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The Code of Federal Regulations (CFR) includes Nuclear Ragulatory Commission
(NRC) regulations governing the desian, review, and certificalion of nuclear
power plants. Human Factors tnrlnoorln% (HFE) for standard design certification
wust satisfy the contents of 10 CFR 50 (Domestic Licensing of Production and
Utilization Facilities) and 10 CFR 52, Subpart B, (Standard Design
Certifications).

In particular, 10 CFR 50.34(f;(2)(111) is the key regulation ihat mandates HFL
in the design, as fellows:

*Pruvida, for Commission review, a control room design that reflects
state-of -the-art human factors principles prior to committing to
f.bal:;&iou or revision of fabricated contro) room panels and layoutls.
(1.0.

The parenthetical 1.0.1 {s a reference to the post-TMI action plans for a Lontrol
Room Design Review (CRDR) process outlined in NUREG-0660. The purpose of a CRDR
was to “identify and correct design defic’encies,” as part of the effort to
improve the information provided to operators and, thereby, upgrade their
accident prevention ind mitigation abilities,

Subsequent guidance supporting the implementation and review of the CRDR nrocess
in existing plants has been provided by NUREG-0737, Supplement 1, NURLG-0700,
NUREG-0800, and NUREG-0801. Although 1.0.1 is aimed at remedial actions for
nxlsting plant control rooms, 10 CFR S50.34(f)(2)(i11) 1s clear in fits
applicability to both existirg and future designs. Thus, the aforementioned
supporting guidance 1s instructive in determining what types of activities,
analyses, and technical guidance must be incorporated in a design to satisf{ 10
CFR .34(!)(2& 111), and has been an {mportant input to the review methodology
presented in *hi. document.

One issue to emerge from the control room design review process for design
certification is that full{ detailed Man-Machine interface (MMI) design
information mny not be available for review priov to certification. Thus,
certification must be based in part on pre-cartification approval of acceptance
criteria for 1) the WM] design process and 2) MMI design product. Since a design
rocess review has ot been conducted previously by Lhe NKC as part of re..tor

fceq~ing, and is not addressed in the current guidance (i.e., Chapter 18 of
NUREG-OOEO. the Standard Review ™lin), 2 regulatory precedent and basis for such
¢ review is not available. Howover, a satisfactory desigr process must include
a sufficient set ot analyses, requirements, and acceptance criteria to lcad to
a valid and certifiable desiyn product.

The intent of this document is to provide a sufficient ot of review criteria,
frrespective of when they may be applied (i.e., prior to certificatiun, as uAC
or as ITAAC) for review of the System 80+ man-machine interface design process
and d.sign product. These criteria are a set of objective Lusts which will allow
verification that the process or product is acceptable with minimum subjectivity

-



and without further evaluation of the orocess or projuct. That 1s, the criteria
are intended to ba specific enough o define sufficiency of tie product and
process prior (o certification, Therefore, as product and prucess details are
available (either prior to or post certification), their acceptability can be
objectively determined (1.e., pass/fail) by comparison to the acceptance criteria
in this document.

Part i of this document identifies a sufficient set of design process review
criteria derived from a comprehersive review of 10 CFR and related guidance and
developed specifically for an evolutionary PWR design. Gecals, requirements and
acceptance criteria are identified for each of a set of eight desiyn process
elements which correspond to those previously established by the NRC preliminary
acceptancs criteria,

Part Il of this document defines acceptance criteria for the design of an
advanced 1ight waier reactor main control room and ~ther operating stations based
on existing industry sources. These criteriz are grouped according to functional
eiencn.s which comprise an advanced contrul complex.



Definitions

Acceptance Criteria - Practical and reasonably objective
pass/fail tests that cperati-nalize t 2 Reguirements.
Criteria may be yuali‘.:tiva or gquantitative, and define
sufficiency, not cvtiwlivy,

Availability - Verificuciun of task performance capability
such that tle heceassary indications and contrels to
accomplish a defined set of tasks (e.g., emergc.’y operating
procedures) are afforded in a specified work area (e.g., a
control room), per Section 3.2.2 and 3.7.2 2f NUREG~0700.

dble Status of Safety Systems - Per Reg.
Guide 1.47.

Calendar-referenced -~ Use of specific quantitative dates;
compare Schedule-referenced.

Review (CRDR} =~ A practical, validated
methodology for evaluating exieting control room designs for
possible human engineering deficiencies (e.g., as described
and supported by NUREG-0700).

- The eight tunctional comp2nents in
vhich the present Review Plan is organized.

Eumploy -~ To utilize in a responsible capacity.

Goal - Goals are the idealized functions of the Design
Process Elements.

HFE Desian Guidance - Guidelines for egquipment and system
design (e.g., Chapter 6 of NUREG~0700) formulated to
incorporate State-of~the-Art Human Factore Principles, as
defined.

- Individuals with credentiale in the area
of Human Factors Engiie<ering eguivalent to 1) at least two
years of successful graduate-level study of applicable
subjects, plus a year of reiated design experience; or 2)
five years of 1»lat-d design experience; 3) or any evenly
proportiored cembination of 1) and 2).

Human Factors Engineering (HFE) - The application of Human
Factors Principles and methods to practical enginec.ring and
design problems; as distinguished from research and
theoretical development.

_Pr - General principles of human
perception, coqnition, action, etc. that have practical
implications for adequate (i.e., usable) design.



P

] = General denotation for
information output (i.e., fro- plant systems to human
oYurator) and action input (i.e,, from human operator to
plant systems) features of the MMI systems, respectively,
without regard for specific implementation.

In&lfﬂllﬂlnlin,zx = A philosophy which seeks to incorporate
multiple technical viewpeints by specialty, with the aim of
achieving ¢ more well-rounded result. For example, four
disciplines (HFE, erations, I&C, and Nuclear Systems) have
typically been specified for a CRDR. 1n the present
context, in which 1&C and systems d‘ll?ﬂ activity is a
given, the concern is that HFE Specialists and Operations
Experte be involved in those activities along with the 14&C
and systems angineers. Use of the term "Interdisciplinary"
in this document thus presumes the participation of relevant
I4C and systema engineers, and specifies only the additional
requirement for the participation of HFE Specialists and/or
Operations Wxperts.

Man-Machine Interfage (MMI) -~ Organization, informational
form, and human performance-related constraints of
indication & control functiconal implementations.

= Currently ur formerly licensed reactor
eperators with actual operating experience on similar units.

Pest-Accicdent Monitoring Indications - Per Reg. Guide 1.97.

Blﬂ!itl?lﬂ&l ~ The constituents that pragmatically . fine
the Design Process Elements, based on consideration of
specific, applicable regulations from 10 CFR.

- The organizational and
management structure re:ponliblc for the direction and
integration of HFE in the design of the proposed plant.

Review Plan (RP) ~ The present document and its contents.
- agis Events (SRDEEs) - Unplanned

occurrences chat are analyzed for and accommodated in the
design of the plant, and mitigated by a combination of
automatic actuation of reactor protective systems and
engineering safety Jeatures, and manual operator actions.

~related operator's role - Operator's design basis
role in protecting the health and safety of the publiic as
defined by correct performance of operator actions in
applicable emargency operating procedures, including
credited operator actions in Safety-Related Design Basis
Events.



Schedule-~referenced -~ The use of a gqualitative date,
reflecting relative order information among scheduled items,

€.g., among milestones. Compare Calendar-referenced.

State-Qi-the- = Interpreting a key reference from 10 CFR
50.34(f)(2)(i4i), State-of-the-Art (i.e., Human Factors
Principles) is defined as a criterion of acceptability
referring to that which is grounded, practical, and valid.
Grounded denotes a basis justified by the available (or
lacking) content of the technical and scientific HFE
literature. Practical denotes applied rather than abstract
or theoretical; therefore with consideration of pragmatic
design tradeoffs and constraints. Valid denotes adequate in
terms of actual demonstrations of effective use.

Suitability « Verification of task verformarce capability
such that the MMI design items are individually acceptalle
(i.e,, are Usable, or suitable for their intended use) in
terms of applicable HFE Design Guidance, per Section 3.2.2

~ A formalized analytic method of decomposing
human job and task activities into constituent elements such
that their information inputs and action outputs can be
identified.

Technical Resources - Technical expertise (e.g., HFE
Specialists, Jperations Experts) for which Employment by the
program is required.

- Operable, maintainable, testable, inspectable,
efficient, effective, etc.; i.e., sufficient to support the
cperator's specified tasks.

Verification = kvaluation of Availability and Suitability;
part of process (along with Validation) by which the HFE
sufficiency of the MMI design is confirwed (per Section 3.7
of NUREG-0700).

Validation - Evaluation of the dynamic operating ensemble
demonstrating trained operators' ability to successfully
perform their anticipated (i.e., procedural) role in the
afforded task environment (i.e., the contrul roouw design)
under anticipated operating conditions (the Validation
scenarios). Part of process (along with Verification) by
which the HFE sufficiency of the MMI design is confirmed
(par NUREG 0700, Section 3.8).
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DEEIGN PROCESS REQUIREMENTS

Objectives

Part I of thie jocument provides a: approach for
conducting HI'E review of a design process, particularly
in the context of evolutionary, pressurized-water
reactor facilities. The specific objectives of this
effort are:

1. To develop a practical and sound HFE program
review framework to serve as the basis for NRC
raview of the HFE design procers.

2. To identify a set of design process elements that
are sufficient and practical requisites to the
derign of usable MMIs.

8. To specify the requirements and acceptance
nriteria by which the submitted design process
will be evaluated,

4. To specify the relationship between the dusign
process requirements and the NRC regulations.
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Scope

The scope of the present approach to the review has
been delimited, with justification, as frllows,

PWR ~ The present approach is spocified for Pressurized
Water Peactor (PWR) design programs, to limit inclusion
of regulations from 10 CFFP 50 to thcse that sre
applicable to such designs (this affects only the
Availability Verification element, I1-2.6.)

Ccatrol Roow -~ The present apprcach is focussed on the
process of MMI development fur control rooms (i.e.. the
main contrel room and remote shutdown area) per 10 CFR
30.34(f)(2)(1ii) and GDC 19 of Part 50 Appendi: A.

Design end Construction Phase - The present approach is
limited to design procesres occurring during design ana
construction phases of the facility. Operations issues
that follow completed design are ocut of the scope of
design process, and are managed through regulations on,
and programs of, the licensee.

Separate and Distinct Responsibililies - The present
approach excludes managament or review of
responsibilities that belong to other regulatory or
programmatic scopes. Thus, while interaction with the
following areas through design activities is expected,
the folloving areas are not the particular
rvesponsibility of HFE design process planning,
management, or review: Procedure development, training
development, licensing examinations, reliability
analysis, gualiily assurance, OSHA, ALARA, fire
protection, security, or emergency planning.
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Method

The CRDR process that was developed in response to
WUREG~0660 and cnecessfully implemented in existing
plant evaluations embodies what has been termed a
“gystems approach" to evaluating HFE in design. This
is a formalized approach, developed for the military,
that provides a usefu’ general model for organizing
activities such as training program or hardware systens
developnent., The NRC guidance on the CRDR prouess,
various HFE texts treating the topic of systems
development (e.g., DeGreene, 1970; Van Cott & Kinkade,
1972; Meister, 1985; Booher, 199%0), and the military
HiE reguirements such as MIL-H-46855B (1979) all tend
to reiterate a numover of features that typify this
general systems approach. These features are
sunmmarized as follows:

sograw formality

Interaction of design disciplines

systematic incorporatior of experience
Functional evaluation of system operation
Analysis/specificution of task requirem«nts
Provision/apnlication of MMI design guidance
Verify necessary indication and control
evailability
. validate sufficient operating ensemble

Review of the literature thus sugugests that a
satisfactor; process for incorporating HFE in design
should incorporate these features (this is, by
extension of the previous disctussion under Objectives,
a more elaborate, but alsc more tentative,
interpretation of 10 CFR 50.34(f) (2)(iii).) 1In turn,
the requirements and criteria for design pirocess review
should verify proper incorporation of such features.

