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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR POWER PLANTS -
CONTROL ROOMS -
DESIGN

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /6f ¥EC is to promote

internaffional co-operation on all questions concerning standardization in the electrical and elegtronif fields. To
this engl and in addition to other activities, IEC publishes International Standar: ical dcifications,
Technidqal Reports, Publicly Available Specifications (PAS) and Guides ( red Np as “IEC
Publicafion(s)”). Their preparation is entrusted to technical committees; any K mmitteg joterested
in the [subject dealt with may participate in this preparatory work. { nd non-
governmental organizations liaising with the IEC also participate in this prepagation; tes closely
with the International Organization for Standardization (ISO) in accordance Wwith iti ermined by
agreemfent between the two organizations.

2) The forfnal decisions or agreements of IEC on technical matters ex € possible, an international
consensus of opinion on the relevant subjects since each ica i épresentatipn from all
interested IEC National Committees.

3) IEC Puplications have the form of recommendations fornt Mig C National
Commiftees in that sense. While all reasonable efforts are rwads i ent of IEC
Publicafions is accurate, IEC cannot be iQ_Mhich they are used |or for any
misintefpretation by any end user.

4) In ordef to promote international uniformity i ¢ i undertake to apply IEC Hublications
transpafently to the maximum extent posgible |n th' i and regional publications. Any [divergence
betweep any IEC Publication and the corre ional er regional publication shall be clearly Indicated in
the latter.

5) IEC provi i indjcateci ¥oyél and cannot be rendered responsijle for any
equipmp i i 3

6) All users should ensure tha

7) No liabflity shall/attas i smptoyees, servants or agents including individual gxperts and
membefs of its te i 8 atfonal Committees for any personal injury, property|damage or
other d g ether direct or indirect, or for costs (including legal fees) and
expenses arising ot 1 i ge of, or reliance upon, this IEC Publication or any| other IEC
Publications

8) Attentign is drawn S e references cited in this publication. Use of the referenced pullications is
indispepsab 3 ti i icati

9) Attenti o, the pyssibility that some of the elements of this IEC Publication may be thg subject of
patent™i \ & held responsible for identifying any or all such patent rights

Internatiq andard, IEC 60964 has been prepared by subcommittee 45A: Instrumentation

and controkef nuclearfacilities, of IEC technical committee 45: Nuclear instrumentatipn.

This second edition cancels and replaces the first edition published in 1989.

The revision of the standard is intended to accomplish the following:

to take into account the fact that software engineering techniques advanced significantly in
the intervening years;

to align the Standard with the new revisions of IAEA documents NS-R-1 and NS-G-1.3,
which includes as far as possible adaptation of the definitions;

to replace, where relevant, the previous requirements in the standard, where these are
now given by references to Standards published since the first edition, especially
IEC 60709, IEC 60780, IEC 60980, IEC 61225, IEC 61226, IEC 61227, IEC 61513,
IEC 61771, IEC 61772, IEC 61839, IEC 62241 and ISO 11064;

to review the existing requirements and to update the terminology and definitions.
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The text of this standard is based on the following documents:

FDIS Report on voting
45A/724/FDIS 45A/731/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

7..m.7

The committee-has-decided ~1TaWYa
pxy{/websto

the maintennce rsult te indicae
the data felated to the specific publication. At this date, the publicati

* reconfirmed,
* withdrawn,
+ replaged by a revised edition, or

&%\@
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INTRODUCTION
a) Technical background, main issues and organization of the standard

IEC 60964:1989 was developed to supply requirements relevant to the design of the main
control room of NPPs. The first edition of IEC 60964 has been used extensively within the
nuclear industry. It was however recognized that recent technical developments especially
those which are based on software technology should be incorporated. It was also recognized
that the relationships with derivative standards (i.e. |IEC 61227, |IEC 61771, IEC 61772,
IEC 61839, and IEC 62241) should be clarified and conditioned.

This IEC standard specifically focuses on the functional designing of the main control room of
NPPs. It Js inftended that the Standard be used by NPP vendors, utilities, and byYicenlsors.

b) Situation of the current standard in the structure of the IE series
IEC 6094 f control
room degign.

