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ASEA BROWN BOVERI

July 31, 1992
LD-92-085

Docket No. 52-002

Attn: Document Contro' Desk
U.S. Nuclear Regulatory Commission
Washingtca, D.C. 20555

Subject: System 80+™ Human Factors Engineering Teau

R ference: ABB-CE Letter LD-92-080, Human Factors Criteria,
July 7, 1992

Dear Sirs:

At the July 9, 1992 meeting with NRC staff, ‘BB-iF agreed to provide a
description of the human factors engineering team. We also agreed to
provide a markup of Part [l of the Human Factors Criteria document
(Reference) to identify the sources of the criteria therein. The team

description and the Part 1T markup are provided in Attachments 1 and Il of
this letter.

If you have any questions, please call me or Mr. Stan Ritterbusch at (203)
285-5206.

Very truly yours,

COMBUSTION ENGINEERING,

/fl%.z«kz
C. B. Brinkman (f*

Acting Diractor
Nuclear Systems Licensing

CBB/ser
cc:  J. Trotter (EPRI) (
T. Wambach (NRC) \} ’
o8
ABB Combustion Engineering Nuciear Power |“
9208100117 720731
PDR K 05200002
- PDR
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HSI Job Descriptions (cont.)

Lead Engineer, I&C/HF/Operations

Experienced. )icensed simulator instructor and plant operator
with formal HF training. Performs suiitability analysis, aids in
panel layout and HSI design, document reviewer, operability expert,
plant computer designer.

Consulting Engineer, 1&C/Operations

Experienced plant operator and simulator instructor. Many
duties similar to abocve including participation in analyses,
walkthroughs, and validation work. Also an expert in software and
training areszs.

Technical Supervisor, I1&C

Expert in 1&C systens, safety systems engineering,
cerventional plant technology. Performs encineering and review for
Nuplex <~ ‘‘’monventional evolution, HSI-I&C interface, and
supervises many .«. system designs.

Consulting Engineer, I&C

Expert in plant alarm and data processing systems. Performs
convencional /Nuplex 80+ evolutionary design work. Experienced U.S.
Navy operator. Assists in analyses and reviews HF products for
operability and I&C engineering aspects.

A/E Liaison and Operations Expert; Duke Eng. & Services

Experienced, licensed operator. Works for A/E as NSSS/AE
liaison and A/E reviewer of System 80+ design. Provides regular
input on HSI design and leads DESI work on Nuplex 80+ (e.g.=-BOP
layouts) .

Provides continuous Utility & A/E design input.

“*These are the current positions and relative expertise on the
team. However, the HFE team composition may change over time and
specific areas or qualifications may change or he moved between
positions depending on career paths of those involved.



Human-Systems Interface Design Teanm
Organization and Respensibilities

IT1.-Team Composition and Expertise *+

Expertise Area

Systems Erjineering

Architect/Engineeriny

Nuclear Power Plant Procedures

Personnel Training/
Systems Approach to Training

Sailety Systems Engineering

Jeam Member

Several Team members have
training and experience
in this area including the HFE
supervisor and staff.

One HFE (Human Factors Engineer)
has spent 3 yrs as senior HFE
with a major Architect/Engineer
(A/JE). The A/E liaison is on
the staff at the System 80+ A/E:
Duke Engineering Services.

All the project HF engineers
have diverse procedure writing
and formatting experience.
ABB-CE has a Start-up group
which is experienced in
procedure writing and will
develop System 80+ operating
procedure guidelines with input
from the HSI tean. Actual
procedure development is out of
scope for certification.

The 1&C Operations Experts
are licensed simulator
instructors. The HI'E staff are
experienced at seminars teaching
and familiar with the systens
approach. One HFE is a former
naval operations instructor.
Training other plant staff is
outside the scope for design
certification, as is training in
general. However, ABB-CE will
use its in-house expertise to
provide input.

One technical I&C supervisor on
the HSI design team is an expert
in this area. Several I&C
engineers are also experienced
in safety systems design.
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I1.

DESIGN REVIEW TEAM

Process Management Uses to Make Decisions on HFE Issues

The majority of decisions made on Nuplex 80+ HFE issues during the design
process are made at the technical lTevel by the HSI design team. That is,
only a few HFE issues are not able to be resolved by the design team and
must be brougkt to the attention of management for resolution.

Within the design team, technical issues are reso’ved through a review and
consensus process usin? design review meetings. When a technical issue(s)
is identified tor resolution, the re.ponsible design team member perfcrms
necessary evaiuations and formulates a recommended solution or design
concept. A design review meeting is then held with representaticn from
all affected disciplines on the design team (e.g., human factors,
operations). During the design review meeting all perspectives on the
issue are presented ard the issue is either resolved or further required
work is identified (e.g., feature prototyping). The resolutions of the
meeting are documented in an internal memorandum and subsequently
incorporated into project documentation at the next appropriate revision.
Open items are tracked through the internal memorandum and similarly
resolved at subsequent design review meetings. In this process the
members ¢€ the HSI design team are the decision makers. More than 95% of
the HFE issues are resolved through this nrocess.

Large :cope or controversial issues which cannot be conclusively resolved
al the design tcam level are brought to the attention of ALWR project
management for resolution and concurrence. This would include items such
as CRT implementation or procedures and use of fully selectable control
devices. Less than five percent of issues fall into this category.

In addition to the design review meetings within the HSI design team as
described above, an independent Nuplex 80+ design review team exists.
This team is described in Section 18.2.2 of CESSAR-DC. Its function is to
review the Muplex 80+ design developments from a wide variety of project
wide engineering perspectives. Primary interaction with the review team
is through documentation review of all Nuplex 80+ design documents and
design review meetings as necessary.

Uescribe the tools and techniques the HSI team uses to accomplish their
responsibilities.

The HSI design team uses Nuplex 80+ project documentation as a primary
tool for carrying out its responsibilities. Project documents include
plans, system descriptions, human factors standards and guidelines,
verification reports, task analysis reports, panel design reports etc.
This documentation serves as the current status of the design and design
process. All project documents are reviewed and signed off within the
design team and by representatives of other engineering organizations.
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As described in the previous section another main toel of the design team
is design review meetings and documentation of their results through
internal memoranda. The results are incorporated into the appropriate
project “ocuments during the next revision to that document.

A final tool being implemented by the design team is a Tracking of Open
Issues (70!) system. This system tracks to resolution and implementation
all open issues related to the Nuplex 80+ human factor. efforts. The
requirements for this system is stated in the HFE Program Management
design process element in the System 80+ Human Factors Ergineering
Criteria (LD-92-080).
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HYDE.WP DESIGN PRODUCT REQUIREMENTS
CRITERIA FOR ALARMS

OBJECTIVE

Part 11 of this document presents criteria for use in the design certification
review of the main control room and other operating stations for an advanced
1ight water reactor such as System 80+. It is intended that these criteria
address NRC requirements such thai subsequent review of the design shall be,
principally, restricted to confirmation that the criteria have been met.

SCOPE

To facilitate implementation in a design review the criteria are grouped
according to the functional elements which comprise an ALWR control room. Each
section of Part Il presents the criteria related to one of these groups, as shown
in the Table of Contents.

METHOD

These criteria were derived from a review of documents (References 1 through 27)
which provide guidance for implementation of digital technology and application
of human factors engineering in the evolutionary design of a nuclear power plant
control complex.
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CRITERIA FOR ALARMS
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11-1 CRITERIA FOR ALARNS

1.1

) Frocessing

The selection of conditions to be alarmed shall include the
following:

a) Conditions related to exceeding safety 1imits, operating
limits or manufacturer’s limits on equipment shall be
included.

Alarm conditions shall only represent infrequent,
unexpected end/or undesired variable states, as a
measure to reduce nuisance alarms.