In determining what is proper, it is important to note
that one of the strengths of the systems approach lies
in its generality and flexibility. In keeping with
these strengths, as well as its own philosophies, such
a review of the design process should take place at a
*functional® level (i.e., what purpose is to be
accomplished) ra'her than a "structural" level (i.e.,
what mechanism has been employed to accomplish it). A
functional approach to review accommodates a greater
variety of approaches to design, judging them on their
success, rather than their conformity.
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Taking such an approach, questions of functional
adeguacy for a particular design process can be
regarded as falling into two general categories. One
is "necessary content®™: Have the required functions
been performed? The cother is "sufficient output®: Are
the products of the design prccess acceptable?

The sufficiency of output is regarded as evaluation of
the design product. Ultimately this leads, through the
various design activities, to verification and
validation of the design. Technical guustions arise
and are resolved in the course of the design process,
hut adequacy of their resolution remains an evaluation
of the design itself (i.e., the design product).
Requirements and criteria for evaluating the design
product are provided in Part II of this document.

Evaluation of the design process is thus considered
primarily an issue of ensuring the inclusion of
necessary functional content. To establish what

i8S

necessary, 10 CFR was reviewed for its applicability to
the general systems approach features identified
previously. With slight reorganization of the
identified features into more concrete and unitary
functional elements, the applicable 10 CIR regulations

then serve as the core for the contents of this
document 's requirements. The Design Process Elements
are identified in I-i1.1; their contents (goals,
requiremencs, and acceptance criteria) are detailed in
1-2,
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I-1.1

DESIGN PROCESS REQUIREMENTS
I-1 Framework Description

Framework Description

Design Process Elements

A review of 10 CFR was conducted to identify
regulatiuns that apply to the general systems approach
features identified previously under Hethod. Following
this review, the features were reorganized slightly
into more concrete and unitary functional elements,
within which detalled design process requirements and
acceptance criteri. have been organized and ~etalled.
The resultiny Design Process Elements, which are
detajiled in I-2, are as follows:

1. HFE Program Management

- Incorporation of Industry Experience

1 Evaluation and Allocation of System Functions
4. Task Analysj -

8. tan~Machine Interface Design

6. Availability Verification

y Suitability Verification

8. Validation of Ensembla



DESIGN PROCESS REQUIREMENTS
I-1 Framework Description

Element Structure

A generic structure consisting of goals, reguirements,
and criteria, is framework within which the Design
Frocess Elements are specified. The elements are not
intended to serve, necessarily, as structural objects
to be located or isolated within the design
organization. Rather, they define functions for which
a variety of structural alternatives may meet the
acceptance criteria.

a.s

The goal statement expresses the idealized function of
the Design Process Element, with the assumpticn that
goals may be constructively pursued without necessarily
being possible to completely achieve. This
specification is necessary because HFE goals cannot be
effectively pursued unless operationalized, and this is
~ot always practical within the State~-of-the~Art (as
defined in the Introduction).

18, goals are rendered distinct from requirements
specific constituents that pragmatically define
element) and from criteria (the objective pass/fall
that operationalize the requirements). Goals
intentions ot the Element, but also focus
questions of defining practical constituents and
operationa.iziny their tests. This helps avoid
confusion between intentions and capabilities.

{
t
t
c

Reguirements

Regquirements are the specific constituents that
pragmatically define the Design Process Elenent.
Reguirements are based on consideration of specific,
applicable regulations from 10 CFR (as cited under the
individual Elements in I-2) and supporting NRC
guidance. Pequirements have been developed in
consideration »f the State-~of-~the~Art, and of theilr
need Zor practical and objective acceptance criteria.
Reguir:ments that cannot be operaticnalized in this
fasnion will be, at best, ineffectual; at worst, a
likely obstruction to the evaluative process. Such
requirementes (or their acceptance criteria) should be
revised or remcve




I-1.2.3

DESIGN PROCTSS REQUIREMENTS
I-1 Framework Description

Note that, since these are functional rather than
structural Design Process Elements, certain provisions
of the oveirall design program may meet the acceptance
criteria and thus satisfy the HFE design review process
requirements. A unigue HFE mechanism is not
necessarily required.

Acceptance Criteria

Acceptance criteria are the practical ana reasonably
objective tests that operationalize the reguirements.
A criterion is a pass/fail test that can be applied
with a minimum of subjectivity and inter-rater
variability. Criteria may be gualitative or
guantitative, and by definition shoul!d define
sufficiency, not optimality.

The framewcrk of this approach is such that cviteria do
not serve, as may have been expected, to detail the
requirements. Where further evaluation of the
functional effectiveness of a Design Process Clement
function is desired, attention should instzad be turned
to evaluation of the design produgt, to see if problems
(e.g., unsuitabilities) have resulted in the MMI. The
product review portion of the design review process is
covered by Part II of this document.

I~ 10



DESIGN PROCESS REQUIRZEMENTS
I-2.1 HFE Program Management

I-2 Element Descriptions
r._- » 1
1-2.1 HFE _Program Managewent
I-2.1.1 Goals

A formal HFE Program is an important component of
design team activities to reasonably ensure that 1) KFE
input and operations experience is incorporated in
systen design and development activities to afford
usable MMIs to plant operators, that 2) the final MMI
design allows operators to sufficiently perfcrm their
normal and safety-related operating roles, and that 3)
regulatory requirements pertinent to each of the HFE
design process elements are satisfied.

I-2.1.2 Requirements
I1-2.1.2.1 Program Plan

Per the constraints previously defined under Scope, a
description of the program management plan for HFE
activities, herein referred to as the HFE Program Plan,
shall be provided prior to cercification that includes
the following:

i
H
ro
3 -
LS
bt

" | Rosponsible Management Structure - The management
and organization structure singularly responsible
for the direction and integration of HFE in the
design and construction of the proposed plant,

his Design Process Element corresponds to Element 1 of HFE
Program Review Model and Accertance Criteria for Evolutionary
React ;

A formal HFE progran is recommended as a useful step towards
satisfying the reguirements of 10 CFR 50.34(f)(2)(iil) to provide
control room whose design reflects state-of~the-art human factors
principles.
2
These requirements contribute to satisfying the reguirements
of 19 CFR 50.34(f) (3)(vii) to provide management plans for design
and construction activities.




1-2.1,2.1,3

1-2.1.2.1.4

I-2.1.2.1.5

DESIGN PROCESS REQUIREMENTS
I-2.1 HKFE Program Management

Technical Resources - The technical resources
(i.e., HFE Specialists, Operations Experts)
employed by the applicant to address usability
issves in the design,

Method of Interdisciplinary Interaction - The
manner by which the applicant ensures integration
of HFE input and operations experience with I&C
and systems design and constructiun, This shall
include, for all incomplete and to-be-performed
activities, the details of the methods of
interdisciplinary interaction of the design and
censtruction team members, including mechanisms of
design tradeoff resolution and design review
utilized under I-2.5, Man-Machine Interface
Design.

Method of Design Contrel -~ The details of the
method by which design control is exercised among
team members.

Design Pro.+ss Elements - Implementation of the
following technical HFE elements in the design
process:

a) Incorporation of Industry Experience

b) Evaluation and Allocation of System Functions
c) Task Analysis

d) Man~-Machine Interface Design

e) Availability Verification

f) Suitability Verification

g Validation of Ensemble

Goals and requirements for these elements are
proviaed in remaining subsections of Section I-2.
However, it is not required that program plans be
crganized in terms of this, or any otner,
particular set of process elements

I-2.1.2.2 Responsibility

1-2.1‘2.201

Management Structure - The nesponsible Management
Structure shall be responsible for a) the
implementation of the HFE Program Plan, b) the
conformance of the design and construction process
and products of all team participants to the
requirements of the RP, and c¢) the resolution of
all issues entered in the HFE Tracking System.

I ~ 3d



:‘2.1'2'2.2

1’20102.2-3

I-2.1.2.2.4

DESIGN PROCESS REQUIREMENTS
1-2.1 HFE Program Management

X¥p Bpecialists - HFE Specialists (as defined in
the Introductisn) shall be employed by the
Responsible Management Structure; the
responsibilities of the HFE Specialists shall
include the origination of all technical HFE
products specified in the HFE Program Flan,

Operations Experts - Operations Experts (s
defined in the Introduction; shall be employed by
the Responsible Management Structure; the
responsibilities of the Operations Experts shall
include the review of all official milestone MMI
design products for usability concerns.

Interdisciplinary Interaction end Design Control -
All design activities are subject to, and shall
utilize the mechanisms and meet applicable
requirements, of the oyerall design team quality
assurance (QA) program . However, such

ccapliance shall be the responsibility of the
overall design team quali.y assurance program
management structure, and is therefore not
governed by the HFE Program Flan.

1-2.1.2.3 Scheduling

For those HFE aspects of the design whese adequacy must
be analytically or empirically confirmed to satisfy
verification or Validacion requirements, a schedule
shall be provided showing that such evaluations will be
complete and resulting guestions will be resolved at or
before the latest date stated in the appli;ation for
completion of construction of the facility

I-2.1.2.4 Tracking

1-2.1.2.4.1

Tracking System ~ A Tracking-of-Open-Issues (TOI)
function shall be provided to ensure the proper
disposition of HFE issues formally raised in
design and construction analysis and evaluation
activities.

‘as implemented per the requirements of 10 CFR 50.34(a)(7),
and 10 CFR 50.34(f) (3)(iii) for QA programs.

These RP requirements are in keeping with the requirements

of 10 CFR 50.34(a)(8;.

i =13



DESIGN FROCESS REQUIREMENTS
I«2.1 HFE Program Maragement

fysten Entries - TOI entries shall include the
source and a description of the issue, including
its expected impact on overall system performance
a Calendar-reforenced commitment date for
resolution; and a deadline for implementation.

.
f

Resolution of BEntries - Resolution of TOI entries
shall include a description of the resolution,
including the locus of its implementation;
sionatures of pertinent interdisciplinary
discussants indicating their acceptance of the
resolution; and a Calendar-referenced conunitment
date for implementation.

Implementation of Resolutions ~ Closeout of
entries shall include a description of the
implementation, and a signature indicating
verification of the properly completed
izplementation by a representative of the
Responsible Management Structure.

Unmet Cocmmiiments - Unmet commitme..t dates shall
be responded to with reentry and, if appropiiate,
an update of the issue/resolution, aiong with a
new commitment date. This process shall be
referred to herein as “updating" the entry. The
updated issue/resolution shall supersede
(egquivilent ro clesing out) the preceding
lgsue/rasojution.

rcceptance Criteria
frogram Plan

Effective Date -~
described in I-2.1.

Responsible Mansgement Structure - The Responsible
Management Structure presented in the HY Program
?lan 3) shows an unambiguous (e.g., hierarchicail)

chain of HFE accountability from the lJevel of

A

technical origination to a sclely responsible

L

representative ol top-level program management, b)
is specified by organizational position and
primary responsibilities, and c $ supported
request by & fficial letter o emorandun

A sl




1-201-301-3

I-2.1.3.1.4

1-2.1.3.1.5

1-2.1.3.1.6

DESIGN PROCESS REQUIREMENTS
I1-2.1 HFE Program Management

identifying the particular individual in each
identified position.

Technical Resources -~ Resunes cf all HFE
Specialists and Operations Experts that have been
employed by the program and for which the program
takes credit (e.g., for acceptable origination of
HFE products; are retained and presented in the
HFE Program Plan; their gualifications meet the
stated definitions and reguirements.

Method of Interdisciplinsry Interaction - The HFE
Progrum Plan provides an explanation of the
interdisciplinary design process as described i:.
1-2.1.2.3.

Kethod of Design Coutrel - The HFE Program Plan
details or references overall design prugram
procedures for applicable design control methods
including a) Quality Assurance procedures, and b)
review and sign-off ol documents.

Design Process Eleme.ts - Criteria for the various
Design Process Elerants are pruvided within
individual sectiors of the RP. Satisfaction of
the RP reguirements is determined by evaluating
the overall design pregram, its processes, and/or
resulting products against the associated RP
criteria.

I-2.1.3.2 Responsibility

I=2.1.3.2.1

1-2.1.302.2

Mrnagement Struciure - The Responsible Project
Office Manager and appropriate discipline managers
have reviewed and approved a) the current HFE
Program Plan, b) the design and construction
products of all team participants for conformance
to the reguirements of the RP and as indicated by
their sign-off per I-2.1.3.5, and c¢) resclution
and implem=ntation of all TOI items.

HFE Specialists
a) HFE Specialists (as defined in the

Introduction; are Employed by the Responsible
Manageient Structure;



DESIGN PROCESS REQUIREMENTS
1-2.1 HFE Program Management

HFE Specialists have coriginated al) technical
HFE products specified in the HFE Frogram
Plan.