IEC 6096 ve which
are the approprlate IEC SC 45A documents wh|c pr i controls,
verificatic analysis
and assig

For morg i » : ndard series, see item () of this
introduction.

c) Recgmmendations a

This standard is intended i w~ control rooms whose conceptual fesign is
initiated after th b iIS\8 The recommendations of the standargd may be
used for refits, u ~

The primary pur stapdardis to provide functional design requirements tq be used
in the desi i orh of a nuclear power plant to meet operational ahd safety
requirem

This stdf s functional interface requirements which relate to confrol room
staffing, ures and the training programme which are, together|with the

human-m ce, constituents of the control room system.

To ensure that the Standard will continue 10 be relevant In juture years, the emphasis has
been placed on issues of principle, rather than specific technologies.

d) Description of the structure of the IEC SC 45A standard series and relationships with
other IEC documents and other bodies documents (IAEA, 1SO)

The top-level document of the IEC SC 45A standard series is IEC 61513. It provides general
requirements for I&C systems and equipment that are used to perform functions important to
safety in NPPs. IEC 61513 structures the IEC SC 45A standard series.

IEC 61513 refers directly to other IEC SC 45A standards for general topics related to
categorization of functions and classification of systems, qualification, separation of systems,
defence against common cause failure, software aspects of computer-based systems,
hardware aspects of computer-based systems, and control room design. The standards
referenced directly at this second level should be considered together with IEC 61513 as a
consistent document set.
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At a third level, IEC SC 45A standards not directly referenced by IEC 61513 are standards
related to specific equipment, technical methods, or specific activities. Usually these
documents, which make reference to second-level documents for general topics, can be used
on their own.

A fourth level extending the IEC SC 45 standard series corresponds to the Technical Reports
which are not normative.

IEC 61513 has adopted a presentation format similar to the basic safety publication
IEC 61508 with an overall safety life-cycle framework and a system life-cycle framework and
provides an interpretation of the general requirements of IEC 61508-1, IEC 61508-2 and
IEC 61508-4, for the nuclear application sector. Compliance with IEC 61513 will facilitate
Consisterr‘y with the rnqnirnmnnfe of IEC 61508 as fhny have been infnrpm&\r the nuclear
industry.|In this framework IEC 60880 and IEC 62138 correspond t 8~8 for the
nuclear gpplication sector.

IEC 61513 refers to ISO as well as to IAEA 50-C-QA (now
topics rellated to quality assurance (QA).

-R-3) for

The IEC ijples and
basic saf FA safety
series, in i equirements relafed to the
design of i nentation
and con ogy and

definition
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NUCLEAR POWER PLANTS -
CONTROL ROOMS -
DESIGN

1 Scope and object

This International Standard establishes requirements for the human-machine interface in the
main control rooms of nuclear power plants. The standard also establishes requirements for
the selection © netion design consideration and organization of the “kuman-machine
interface| and procedures which shall be used systematically to vexify and date the
functiong|l design. These requirements reflect the application of hurhan fdctors.enpineering
principles as they apply to the human-machine interface during normak and(abnormal plant
conditions. This standard does not cover special purpose or vnattende” control

points, s Yiaincongrol room or
for radios design is
outside t

The prim be used
in the de 2 hd safety
requirem i i i ce reguirements which|[relate to
control rg ¢ training programmes which, together with

the humdg

This star
initiated
room, sp

design is
g control

pcument.
5t edition

safety —

ication

IEC 60960, Functional design criteria for a safety parameter display system for nuclear power
stations

IEC 60965, Supplementary control points for reactor shutdown without access to the main
control room

IEC 60980, Recommended practices for seismic qualification of electrical equipment of the
safety system for nuclear generating stations

IEC 61225, Nuclear power plants — Instrumentation and control systems important for safety —
Requirements for electrical supplies

IEC 61226, Nuclear power plants — Instrumentation and control important to safety —
Classification of instrumentation and control functions
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IEC 61227, Nuclear power plants — Control rooms — Operator controls

IEC 61513, Nuclear power plants — Instrumentation and control for systems important to
safety — General requirements for systems

IEC 61771, Nuclear power plants — Main control room — Verification and validation of design

IEC 61772, Nuclear power plants — Main control room — Application of visual display units
(VDU)

IEC 61839, Nuclear power plants — Design of control rooms — Functional analysis and
assignments /TN

%&' tion

IEC 62241, Nuclear power plants — Main control room — Alarm functig
ISO 11044 (all parts), Ergonomic design of control centres