Selection of alarm variables and setpoints shall be done
with consideration that the alarm should allow .he
operator sufficient time and information to effectively
and deliberately respond to the out-of-tolerance
condition.

Alarm setpoints and logic shall be consistent with the
Emergency Operating Procedures.

e) Data related to status information shall not be
displayed as an alarm,

Methods of data validation shall be applied consistently to
alarmed parameters and displayed parameters, such that the
alarm condition is accurately represented in the relationship
of the displayed parameter and the alarm setpoint. 1 f
validation 1is performed on an alarmed parameter, the
validation shall be performed prior to processing the alarm

Processing To Support Reduction Of Alarm Displays.

>3 As a measure to reduce the potential for sensory
overload, the total number of spatially dedicated alarm
displays shall be limited. Redundant alarms, such as
those vrepresenting separate channels of the same
parameter, shall be represented by a single spatially
dedicated alarm display, and alarms not related to the
current operating mode shall be eliminated.

Additional acceptable methods for reducing the number of
alarm displays:
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Use of cross channel comparison to represent
several channels of a s.agle parameter with a
singie alarm

Use of alarm logic and setpoints which are plant
" or equipment status dependent

Com ination of related alarms, such as those
which require the same operator response, into a
single display and use of alarm messages to
indicate the specific condition in alarm For
example, 1f several alarms are associated with
loss of cooling to a reactor coolant pump, these
may be represented under a single alarm tileg

This method of alarm grouping can be 'di'[]'l(“" LC
both dedicated and selectable 2larm displays,
including tiles, Video Display Unit (VDU)
Jisplay directories and system level VDU
displays.

Use of a multi-priorit display scheme to combine
J d

alarms, such as low and low-low alarms, into a

single alarm tile.

wWhere multi-inout al § are used, the capability

to individually disr’ 2y the status of each alarn
shall be provi

5$1ng 10 Support Alar» Prioritization

An alarm pricritization scheme shall be used.
such that alarms requiryng a quicker operator
response will be identified as having a higher
priority

The number of priority categories

(1.e., 2 to 4
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1.1.6

1.1.4.3

1.1.4.4

DESIGN PRODUCT REQUIREMENTS
I1-1 « CRITERIA FOR ALARMS

An acceptable basis for division of alarm
priority 1s the proximity of an alarm setpoint to
a Stgnificant Oper:tor Action Condition (SOAC),
which 1s defined as one of the following
undesirable plant conditions:

1) a uvritics) function violation (safety or
power production),

2) a success path violation (availability or
performance),

3) majur damage to equipment,
4) a personnel hazard.

An acceptable method of division of alarm
priority is:

Priority 1 - Immediate Action (1.e., last
warning prior to reaching an
SOAC) .

Priority 2 - Prompt Action (1.e., second to
last warning priur to reaching
an S0aC).

Priority 3 - Caution (1.e., any warning
prior to the second to las
warning prior to reaching an
SOAC, and also for all non-
SOAC alarms).

Integrated Alarms

Alarm List

1.1.6.1

Each alarm shall be tagged with its time of
occurrence. The resolution shall be within 2
seconds for all alarms. For all exceptions,
Justification sha'” be provided that a coarser
time resolutiun is adequate,
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1.1.6.2

1.1.6.3

1.1.6.4

1.1.6.5

DESIGN PRODUCT REQUIREMENTS
I1-1 « CRITERIA FOR ALARMS

The operators shall be provided the capability to
access at any time, via an on-line display and in
rinted form, the time sequence of alarms that
ave occurred, The capability to access the
alarm 115t shall be provided at al) (Main Contro)
Room (MCR) workstations and in the technical
support center,

The time period covered by the alarm 1ist shal)
be predetermined and at least 4 hours,

‘Vocumentation shall be provided which

demonstrates that the alarm system hardware and
software have sufficient computational spee  and
capacity, and buffer capocit( to assure that no
alarm information would be lost from the alarm
i1st historical record for the worst case upset
or emergency that the plant may suffer.

The time sequance of alarms shall L- recorded v'a
non-volatile media.
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11-) CRITERIA FOR ALARMS

shall be displayed in a manuer such that the

giscern the highest priority without first
.5”'3 Lthen The method of 'J“('iivHﬂ' “'ﬁ'" priom Ity
include these attributes

Distinct wvisual cues to differentiate alarms of
different priority; the cue for the higher priority
alarms sre the most salient

I isual cues of alarm priority are applizd
consistently on different display media (e.g., on alarn
tiles and VDU screens, overview displays, and in the

|

redundant and diverse systems)
visual display c¢f alarms requiring immediate or pirompt
operator action shall be provided immediately, automatically
¢ without operator action), and in a manner that enhances
immediate recognition that an alarmed condition exists
Spatial dedication of such alarms, in & location directly
viewable from the operator’s normal working position, is ar
acceptabie method

Where alarms are grouped in & sind
ale shall not mask higher
15 Inciuge.

Use of different color hues or flash rates to
the ["i\"'f‘v (_cf the ""‘d"“‘ ‘!"if~f, alarm ref
t»’ an annunciator

Use of f‘an?: suppressior t0 temp var", re
of lower ‘VI(.r‘I. alarms 11 raer Lo enhance
higher priority alarms

visplay techniques shall be utilized to correlate
related critical functions or sucress paths
‘echniques are acceptable

Physical grouping of alarms for parameters, components
or systems which share a common function

Physical grouping of spatially dedicated alarms whict
have related safety functions to take advantage of

\

pattern recogtition,

Automatic indf

r
paths affect
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1.2.5

‘“1.2.6

1.2.7

1.2.8

1.2.9

1.2.10

DESIGN PRODUCT REQUIREMINTS
I1-1 - CRITERIA FOR ALARMS

Access to information supporting evaluation of the alarm
congition shall be direct and prompt. Acceptable methods
include:

a) Automatic display of messages related to the alarmed
condition upon alarm acknowledgement.

b) Automatic display of an index or other prompt which
fdentifies reference pages for further dtagnostic
information or a display which supports initiation of
corrective actions.

The alarm display shall provide visual and audible indication
of cleared alarm conditions.

Distinct visual cues differentiate alarm states (e.g., new,
existing(acknowledged), cleared, reset(acknowledged)).

The visual cues for new, cleared and existing alarms shall not
mask each other,

An acceptable scheme for visual differentiation:

Alarm State Visual Cugs

New Fast Flash, Bright yellow.

Cleared Slow Flash, Dark Yellow.

Existing No Flash, Dull Yellow.

No Alarm or Reset Normal Display with No VYellow
Highlighting.

Visual display of the existence of an alarmed condition shall
be provided at all times that any alarm condition requirin

prompt or immediate operator action exists. That is, visua

indication that an alarmed condition exists shall not require
operator action, (e.g., activation of ar. appropriate display
page shall not be necessary), and shall not be removed by
automatic or operator action (e.g., due to selection of
alternate display pages).

Spatial dedication of alarm displays shall be based on an
evaluation of the significance of an operator response to the
alarm, which includes consideration of the following factors:
system impact, technical specification criteria, importance or
severity of consequences, and time available to respond.

where alarms are unacknowledged or deferred, they shall be
stored in an ordered buffer and messages related to these
alarms should be stored for ready access when the alarm is

11-10
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acknowledged.
b 1 1.2.11 Overview Alarm Displays
\ [
1.2.11.] The overview panel shall provide tor the display of high
ISR level derive alarms tuch as would provide indication of

1.2.11.2

plant mode or state, and availability of safety systems
or functions. Indication of the following is required:

i)

b)

¢)

Alarms indicating failure of a critical safety
function.

Alarms indicating poor performance or
unavailability of success paths supporting
critical safety functions.