Operations Experts

a) Operations Experts (as defired in the
Introduction) are Employed by the Responsible
Manajement Structure;

Operation Experts have reviewed all milestune
MMI design products as documented by official
memoranda.

Scheduling

Verification and vaiida.ion activi.ies, including
resolution of all resulting issues, are scheduled in an
official project document for completion prio~ to the
latest date stated in the application for completion of
construction of the facility. (Schedule~referencingy
may be utilized, but the completion-of-construction
milestone must be explicit,)

Tracking

System Provisiou ~ A TOI is defined that
accommodates the information sgpecified in I~
2.1.2.4., and is in place upon acceptance of the
HFE Program Plan.

System Implementation - Selective audit of the TOI
system indicates that it is being implemented as
specified by the requirements of I-2.%.2.4,
including that all commitments have bsen met, or
their entries suitably updated.
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DESIGN PRNCESS REQUIREMENTS
1-2.2 Incorporation of Experience

Incorporation of Industry fxpericnce’

Goals

Many valuable lessors from industry experience in
design, construction, operation, incidents, and
accidents have been developed and documented. Such
material should be considered during the design
process, to aveid or mitigate the occurrence of similax
problems, and to contribute to producing a more
effective final design product.

Regquirements

Administrative Procedures

Prior to certification, administrative proceuures shall
be available and be implerented foyr evaluating
operating, design, and construction experience, and for
ensuring that applicable important industry experiences
will be provided in a timely mannnr to those designing
and constructing the plant, per 10 CFR 50.34(f) (3) (1).
A record of resulting transmittals from such provisions
shall be maintained to verity lmplementation.

References and Studies

Prior to certification, a list of externally developed
industry and regulatory references (e.g., NRC, EPRI,
INPO, NUMARC, etc.) shall be developed to serve as
input to be considered by design, and to provide a
basis for the development of addition 1, specific
Verification and Validation criteria.

Foimal Treatment of Safety Issues

1 All Generic Safety Issues (GSIs) and Unresolved
Safety Issues (USIs) shall be evaluated by, anc
the applicable issues disseminated throughout and
recaive fcrmal disposition by, the Responsible
Manzgement Structure.

’ This Design Process Elewent corresponds to Element 2 of HFE

Program Review Mcdel and Acceptance Criteria for Evalutionary
Reactors.
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DESIGN PROCESS REQUIREMENTS
1-2.2 Incorporation of Experience

2 GSI and USI processing shall be controlled by
formal procedures implemented prior to
certification.

Acceptance Criteria
Adninistrative Procedures

Pdainistrative procedures for evaluating and
disseminating operating, design, and construction
experience as described in I-2.2.2.1 is proviced in an
official project document. Audit of transmittal
records verifies that the procedures have been actively
implemented.

The list of references jidertified in 1-2.2.2.2 is
provided in an official project document. For each
reference, a summary (e.g., one paragraph) description
of how it contributed to the design is provided.

Formal Treatment of Safety Issues

Selective audit of the appropriate records indicates
that GSIs and USIs have hcen evaluated, and are being
tracked 2nd dispositioned as required. Controliing
procedures aj :ar in eofficial project documents or
mamoranda.

I - 18



DESIGN PROCESS REQUIREMENTS
I-2.3 Evaluation/Allocation of Functions

1-2.3 Evaluatinn and Allocation of System Functions'

1~2.3.1 Goals

The ensemble of facility :ystems must ensure the
provision of certain operating functions to maintuin
successful performance, particularly in the area of the
health and safety of the public. The human and machine
elements within the “nsemble shorld play complementary
roles that mrke the successful accomplishment of these
functions highly likely. To pursue this goal, the
allocation c¢f functions to the human and machine
elements (particularly automated information processing
ard control; should consider how the facility is to be
operated, how plant safety functions are accomplished,
and the needs, capabilities, and limitations of the
human operator (and the proposed machines.)

I-2.3.2 Requirements
I-2.3.2.1 Mandated Allocations

Pcior to certification, the design shall incorporate
these Federally mandated allocatiors of function:

a) Automntic indication of the Bypassed and
Inoperuble Status of Safety Systems; 10 CFR
50.34(f) (2) (v).

b) Automatic and manual injtiation of auxiliary
(and/or emergency) feedwater svstems; 10 CFR
50.34(f) (2) (xii1) and 50.62(c) .

c) futomatic actuation of containment isolation
systems, including all non-essential systems, on
high containmant pressure; 10 CFR 50.34(7) (2) (xiv)

d) No zutomatis reopening of automatically isolated
containment valves on reset of automatic
containment ieolation signals; 10 CFR
50.34(f) (2) (xdv) (- ).

" This Design Process Element corresponds to Elements 3 and 4
of HFE_ _Program  Review Model and Acceptance Criteria for

I =19
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I-2.3 Fvaluation/Allecation of Functions

) Automatic isolation of containment system paths to

environs on high radiation; 10 CFR
50.34(1) (2) (xiv) (E).

f) Automatic initiation of protective systems
including reactivity control (i.e., reactor trip)
systems; 10 CFR 50, Appendix A, <DC 20(1).

g) Automatic initjation of systems and ~omponents
important to safety (i.e., Engineered Safely
Features); 10 CFR 50, Appendix A, GDC 20(2).

h) Automatic initiation of turbine trip; 10 CFR
50.62(¢) .

1-2.3.2.2 Critical Safety Functions

Prior to certification, a description of the plant
Critical Safety Functions and the design basis for
their implementation shall be documented sufficient to
permit understanding of the operator's safety-related
role a) as allocuted as an integral part of the overall
system design, b) as incorporated by the design basis
evaluations (which shall be referenced) performed to
establish the adequacy of the plant Critical Safety
Functions, and c¢) as evaluated by Task bnalyuis,
Verification, and Validation activities .

This may be "in the form of a discussion, with specific
references, of similarities to and differences from,
facilities of similar design for which applicat}ons
have been previously filed with the commission" .
Alternately, or if no predecessor system is extant, a
formal systems analysis may be provicded.

1-2.3.2.3 HEE Evaluation of Allocations

The Task Analysis (Section 1-2.4), Availability
Vverification (Section I-2.6), Suitability Verification

* This reguirement is felt to be consistent with the general
reqgulaticns of 10 CFR 50.34(b)(2) for "A description ... of the
facility ... sufficient to permit understanding of the system
designs and their relationship to safety evaluations."

* pey 106 CFR 50.34(a), footnote 5.
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DESIGN PROCESS REQUIREMENTS
I-2.3 Evaluation/Allocation of Functions

(Section I~2.7), and Validation (Section I-2.8)
activities shall be sources of feedback on allocation
issues. Performance problems thus identified in the
design product shall be resolved using TOI system
mechanisms per the Requirements of I1-2.1.2.4.

Acceptance Criteria

Mandated Allgcations

Mandated allocations, as stated in I-2.3.2.1, have lLeen
verified through review of the appropriate systems
designs, and documented in official preoject documents
or memoranda.

Critical Safety Functions

A official project document or :emorardum ex.sts which
includes a description of the plant Critical Safe'y
Functions and the design basis for treir implementation
as described in I-2.3.2.2.

I - 21
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I-2.4 Task Analysis
- 3 10
I~2.4 Tagk Analysis

I-2.4.1 Goals

Task Analysis should identify the human operator's
detailed input and output requirements for a
representative set of control roow and remote shutdown
area tasks. Task Analysis (TA) shruld also evaluate
operator londing, to provide assurance that human
performance capacities are not grovsly or chronical.y
evceeded by anticipated task demands. Task Analysis
data can support the development /evaluaticn of the
control room design, operating procedures, and operator
training. Satisfactory Ti results contribute to the
basis for concluding that gqualified operatore are
reasonally able to perform their reguired tasks,
particularly those reiated to safety .

I-2.4.% Requirements
I-2.4.2.1 QOperational Basis

1ask Analysis shall be based on operational input that
provides a veasonable “best estimate” of how the plant
will be operated. Sou.ce wmaterial should include a)
operating procedurss or procedure guideiines for
similar existing facilities, b) analyzed operating
sequences for proposed new facilities, and ¢) the 1nput
of Operations Experts. Tue balance of a) and b)
utilized should reflect the degree to which the
facility is similar to existii™g designs.

[ . = ’ e
Thia Design Process Elemant corresponds tc Element 5 »f HEL
Program Review Model and Agceptance Criteria for _Evolutionary

ReaCtors.

"The application of task analysis is a basic component of the
Contr»)l Room Dusign Review (JRDR) process specified by
I1.D.1 of NUREG-06560. Section I.D.1 is the related post-TMl act.ion
plan item referenced (per Footnoiz2 8, "for information only") by 10
CFR 50.34(f)(2).iii); performance of task analysis may thus
contribute to providing "a control r
of~the~-art human fa« ipl

Section

room design that reflects state~
les ., "




DESICGN PROCESS REQUIREMENTS
I-2.4 Task Analysis

1-2.4.2.2 Design Basis Tazk Inventory

The inventory of contrel room and remote shutdown area
tasks subject to TA shall include the contents of the
emergency operating proceduves, a. well as a
representative selection of normel operations and
anticipated operazing occurrences includiny startup,
design basis load transisnts, shutdown, and
uncomplicated reactor trip. "Worst case"
justifications may be used to establish bounding caces
and de imit the scope of analysis.

1-2.4.2.3 Level of Detail

The level of detail at which task elements are
jdentified, and task element inputs and outputs are
described, shall meet or exceed that embodied in the
plant operating procedure steps

i-2.4.2.4 Mathodology

Prior to certification, a task analysis methodology
shall ke documented and demonstrated capable of
producing the following required results.

I1~2.4.2.4.1 Inputs and Outputs - The TA data shall provide
task element input and ovtput characteristics in a
manner sufficient to support the Verification of
Availabilit'r as described in Section I-2.6.2.3.2.

1-2.4.2.4.2 Werkload Evaluation - The TA shall incorporate a
criterion-refe enced method to evaluate cperator
loading. Analyzed conditions resultirg in
exceeding the loading =riter'on shall be entered
for tracking as TOI issues per the Reguirements of
1’2.1.2.4.

1-2.4.2.5 Staffing Assumptions

The Task Analysis shall identify the relaticnship
between the design basis for staffing avd the staffing
assunptions that are incorpovated ‘n the analysis, and
shall verify (within the limits of the TA methodology)
the acceptability of operator loading in terms of the
design basis minimum staffing (as appropriate for the
specified scenario).
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I-2.4 Task Analysis

1-2.4.2.6 Reporting of Results

I-2.¢.2.7

1-2.4.2.8

I-2.4.3
1-2.4.3.1

I-2.4.3.1.

1-2.‘03'10

I~2.4:.3.2

1“2.“.3.2:

Task Analysis reports shall provide a) an explanation
of the methodology, arsumptions, and criteria employed,
b) citation of the inputs, bases, and references used,
¢) the resulting task element specification data, and
d) a summary evaluation of the results, including
identification of any specific concerns (e.g., cases of
excessive inading).

Analysis of Human Erxroxr

Systematic error analysis ‘s not reguired as part of
tne TA effort. While PRA activities may include HRA
studies (and thus incorporate some Task Analysis
activities) this shall be the responsibility of the PRA
program and its associated management structure, and ie
therefore nr* nov . ned by the HFE Program Plan or the
present Process Element.

Role in Availeb®ility

The TA results, specifically the inventory of task
elements and their data, shall serve as input to the
Verification of Availability effert in I-2.6.

Acceptance Criteria

Operational Rasis

1 Task Analysis Report(s) have been produced based
on referenced procedural sources as described in
I-2.4.2.1.

2 Task Analysis Report(s) have been co-originated by
4t least one Operations Expert, in addition to a
Human Factors Specialist.

1 The Task Analysis Report(s) describes analyses
vhich include all emergency operating procedure
tasks, and an additiona)l selection of normal and
ahnormal operating procedures, including startup,
design basis load transients, shutdown, and
uncomplicated reactor trip.

I - 24
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DESIGN PROCESS REQUIREMENTS
I-2.4 Task Analysis

The Task Analysis Report{s) describes the basis
for identifying the set of evaluated tasks as
representative of all tasks reguired by
anticipated operating occurrences.