IAEA NS-G-1.3, Instrumentation and control systems img Nuclegr Power

Plants, 2p02

IAEA N§-G-1.9, Design of the reactor coolant sy$
power plants

ated systems i nuclear

IAEA, N$-G-1.11, Protection against it
design ofl nuclear power plants

an fires and explosions in the

3 Terms and definitig

For the purposes of th
refer to the genersg|
such as $afety
3.1
alarms
an item ¢
and to dr|

<

NOTE Sp
might be n
to the anon

erms and definitions apply. For other terms,
C 61513 and in the IAEA NUSS prqgramme,

operator

tive action
Ctive action

Two types of-deviation mey be |Uuu3||;ocd.
— Unplanned - Undesirable process deviations and equipment faults;

— Planned - Deviations in process conditions or equipment status that are the expected response to but could be
indicative of undesirable plant conditions.

[IEC 62241]

3.2

auxiliary control (operating) systems

operating systems that are installed outside the control room such as local-to-plant control
points and local-to-plant shutdown systems

3.3

control room staff

a group of plant personnel stationed in the control room, who are responsible for achieving
the plant operational goals by controlling the plant through the human-machine interface.
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Typically, the control room staff consists of supervisory operators, and operators who actually
manipulate controls but may also include those staff members and experts who are authorized

to be pr

3.4
control

esent in the control room, e.g. during long lasting event sequences

room system

an integration of the human-machine interface, the control room staff, operating procedures,
training programme, and associated facilities or equipment which together sustain the proper
functioning of the control room

3.5

controls

devices

NOTE Co
one define

3.6

displays

devices

3.7

format (display format)
a pictoridl display of information on a

V

U

as message te

items

ihg from the

nt status

kt, digital

presentafion, symbols, mimics, bar-charts & d ulti-angular prese¢ntation

3.8

function

specific

referencq to the physical ©

[IEC 612p6]

3.9

functionpl analysi

the exa

technolorm
assigned

3.10

3.11

<

function
the perfo

purpose or objectjve G 9 an be specified or describe

ination

d without

gnpower,
n may be

oly]

hierarchical goal structure
relationship between a functional goal and sub-functional goals structured in a hierarchical

order

3.12

high-level mental processing
human act to process and/or interpret information to obtain reduced abstract information

3.13

human-

machine interface

the interface between operating staff and 1&C system and computer systems linked with the
plant. The interface includes displays, controls, and the Operator Support System interface
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3.14

1&C system

system, based on electrical and/or electronic and/or programmable electronic technology,
performing I&C functions as well as service and monitoring functions related to the operation
of the system itself.

The term is used as a general term which encompasses all elements of the system such as
internal power supplies, sensors and other input devices, data highways and other
communication paths, interfaces to actuators and other output devices. The different functions
within a system may use dedicated or shared resources.

NOTE 1 The elements included in a specific I&C system are defined in the specification of the boundaries of the

system.
Y N
NOTE 2 According to their typical functionality, IAEA distinguishes between automati nd conwstems, HMI

systems, interlock systems and protection systems.

[IEC 615[13]

3.15
job

a set of fasks which are operationally related. The task
regard to|required skill, knowledge and responsibility

be cohgrent with

3.16
job analysis
an analypis identifying basic requirement j es on the control rgom staff
structure| the operating procedures and fraini 3

3.17
local control points (or fa
points (o
activities

aftrol rogom where local operators perform control

3.18
local opg¢rators

the opergti side the control room

3.19
operating

a set of C . ecifying operational tasks it is necessary to perform to|l achieve
functiong)l g

3.20
operating-staff
plant personnel working on shift to operate the plant. The operating staff includes the control
room staff, maintenance engineers, etc.

3.21

operator interaction

interrelation between operator and the 1&C system. Specifically, display of plant status by the
1&C system and corresponding operator action

3.22

Operator Support System (OSS)

a system or systems supporting the high-level mental information processing tasks assigned
to the control room staff
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performance requirements
quantitative requirements specifying performance of tasks which ensure the achievement of

functiona

3.24

| goals

plant operational goals
ultimate purposes of plant design, i.e. controlled generation of electricity and limitation of
release of radioactivity to the environment

3.25

population stereotype

the tend

ancy for most persons in a aroun or pooulation to aive the sameresn
J Ll J L L L ~ L