Alarm mode, to indicate the state of the alarm
system (for plant mode dependent alarm logic and
setpoints).

Spatial dedication shall be provided on the overview
display for certain key alarms. An acceptable approach
is to provide dedicated display of the critical safety
function alarms on the overview display.

I1-11
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Al ee ('7("\
' 1.3 Acknowledgement
L. T 9.
B A Alarm  acknow!ledgement techniques which  facilitate
<y acknowledgement of alarms without perceiving them, such as
*global acknowledge®, shall not be used.
EPRT cure 1.3.2 A common acknowledge for redundant alarm systems shall be
B implemented such that the operator can acknowledge any alarmed
¥.39.1 cordition on both systems with a single action,
/ 1.3.3 Methods shall be implement § for roducin? the burden
associated with alarm acknowledgement. he following

techniques are acceptable:

a) Provision of the capability te acknowledge alarms in
small functiona!ly related groups as well as
individually.

h) Physical grouping of functionally vrelated alarm
displays.

¢) Provision to display alarm messages convenient to the
operator’s position while perforaming other tasks.

d) Provision to defer acknowledgement of lower priority
alarms such that distraction 1s reduced but notification
is not Tost. Such features may include: use of periodic
rather than continuous audible alarms ﬂo.%.. momentary
audible tones and reminder tones), and flash suppression
(e.g., stop flash and resume flash).

11-12
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1.4

1.4.1

1.4.2

1.4.3

1.4.4

DESIGN PRODUCT REQUIREMLNTS
IT-1 « CRITERIA FOR ALARMS

Reliability

Alarms shal) be provided by redundant means in all elenents of

power supply, processing and display to ensure that failures
:f nzrua ly replaceable parts do not resuit in 1:.s of
unction,

For alarms related to critical safety function violations or
prompting operator safety related mitigation actions for which
there 1s no automatic action, the redundancy design shall meet
separation and independence criteria similar to that provided
for the redundant channels of the protection system.
Excogtions to this criteria would be acceptable in areas where
total separation would compromise the human factors aspects
of the design (e.g., common lcknoulodgonnnt Vs separate
acknowledgement, periodic data correlation). For these
alarms, redundant elements shall De diverse to protect against
common mode failure, and shall be seismically qualified.

Performance of the redundant systems should be monitored
automatically via methods which detect deviations between the
two systeme and immediately report any indication of degraded
performance to the operator.

Display of an alarmed condition shall occur within 5 seconds
of reaching the associated setpoint,

[1-13
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chio 15 Audible Tones

H.3. v b Implementation of audible tones shall comply with the following:
. . 18 Audivle tones shall be used to alert the operator to the
AT E0% presence of a new alarm condition and to the occurrence of

cleared alarm conditions.

1.5.2 The location from which an audible tone is generated in tLhe
MCR shall be selected to enhance recognition of the physical
location in the control room where the spatially dedicated

/ display of the alarm resides.

1.5.3 Tones for new slarm; are separate and distinct from tones used
to signify clearing alarrs,
1.5.4 The scheme for implementing audible annunciators shall limit
the distraction and stress associated with audible alarms.
( The following are included as acceptable practices:

a) Use of momentary or self-silencing tones for new and
cleared alarms.

b) Use of p¢ fodic, momentary reminder tones for
unacknowledged alarms,

11-14
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11-2 OPERATOR AIDS

2.1 Indication of the following shall be provided to the operator via
visual cues that are distinct from the alarm displays.

2.1.1 Indication of the change of state of an interlock which allows
manual action by the operator to take effect if certain
conditir~ - are met, and deleats the operator action if the
conditions are not met.

2.1.2 Indication of automatic actuation that 1s appropriate for the
plant state.

11-15
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11-3 CRITERIA FOR PARAMETER INDICATIONS

3.1
Qg‘r ('-'Lf
). 11
|
¢ L
L/ |
Ch

Selection of Parameter Display Modes
3.1.1 Dedicated Displays

3:l:14) Dedicated display device(s) shall provide a continuous
display of a1l Regulatory Guide 1.97 Category 1
varfables as follows:

a) A1l Regulatory Guide 1.97 Category 1 variabies
shall be provided in a validated )ist.

b; Access to the individual channe) parameter valves
shail be provided for a1l Regulatory Guide 1.97
variables.

31.1.2 Display device(s) shall be dedicated to access of the
following key parameters. Multipie display pages can be
used to accommodate Jisplay of this information.

a) Key parameters uind to assess critical function
status for safety and power production.

b) Key parameters f{ndicative of success path
performance for both safety and power production.

c) For composed parameters which are determined by
an algorithm which uses sensor input from
multiple parameters (e.g., determines average
coolant temperatures from multiple hot leg and
cold leg sensors), operator access to the
individual sensor channels shall be provided.

a4 Selectable Parameter Displays

3.1.2.1 Selectable Jisplays shall provide all the plant
parameters that are required for operation, but do not
necessarily need to be displayad continuously.

3.1:2.8 Selectable parameter displays of like nature shall

employ a consistent selection scheme throughout the
control room,

1i+16
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3.2 Parameter Processing

C'L\ (O 3.2.1 Validation
3.2.1.1 Where multiple sensors or channels provide data for the
Lol same paramsier to the control room, a validation scheme
o ek shall be implemented in determining a representative
value to be displayed to the operator.
/
' 3.2.1.2 The operator shall be afforded a mechanism to access ana
view all sensor readings used in the validation rcheme.
{ 3.2.1.3 Indication shall be provided of data identified as
suspect by a validation program. Use of a unique
symbol, indicating suspect status, displayed adjacent to
the displayed parameter value is an acceptable method.
AL 3.2.2 Historical Reccrding
3.2.2.1 Facilities shall be provided so that orerators can
o obtain past histories of particular parame‘ers either
througn a VDU interface or on paper.
3.3.2.2 The capability to cal) up a pre-defined trend shall be
provided for those parameters specified in the task
analysis,
3.2.2.3 A trena shall be provided automatically in the display
of certain paraneters as identified 1in the task
analysis.
AT 3.2 Parameter values shall be adjusted through processing to
e provide the most applicable information pcssible with current
{ plant instrumentation (e.g., compensated for density effects).

wrgeie ¥l g This must be indicated to the operator by means of a labe' or
coding scheme.
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(¢ 3.3 [Features of Parameter Display
: 3.3.1 The rationale for selecting the manner in which parameter
“A. e & indications are presented to the operator (for characteristics

range, display accuracy, response time, character sfze and

time period for trends) shall be based on either task

analysis, expert operator judgement, or predecessor designs,
{ and documented. For example, the units of pressurizer
pressure shall be the same on the display as it is described
1. the procedures and the procedure guidelines.

3.3.2 An alphanumeric designator or label shall identify parameter
indications.
3.3.3 If two or more parameters are to be routinely compared then

the difference, summation, average, etc. (#s required) shall
be displayed as a parameter in its own right.

3.3.4 When parameter information is displayed using bar graphs, all
griphs shall be oriented consistently. To facilitate
comparison and correlation among 1ike parameters, scales shall
also be consistent. Exceptions to this must be justified with
respect to criteria 3.3.1.

33.5 When a bar graph is used to indicate a parameter, the operator
shall be allowed access, either continuously or via some
menuing mechanism, to the digital value of the parameter.

3.3.6 Scales -~»*11 conform to accepted HFE guidelines and tnese
, - ' shall b. ~ )1ied consistently throughout the control rom. The
NMoreqg © 726 &.5. /.7 following are acceptable:

a) Grid 1ines on bar graphs shall be unobtrusive and shall

YAe A
VAS A Seee not obscure data elements.

ls | :(v« &
Ve 1 iy b) When parameters are to be displayed on a bar graph, th2

\ x-axis shall be time and the y-axis shall be the
monitored parameter.

