the information (and takes no
action) and therefore the rincback beccmes a
distraction. Where ringback is used, a separate
control sould be provicded to "reset" the
annunciator -- acknowledging the ringback.

1. The annunciator system should be desicned to
nirimize the nuisance associated with leaving
an aucdible sicnal sounding continuously until
a‘arns can be assinilated ané acxnowledced in

rmulticla 2larm situation. One means of
addressx*; this is the provision of a silence
control Zcr the audible signal, separate from
the ackncwledze control for the visual tiles.

Other means nmay also be acceptable.

D

m. xmunciators should meet the recuirements of
paragraznhs II11.A.4 and 11I.A.6 for indicating
nalfunction or tag-out of annunciators.

®* "Ringoack"® 1n an annunciazor sequence provides a second visual
and auditory indicaticn that an alarm which was previously
received and acsxnowledced has now cleared--gone back to normal.
A scparate "reset” control is typically provided.

.
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Business Address:

T. GARY BROUGHTON

Education:

Experience:

GPU Nuclear Corrporation
100 Interpace Parkway
Parsippany, New Jersey 07054

B. A., Mathematics, Dartmouth College,
1966

Director Systems Engineering, November 1982

to present. Responsible for Systems Engineering
Department activities including nuclear

frel procurement and analysis, risk and
reliability assessment, process computer
applications, radiolcgical engineering, safety
analysis, plant analysis and human factors
engineering.

Systems Analysis Director, 1981 to 1982.
Responsible for human factors engineering,
nuclear safety analysis and analysis of plant
thermal hydraulic performance.

Control & Safety Analysis Manager,

GPU Service Corporation, 1978 to 1981.
Responsible for nuclear safety analysis and
integrated thermal, hydraulic and control
system analysis of nuclear and fossil plants.
Supervised on-site technical support groups
at Three Mile Island, Unit 2 during the post-
accident period.

Safety and Licensing Engineer; Safety and
Licensing Manager, GPU Service Corporation

1976 to 1978. Performed and supervised nuclear
licensing, environmental licensing and safety
analysis for Oyster CTreek, Three Mile Island
and Forked River plants. Served as Technical
Secretary to Oyster Creek and Three Mile

Island General Office Review Boards.

Officer, U. S. Navy, 1966 tc 1976.

Trained at Naval Nuclear Power School,
Prototype and Submarine School. Positions
held include Nuclear Propulsion Plant Watch
Supervisor, Inc*ructor at DIG prototype nlant
and Engineering Officer aboard a fast-attack
nuclear submarine.




Publications:

=

EPRI, CCM-5, RETRAN - A Program for One-
Dimensional Transient Thermal-Hydraulic
Analyses of Complex Fluid Flow Systems, Volume
4: Applications, December, 1978, Section 6.1,
"Analysis of Rapid Cooldown Transient - Three
Mile Island Unit 2" with N. G. Trikouros

and J. F. Harrison

"The Use of RETRAN to Evaluate Alternate
Accident Scenarios at TMI-2", with N. G.
Trikouros. Proceedings of the ANS/ENS
Topical Meeting on Thermal Reactor Safety,
April 1980, CONF-800403.

"A Real-Time Method for Analyzing Nuclear
Power Plant Transients", with P. S. Walsh,
ANS Transactions, Volume 34 TANSAD 34 1-899
{1980).
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MPR ASSOCIATES. INC

NAME :

DATE OF BIRTH:

EDUCATION:

EXPERIENCE:

Jess Betlack
June 27, 1943

BS Electrical Engineering
University of Kansas - 1966
(With Distinction)

MS Electrical Engineering
University of Kansas - 1967

Additional graduate studies 1in Electrical
Engineering and Computer Science at the
University of Kansas and the University of
New Mexico

Mr. Betlack has worked 1in the fields of
electrical engineering and computer science
full-time since 1968 and part-time while in
school since 1964. Specific activities have
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mechanical devices and power

ment.
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Guest Lecturer at numerous other uni-
1
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representative sampling includes: Purdu
University, Indiana University, Miami
University, University of Cincinnati, The
University of Michigan, Southern Illinois
University; Tau Beta Pi, IEEE, AIIR, ASME,
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