IEC:2009

se to a

particula
depends

3.26

task analysis

a detaile
human a

3.27
tasks
actions p

3.28
training

a programme which is desj

skills and

3.29

validation

the proce
function

Validatio
verificatid

[IAEA Sa
4

3.30
verificat

stimulus, even when there are alternative responses. The pulationCs
on the customs and habits of the population sampled

erformed by either human or

i e sontre
serationghactivi

ss of ' - product or service is adequate to perform its
satisfactorl

programme

knowledge nece

on

the proce

ss(of determining whether the quality or performance of a product or sery

ereotype

detailed

goal

quire the

intended

bnt, than

ice is as

stated, as intended or as required

[IAEA Sa

3.31

fety Glossary, 2007 edition]

Visual Display Unit (VDU)

a type of

display incorporating a screen for presenting computer-driven images

4 Standard use

This clause is provided to orient the user to the organization and focus of this standard.
Figure 1 shows an overview of a control room system. The goal of a control room design team
is the successful completion of an integrated control room system. The control system is an
integration of the human-machine interface, control room staff, operating procedures, training
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programme and the associated equipment and facilities. Annex A provides a supplemental
explanation concerning the concept of the control room system.

The focus of this standard is the establishment of the human-machine interface in the control
room design. The standard also establishes a means for developing staffing requirements,
operating procedures and a training programme but does not provide detailed methodology
for such development. The various clauses and subclauses of this standard are developed.

After the scope, statements and specifications of design principles, the design process is
shown in Figure 2 to include functional analysis, function assignment, function assignment
verification, function assignment validation and job analysis. Then, the functional design
specifications are developed as shown in Figure 2.

From these specifications, the detailed design, operating procedures
are devdloped. Finally, the resultant system constituents are v
control rgom system validated.

Dbgramme

gagrated

This standard is addressed to the control room designer . Thi S ssarily to a
single pegrson; typically it is implemented by a design ick i ariety of
competencies and disciplines. This includes at least the

e nuclepr engineering;

e architectural design and civil engineering;
e systems engineering;
e |&C slystems;

e information and computer systems;
o huml factors engineé

e plantjoperations;

e training.
These ccmpeter@

consultants.

permanent or temporary team members, of even by
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VDU: Visual Display Unit
OSS: Operator Support System
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HMI: Human-machine interface operational
goals
Functional
goais
Functions
assigned to
human
Functions requiring high-
level mental processing
Control foom system

Operating
prdcedures VSrbal
t ontrolxo P om.
Thaining (sﬁ’ff interfaces
prdgramme

\_ ¥ A
oniteyin
anual

control

4

2
\MN\QU, al}ms, controls)
4 v

Nd
cor

n-verbal
h~system

Facilitigs
outside
control rqom

\\ Wers for HMI and OSS
A

AN\
RN
Fhcilities Local
qutside operators
conitrol-foom ]
Controls
| A 4 A\ 4 *
Instrumentation equipment Control and protection Automatic
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Figure 1 — Overview of control room system
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Figure 2 — Overall design process and the relationship
to clauses and subclauses of this standard
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5 Design principles for the main control room

5.1 Main objectives of the main control room

The nuclear power plant objective is that it can be operated safely and efficiently from the
main control room in all plant operational states and accident conditions. The main control
room provides the control room staff with the human-machine interface and related
information and equipment, e.g. the communication interface, which are necessary for the
achievement of the plant operational goals. In addition, it provides an environment under
which the control room staff are able to perform their tasks without discomfort, excessive
stress, or physical hazard.

5.2  Functional design objectives of the main control room

The pringipal objectives of the control room design are to provide
completel operationally relevant and timely information regarding
equipment and systems.

curate,
5/0f plant

The design shall allow for all operational states, including nditions,
optimise [the tasks and reduce to an appropriate levet'the hitor and
control the plant safely, and provide necessary informati Iside the
control rqgom.

The confrol room design shall provi achieves
maximum utilization of operator and sys
An additipnal objective of the control igNisNo permit station commissioning to take

place effg¢ctively and to pe mod

5.3 Safety principle

A controlf room i safely in
all operational state iR o a safe state after the onset of accident conditions.

Such evdnts shall bé

Equipme , SO that
an unsaf pending
on the pl

Account taken of the need for functional isolation and physical separatipn where
redundar stéms or safety and non-safety systems are brought into close proximity.
IEC 607(9\gives requirements for this. Account shall be taken of the need to ensurg safety if

the control room and its systems are affected by fire, and to reduce the possibility of fire to a
practicable minimum, as outlined in IEC 60709.