1~2.4.3.3 Level of Detail

The level of task element detail of the TA is verified
in the Task Analysis Report(s) to be not less than the
level of detail provided by the plant operating
procedure input.

I-2.4.3.4 Methodoloqy

I-2.4.3.4.1

I-zﬂd.Jl‘iz

The TA method is demonstrated by example to
provide the data raguired by Section 1-2.6.2.3.2.

The TA method provides a criterion, basis, and
evaluation of operator lecading.

I-2.4.3.5 Stalfing Assumptions

I-2.4.3.5.1

1-2-403-502

The design basis staffing and staffing ussumptions
incorporated in the analysis have been idertified
in the TA Report(s,.

Operator loadings have been cvaluated in the TA
Report (s) for the design basis minimum staffing.

1-2.4.3.6 Reporting of Results

Reports at a minimum include the information required
by Section I-2.4.2.6. All cases of results in which

analyzed conditions exceeded the loading criterion of
I-2.4.2.4.2 have been entered as TOI issues.

1+ 38
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I-2.5 Man-Machine Interface Design

1-2.5 Man-Machine Interface Desian’

1-2.5.1 Goals

The goal of Man-Machine® Interface (MMI) design is to
ensure that the final facility prov.des a thoroughly
sufficient MMI, and a control room that reflects the
State~of-the-Art in HFE. Stated differently, the aim
is for the MMI designer's product: to suppert the MMI
user's needs. This is also the overall goal of HFE
efforts; the specific efforts identified under MMI
Design (the Process Element) focus on the provision and
implementation of HFE Design Guidance, to provide
criteria for and ensure the Suitability of the
compongnts comprising the MMI (e.g., labelling, layout,
ete.)

I-2.5.2 Regquirements
1-2.5.2.1 HEE Design Guidance

I-2.5.2.1.1 Provision -~ Prior to certification, a coll ction
of pertinent Human Factors Principles, as defined
in the Introduction, shall be zssembled by the
design team to be applied to the ™MI design as HFE
Design Guidance.

1-2.5.2.1.2 Applicability - The HFE Design Guidance shall be
applicable to the MMIs in all engineering control
centers, including the main control room, the
remote shutdown area, and local control stations.

b This Design Process Element corresponds to Element 6 of HFE
Program Peview Model and Acceptance Criteria for Evolutionary
Reactoxrs.

2

B as noted under I.3.4.1, 10 CFR 50.34(f)(2) (iii) refers to
Control Room Design Review (CRDR) when mandating "state-of-the-art
human factors principles® in the control room design. As was true
for Task Analysis, HFE design guidelines are a central component of
CRDR; presuming sound bases for such guidelines, they may be
construed as the required "principles” themselves. Incorporation
of seund HFE Design Guidance in the design process thus contributes
directly to satisfying 10 CFR 50.34(f) (2) (iii).
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I-2.% Man-Machine Interface Dasign

1-2.5.2.1.3 Basis -~ A technical basis for the HFE Design
Guidance shall ke provided. This shall include
the scientific and/or technical references,
studies, or rationale that supports the HFE Design
Cuidance provided. Justification in terms of
juried scientific and technical publications shall
be an ucceptable basis for HFE Design Guidance;
however, this shall not preclude the use of 3

prioxi reasoning.

1-2.5.2.1.4 Content -~ The HFE Design Guidance shall include
coverage of the following topics:

a) Annunciator Warning Systems

b) L «sual and Auditory Indications
c) controls

d) Process Computers

e) Display-contreol Integration

f) Panel Layout and Organization
g) Labeling and Locator Aids

h) Wnrkspace Layout and Environmert
i) Communications

3) Anthropometry

k) Maintainability

This organization of tcopics is provided for
information only, and is not required.

I-2.5.2.1.5 Promulgation - The HFE Design Guidance shall be
formally promulgated by the Responsible Management
Structure to the design team for implementation in
the design.

1-2.5.2.1.6 Contxol - The HFE Design Guidance document(s)
shall be subject to program design documant
control measures as applicakle under I-2.1.2.2.4.

1-2.5.2.1.7 Role in Buitability - The HFE Design Guidance
shall provide the criteria for the Verification of
Suitability specified in I1-2.7.

I1-2.5.2.2 HFE Design Assumptions

1-2.%5.2.2.1 Workspace Conditions -~ The MMI design and the
corresponding HFE Design Guidance shalil
accommodate working conditions imposed within
applicable workspaces as assumed in the analysis
of SRDBEs, as defined in the Introduction.

I - a7
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I-2.5 Man-Machine Interface Design

gtatfing Assumptions - Staffing assumptions
embodied in the MMI design or HFE Design Guidance
shall no. preclude the ability of the design to
satiafy the requirements of 10 CFR 50.54(m) (2) (1)
for minimum staffing.

rence Design

Documentation -~ The Reference Design for main
control room and remote shutdown area MMI systems
and eguipment shall be detailed within official
program documents.

Interdisciplinary Review - Reference Design
documents shall receive a documented

interdisciplinary review, including partic
of an HFE Specialist and an Operations Dup

Lpation
art.

Mockup Development -~ The Reference Design
documntation of I-2. 2.1 1 shall be the basis
for corresponding MMI mockups constructed for use
in Suitability Verificatiou.

Product Review - The Reference De shall be the
object of the product review o axrt ] of the RP.

tance Criteria
sign Guidance

Provision ~ A body of HFE Design Guidance has been
assembled by the design team. Original guidance
therein has been developed by HFE Specialists.

Applicability - The HFE Design Guidanca, either
through its contents or promulgation, formally
indicates its applicability as speciiied under

P | [ | 1 “
o delosdoe &

Basis - A toechnical basis for the HFE Desigr
Cuidance has been provided as specified under I~
- P 1.3. If original, it has besn explained by
an HFE Specialist.

Content - The HFE Des
coverage of the topics
) [ < N 1 E
FARNE T T
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DESIGN PROCESS REQUIREMENTS
1-2.% Man-Machine Interface Design

Fromulgation - The HFE Design Guidance is verified
by document distribution forms tc have been
formally promulgated by the Responsible Managemen®
Structure to the design team for implementation in
the design.

1-2.5.3.2 HEE Resign hssumptions

1«2.5.3.2.1

1'2.5.3.2.3

Jarkspace Conditions ~ The MMI design and the
corresponding HFE Design Guidunce shall
arconmodate working conditions imposed within
applicable vorkspaces as assured in the analy s
of Safety-Related Design Basis Events, as defined
in the Intreduction.

Staffing Assumptions - Staffing assumptions
embodied in the MM] design or HFE Design Guidance
shall not preclude the ability of the design to
sutisfy the requirements of 10 CFR 50.54 (w) (2) (1)
for minimum staffing.

1-2.5.3.3 Reference DResign

1-2-50’03-1

1-2.9.3.3.2

The Reference Pasicn “or MMI systems and equipment
documeltsa and reviewed per the Requirements of I~
20502010

Corresponding mockups are verified to have been
constructed for the Reference Design MMI.
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ablility Verfication

14
Avallability Yerification

Goa 18

The goal of Availability Verification is to ensure and
document the presence. range, acouracy, etc. of the
Indication and Control Features (as defined in tha
Introduction) reguired for operators to perform all
necessary operating task elements ir. the main control
room and remote shu;‘d;»wn area, per GDC 13 and 1% of 10
CFR 50, Appendix A."

Reguirements
Mandated Avallapllity - The design shall make Avallable
the follawing Federally mandated Indication and Control

Feat Ares 3

a) Integrated display of safety paramete:
indicationg; 10 CFR 50.%41(£)(2) (47) .

-

Indication of the Bypassed and Inoperable Status
3 {

of Safety SBystems; 10 (Fk 50.34(F)(2) (V).
Indication of relief and safety valve position; 1f
CFR 50.34 (f)(2) (x1).

Indication of auxiliary feedwatei system flow; 1
CFR 50.34 (f)(2)(xi1).

Control of auxillary feedvater system initiation;
10 CFR 50,34 (T)(2)(x11).

" .
This esign Frocews Flement, alnng with
Verification 1 Validation, correspords to Element
Program Review Model and Acceptance Criterda [of

Reactors.

" s noted under I~2.4.1, 10 CFR 50.34(f)(2)(11) refers
Cuntrol Room Desigyn Review (CRDE) when mandating "state~of-the-ar®
human Jactors princivles®™ in the control rcom design. Ag Wi true
for Task Analysis (and as an explicit ard objective use of the Teask
Analysis results), availability Verification is a central component

CRI tion of Availebkility thus contributes direct to
34 (£)(2)(111)

o
(SR

Ly




f)

9)

h)

i)

3

K)

1)

m)

DESIGN PROCESS REQUIREMENTS
1-2.6 Availability Ver{icaticon

Indication of containment pressure; 10 CFR
50.34(f) (2) (xvii).

Indication of containment water level; 10 LFR
S50.34(f) (?2) (xvii).

Indication of containment hydrogen concentration;
10 CFR 50.34(f)12) (xvii).

Indication of contzinment (high level) radiation
intensity; 10 CFR 50.34(f) (2) (xvii).

Indication of noble gas ef ' atu a»t potential
accident release points; 1/ < R 50.34(f){2) (xvil).

Indication of inadeguate cor. =ooling; 10 CFR
50.34(f)(2) (xviii).

Post~Accident Monitoring Indications; 10 CFR
50,34 (f)(2) (xix).

Indication of inplant radiation and airborne
activity; 10 CFR 50.34(f) (2) (xxvii).

1-2.6.2.2 1&C_lnventory

1“2-‘-3.3.1

I=2.6.2.2.2

Datadbase - An I&C Inventory database shall be
provided:

a) that allows the elements of the Task
Inventory identified in 1-2.4.2,2 (i.e
their inputs and outputs) to be indexed and
tracked against it the entries of IiC
Inventory, and vice-versa;

b) whose data entries shall include device type,
unite, and required range, scale precision,
and accuracy.

Contro) - The I1&7T Inventory shall be subject to
prog-am design control measures to maintain it
current with the design configuration as
upplicable under I-2.1.2.2.4.

1-2.6.2.3 Formal Analysis

Prinr to the combined operating license, a formal
Availability Analynis will be performed to create thre
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I1-2.6 Availability Verfication

14C “nventory and test/verify its content against the
TA Ta8k Inventory.

1-2.6.2.4 Methodelogy

Prior to certification, an example of the methodology
to be used in the formal Availability analysis shall be

demonstrated.

1-2.6.2.5 Analyais Report

A report, explaining the methodol and summarizing
the results of the formal Availability Analysie,
1nc1udtn¥ all discrepancies Letween regquired and actual
1&4C availability, shall be provided.

1-2.6.2.6 Discrepancies

Discrepancies between required and actual I4C
availability specified by 1-2.6.2.1 or I-2.6.2.2 shall
be entered as TOI issues per the Regquirements of I~
2‘1020‘.

1-2.6.3 Acceptance Criteria

1-2.6.3.1 Mandated Avallability

The design makes Available the Federally mindated
indication and control features identified in I~
2.6.2.1, or provides a technical justification for why
they are no longer functionally required for plant
operation. This is verified in an official project
document.

1-2.6.3.2 14C Inventory Database

An 1&C Inventory database has been provided in the
Avajilability Analysis Report that meeto the
requirements of 1-2.6.2.3.

1-2.6.3.3 Formal Analysis

A formal Availnbilit{ Verification analysis has been
performed as stated in 1-2.6.2.3.3.

I = 32



DESIGN PROCESS REQUIREMENTS
I1«2.6 Availability Verfication

1-2.6.3.4 Methodology

The metlodology to be used in the formal Availability
analysis has been demonstrated as stated in I-
2.6.2.3.4,

1-2.6.3.5 Analvsis Report
A roport as specified in 1-2.6.2.4.2 has been produced.

1-2.5.3.6 Discrepancies

The TOl database contents indicate that all
discrepancies identified in the Availability Analysis
Report have been entered as TOI issues.
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1-2.7 Suitability Verification

1-2.7 suitability Verification'

1-2.7.1 Coals

The goal of Suitability Verification is to ensure that
the MMI's various Indication and Control Features (as
defined in the Introduction) afforded by the main
control room and the remote shutdown areca are Usable
designs that will support the operator's successful
tn:k ucco“pliuhnont per the applical ie HFE Design
Guidance,

1-2.7.2 Requirements

1-2.7.2.1 Forral Analysis

A formal Suitability Analysis shall be performed by an
HFE Spevialist to evaluate the Usability of the MMI
Indication and Control Features of the main control
room, and the remote shutlown area in terms of the HFE
Pesign Guidance of 1-2.5.