¢) On the scale, the major and minor graduations shall have
different sizes. Different lengths may be more legible
for connotative point readings; different widths may be
more visible if only quantitative check readings are
required.

d) Graduation intervals shall be of one, two o five units,
or multiples thereof by powers of ten.

e) Between the numbered graduations, the unnumbered

I1-18
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DESIGN PRODUCT REQUIREMENTS
11-3 - CRITERIA FOR PARAMETER INDICATIONS

graduations shal) not c(xceed nine n number,

f) Wh 1 percentage scales are used, 0% of the scale shall
correspond to the low end of the parameter, e.g. ,minimum
level, flow, power; similarly, 100% of scaie shall
correspond to the high end of the parameter range

g) The 1individual numerals on any scale should be
vertically criented with respect to the operator.

Display devices shall have sufficient s:zale range to
accanmodate all anticipated normal and abnormal operating
conditions.

Instruments shall provide ranges such that nominal scale
readings fall between 20% and 90% of rull scale during normal
operations,

If a display device {incorporates the capability tc
automatically chanie the displayed range of a bar graph, then
the operator shall automatically be informed before this
occurs, Operator acknowleagement can be implemented to assure
cognizance of the change.

Time history displays utilized in the control “oom shall have
a consistent position for the origin.
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DESIGN PRODUCT REQUIREMENTS
I1-3 -« CRITERIA FOR PARAMETER INDICATIONS

Reliability

Parameter displays shall be provided by redundant means in all
elements of power supply, processing and display to ensure
that failure of normally replaceable parts do not result in
loss of function,

Parameter displays shall be provided via redundant and diverse
means, such that the procersing and (isplay of the following
indications will be maintained even if a complete failure or
common mode failure occurs in a system supporting those
functions:

a) Information for Technical Specification monitoring with
surveillance timas less than 24 hours.

b) Informat ‘o» vequired to assess major equipment dumage or
personnel hazard alarms,

c) Roaulatory Guide 1.67 Category 1 and 2 parameters (lypes
A-C) (not already on single parameter displays).

The devices used to aisplay the Post Accident Monitoring
Instrumentation (PAMI) parameters shall meet the applicable
qualification criteria of Regulatory Guide 1.97.

If the device that displays the parameter indication fails
then this shall be immediately apparent to the operator.
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CRITERIA FOR INTEGRATLD DISPLAYS
Integrated dispiays are Lhose which combine parameter indications, alarms
and component s*atiys inaications to provide a higher level indication »f
system functional status Fiping and Instrumentation Diagram (PEID)
representations may be used in such displays.

y of Displays

Integrated displays shall be organized in a hierarchical
relationship that reflects the way Lhat the operators will
utilize them and the hierarchica’l scheme shall be documented
The hiera =hy can be organized by sequence of use in
particular tasks, by system or by function Incorporation of
the following features is acceptable:

Organization of the dicplay hierarchy in such a way as
to facilitate learning by the operator, including
application of basic principles of the psycholaigy cf
emory such as the limits: of short term memory,
chunking, elc.

b) Use of critical functions and success path monitoring as
a basis in the design of the overview display, so that
in training this basis can be used to guide the use of
the ovarview display

There shall be an overvizw d <play that provides the cperator
with informnation in a fornat so that high level "states" of
plant can be ascertained in minimuw time.

{

y of the overview >hali be available at all normail
tor working positions. Implementation of CRT displ
working positicoy or a big board paneil in

all

om all such positions 1s acceptable.
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DESIGN PRODULT REQUIREMENTS
I1-4 - CRITERIA FOR INTEGRATED DISPLAYS

Navigation

Integrated displays on CRTs shall afford the operator the
ability to move from one display to another with a maximum of
two torches. A design in which the first stroke accesses the
pertinent detailed menu and the second stroke makes the
specific ftem selection is acceptable.

Access to finteqrated display pages shal! be afforded the
perator by a system that makes use of "the human’s natural
inclination to point®.

In order for the operator to seiect displays, the choices
shall be displayed. An acceptable method ic use of menus.

Elements of a meru shall belong to a logical group.
Acceptable groupings of menu elements include:

a) Plant Sector
b) System
¢) function

The menu formats shall be consistent within particular display
and control systems.

The ability to restore the display to the previous display
page shall bz provided to the operator.

Navl?atlon through displays and through the hierarchy shall be
facilitated by labeling and tiile schemes that reflect the
commonly used terms for the eiements displayed. Examples of
this are: Labelling the part of a dispiay that shows the
safety injection system with "SIS", labeling a display page
that contains an overview of the primary system with "PRI",
etc.

When a single display, e.0. , an alarm list, requires more
screen area than is available, then the ‘nformation shall be
partitioned and some technique for the operator to move within
and between partitioned groups shall be i« forded. Direct
access to the first page of such a display shall be provided
on each page of the partitioned set.
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IT-4 - CRITERIA FOR INTEGRATED DISPLAYS

Physical and Functional Features

Consistent coding of information shall be used ihroughout the
fntegrated displays. A common metaphor, Luch as P&IDs, should
be wused consistently among the displays to the extent
possible. Exceptions, and the basis for their use, shall be
documented.

A1l integrated displays shall have the current time and date
to facilitate date stamping activities as required for certain
tasks. Yhe format of this chronological indication shall be
consistent across all displays.

Each integrated display shall provide a title by which it can
be referred from a procedure or other document.

Coding schemes used on integrated displays shall conform to
those specified by the parameter indications section and the
component contre' section.

Screen loading or information density shall not exceed 50% of
the total screen area (not including demarcation lines).

Empty screen area, lines and spaces should bLe the primary
means of organizing and separating data.

Data presented to the user shall be in a readily usable und
readable form, such that the user does not have to transpose,
compute, interpolate or translate into other units, number
bases or meaningful lenguage.

Data fields that appear in multiple locations within a system
shall have consistent names, and should have consistent
relative position within similar displays.

The fintegrated displays shall duplicate and verify the
information provided in & spatially dedicated manner.

Integrated displays shall provide quick direct access to
supporting Information for alarm conditions.
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11-6 CRITERIA FOR DISCRETE COMPONENT CONTROL (ON/OFF)
5.1 Lontro] Strateqy

/VJw’ e)e 5.1.1 The current status (on/off, open/close) of a discrete state

c |.].€ component shal) be visible whenever the control mechanism for

b3 / that component is cvailable for use. The fatent is to prevent
14730 s.1.1Y/ blind operation of equipment.

c14..Y / 5.1.2 Identification of locally controlled components for which

‘ status indication ‘111 be provided in the control room (e.g.,

CAn (¢ containment latch door position) shall be determined by a

- % documented task analysis, expert operator opinion or
predecessor design. Status of such components shall be
provided in the control room either by instrumentation or
administrative procedure.

‘Q.- ¢ §5.1.3 Consistent component slatus coding shall be used throughout
the control room. For example, red status indicators for on
or open; and green status indicators for off or closed.

{ §.1.4 The human factor attributes of packaged control devices shall
be consistent, to the extent practical, with the human factors
engineering standards set for the man-machine-interface.

(b ! $.1.8 The design shall provide mechanisms to restrict usage cf
.7 Y component control devices (e.g., administrative control,
automatic interlocks, alarms, two action controls, etc.).

LA (¢ 5.1.6 Electrical current flow (amperage) indication shall be
available for motor operated components rated at 100 h.p. (75
kw) and greater, This indication may be provided via
soft-interface VDU, or continuous displiy hardware.