Appropriate measures shall be taken to safeguard the occupants of the control room against
potential hazards such as unauthorized access, undue radiation resulting from an accident
condition, toxic gases, and all consequences of fire, which could jeopardize necessary
operator actions.

There shall be adequate routes through which the control room staff can leave or reach the
control room, or gain access to other control points, under emergency conditions.

5.4 Availability principles

With a view to maximizing the plant capacity factor, consideration shall be given in the control
room design to:
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— facilitating planned operations for load changing, start-up and shut-down;

— minimizing the occurrence of any undesired power reduction or plant trip caused by
operators’ erroneous decision-making and actions, or by local disturbances associated
with malfunction or failure of I&C systems;

— achieving the design output and performance of the plant.

The availability-related design specifications shall not violate the adopted safety principles.

5.5 Human factors engineering principles

In order to provide an optimal assignment of functions which ensures maximum utilization of
the capabilities of human and machine and aims to achieve the maximNant safety and
availability,thedesignmstattpay particotarattentiomto—hommmam factors—pfinciptesand human
characteristics of personnel with regard to their anthropometrics,/perc t%‘ognitive,
physiological and motor response capabilities and limitations.

5.6  Ut|lity operating principles

An integral part of the control room and operating philosop training.
To maxinize the safe and efficient operation of the nucles he control rgom shall
be manngd with a sufficient number of skilled professional sta

The contfol room staff shall be technic ' om qperations and edpcated in
those engineering principles related t¢ a perations and safety, as well as
having a thorough knowledge of the \ stems and/ components, their [function,

performapce and location.

Tasks p of plant

equipme

To ensur authority

should cqd

— perso

— initial itions;

— periodlic retraimn ledge in
engingering pringi

— job rgspousibilifi hergency
opera

— personnel ph physical

— management and supervision structures and responsibilities;
— shift patterns and job stress.

5.7 Relationship with other control and management centres

To assist the control room personnel in responding to abnormal operating conditions,
emergency response facilities shall be available to function during emergency conditions.

Supplementary control points shall be provided, sufficient to ensure safety if the main control
room is damaged or becomes inoperable. The requirements for supplementary control points
are given in IEC 60965.

Equipment shall be provided for the change-over of the control and monitoring from the main
control room to the supplementary control points. The equipment shall operate independently
of the other equipment in the control room.
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5.8 Operational experience

When available, operational experience from existing nuclear power plants should be
collected, analysed and fed back to the design of new power plants where applicable. Such
experience may recommend use or optimisation of proven solutions or even influence the
consideration of principles in domains such as follows:

o staffing;

e operating team organisation and job definition;

e function allocation between main control room and local control stations;

e automation;

P 3 HP=Y =N
coTTItatoT T alt

o desigpofinformationprocessing—information—p

6 Fungtional design of the main control room

6.1 Gdgneral

A systen| based approach to the functional design of a
the contfol room and the associated items in Figu
following|five steps as shows in Figure 2:

covering
lude the

— functipnal analysis;
— functipn assignment;
— verifigation of function assignment;
— validgtion of function assignment;
— job analysis.

6.2 FLT

nctional analysis

6.2.1 General
An analysis of t@ 9 ’ ormed by the nuclear power plant to achieve the
objective S ‘ ith1 d.

This ana a_hierarchy of goals for the control room design coyering all
operation conditions. These goals shall include the prodpction of
electricig imjzation of activity release as principal goals. The goals| may be
develope

Refer to more detailed descriptions and requirements for the functiona| analysis
process.
6.2.2 Identification of functions

With respect to hierarchical goal structures, all plant functions associated with the goals of the
control room should be identified and documented. A means for identifying these goals is
given in IEC 61839. In defining functions the analysis shall take into account the interactions
between the control room and facilities and systems outside the control room.

6.2.3 Information flow and processing requirements

Analysis shall be performed to determine the basic operational information flow and
processing required to accomplish the plant functions including decision making and
operations. This analysis is described in IEC 61839.