1-2.7.2.2 Relationship to HFE Design Guidance

Because of the necesgsarily generic and context-free
nature of HFE Design Guidance, and the context-
dependant nature of design tradeofis, conformance to
HFE Cesign Guidance is not itself a requirement.
However, HFE Cesign Guidance shal  provide the primary
reference again. which Suitability ir evaluated,.

“* mhis Design Process Element, along with Availability
Verification and Validation, corresponds to Element 8 of HFE
riteria for Evelutionary

Reacrors.

o As noted under I-2.4.1, 10 CFR 50.34(f) (2)(iii) refers o
Control Room Design Review (CRDR) when mandating "“state-of-the-art
human factors principles" in the control room design. As was true
for HFE Design Guidance (and as an explicit application of that
Guidance), Suitability Verification is a central component of CRDR.
Verification of Suitability thus contributes directly to satisfying
10 CFR 50.34(f)(2) (iii).
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Fidelity
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1-2.7 Suitability Verification

verify Suitability embody the evaluated characteristics
specifisy in 1-2.7.2.3, as vecorded in an official
project Jocument.

1-2.7.3.4 Methedology

The methodology to be used in the Sujtability analysis
has been demonstrated as stated in 1-2.7.2.3.4.

1-2.7.3.5 Analysis Report
Report(s) as specified in I-2.7.2.4 have been provided.

1-2.7.3.6 Riscrepancies and Concerns

The TOI database indicates that discrepancies and
concerns ldentified in Suitability Analysis reports
have been entered as TOI issues.
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1-2.8 validation of Ennewble"

I-2.8.1 Goals

The goal of Validation is to ensure that the sum of the
various MMI features cfforded by both the main control
room and the remote shutdown area provides a Usalle
operating ensemble that supports the successful
accomplishment of the operator's functional role (i.e.,
as specified by traingng and procedures) under dynamic,
real-time conditions.

1-2.8.2 Reguirements
1-2.8.2.1 Formal Evaluatior

Prior to the combined operating license, formal
Validetion exercises for the main control room and the
remote shutdown area shall be obseried and documented
Wy a team including HFE Specialist(s) and Operations
Expert(s).

1-2.8.2.2 Relationship to Design Basis

Prior to certification, the set o. Validation scenarios
to be perforaed shall ve specified, along with the
applicable operating, tech spec, and safety function
limiti that will serve as acceptance criteria. The
scenarios shall include normal operations (startup,
design basis load transients, shutdown, and
uncomplicated reactor trip), emergency operating
procedures, and all SRUBEs (us defined in the

"® This Design Process Element, 3along with Availability
Verification and Suitability Verification, corresponds to Element
$ o' HEE P
Evelutionary

¥ As noted under I-2.4.1, 10 CFR 50.34(f)(2) (iii) refers to
Control Room Design Review (CRDR) when mandating "state-of-the-art
human factors principles" in the control room design. As was tiue
for the Availability and Suitability aspects of Verification,
Validation is a central (and the final) component of CRDR. Conduct
of Validation exercises thus contribute directly to satisfying 10
CFR 50.34(f) (2) (iii).

G § |
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1-2.8 Validation of Ensenble

Introductipn) which credit operator actions in their
analysis.

1-2.8.2.3 Fidelity

validation exer~ises shall utilize dynaaic, stimulated,
full-scope mockups, cimulators, or cther high fidelity
facilities permitting real-time evaluation of tha
completed control room ensemble,

1-2.8.2.4 Evaluation Repoit

Validation report(s), describing the methodolrgy and
scenarivs, the applicable criteria, and the summary
results of the Validation exercises, shall be
originated jointly by an observing HFE Specialist, an
observing Operations Expert, and an SRDBE Saufety
Analyst. Valjdation report(s) shall include any
failure to meet the detailed zcceptance criteria of the
exercises, including any casa in which prior SRDBE
analysis that has taken credit for operator action was
not limiting in comparison o the correspor 'ng
Validation exeuvcise.

1-2.8.2.5 Discrepancies and Concerns

Failures to meet Validation criteria, and other
evaluator concerns identified in the vValidation
Reports, shall be entered as TOI issues per the
Requirements of I-2.1.2.4.

1-2.8.3 Acceptance Criteria
I+-2.8.3.1 Formal Evaluation

Validation for the main control room and the remote
shutdown area has been performed and documented as
described in 1-2.8.2.1.

% this scope for Validation, one that includes both the
intended methods of dealing with emergencies (i.e., the Emergency
Operating Procedures) and the design basis emergencies themselves,
is felt to provide a reasonable basis in the area of HFE,
conristent with the extent and countent of actual design basis
safety analyses, for reaching "a final conclusion on ... safety
questions associated with the design" per 10 CFR 52.47(a) (2).
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1-2.8.3.3

I-2.8.3.4

1‘3.‘.)-5

DESIGN PROCESS REQUIREMENTS
1-2.0 Vvalidation of Ensemble

Relatiouship to Design Ragis

official program documentation hug indicated the
scenarios to be performed, and criteria to be applied,
as specified in I-2.6.2.2.

Fidelity

Facilities as specified in I-2.8.2.3 have been utilized
for the validation exercises.

Evaluation Report

Validation report/s), as specified in 1-2.8.2.3, have
been originated jointly by an observing HFE Specialist,
an observing Operations Expert, and an SRDBE Safety
Analyst.

Discrepancies and Concerns

Failures to meet the Validation criteria, and other
evaluzator concerns identified in the Validation
Reporis, have been entered as TOl {ssues for
resolution.
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HYDE. WP DESIGN PRODUCT REGUIREMINTS
’ CRITERTIA FOR ALARMS

OBJECTIVE

Part 11 of this document presents criteria for use in the design certification
review of the main control room and cther operating stations for an acvanced
light water reactor such as System 80+, i 1s inlended that these criteriy
address NRC requiremen*s such that subsequent review of the design shall be,
orincipally, restricted to confirmation that the criteria have been met.

To facilitate fimpiementation in 3 design review the criteria are grouped
according to the funciinnal elemints which comprise an ALWR control room. Each
section of Part 11 presents Lue criteria related to one of these groups. as shown
in the Table of Contents.

These criteria were derived vrom a review of documents (Referen. . arough 27)
which provide guidance for implementation of digital technoiogy ana application
of huran factors engineering in the evolutionary design of a nuclear power plant
contrel complex.
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I1-1 CRITERIA 7OR ALARKS

Alarp Processing

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

) Conditions related to exceeding safetly limits, operating
fimits or manufacturer’s limits on equipment shall be
included.

Alarm conditions shall only represent infrequent,
unexpected and/ undesired varfable states as 2
measure to reduce nuisance alarms

Selection of alarm variables and setpoints shall be done
with consideration that the alarm should alinw the
operator sufficient t'me and infornation to effectively
and deliberately respond to the nut-of-tolerance
condition,

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

e) Data related to status information shall noet Dbe
displayed as an alarm,

Methods of data validation shall be applied consistentiy to
alarmed paramcters and displayed parameters, such that the
alarm condition is accurately represented in the relationshig
of the displayed parameter and ithe alarm setpoint. i
validation 1{s performed on an alarmed parameter, the
validation shall be performed prior to process'ng the alarm

> 3

Processing To Suppor{ Reduction Of Alarm Displays

As a measure to reduce the pcteniial for sensory
overload, the total number of spatially dedicated alarm
displays shall be limited. Redundant alarms, such as
those representing separate channels of the same
parameter, shall be represented by 2 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
alarw displays:
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IT-1 « CRITERIA TUR ALARMS

Use of cross channel cowparison te represent
several channels of a single parameter wiith a
sing'e alarm,

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

Combination of related alarms, such as those
which regu.re the same operator response, into a
single display and use of alarm messages to
indicate the specific condition 1n alarm  For
example, 1f several alarms are assoc’.ced with
loss of conling to a reactor coolant pump, these
may be represented under a single alarm tile,
This method of alarm girouping can be applicd to
both dedicated and selectable alarm displaga.
including: tiles, Video Display Unit (VDU)
display directories and system level VDU
displays.

Use of a multi-priority display scheme to combine
alarms, such as low and low-low alarms, into a
single alarm tile.

Where multi-input alarms are used, the capzbility
to individually display the status of each alarm
shall be pruvided.

1.1.4 Pro~escing To Support Alarm Prioritization.

1.1.4.1

1.1.4.2

An alarm prioritization scheme shall be used,
such that alarms requiring a quicker operator
response will be identified as having a higher
pricrity.

The number of priority categories shall be small
(f.e., 2 to 4).
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1.1.5
1.1.6

1.1.4.3

1.1.4.4

DESIGN PRODUCT REQUIREMENTS |
11-1 - CRITERIA FOR ALARMS |

An acceptable basis for divisfon of aiarm
priority 1s the proximity of &n alarm setpoint to
a Significent Operator Action Londition (SOAC),
which 1s defined 2s one of the following
undesirable plant conditions:

1) & critical function viclation (safety or
poser production),

2) a succesr peih violatioa (avatlability or
performance),

3) major ¢image to equinment,
4) 2 personnel hazerd,

An  acceptable method of division of alarm
priority is:

Priority 1 - Immediate Aciion (1.e., last
warning pricr to reaching an
S0AC).

Priority 2 - Prompt Action (1.e., second t2
Tast warning prior te reaching
an SUAC}).

Priority 3 - Caution (1.e., any warnin

prior to the second to las
warning prior to reaching un
SOAC, and also for all non-
SOAC alarms).

Intecrated ». .08

Alarm List

1.1.6.1

Ench alarm shall be tagged with its time of
occuirence, The resolution shall pe within 2
seconds for a)l alarms. For all exceptions,
Justification shall be provided that a coarser
time resolution is adeguate.
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The operators shall be provided the capability te
access at any time, via an on-line display and in
printed form, the time sequence of alarms that
have occurred The capability to access the
alarm 1ist shall be provided at all (Main Controi
Room (MCR) workstations and in the technical
supgort center

The time period covered by the alarm 1ist shall
he predetermined and at least 4 hours

Pocumentation shall be provided which
demonstrates that the alarm system hardware and
software have sufficient computalional speed and
capacity, and buffer capacity to assure that no
alarm information would be lost from the alarm
11st historica) record for Lhe worst case upset
or emerqgency that the plant may suffer

The time seauence of alarms shall be recorded via
non-volatile media
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Access to information supportivg eva’ _ition of the alarm
condition shall be direct and pompt Acceptal ¢ methods
include

a) Automatic display of mi:ieyes related to the alarmed
condition upon alarm a ku\0-{‘,%_Jr'-'1-cgril

b) Automatic display of an irdex or otier prompt which
identifies reference pages for rurther diagnostic
information or a display which supporis initiation of
cory ctive actions,

The alarm display shall provide viscal and aud,ble indicatio.
of cleared alarm conditions

Distinct visual cues differentiate alare states (e.g., new,
existinglacknowledged), cleared, reset(acinowledged))

The visua) cues for new, cleared and ex‘sting atlarms shall not
mask each other,

An acceptable scheme for visual differentiation
Alarm State Visuel Cues

New Fast Flash, Bright yellow
Cleared Siow Flash, Dack Yellow
Existing No Flash, Dull Yellow.
No Alarm or Resed Normal D[‘ play w th N
Highlighti .
Visual display of the existence of an alarmed conditlion sha'l
be provided at all times that any alarm condition requiring
prompt or immediate operator action exists. That is, visual
indication that an alarmed condition exists shal) not require
operator action, (e.g., activation of an appropriate display
page shall not be nece.sary), and shall not be removed by
automatic or operatur action (e.g., due tu selection of
alternate display pages).