B
A
s
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Manual Mode Changes

Automatic control shall be provided where manuz) contr

not suitable due to response time requirements, the complexity
of the control function, or the need to free the operator for
other control room tasks

This criterfa 1s not intended ‘o exclude the operator from the
control loop Ir general, the operator shall always have the
ability to disable automatic control action and/or take manual
control. This does not appiy to automatic interlocks or
actuation signals which are designed to keep the plant or
equipmenit within the bounds of the technical specifications

and plant operating procedures

Control schemes with multiple modes (auto, manual, etc.) shall
permit a "bumpless” transfer between any two control modes
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11-8 - CRITERIA FOR DISCRETE COMPONEMT CONTROL (ON/OFF)

5.3 Auto Sequent. Operations

5.3.1 Where two or more redundant components have a sequential auto
stari feature (9.g.. at setpoint #] start A, at setpoint #2
start II. the operatcr shall have the option to assign the
in-service or first to start component, and the succeedin
start sequence of the remaining redundant components |
applicable. Tha intent 15 to give the operator the ability to
establish a known sequence of events.

$.3.2 Where two or more redundant components have a standby feature
(e.g., 1f A fails to start or trips, start B), the operator
shall have the option to assign the first to start component,
and the succoodinr start sequence of the remaining redundant
coaponents 1f applicable. The intent is to give the operator
the ability to establish a known szquence of events,

5.4 Common Coding Featyres

5.4.1 S:atta\ly dedicated controls shall be provided for components
that makeup the main flow path of normal and emergency success
naths for all critical functions. Spatially dedicated
controls shall meet the following criteria:

1. The controlling device shall operate the subject
component and no others. It shall not share control
function with other components.

2. The controlling device and its control state shall be
continwously visible ana available for use.

Tte controlling device shall occupy a fixed location on
the control panel in an orientation that his a
functional relationship to its adjacent controls.

4. Control action can be inftiated directly (with no prior
screen selection) or with minimal screen s2lection (1.e.
ore or two). Where selection is required it is only to
access specific contro’ options in a set of funcicionally
related controls,

5.4.2 Control loops that require 1ittle or infrequent operator
fntervention may be accessed through selectable soft-interface
YOU displays.

5.4.3 Failures in a component control loop that result in loss of
control, or a control discrepancy shall be indicated at by a
unique visual code er label. For example, use of a biinking
switch position is an acceptable means of indicating that the
demand state 1is different from the actual state of a
controlled component.
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5.5 Reliability

5.5.1 Component controls shall be redundant to the extent that a
fatlure in the man-machine-interface device will not prevent
further control actifon. The intent is to provide a backup
means of inputting component control «“mmands.
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I1-6 CRITERIA FOR MODULATING COMPONENT CONTROL

6.1
6.1.1

Controller Strateqy

Control Joops that have a cascade or nested relationship
(e.g., master/subloop) shall be hierarchically arranged to
clearly indicate their functional interaction.

Control systems with multiple input sources for the controlled
variable shall indicate which input source is being used as
the controlling varfable. For example, if a control system
can accept inputs from channel X, or channel Y, or the average
of channels X and Y, then the control system must indicate
which of the three opticns is being used and provide controls
to change the input source.

Control systems with multiple setpoint sources (e.g.,
auto/operator) shall indicate the actual setpoint source at
the control station. For examnle, if a control system can
accept a setpoint from either the operator or some other
source, an indicatfon shall be provided to indicate which of
the two pos-‘ble setpoint sources the system is using and
provide controls to change.

Control systams with a variable setpoint shall indicate the
current value of the setpoint at the contro) station.

Control systems s th auto/manual output modes shall indicate
whether the source of the output signal is from the automatic
or manual system,

Control systems with a variable output signal shall indicate
the value (or relative analog) of the actual output signal.

Failures in a component control loop that result in loss of
control or a control discrepancy shall be indicated by a
unigque visual code or label at the man-machine-interface. for
example, use of a blinking switch position is an acceptavle
means of indicating that the demand state is different from
the actual state of a controlled component.
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6.2 Throttling Components

6.2.1 Components whose primary function is to provide throttling
action (flow control) shall have real time throttle position
feedback visible from the control statfon. The intent is to
provide positive primary indication of compone.t performance
and not rely on secondary means (1.e., flow indication alone)
for contrel action performance monitoring.

6.3 Reliability

6.3.1 Component controls shall be redundant to the extent that
failure of a man-machine-interface device will not prevent
further control action. The intent iy to provide a backup
means for inputting component control commands.
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11-7 CRITERIA FOR SPECIAL CONTROLS

Ch (O 1.

7.1.1

7.1.2

7.1.3

1.2
1.4.1

7.2.2

system Actuations

The following criteria apply to reactor trip, main turbine and
generator trip, and engineered safely features actuation signals,

Control devices for manual reactor trip, main turbine and
generator trip, and ESF system actuation shall be amenable to
rapid actuation by one operator.

Control devices for manual trip and system actuation shall
incorporate design techniques tn reduce the potential for
inadvertent actuation.

The current state (actuated/reset) of system actuation and
trip shall be visible from the actuation control station.

Operating Stations

Spatially dedicated operator modules, related indications, and
other control devices shall be grouped by function such that
the control function can be accomplished without the need to
rove. This should not be interpreted to preclude the use of
multiple operating stations. Only that each operating station
must have the necessary finformation and controls available
within the immediate area. The intent is to prevent the need
to rove from the operating station to perform related control
actions or acquire information important to control,

There shall be spatially dedicated operating stations for the
following systems and operational functions:

1) Reactor Coolant System: pressure, temperuture, and
inventory control

2) Reactor Control Rods

3) Main Feed System

4) Emergency Feed System

5) Main Turbine and Generator

6) Engineered Safety Features Systems

7) Heat Rejection Control Systems: atmospheric steam dump,
st::? bypass to main condenser, and long term decay heat
cooling

The human factor attributes of packaged control devices shall

be consistent with the human factors engineering standards set
for the man m chine-interface.
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Process Controls

Process contro) devices shall be separate from "indicate or v*
displays. The intent is to provide a clear distincliun
between indication only and active procass control devices.

Process controllers shall provide continuous display of all
parameters being controlled. As a minimum, process
controllers shall have continuous display of the rollowing:

Mode of control (autc, manual, etc.)
Setpoint and real time process value
. Process value identification tag

Response Time

Process controllers shall indicate the relative magnitude of
the actual output signal being sent to the component in real
time without the use of anticipatory simulation or other
enhancement techniques. The intent is to keep the operator
informed of the actual state of the control loop and thus
prevent false expectations.
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Engineered Safety Features Component Control and Monitoring

Operator Override

Operator override capability shal) be provided on a component
basis for all ESF actuated components. The logic shall be
such that the override may be executed only after the ESF
actuation signal,

When the ESF signal clears, the override logic shall also
;}n: dsuch that subsequent ESF actuation signals are not
ocked.

Once the ESF actuation signal is cleared, repositioning of the
cemponent will occur only by a subsequent operator command or
by an automatic control signal.

Inoperable Component Status Monitoring

ESF component inoperable conditions which may result from
bypassed or inoperable conditions shall be continuously
displayed to the operator per requirements in NRC Ro?uIatory
Guide 1.47. The intent is to fdentify ESF system availability
prior to its actual need.

In addition to component inoperable conditions, the monitoring
system shall also consider component misalignments.

In general, inoperabla stacus monitoring should apply te all
active components but are required for ESF components.

ESF Actuation Status Monitoring

ESF component status monitoring shall be provided such that
upon the initiation of an ESF actuation signal the operator is

able to determine if all components in the ESF trains have
responded properly.
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Auto Mode Selection With Multiple Compons

This

»

section addresses control designs that require multiple

components to be controlled by the same automatic contro) signa.

There shall be one switch for each component 1f each component
is being controlled individually

There shall be one auto mode switch (not one for each
component) 1f all components are controlled as a group. This
switch shall be jfocated and labeled to indicate its group
orientation.

es of Display

Process flow lines shall be included in all lavouts of
controls and dedicted indicators where the physical
reiationship of plant components is the basis for the layout.