When identifying the information flow and processing requirements, the designer should use
several representative design basis events as well as all normal operations.
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The following events should be included;
— events requiring operations subjectively judged to be difficult in terms of complexity of
data interpretation or control, control speed, etc.;

— events requiring the highest certainty of correct operator response, e.g. certain accident
conditions;

— events important in terms of the probabilistic risk assessment;
— events in which plant trip is highly probable unless corrective action is taken in time;
— events whose occurrence rates are high.

The number of events to be included shall be large enough to cover adequately the functions
associated with the hierarchical goal structure

6.3 Agsignment of functions
6.3.1 General

Task anglysis shall be conducted to determine which fu
human and which functions should be assigned to the ma

Function

— manu
—  monit]

— high-l
and u

bbnormal
ns.

Function$ assigned to th ontrol as

shown in|Table A.1.

Human factors engines
1SO 110§4). @

ysis (see

The pringi e factors
which d¢ and the
automati¢

Refer to{ functions
process.

6.3.2 Dpérator capabilities

The functions assigned to the operator should distinguish between those situations where he
or she is actually performing a control task, where the operator is supervising an automatic
system that is performing the control tasks and where the operator is performing high level
mental processing tasks such as diagnosis. This analysis should result in the information
needed for the conceptual information system structure and the functional organization of
resources to perform each decision making and control task.

For potential operator functions, estimates of processing capability required in terms of
workload, accuracy, rate and time factors shall be prepared for each information processing
aspect and control action. These estimates shall be used for the initial assignment of
functions. The estimates should be modified based on verification results and used to
reconsider the assignment of the function as well as to provide a more detailed definition of
the required operator capabilities.
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These requirements together with those for display, control and communication shall be
consistent with the tasks which shall be performed to accomplish the function. The general
tasks should include display, control and communication requirements.

The various types of data available to the operator should be grouped based upon the tasks
and not on the sources of data. The purpose is to organize the information from various
sources with respect to each decision making task to provide a comprehensive information
system for the operator within his capabilities.

6.3.3 I&C system processing capabilities

Analysis of instrument and control system processing shall begin with a definition of system
and equipmen nctional requiremen and constrain ollowed by~ a~more detailed
descripti nents for
each task espect to
the tasks| defined for operator interaction.

This orggnization will facilitate the assessment of the capabilities ofbotf atiq controls
and humpn control for each decision-making and control Rrog ities of the
I&C systém should ultimately include aspects such as accuracy
requirements that the system and equipment shall jineering
requirem

To reduc to keep
the plant lion during a)specified period of fime after
initiation i lected in
the funct

6.4 V¢rification of fu
6.4.1 General

e verified
signment

An acceptable a
as shown in Fig

takes the imposing
unfavour

Refer to ghment.
642 ¢

The proc esolution
phases.

Before attempting to verify the proposed function assignment, the criteria used for the
assignment shall be confirmed to be self-consistent.

The verifications shall subsequently confirm that:

— all the functions necessary for the achievement of the plant operational and safety goals
are identified;

— the proposed function assignment is in accordance with criteria established for the
assignment;

— sufficient requirements of each function are identified. These requirements include
performance aspects (e.g. time constants, accuracy), those derived from safety principles,
availability principles and station operating authority principles specified in this standard,
and those derived from other standards, regulations and guidelines;
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— requirements from higher level functional goals merge at a lower functional level without
conflict under all operational modes.

Modification (i.e. correction of mistakes or reassignment) and verification shall be made
iteratively until all these criteria are satisfied.

6.5 Validation of function assignment
6.5.1 General

The proposed function assignment shall be validated to demonstrate that the system would
achieve all the functional goals. In particular, the performance of the identified functions of 6.2
shall be evaluated under all the normal operations and several representat)»egvents.

Refer to |[EC 61771 for more detailed requirements for the validation offunctj ;Qnment.

6.5.2 Process

The procgss developed for the validation shall include prepara esolution

phases.

Selection sessment

are repre B, events

caused b s5igned to

humans.

After the in each

event shall be identified and synthesized i

6.5.3

The per and the

represen pllowing:

— then bom staff
shall

— the ag G S 1€ control room staff and local operators is acceptable;

— the aj

6.6 Jo

In order bperating

procedurgsiand thevraining programme, the designer should conduct a job analysgis of the

Ver'f'ed I Vd:iddtcd fuubtiuu dabiulllllcllt dIIL.II fullbtiUlldi ICquiICIIIUIItD.

The first step of the job analysis is to identify the characteristics and the number of tasks
assigned to humans. Based on that, the designer can then define the organization and the
number of operators, within the framework of the control room staff structure required by
regulation and the utility normal practice.