Spatial cedication of alarm displays shall be based on an
evuluation of the significance of an operator response to it he
alarm, which includes consideration of the following factors:
system impact, technical specification criteria, ‘mportance oy
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

alarme should be stored for ready access when the ajlarm 1§
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1 acknowledged
a
1.2.1] Overview Alarm Displays
Ls8<21:] The overview panel shall provide for the display of high

level derive alarms such as would provide indication of
plant mode or state, and availability of safety systems
or furctions., Indication of tue following 1s required

L ]
a) Alarms indicating failure of a critical safety
function
“
e) Alarms indicating poor performanc: or
» unavailability of success p2ths suppor’ing
critical safety functions
¢) Alarm mnode, to indicate the state of the alarm
system (for plant mode dependent alarm logic and
setpoints).
1.2.11.2 Spatial dedication shall be provided on the overview
displav for certain key alarms. An acceptable approach
w is$ to provide dedicated display of the critical safety
function 2larms on the cverview display.
2
0
'

o , , s
ST 30 - ’
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13.1

1.3.2

1.3.3

DESIGN PRODUCT REQUIREMENTS
I1-1 - CRITERIA FOR ALARMS

Acknowledgement

Alarm acknuw! eagement techniques which facilitate
acknowledgement of alarms wiihbout perceiving them, such as
*global acknowledge". shaii not be uied.

A common icknowledge for redundant alarn systems shall be
implemented such that the operator can acknowledge any alarmed
condition on both systems with a single action.

Metheds shall be impiemented for roduclng the burden
assocfated with alarm acknowledgement, he following
techniques are accuptable:

a) Provision of the capability to acknowledge alarms in
small functionally vrelated groups as well as
individually.

b) Physical grouping of functionally related alarm
displays.

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

d) Provision to defer acknowledgement of lowe: priority
alarms such that distraction is reduced but notification
is not (ast, Such features may include: use of periodic
rather than continuous audihle alarms Se.m., momentary
auuible toaes and reminder tones), and flash supnression
(e.g., stop flash and resume flashj,

11-12
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1.4.2

1.4.3

1.4.4
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Reliability

Alarms shall be provided by redundant means in all elements of
power supply, precessing and display to ensure that failures
:f nznna iy replaceable parts do not result in loss 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 .f the protection system,
Exceptions to this criteria would be acceptable in areas where
total separation would compromise the human factors aspects
of the design (e.g., commor acknowledgement vs separate
acknowledgement, periodic data correlation'. For these
alarms, redundant elements shall be diverse to protect against
common mode failure, and shali be seismically qualified.

Performance of the redunucnt systems should be monitored
automaticaly i1a methods which detecy devialions between the
two systems 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 seipoint,

Ii-13
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I1-1 « CRITERIA FGR ALARMS

Audible Tones
Implementation of audible tones shall comply with the follow .ng:

Audible tones sha,. be used to alert the operator to the
presence of a new alarm condition and to the occurreace of
cleared alarm conditions.

The location from which an audible tone is generated in the
MCR shall be selecled to enhance recognition of the physical
location in the control room where the spatially dedicated
display of the alarn resides.

Tones for new alarms are separate and distinct from tones used
to signify clearing alarms.

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 periodic, momentary reminder tones for
unacknowledged alarms,

I1-14
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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 f certain
conditions are met, and defeats the operator action if the
conditions are not met,

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

I1-1%
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I1-3 CRITERIA FOR PARAMETER INDICATICNS

3.1 Selection of Parameter Display Modes
3.1.1 Dedicated Displays

3.0.1.1 Dedicated display device(s) shall provide a continuous
displ of &11 Regulatory Guide 1.97 Category 1
variables as follows:

4) All Regulatory Guide 1.97 Category 1 variables
shall be provided in a validated 112t

b) Access to the individual channel pa. areter valves
shail be provided for all Regulatory Guide 1.97
variables.

3.1.1.2 Display device(s) shall be dedicated to access of the
following key parameters. Multiple display pages can be
used to acrommodate display of this information.

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

v) Key paraneters ind.cative of success path
performance for both safety and power production.

¢) Fov composed parameterc which are determined by
an algorithm which wuses 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.
|

3.1.2 Selectable Purameter Displays
$.1.1.1 Selectable displays shall provide all the plant
parameters that are required for operation, but do not
necessarily need to be displayed continuously.
$:1.2.2 electable para eter displays of like nature shall

e~aloy a consistent selection scheme throughout the
control room,
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Parameter Processing
Vaiidation

Where muliiple senscrs or channels provide data for the
same¢ parameter to the control room, & validation scheme
shall be :"w)ivnmw‘ipﬂ in determining a representalive

value to be displayed to the operator

The operator shall be afforded a mechanism to access and
view 211 sensor readings used in the validation schewe

Indication shail be provided of data identified as
suspect by a validation program Use of a uniqu
symbol, indicating suspect status, displayed adjacent to
the displayed parameter value is an accepiable method

Historical Recording

1

Facilities shall be provided so that operators can
4

Lie
obtain past hijtories of particular parameters either
through & VOU interface or on paper

The capability to call up a pre-defined trend shall be
provided for those parameters speciiied in the task
a'm‘y‘.\f.

A trend shall be provided automati_ally in the display
of certain parameters as fidentified in the task
analysis

Parameter values shall be adjusted through processing to
provide the most applicable information possible with current
plant instrumentation (e.g., compensated for density effecte),
This must be indicated to the operator by means of a label or
coding scheme.
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Features of Parameter Display

The rationale for selecting the wmanner in which parameter
indicat ons are presented to the cperator (for charactesistics
rance, Cisplay accuracy, response timc, character size and
time wperiod for trends) swall be based on either task
analysis, expert nperato, fiudgement, or predecessor designs,
and dreoumented, for example, the uniis of pressurizer
pressure shall be the same on the display as it is described
in the procedures and the procedure guidelines.

An a'phanumeric designator or label shall iden®ify parameter
indications.

If (wo or more parameters are to be routinely comparec then
the difference, summation, average, atc. (as required) shall
we displayed as a parameter in its own right.

Wien parameter ‘nformatiun is displayed using bar graphs, al’
graphs shail be oriented consistently. To facilitate
omparison and correlation amsag 1ike payameters, scales shall
also be consistaent. Exceptions to this must be justified with
respect tu criterin 2.3.1.

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

Scalcs shall conform o accepted HFE guidelines ond these
shall be applied consistently throughout the contrel rom. The
following are acceptable:

a) Grid Vines on bar griphs shall be unobtrusive and shail
not ubscure data elements.

b) When parameters are to be displayed on a bar graph, the
x-axis shal? be time and the y-axis shall be the
mon‘tared parameter,

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

d) Graduation intervals shall be of one, wwo or five units,
or multiples thereof b: pirars of ten,

e) Between the numbered graduations, the unnumbered
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graduations snal: not exceed nine in number.

When percertage scales are used, 0% of the scale shall
correspond to the low end of the parameter, e.g. ,mininum
Tevel, flow, power; similarly, 100% of scale shall
correspond to the high end of the parameter range

g) The individual numerals on any scale should be
vertically orfented with respect to the cperator.

Display oevices shall have svfficient scale range to
accommodate all ancicipated normal and abnormal operating
fitions,

truments shall provide ranges such thi! nominal scale
readings fall between 20% and 90% of full scale during normal
operations

If a disnlay device incerporates the apability to
automatic. 'y change the displayed cange of a bar graph, then
the operator shall automatically be informed before this
occurs. Operator acknowledagement can be impleimented to assure
cognizance of the change

Time history displays utilized in the contro! room shall have
a consistent position for the origin.
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Relfability

Parameter displays shall be provided by redundant means in al)
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 processing and display of the following
indications will be maintained even if a complete failure or

gonmon mode failure occurs in a system supporting those
unctions:

a) Information for Technical Specification menitoring with
surveillance times Tess than 24 hours.

b) InTormation required to assess major equipmenrt damage or
personnel hazard alarms.

c) Regulatory Guide 1.97 Category 1 and 2 parameters (Types
A-C) (not already on single parameter dicplays).

The devices used to display the Post Accident Monituring
instrumentation (PAMI) parameters shall meet the applicable
qualification criteria of Regulatory Guide 1.97.

If the device that displays the paramter indication fails
then this shall be immediately apparent to the operator.
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I1-4 CRITERIA FOR INTEGRATED DISPLAYS

Integrated displays are those which combi~e paramater indications, alarms

and component status indications to provide a higner level indication of

system functional stat-s, Piping and Instrumentation Diagram (P&ID)
C

representationy may be uwsed in su

4.1
4.1.1

§4.1.2

4.1.3

displays.

Hierarchy uf Displays

Integrated displays shall be organized in a hierarchical
relationship that reflects the way that the operators will
utilize them and the Sierarchical sc.eme shall be documented.
The hierarchy can be organized by sequence of wuse in
particular tasks, by system or by function. Incorporation of
the following features is acceptabie:

a) Organization of the display hierarchy in such a way as
to facilitate learning by the operator, including
application of basic principles of the psychology of
memory such as the limits of short term memory,
chunking, etc.

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 overview display.

There shail be an overview display that provides the oparator
with information in a format so that high level "states” of
the plant can be ascertained in minimum time,

A display of the overview shall be available at (11 normal
operator working pesitions. Implementation of CRT displays at
each working position or a big board panel in ¢ location
viewable from all such positions is acceptable.
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Nayigation

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 item selection is acceptable,

Access to integrated display pages shall be afforded the
perator by a »,stem that makes use of "the human’s natural
inclination to point®,

In order for the operator to select displays, the choices
shall be dis~layed. An acceptable method is use of menus,

Elements of a menu shall belong to a TJogical group.
Acceptable groupings of menu elemerts include:

a) Plant Sector
b; System
C Function

The menu formats shall be consistent witnin carticular display
and control systems.

The ability to restore the display to the previous display
page shall be provided to the cperator,

Navi?ltion through disp?avs and through the hierarchy shall ke
facilitated by labeling <rd title schemes that reflec’ the
commonly used terms for the elemenis displeyed. Examples of
this are: Labelling the part of a display thal shows “he
safety injection system with "SIS", Tabeling a display page
that contains an overview of Lhe primary system with "PRI",
etc.

Whon a single display, e a., an alarm list, requires more
screen area than is available, then the information shall be
partitioned and some tecnnique for the operator to move within
and between partitivned groups shall be afforded. Direct
access to the first page of such a display shall be provided
on each page of the parti’ioned set.
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ical and Functional Features
Consistent coding of information shall be used throughout the
integrated displays. A common metaphor, such as P&IDs, should
be used consistently among the displays to the erxtent
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. The format of this chronologicai indication shall be
consistent across all displays.

Each integrated display shall provide a ti*le by which it can
be referred from a procedure or other documert,
3

Coding schemes used on integrated displays shall conform to
thosa specified by the parameter indications sectinn and the
component control 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 be the primary
means of organizing and separating data.

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

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

The integrated displays shall duplicate and verify the
information provided in a spatially dedicated manner.

Integrated displays shall provide quick direct access to

eupporting intormation for alarm conditions
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I1-5 CRITERIA FOR DISCRETE COMPONENT CONTROL (ON/OFF)

5.1 Control Strategy
The current status (on/off, open/close) of a discrete state
component shall be visible whenwver the control mechanism for
that component is available for use. The intent is to prevent
blind operation of equipment.

Identification of locally contrelled components for which
status indication will be provided in the control room (e.g.,
containment latch door position) shall be determined by a
documented task analysis, expert operator opinion or
predecessor design. Status of uch components shall be
provided in the control room either by instrumentation or
administrative procedure

Consistent component status 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.

The human factor attributes o1 packaged control devices shall
be consistent, to the extent practical, with the human factors
engineering standards set for the man-machine-interface,

The design shall provide mecharisms to restrict usage of
component contrel devices (e.g., administrative controi,
automatic interlocks, alarms, two action controls, etc.)

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 vi

a
soft-interface VDU, or continuous display hardware.

>
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Auto/Manual Mode Changes

Automatic control shal) be provided where manual control is
not suitable due to response time requirements, the complexity
of the control function, or the need to free the opcrator for
other contro® room tasks.

This criteria is not intended to exclude the operator from the
control loop. In general, the operator shall always have the
ability to disable automatic control action and/or take manual
control. This doss not apply to automatic interlocks or
actuation signals which are designed to keep the plant or
equipment within the bounds of the technical specifications
and plant operating procedures.

Control schemes with muitiple modes (auto, manuai, etc.) shall
permit a "bumpless™ transfer between any two control modes,
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5.3 Auto Seouential Ooerations

5.3.1 Where two or more redundan’ components have & sequential auto
start feature (e.g., at setpoint #1 start A, at setpoint #2
start B), the operator shall have the option to assign the
in-service or first to start component, and the succeedin
start sequence of the remaining redundant components i
applicable. The intent is to give the operator the ability to
estaolish a known scquence of events.