Labels shall be provided in mimics such that all flow lines
lead to or from a specified component, a source labe) or a
destination labe),

Demarcation 1ines and mimic flow 1ines on control panels shal)
be wide enough to provide the appropriaste demarcation without
adding visual clutter to the control boards. Use of lines at

least 3/16 of an inch wide are acceptable

Demarcation l1ines and mimic flow Yines shall be consistently
sized throughout the control room

Component indications found on the overview display shall
utiiize the same coding conventions established in the contro)
room.

When component indications are composite, that is, reflect the
aggregate effect on flow path of the component, this shal) be
apparent to the operator by the indications used in the
display.
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Main Control Room Criteria for Control and/or Monitoring

DESIGN PRODUCT REQUIREMENTS
11-8 - CRITERIA FOR CONTROL ROOM MONITORING
AND CONTRGL FUNCTION LOCATION

The following criteria shall be cunsidered when making control and
instrumentation assignments in the MCR (potential exceptions to
these general criteria will be on a case by case basis, with

dos

eiitation of the rationale):

Controls and findication wused for critical safety and
production functions and their success paths ‘e.g., Emergency

Cooling, Emerge Diesel Generators, Post Accident
Monitoring) shal’ directly or indirectly (e.g., verify that
there 1s no lea by monitoring a t ~k level} instrumented

and displayed 1. thé MCR;

Indicatiun an associatay controls for systems that require
froquont (more than two times every eight hours) or expedited
peration (two hours or lesc) should be lozated in the MCR;

The primary location for normal controls that can cause a

reactor trip shall e the MCR (e.g., Reactor Ccolant Pump

controls, Lirculating Water System Pump cortiols, etc.); Note.

this does not preclude controls required for hot shutdown from

haing located in the Remote Shutdown Room (RSR) as well as Lhe
wer local controls for larye circuit breakers or
.tive features;

2 primary location for normal controls and indication used
for critical safety and power production functions and their
success paths shall oe the MCR (e.g., Reactivity Control,
Inventory Contre’, Pressure Contrul, Core Heat Removal,
~rorgency Diesel Tenerators, Post Accident Monitoring

dication, etc.). A method of backup coatro) outside the MCR
snall be provided at local control stations (e.g. Local Diese)
tonerater Control Panel for lung term cold shutdown) our the
RSP,
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8.2 Criteria for Local Safety Related Control and/or Monitoring

8.2. Systems ifmportant to safety and that make use of local control
stations (e.g., Local Diesel Generator Control Panel) shall
have a Man-Machine Interface {(MMI) that will avoid
incompatibiiities and encourage a high degree of positive
transfer of training when compared to similar MMI in the MCR.

In addition to controls in the Main Concrol Room, local
contro?l shall be provided for all systems and components
needed to achieve and maintain cold shutdown of the reactor
(e.g., Tlocal Diesel Generator Control Panel) for which
controls «i'e not provided for in the Remote Shutdown Room:

Safety and non-safety related ¢ “1s used primarily for
initial system startup (e.g., pump suction isolation valves,
instrument isolatiorn valves, tra.iformer cooling fans, lube
oil systems, and fully automated supoort systems (i.e., oil
systems, seal water)) may be locaily contronlled and no*
controlled from the MCR. Locating these controls locally wil’
not significantly increase operator workload because these
support systems are infrequently ooerated (e.g., after a
refueling outage, after mairtenance)

Locai controls shall be provided for:

. Where local manual control actions and/or surveillance
& must be accessed frequently or performed in close
e proximity te the equinoment (e.g., cycling » valve during
3 maintenance);
&
b. Where testing and surveillance wuuld 1 necessarily
TR burden the MCR operators and not effect power production
SO or safety;
R4
B | 8. Lozal disconnects for electrical components greater th:n
& 120 volts to provide personnel protection;
d. For cases in which safety, and power production cupport
and/or auxiliary system processes are controlled \ocally
" (e.g., filling a diesel generator day tank, et..,,
administrative controls (e.g., surveillance, ‘est or
operating procedures), physical barriers (¢.g., key
locks, locked doors) or alarms shall »e provided to
ensure that MCR operators are cognizant of all
- activities that could effect powar production and
g safety.
0
L
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Remote Shutdown Room Lriteria for Control and/or Monitoring

The Remote Shutdown Room shall provide an alternate control
stat.on which can be used in the uniikely event tha the MCR
becomes wuninhabitable or damaged. In the event that
evacuation of tha MCR becomes necessary, the operators shall
be provided with the means to transfer control to the Remote
Shutdown Room.

The RSR shall contain the controls and indication required to:

a) Achieve prompt hot shutdown of the reactor, subsecuently
referred to as hot standby per standard technical
specificati ns (reactor <ubcritical at operating
pressure and temnerature);

b) Maintain the wunit in a safe condition during hot
standby;

c) Achieve and maintain cold shutdown per standard
Lechnical specifications,

Specifically, the RSR shall meet General Design Criteria (GDC)
19 of 10CFRS0, Appendix A and Appendix R.

Surveillance, Maintenance and Testing Control and/or monitoring
Criteria

The MCR operators shall be provided with all indication and
contrels needed to support any surveillance or testing that
r.ot ve conducted by icensud ope~2tors. All systems should
provide the operational status/re Jiness (bypassed, in test,
disablec, etc.) for display in the MCR.

Access, Egress and Security Control and/or Monitoring Criteria

The MCR shall be given the ability te override security and
provide permissive to allow access to all vital area:c at the
discretion of the Shifi Supervisor or his designated
representative. However, MCR operators should not be required
to control or provide a permissive to access vital areas as a
part of their routine duties. In addition, the MCR personnel
shall be automatically alerted Lo security 2lerts ur changes
in plant security status, and whenever any vital I14C equipment
door is opened since these may have a direct impact on plant
operation and/or safety.
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I1-9 CRITERIA FOR MAIN CONTRCL ROOM (MCR) CONFIGURATION

9.1
chie 9.1.1
H.4,
4. 05 9.1.2
9.1.3
Cw !
"1.,‘
9.1.4
H-7.1.9.2
M & 5. 7 9.1.8
. 9.1.6
\'.
, . 9.1.7
NN 53,
W 9.1.8

QOverall MCR Configuration

The Main Control Room (MCR) shall contain area: to accommodate
the following:

a) Controlling Work Space with workstations containing
plant controls, displays and alarms,

b) Offices for the plant shift supervisor, control room
supervisor and remaining operating staff,

c) Reference material and emergency equipment stoi.ge.

The controlling work space shall allow operation by a single
operator between hot standby and full power. Adequate
workspace shall be provided to accommodate up to two
sup 'rvisors and up to four operators continuously.

Technigues shall be used in the MCR configuration design which
limit the required ac -ss to the controlling work space for
non-operating staff ouring both normal ind emergency
operation, This 1s intended to prevent unnecessary
distractions to plant operators at the controls.

The MCR configuratior shall provide a work station for a
control room supervisc ' within the controlling work space to
allow direct coordination of controlling workspace activitics
and support his/her tasks.

The control room configuration shal! aliow visibility of a
"big board" overview display from all locations within the MCR
contrelling work space, and from contre) room offices.

The Technical Support Center (TSC) shall be provided with
systems and/or features to encure effective communication with
personnel in the MCR including viewing of MCR activities.
Acceptable systems and/or facilities inciude Telephones,
Viewing Window, Television Display.

The capability shall be provided outside the MCR for plant
technical staff to access the same real time plant performance
data as in the MCR. Video display devices are an acceptable
means to accomplish thi=.