$.3.2 Where two or more redundant components have & standby feature
L .?.. if A fails to start or trips, start B), the operator
shall have the option to assign the first to start component,
and the succeeding start sequence of the remaining redundant
components if applicable. The intent is to ?1ve the operator
tre ability to establish a known sequence of events.

5.4 Common Coding Features

5 4.1 Spatially dedicated controls shall be provided for components
that makeup the main flow path of normal and emergency success
paths for all critical functions. Spatially dedicataed
controls shall meet the following criteria:

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

P The controlling device and its control state shall be
continuously visible and available for use.

3. The controlling device shall occupy a fixed location on
the contro! panel in an orientation that has a
functional relationship tc its adjacent controls.

4. Control action can be initiated directly (with no prior
screen selection) or with minimal screen selection (i.e.
one or two). Where selection is required it is only to
access specific concrol options in a set of functionaliy
related controls.

5.4.2 Control loops that require little or infrequent operator
intervention may be accessed through selectable soft-interface
VOU displays.

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

Component controls shall be redundant to the extent that a
failure in the man-macnine-interface device will not prevent
further control action., The intent is to provide a backup
means of inputting componert control commands.
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11-6 CRITERIA FOR MODULATING COMPONENT CONTROL

6.1
6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

€.1.7

Controller Strategy

tontrol Toops that have a cascade or nested relationship
{e.g., master/suploop) shall be hierarchically arranged to
clearly indicate their functional interaction.

Control systems with multiple input sources for the controlled
varizble shall indicate which input source is being used as
the contrelling variable. 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 opticas is being used and provide controls
to change the input source.

Control systems with multinle setpoint sources (e.g.,
auto/operator) shall indicate the actual setpoint source at
the control station. For example, if a control system can
accept a setpoint from either the operator or some other
source, wn indication shall b« provided to indicate which of
the two possible setpoint scurces the system is using and
provide controls to change.

Control systems with a variable setpoint shal: indicate the
current value o, the setpoint at the control station.

Control systems with autc/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 zralog) of the actual output signal.

Failures in a coi onent control ioop that result in loss of
control or a control discrepancy shall be indicated by a
unique visual code or label at the man-machine-interface. For
example, use of a blinking switch position is an acceptable
means of indicating that the demand state is different from
the actual state of a controlled component.
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Throttling Components

Components whose primary function is to provide throttiing
action (flow controi) shall have real time throttle position
feedback visible from the contreol station. The intent is to
provide positive primary indication of component performance
and i... rely on secondary m2ans (i.e., flow indication alone)
for control actior performance monitoring.

Peliability

Component controls shall be redundant toc the extent that
failure nf a man-machine-interface device will not prevent
further control action. The intent is to provide a backup
means for ‘,r‘LVt“]r,g component control commands
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11-7 CRITERIA FOR SPECIAL CONTROLS

7.1

7.1.1

7.1.2

7.1.3

1.2
7.2.1

/.2.2

7.2.3

System Actuaticng

The following criteria apply to reactor trip, main turbine and
generator trip, and engineered safety features actuation signais.

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

Contro) devices for manual trip an’ system actuation shall
incerporate design tochniques to educe the potential for
inadvertent actuation.

The curreat state (actuated/recet) 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 i.formation and contrels 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 spatial)y dedicated operating stations for the
followiny syster: and operational functions:

1) Reactor Coolant System: pressure, temperature, ant
inveatory control

2) Reactor Control Rods

3) Hain Feed System

4) Emergen~ Feed System

5) Main Turbine and Generator

6) Engineered Safety Features Systems

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

The human factor attributes of packayed control devices shall

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

Process control devices shall be separate f-om "indicate only"
displays. The intent is to provide a clezr Aistinction
between indication only and active process contru, devices.

Process controllers shall provide continuous cisplay of all
parameters being controlled. As a wminimum, process
controllers shall have continuous Jisplay of the following:

- Mode of control (auto, manual, etc.)
- Setpoint and real time process value
- Procass 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 withoui the use of anticipatory simulation or other
enhancement techniques. The intent is to keap the cperator
informed of the actual state of the contrc! (oop and thus
prevent false expectations,
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7.4.2
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7.4.4
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Engineered Safety “eatures Compenent CLontyol and Monitoring

Uperator Override

Operator overrice capability shall be provided on a cowponent
basis for all ESF actuated components. The lugic shall he
such that the override may he executed ounly after the ESF
actuation signal.

When the ESF siynal clears, the ove-ride logic shall also
c}eare;uch that subsequent ESF actuation signals are nol
5lecked.

Once the ESF actuztioi signal is cleared, repositioning of the
component will occur enly by a subsequent operator ~ommand or
by an sutomat.c ¢ontrel signal.

Inoperable Component Status Menitoring

ESF componert invperable conditions which may resuit from
bypassed or inoperahie condition: shzall be contirucusly
dicplayed tc the operator pers requivements in NRC Regulatory
Guide 1.47. 'The intent is to identify ESF system availability
prior to its actual need.

In addition to component inoperable conditiuns, the monitaring
system shall also consider component wisaiignments.

In general, inoperable status monitoring chould apply to all
active components but are required for ESF componenis.

ESF Actuation Status Monitoring

ESF component status monitoring shall be provided such that
upon the initiatinn of an £SF actuation signal tne operator is

able to determine if 21l components in the ESF trains have
respondad properly.
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Auto Mode Selection With Multiple Components

This section addresses contrel designc that reguire erultiple
components to be controlled by the same automatic control signal.

‘here shall be one switch for h component if each component

2A¢
is being controlied indivicaally.

There shall be one auto mi.¢ switch (not one
component) if all components are controlled as a group.
switch shall be Jecated and labeled to indicate
orientation,

features of Display
Process flow i%nes shall be incluuwed in 2% Jayouts of
controls and dedicted incicator: where th: physical
relationship of piant components is the basis for the layout

Labels shall be providad in mimics such that all flow lines
lead t2> or vrum a specified component, a source label or a
destination label.

Demarcation Yines and mimic flow 1ines on contro: panels shall
be wide enough to provide the appropriate dema-cation without
adding visuil clutter to the control boards. Use of lines at

least 3/16 of an inch wid are acceptable,

lines shall be consistently

Damarcation 1i.es and mimic flow
sizes threughout the controel room

Component indications Tound on the overview display shail
utilize the same ¢ onventions establ 'shed in the control

~Gom

wWhen component indic

P p atée m " 2 n - \ & / aTels
agyregate efrrect on t1 ] OF Lheé cCompor
apparert to the op by the indic

1ien] g
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11-8 CRITERIA FOR CONTROL ROOM MONITORING AND CONTROL FUNCTION LOCATION

8.1 Main Contro) Room Criteria for Control and/or Monitoring

The follewing critoria shall be considered when making control and
instrumentation assignments in the MCR (potentia( excepticns to
these genera! criteria will be on a case by case basis, with
documentation of the rationale):

Controls and indication wused for critical safety 2nd
predurtion functions and their success paths (e.g., Emergancy
Conling, Emergency Diesel Generators, Post Accident
Monitoring) shall be directly or indirectly (e.g., verify that
there is no leakage b monitoring a tank level) instrumented
and displayed in the MCR;

Indication an associated controls for systems that require
frequent (more than two times every eight hours) or 2xpedited
operation (two hours or les<} hould be located in the MCR;

The primary Yocation for . vwal contyols that can cause a
reactor trip shalil be the M(x [(e.g., Reactor Loolant Pump
controls, Circulating Water System Pump controls, etc.); Mote:
this does not preclude controls reguirved for hol shutdown from

being Tocaled in the Remote Shutdown Room (RSR) as weil as the
MCR, nor ‘ocal controls for large circuit breakers
protective features;

or

The primary locat?sn for norma) controls and indication used
for critical safely and power production functions and iheir
success paths shall be the MR (e.c., Reactivity Control,
Inventory Control, Pressure Control, Core Heat Removal,
Emergency Oiesel Generators, Post Accident Monitoring
Indication, etc.). A method of backup control outside the MCR
shall be providecd at 1ocal contrel stations (e.g. Local Diesed
Generator Contral Panel for long term cold shutdown) or the
RSP.
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Criteria for foca) Safety Related Control and/or Monitoring

Systems important to safety and that make use of local cantrol
stations (e.g., Local Diesel Generator Control Panel) shall
have a Man-Machine Interface (MMI) that will avoid
incompatibilities 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 Cortrol Rcom, leocal
control shall be provided for all systems and components
needed Lo achieve and maintain cold shutdown of the reactor
(e.g., local Diesel Generator Control Panel) for which
controls are not provided for in the Remote Shutdown Room;

Safety and non-safety related controls used - wmarily for
initial system startup (e.g., pump suction 1so\.. :un valves,
instrument isolatior valves, trensformer cooling tans, lube
0il systems, and fully automated support systeams (i.e., oil
systems, seal water)) mry be locally controlled and not
contralled from the MCR. Locating these controls locally will
not significantly increase operator workload because these
support systems are infrequently operated (e.g., after a
refueling outage, after maintenance);

Local controls shall be previded for:

a, Where local manual control actions and/or surveillance
must be accessed freguently or performed in close
proximity to the equipment (e.g., cycling a valve during
maintenance);

b. Where testing and surveillance would unnecessarily
burden the MCR operators and not effect power production
or safety;

"B lLocal disconnects for electrical components greater than
120 volts to provide persornel protection:

d. For cases in which safety, and power production support
and/or auxiliary system processes are controlled locally
(e.a., filling a diesel generator dcy tank, etc.),
administrative controls (e.g., svrveillance, test or
operating procedures), physical barriers (e.g., key
locks, locked doors) or alarms shall be provided to
ensure that MCE operators are cognizant of all
ac}ivities that could effect power production and
safety.
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ytdown Room Criteria for control and/or Monitoring

The Remote Shutdown Room shall provide an alternate c¢~ntrol
station which can be used in the unlikely event that the MCR
becomes wuninhabitable ur damaged. In the event that
evacuation of the MCR becomes necessary, tue operators shall
be provided with the means to transfer control to the Remote
Shutdown Room.

The RZR shall contain the controls and indication required to:

Achieve prompt hot shutdown of the reactor, subsequently
referred to as hot standby per standard technical
specifications (reactor subcritical at operating
pressure and temperature);

Maintain the unit in a safe condition during hot
standby;

c) Achieve and maintain cold shutdown per stindard
technical specifications.

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

ance, Maintenance and T

15'

The H(R operators shall be provided with all indication and
controls needed to support any surveillance or testing that
nust bq conducted by licensed operators. All systems shoulu
provida the operational status/readiness (bypassed, in test,
disabled, etc.) for display in the MCR

: . Y e . ‘ u Couibawnm
355 ang Serur.ty Control and/or Monitoring Criteria

The MCR shall be ¢iven the ability to override security and
provide peymissive to a’low access to 111 vital areas at the
discretion of wn. Shift Supe : or his designated
representative. However, MCR operators thould not be reguired
to coutrol or provide a permissive to access vital areas as a
part of their routine “duties In additice. the MCR personnel
siall be automatically alerted to security alerts or changes

! &2 : . . g " \7 1 31 ¥ o "
in plant security status, and whenever any vital 1&C equig ”t"

door s openuod sing ese may have a direct impact on plant

> t

operation and
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11-9 CRITERIA FOR MAIN CONTROL ROOM (MCR) CONFIGURATIOW
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Overall MCR Cenfiguration

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

2) Controlling Work S»ace with workstations containing
piant controls, displays and alarms.

b) Offices for the plant shift supervisor, control room
supervisor and remain ng operating staff.

¢) neference material and emergency equipment storage.

The controlling work space shill allow operation by a single
operator between hot standbs and full power, Adequate
workspace shall be provided to accommodate up to two
supervisors and up to four operators contiruously.

Techniques shall be used in the MCR configuration design which
11i:it the required access to the controlling work space for
non-operating staff during both normal and emergency
operation. This 1is intendad to prevent unnecessary
distractions to plant operators at the controls.

The MCR cenfiguration chall provide a work station for a
control room suvoervisor within the control!ing work space to
allow direct coordination of controlling workspace activities
and support his/her tasks.

The control room configuration shall allow visibility of a
"big board" overview display from all locations within the MCR
contivolling work space, and from control room oftices,

The Tezhnic Support Center (TSC) shail be provided with
systems and/or features to ensure effective communication with
personnel in the MCR including viewing of MCR activities
Acceptable systems and/or facilities in~lude 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 this.