Accessitility of Instrumentation and Controls - The operators
shall not have to Teave the controlling workspace to attend to
control room instrumentation on back panels or elsewhere
during operations.
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DESIGN PRODUCT REQUIREMENTS
I1-9 - CRITERIA FOR MAIN CONTROL ROOM
(MCR) CONFIGURATION

Qng:gigz_fzggggm_gg_ﬂgxgmgn* - Operators should be able to get
to any point in the control room without having to overcome
obstacies such as filing cabinets, storage racks, or
maintenance equipment. Adequate space shall be availabie for

the operator to freely access console operating positions.
§nnnmn%§1&19n1 - The crrangement of consoles and desks in the
controlling workspace shall facilitate direct communication
between onerators at any combination of workstations.

- A11 labels and indications shall be legible at
defined reading distances.

Panel Arrangements

The MCR controlling work space shall provide dedicated main
operational areas for normal, frequently performed operations
and infrequent auxiliary or safety operations. The normal
operating area shall be designed for seated and occasional
standing operation. The auxiliary and safety operations
workstations may be designed for seated or standing operation.

The normal operator workstation shall provide all controls and
indicators to perform the following tasks:

a) Perform all monitoring and control tasks associated with
maneuvering the plant from hot shutdown to full power
operation and return to hot shutdown

b) Monitor all major automatic controls (e.g., pressurizer
au_omatic pressure and level controls) to maintain plant

availability

c) Perform standard post trip actions foliowing a reactor
trip

d) Monitor Critical Functior Processes during plant
emergencies

The normal operator workstation panels that contain functions
p;rforued1nost frequently shall be placed toward the center of
the console.

Controls for safety rel.ted systems shall be located on panels
such that they can be maraged independently from power
production and auxiliary systems and so that they are clearly
distinguished from non-safety controls.
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T1-9 - CRITERIA FOR MAIN CONTROL ROOM
(MCR) CONFIGURATION

(ontrols for non-safety related systems and fuictions not
reg “red to be assessed frequently for normal power production
shai  be located on panels such that they can be v ged
independently from power production and safety systems.
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11-10 CRITERIA FOR INDIVIDUAL CONTROL PANELS
10.1  Panel Section Arrangement

10.1.1 Instrumentation and controls on individual panel sections
shall be laid out based on operator functions as the primary
design criteria, and not on functions of equipment or systems.

A.Lh’(n l‘}<.r lo‘z Eml—nmmm

. -~

Y AL 10.2.1 Standardized panel profiles shall be used for sit-down panels

1. ).71 & (that accommodate both seated and standing viewing) and panels

. ' that accommodate standing operation only. These panels shall

" o i9iud be designed to meet a project specific set of 'fluman Factors

- < Engineering anthropometric guidelines. These par~1s shall be

- designed to accommodate the 5th percentile female through the
95th percentile male.

10.3 Panel Layout

10.3.1 FUNCTIONAL LAYOUT
E ¢ 10.3.1.1 Separate functional groups of components should be
i spaced apart so that the functional group >oundary is
.58 obvious.
7, 4 10.3.1.2  Demarcation shall separate functional groups of

components, particularly where ample space between
functional groups of componenis is not available.

L. ¥.' 7.0 10.3.1.3 Functional groups within a panel shall be identified by
the use of name tags and demarcations.

10.3.1.4 Spatially dedicated alarm tiles shall be placed in the
upper ~ast section of a control panel to accommodate
viewing when not directly in front of a panel.

7 A 2 10.3.1.5 Display only devices (e.g. VDUs and discrete ind1cators{
a shall be placed in the vertical sectiva of a contro
~N.5.3. £ panel to accommodate viewing from locations not directly

in front of a panel.

10.3.1.6 Control devices (e.g. process controllers, on/off
switches) shall be nlaced in the apron section of
e panels, below their functionally related display and
alarm devices to provide a distinctive break from
monitoring functions.
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11-10 - CRITERIA FOR INDIVIDUAL CONTROL PANELS

10.3.1.7 Devices within panel sections shall be arranged to
promote easy understanding of the relationships between
the devices and the system. Acceptable relationships
for use in determining panel arrangements include the
follouin?: sequence of operation, related function and
system flow path.

V./ rey 2300 10.3.1.8 Arrangement of Physically Similar Components

4.5 2.7 3. mn_tm‘Lumg - The layout of similar cortrol
: and display sets shall be consistent at all
locations.

b. Q:]gn;g%jgn - Horizontal rows rather than
vertical columns should be usi -

c. mm:._em_nf_ismm*m - Large groups of
s'milar components shall not be laid out in an

unbroken row or column (e.g., no more than §
similar components shall be 12id in an unbroken
row or column).

!
{

d. Mirror Images - Plant relationships may show
bilateral (i.e. left-right) symmetry, and this
may be an effective organizing framework for
displays and controls. However, arbitrary
reversal of component layout relationships
(mirror-imaging) that does not denote a
meaningful attribute of the system shall be
avoided.

e. Large Matrices

Matrices of similar components shali have labe'ed
coordinate axes for identification of any single
component within the grid. The left and top
sides of the matrix shall be used for labeling.
Large (more than 5 by 5 element) matrices sha?l
be broken up wusing physical spacing or
demarcati.n.

Mres 70 10.3.1.9  Paired Controls & Displays

G.q9.1. ! Controls and related displays shall be closaly placed so
e that the two items are readily associated and can be
used conveniently with one another. The control shall
be placed so that the display is not obscured by the

cperator during control operation.
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I1-10 - CRITERIA FOR INDIVIDUAL CONTROL PANELS

10.3.1.10 Paper Surfaces

Sit down panels should be provided with npen surfaces
for required operator paperwork (e.g. operating
procedures, logs, a.arm response procedures, etc.). |
sit down panels are not provided with open surfaces,
such areas shall be provided within the controlling work
spac: with full visibility to the contrc11ling work space
panels.

Component Spacing

10.3.2.1 Separation between control devices should be sufficient

such that access to one device cannot be impaded by
adjacent devices, and that erroneous activation of
components can be reasonably avoided.

10.3.2.. Where simultaneous actuation of devices is necessary

anthropometric guidance shall be provided to ensure that
all operators can accomplrsa all required control
2ctions (e.g., the devices should not be separated by
more than 40 inches).

Display Position

Displays and controls shall be positioned on panels
considering all project specific ergonomic criteria. These
criteria shall include:

visual field

display height/vertical angle
horizontal display plane angie
display distance.

Display position shall accummocate the 5th percentile female
through the 95 percentile male to provide indications within
the nominal field of vision, controls within the nominal reach
and to avoid excessive movement.
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I1-11 CRITERIA FOR WORK SPACE ENVIRONMENT

L‘,“,,‘,,_a»\ f.‘

G- 3. 4

11.1

11.1.3

-
e

-

11.1.4

Lighting & I1lumination

The level of control room 1llumination (in foot candles) shall be
high enough to adequately perform all anticifated duties without
being so high as to cause undue problems with g

Because some tasks, such as VDU viewing, will require relatively low
levels while others, such as paperwork or maintenance may reouire
high levels, control room lighting shall be adjustible and non-
uniform.

are and reflectance.

Task lighting
IMTumination levels should be uniform at each work station.
Emergency lighting

a) Loss of lighting AC power shall activate emergency
lighting, which shall be independent cf non-emergency
power supplies.

b) Under emergancy conditions where of f site power, or any
AC power is availadble. lighting levels shall be kept the
same as during normal conditinns.

c) Battery packs (for emergency l1ights) shall be mounted as
unobtrusively as possible but <{i11 be accessible for
testing. Bulb change 1. regular fixtures must be able
to be carried out in a speedy manner which does not
impair plant operations.

Task area luminance ratios

Extreme differences or sudden transitions between the
luminance of a task and its surrounds (e.g., ratios in excess
of 100:1 or 1:100) shall be avoided.