Accessibility oy [nstrumentation and Controls - The operators
shall not have to leave the controlling workspace to attend to
control room instrumentation on back panels
during operations.

or elsewhere
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to any pointl in the control room without having to overcame
uobstacles such as filing cabinets, storage racks, or
maintenance equipment. Adequate space shall be available for
the operator to freely acress console operating pnsitions,

Operator Frordom of Movement - Operators should be able to get

Comnunications - The arrangement of consoles and desks in Lhe
controiling workspace shall facilitate direct communication
between operators at any combination of workstations.

Legibility - A1l labels and indications shall be legible at
defined reading distances,

| _Arrangements

The MCR controlling vork space shall provide dedicated main
opeiational areas fur normal, frequently performed operations
and iufrequent auxiliary or safety operations. The normal
operating area shall be designad for sesated and occasional
standing operation. The auxiliury and safety operations
workstations may be designed for seated or standing uperation.

The normal operator werkstation shall provide all controls and
indicators to parform the following task

aj Perferm all monitoring and control tasks associated with
maneuvering the plant from hot shutdown to full power
operation and return to hot cnutdown
Monitor all major automatic controls (e.g., pressdrizer
automatic pressure and level controls) to maintain plant
availability
Perform standard post trip actions following a reactor
trip
Monitcr Critical Fuection Processes duri
emergencies

ng

The normal operator workstation panels that contain functions
performed most frequently shall be placed toward the center of
the console,

Controls for safety related systems shall be located on panels
such that they can De managed independently from power
production and auxiliary systems anu so that they are clearly
distinguished from non-safety controls.

1 ¢
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9.2.5 Controis for non-safety related systems and functions not :
required to be asses.ed frequently for normal power production @
shall be locatad on panels such that they can be managed
independently from power production and safety systems.
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11-10 CRITERIA FOR INDIVIDUAL CONTROL PANELS

1.1 Panel Section Arrangement
10.1. 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.

_Dimensions

Standardized panel profiles shall be used for sit-down panels
(that accommodate both seated and standing viewing) and panels
that accommodate standing operation only. These panels shall
be designed 10 meet a project specific set of Human Factors
Engineering anthropometric guidelines. These panels shall be
designed to accommodate the 5th percentile female through the
95th percentile male,

Layout

FUNCTIONAL LAYOUT

Separate functional groups of components should be
spaced apart so that the functional group boundary is
obvious.

Demarcation shall separate functional groups of
components, particularly where ample space between
functionz] groups of components is not available.

Functional groups within a panel shall be identified by
the use of name tags and demarcations.

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

{e.g. VDUs and discrete indicators)
shall be placed in the vertical section of a control
panel to accommodale viewing from locations not directly
in front of a panel.

Display only devices
! n

1
i
3
|

Control devices (e.g. process controllers, on/off
switches) shall be placed in the apron section of
panels, below their functionally related display and
alarm devices to provide a distinctive break from
monitoring functions
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10.3.1.7

10.3.1.8

10.3.1.9

DESIGN PRODUCT REQUIREMENTS
11-10 - CRITERIA FOR INDIVIDUAL CONTROL PANELS

Devices within panel sections shzl)l 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
following: sequence of cperation, related function and
system flow path.

Arrangement of Physically Similar Components

a. an;lg;ggf_Lgxgy& - The layout of similar control
and display sets shall be consistent at all
locations,

b. ijgn;g%jgﬂ - Horizuntal rows vrather than
vertical columns should be used.

€. mw « Large groups of
similar components shall not be laid out in an

unbrcken row or column {(2.9., no more than §
similar components shall be laid in an unbroken
row or column).

g. ﬂi§rnrn_%mj?gi « Plant relationships may show
bilateral (1.e. left-right) symmetry, and this
may be an effective organizing framework for
displays and controls, However, arbitrary
reversal of component layout relationships
(mirvor-imaging) that dJoes not denote a
meaningful attribute of the system shall be
avoided.

e. Large Matrices

Matrices of similar components shall have labeled
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 shall
be broken wup wusing physical spacing or
demarcation.

Paired Conirols & Displays

Controls and related displays shall be closely placed so
that the two items are readily associated and can be
used conveniently with une another. The contral shall
be placed so that the display is not obscured by the
operator during control operation.

11-41
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10.3.1.10 Paper Surfaces

Sit down panels should be provided with open surfaces
for required operator paperwork (e.g. operating
procedures, legs, alarm response procedures, etc.). If
sit down panels are not provided with oper surfaces,
such areas shall be provided within the coutralling work
spac: with full visibility to the controlling work space
panels.

Component Spacing

10.3.2.1 Separation between control devices should be sufficient

such that access to one device cannot be impeded by
adjazent devices, and *hat erroreous activaticn of
compunents can be reaconably avoided.

10.3.2.2 Where simultaneous aciuation of devices is necessary

anthi ovometric guidance shz1? be provided to ensure lhat
all operators can accomplish all required control
uctions (e.g., the devices should not be =<purated by
more than 40 iiches).

Jisplay Pasition

Dispiays and controls shall te positioned on paneis
consideri 7 all project specific ergonomic criteria. These
criteria <hall include:

visual field

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

Display position shall ac ~mmodate the 5th percentile femaje
through the 95 percent:le male to provide indic:tions within
the nominal field of vision, controis within the nominal reach
and to avoid excessive movement.

I1-4¢
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171-11 CRITERIA FOR WORK SPACE ENVIRONWENT

1.1

11.1.1

21.1.2

1.1.3

11.1.4

Lighting & Illumination

The Tevel of cuntrol room illumination (in foot candles) shall pe
high enough to adequately perform all anticipated duties without
being so high as to cause undue problems with glare and reflectance.
Because some tasxs, such as VDU viewing, will require relatively low
levels while others, such as paperwerk or maintenance may reqiire
h$?2 levels, contrel room lighting shall be adjustable and non-
uniform.

Task lighting
I umination levels should be unifurm at each work staticn.
Emergency lighting

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

b) Under eme~gency conditions where off site power, or any
AC power is available, lighting levcls shal)l be kept the
same as during normal conditions.

c) Battery packs (for 2mergency Yights) si,all be mounted as
unobtrusively as possible but still be accessibie far
testing. Bulb change in regular fixtures must be able
to be carried out in a speedy marner 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) shali be avoided.

Reducing glare and reflectance

Techniques shall be laken to limit problems with glare and
undesirable reflectance. Acceptable methods include:

&) maintaining lTow task area luminance ratios,

b) Tow reflectance flooring anc wall covering,
c) anti-giare screens

[1-43
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11.2
11.2.1

11.2.2

1..3
11.3.1

11.3.2

Noise

DESIGN PRGDUCT REQUIREMENTS
IT-11 - CRITERIA FOR WORK SPACE ENVIRONMENT

Noise levels in control room & work spaces

The acoustic design of the ~ontrol room shill ensure that 1)
verbal 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 to fiow, operating equipment, etc.,
the balaice of plant will contain many 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 Quali*v_and Temperaiure

Temperature and humidity

The climate control system shall be capable of continuously
maintaining temperature and humidity within the project
specitic comfort zone for an agproved heating, ventilation and
air conditioning guideline (e.g., Ashrae Comfort Standard 55-
74).

Ventilation

The ventilation system should be capable of introducing
outdoor air into the control room.

11-44
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Architectural Feztures

Operator comfort

Design features shall be employed to assure operator comfort.
Towards that end, the following architectural and design
features shall be incurporated:

Adeguate seating shall be provided in all work spaces,
sufficient te support intended staffing.

Personal storage spaze for ea~h on-duty operator shall
be provided within or adjacent to the con:.al room (but
outside the controlling work space).

Work space environmental controls such as temperature
and humidity shall provide work space staff with a
suitable range of adjustment to maintain comfort and
compenzate for changes in plant and ambier*
environmental conditions.

Accessories and work equipment (logs, chart paper,
office supplies, etc.) shall have aopropriate and
convenient storage within or adjacent tu the control
room (bu: outside the controlling work space)

Bathrecoms, kitchens and other facilities

Jathrooms

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

Kitchen

A kitchen or food storage and preparation area shal
provided within 100 feet of the main control
including an eating area, sink, minrowave,
refrigerator.

Dther facilities

clothes change and coat storage area (which could
double as an air-pack, hard hat, flashlight, etc. area)
shall be provided withip
oom

LA . & oot
100 fTeet of the main contre
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11.4.2.4 Flouring
Flooring should be non-slip, non-glare, and minimize
foot fatigue. [looring should aid in dust controi.
Inside the control room, carpeting shall be used.
In the event carpeting is not allowe? for fire ur other
technical concerns, rubberized mats or similar devices
to reduce operator foot fatigue shall be used.

11.4.2.5 W&l covering
Wall covering should be low-glare and sound-sbsorbent,
and durable aesthetically (easy ‘o clean, able to
withistand rubbing and scrapping).
Communication links between the office and the main
oporating area shall be provided.

11.4.3 Storage

11.4.3.) Document storage
Storage space shall he provided so tha' procedures,
logs, and drawings needed for routine job performance at
operator work stations are conveniently availablie for
the operator. Uocument storage shall permit individual
documents to be easily located and extracted.

11.4.3.2 Energency equipment storage
[nor?cncy equiprant shall all be stored so as to be
readily accessible, and kopt in an immediatelv useable
stale.
Equir-ent such as air nacks, prolective ciolthing,
flasniights, etc. shall be louvated such that operators
?o not have to traverse "hostile’ unvironmeat to reach
t‘

11.5  Desks and Chairs

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

11.5.2 Chairs

i1-46
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Chairs used at dJdesks and seatod work stations should
have back rests, arm rests, cushions, breathable
covering, adjustable seut height, be able to rotate and
have mobility.

11-47
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11-12 CRITERIA FOR PRINT & TEXT FORMAY CONVENTIONS
12 Abbrevistions and Acronyms

cronyms  and  abbreviatio
maintained on a single
Abbreviations L1st

Management of the approved ' fations 11st

The Approved Abbreviations List shall support consistent
development of meaningful materials for wuse Dby
operators, maintainers gesigners engineers,
technicians, and ot! Operations and Maintenance (OMM)
technical staff Mg Tist (11 be corirolled and
updaled as necessary 1t incorporate new terms This
11st of abbreviated OKM terms shall not 1incorporate
organizational or administrative terms unless these will
Lo used “n labeling, procedures te~l: “pecs, et
Guidance for generating abbreviations ard 2cronyms shall
be provided Acceptable means of guiance include
things such & n algorithm made availlable to a
P T"-.f.»Y f t‘, h""j Nay a neeq Lo gener at an abbreviat

acronym
Alphanumeric Characte' s ¢
prianygme C Lhara E. 3 \

Human factors standards and yuidance shall be developed ana
documented for alphanumeric characters for labels and toxt, based on
accepted industry guidance These shall be applied throughout the
design or we hanisms shall be in place to detect non-compiiance
during subsequent design phases The guidance shall address the

1
wJ
fellowing basic issues font style, use of cases, character size

and viewing distance, character width, stroke wi ith and spacing

Other Loncerns

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

’ J s
Warning, radioactivily, etc.) soould be 3 times the
minimum specification for legible character size at the

specified reading distance iext beneath the title

shiuld use the standard size of characters based on the
view.ng aistance
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i1-13 CRITERIA FOR CTHER CONTROL PANELS

13.1 mote Shutdown Pane)

The wote Shutdown Panel shall confurm to Main Lontry

Room anthropometric guidelines and pavel profiles

System/device layouts on the panel
layout/format, where possible, as those same
are laid-out on the Main Control Room Fanel

The criteria for print and text format equipment
labels, demarcations, color coding, !ighting, noise, and
air quality and temperature used in the Main Contro)
Room shall also apply to the Remote Shutdown Pane

cal Panel
Cal aneis

Loca) panels containing safety related e uipment (e.g., Diesel
Generator Control Panel) shall provide a Ma -Machine Interface
(MM1) to operators that will avoid 1ince patibilities and
encourage a high degree of positive transfer of training wher
compared to similar MMI interfaces in the Main Control Room

Acceptable methods ¢ ! lishing this are use of the same
Human factors Standards and Guidelines and | f standard MM]

gevices
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11-14 CUTERIA FOR MAINTAINABILITY

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

11-50