Reducing glare and reflectance

Techriques shall be taken to 1imit problems with glare and
uncesirabie reflectance. Acceptable methods in.lude:

a) maintaining low task area luminance ratios,

b) Tow reflectance flcoring and wall covering,
) anti-glare screens
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DESIGN PRODUCT REQUIREMENTS
i1-11 « CRITLRIA FOR WORK SPACE ENVIRONMENT

Noise levels in control room & work spaces

The acoustic design of the control room shall ensure that 1)
verbil communications between operators are unimpaired; 2)
auditory signals are readily detected; and 3) techniques are
used to minimize auditory distraction, irritation, and fatigue
of operators.

Noise Tevels in equipment spaces

It is recognized that due tu flow, operating equipment, etc.,
the balance of plant wiil contain m.ny areas that are noisier
than the Main Control Complex. Nonetheless, noise levels in
equipment spaces should be minimized, where reasonable
possible, particularly for excessive noise from isolated
sources. Project specific maximum noise levels shall be
established.

Air Quality and Temperature

Temperature and humidity

The climate control svstem shal! be capable of continuously
maintairing temnerature and humidity within the project
specific comfort zon: for an approved heating, sentilation and
;1; conditioning guideline (e.g., Ashrae Comfort Standard 55-

Ventilation

The ventilation system should be capable of intrrducing
outdoor air into the control room.
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’
/1{,;,7 olrc 11.4.1 Operator comfort
E.l.%.7 Design features shall be employed to assure operator comfort.
Towards that end, the following architectural and design
G. 1.5k featLces shall be incorporated:
G 1535 2 2. Adequate seating shall be provided in all work spaces,

sufficient to support ‘ntended staffing.

Personal storage space for each on-duty operator shall
be provided within or adjacent to the control rcom (but
outside the controlling work space).

Work space environmental controls such as temperature
and humidity shall provide work space staff with a
suitable rauge of adjustment t maintain comfort and
compensate for changes in plant and ambient
environmental cunditions.

Accessuries and wnrk equipment (logs, chart paper,
office supplies, etc.) shall have appropriate and
cenvenient storage within or adjacent to the control
room (but outside the controll‘ng work space).

11.4.2 Bathrooms, kitcliens and other faciliiies

‘:’,.. "‘A: “.‘.2.1

11.4.2.2

Bathrooms

Separate men’s and women’s lavatories shall be provided
within 100 feet of the main control room.

Kitchen

A %itchen or food storaye and preparation area shall be
provided within .00 feet of the main control room,
including an eating =area, sink, microwave, and
refrigerator.

Other facilities
A clothes change and coat storage area (which could
doubie as an air-pack, hard hat, flashlight, etc. area)

shall be provided within 100 feet of the main control
room.
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11-11 - CRITERTA FOR WORK SPACE ENVIRONMENT

Flooring

Flooring should be non-slip, non-glare, and minimize
foot fatigue. Flooring should aid in dust control,
Inside the control room, carpeting shall be used.

In the event ~arpeting is nrt allowed for fire or other
technical concerns, rubberized mats ¢r similar devices
to reduce operator foot fatigue shall be used,

Wall covering

Wall covering should be low-glare anrd sound-absorbent,
and durable esthcotically (easy to clean, able to
w'*hstand rubbinu and scrapping).

Communication links between the office and the main
operating are2 shall be provided.

Storage

11.4.3.1

11.4.3.2

Desks an

11.5.1

11.5.2

-

Document storage

Storage space shall be provided so that procedures,
logs, and drawings needed for routine job performance at
operator work stations «re conveniently available for
the operator. Document storage shall permit individual
documents to be easily located and extracted.

Emergercy equipment storage

Emergency equipment shail all be stored so as to b2
readily acce sible, and kept in an immed’ately useable
state.

Equipment such as air packs, protective cluthing,
flashlights, etc. shall be located such that operators
do not have to tvaverse "hostile’ environment to reach
it.
hgir

Desks

Desks shall provide for flat laydown of the maximum size
drawing used in the MCR.

Chairs
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Chairs used at desks and seated work stations should
have back rests, arm rests, cushions, breathable
covering, adjustabl> seat height, be able tc rotate and
have mobility.
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11-12 CRITERIA FOR PRINT & TEXT FORMAT CONVENTIONS

12.1 Abbreviations and Acronyms
I $ors 12.1.1 Acronyms and abbreviations shall be combined and
tuman Fretors maintained on a single list, known as the Approved
Heniun Boplormnssm Bay. Abbreviations List.
12.1.2 Management of the approved abbreviations list
/‘\/,f, o loe The Approved Abbreviations List shall support consistent
! development of meaningful materials for use by
/s 7 - operators, maintainers, designers, engineaers,
C- & 334 technicians, and other Operations and Maintenance (D&M)

technical staff. This 1ist will be controlled and
wpdated as necessary to incorporate new terms. This
1ist of abbreviated O&M .erms shall not incorporate
urganizational or administrative terms unless these will
be used in labeling, procedures, tech specs, etc.

12.1.3 Suidance for generating abbreviations and acronyms shall
ov provided. Acceptable means ot guidance include
things such as an algorithm made &vailable to all
personnel whn Yave a need to generate an abbreviation or
acronym.

12.2 Alphanumeric Characters for Labels & Text

Human factors standards and guid«-ce shall be dev: :.d and
documented for alphanumeric characters for labels and tevi, based on
accepted industry guidance. These shall be applied througiout the
design or mechanisms shall be in place to detect non-cumpliance
during subsequent design phases. The guidance shall ardress ‘e
following basic issues: font style, use of cases, character size
and viewing distance, character width, stroke width an’ -lLacing.

12.3 Other Concerns

12.3.1 Warning Labels - Titles on warning labels (e.g., Caution

Cgu S 7w i B e Warning, radioactivity, etc.) should be 3 times the

APET @IS minimum specification for legible character size at the

specified reading distance. Text beneath the title

-y should use the standard size of characters based on the
¢S viewing distance.

12.3.2 VDU Resolution - The minimum font matrix size should be

PRRp— __ 7 by 9 dots or pixels per character (i2 vaster lines per
FPE i 574 text line).
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I1-13 CRITERIA FOR OTHER CONTROL PANELS

(
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13.1 Remote Shutdown Panel

13.1.1 The Remote Shutdown Panel shall conform to Main Control
Room anthropometric guidelines and panel profiles.

13.1.2 System/device layouts on the panel shall use the same
layout/format, where possible, as those same features
are laid-out on the Main Control Room Panels.

13.1.3 The criteria for print and text format, equipment
labels, demarcations, color coding, 1ighting. noise, and
air quality and temperature used in the Main Control
Room snall also apply to the Remote Shutdown Panel.

13.2 Local Panels

Lzcal panels containin? safety related equipment (e.g., Diesel
Generator Control Panel) shall provide a Man-Machine Interrace
(MMI) to operators that will avoid incompatibiliti=as and
encourage a high degree of positive transfer of training when
compared to similar MMI interfaces in the Main Control Room.

Acceptable methods of accomplishing this are use of the same

Human factors Standards and Guidelines and use of standard MMI
devices.
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11-14 CRITERIA FOR MAINTAINABILITY

Maintainability human factors standards and guidelines shall be develuped
and documented. These shail be applied throughout the design or
mechanisms shall be in place to detect non-compiiance during subsequent
design process elements. The guidance shall address the following
maintainability issues: general HWFE principles, standard materials,
removal and replacement fool proof features (e.q., alignment aids or
interlocks), In-situ wmaintenance, (e.q., accessibility modular
construction), facility arrangements and installation (e.q., Tlaydown
space), and documentation of maintenance task data ana requirements, and
software maintainability.
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