Tasks assigned to an operator should not overload him or her and should be consistent with
his or her responsibilities as defined by the control room staff structure. Furthermore, the
designer should identify communications among operators and communications between
control room operators that are necessary for the achievement of tasks.

The designer should also identify non-operational activities (e.g. reporting to authorities)
inherent in some tasks by referring to appropriate documents.

When completed, the analysis should clarify:
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— organisation and number of operators;

— operator competence required;

— operational responsibilities of operators;

— administrative duties of operators (e.g. reporting);
— operational interactions between operators;

— dialogues between operators and plant;

— communications between operators and plant personnel stationed outside the control
room facilities;

— communication with management and supervisory staff.

informatipn structure), the items above should form the basis of tr om staff
structure| the operating procedures and the training programme.

. » P L " . . . YN
Together—wittr—thre—Tesutts—of the—amatysis—for the—functiom—assigrmgt \6.\%{ nceptual
o T(d

7 Fungtional design specification

7.1 G¢gneral

This clay
and equi
the interf

N system
specifies

The desi roach.

7.2 Pr

When de
characte

4t, a data base on human capabilities and
man factors design data.

The data

— anthr
—  popul
— auditq
— hum

— envirg

As some depend on the custom of the country, the data base may be specific to
each country or each utility. F

7.3 Location, environment and protection
7.3.1 Location

The control room shall be located for convenient plant operation and should meet the safety
principles of 5.3.

7.3.2 Environment

Environmental conditions in the main control room shall be such that the operators can
perform their tasks effectively and comfortably.

The environmental design of the control room shall include requirements for air conditioning,
illumination and the auditory environment. The following requirements apply:
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a)

Air conditioning

The main control room shall be air conditioned. The air conditioning shall include
measures to cope with accident conditions of the plant, e.g. by using filters or isolation
capability.

Ilumination

Design of the lighting system shall ensure uniform lighting, avoidance of glare, reflections
and shadows.

Auditory environment

Design of the auditory environment shall ensure easy communication within the operating
team, minimal disturbance by ambient noise, and reliable perception of acoustic
messages, alarms and emergency signals.

Guidance for environmental specifications under normal conditions is 11064.
It may bg convenient to include within this specification the reguirexpe ts or. Si h shape
of the [control room with provisional layouts, ¢ S seismic
requirements, room and panel colour and other finish ith civil
engineer|ng interests and later confirmation in detail.

Appropriate measures shall be taken in the design/to paintai bility and
the monif j '

7.3.3 Protection

The desi binst fire,
radiation shall be
qualified [in accordance with

The design shall ensu n control

room and the supplem

More spdcifically:

a)

Fire g

Attenti 0 using non-flammable materials only. The control rgom area

shall detection and fire fighting system.

Electfi the control room shall be designed to neither cause nor g$upport a
fire a$ onably achievable.

Cablg ci and\switchgear associated with the control room shall be protectefl against
the donsequences of fire. Cable insulation and sheathing materials should| be fire-
retar Gllt GII\‘:I IIIGUt IIGt;UIIG: tcct UI;tUI;G fUI f:GIIIU PIUPG\\.’Gt;UII, IU:UGOU Uf \vj bUSt|0n

products and materials where applicable.
Radiation protection

The control room staff should be protected against direct radiation in any accident
situation. The air intake ducts shall be equipped with a radioactivity monitoring system. If
circumstances require, the control room ventilation system shall have the capability to
isolate itself. Breathing apparatus shall be available to the staff.

Missile protection

The control room design shall include assessment and protection against missiles
originating from inside and outside the control room. Guidance on the protection from
missiles is given in the IAEA Safety Guide NS-G-1.11.


https://iecnorm.com/api/?name=4bd2981bbfcbeb552f6b596c9416c653

d)

7.4

- 24 - 60964 © IEC:2009

Earthquake protection

The control room equipment related to safety functions, the air-conditioning system and
safety illumination system (i.e. the lighting designed to function post seismic event) shall
be designed on the same seismic basis. Detailed requirement are provided in IEC 60980.

Hostile acts

Measures should be taken to restrict access to the control room and to protect it against
hostile acts.

The security plan shall conform to the requirements of the regulations in each country.

Space and configuration

7.41 f_n.a.;e AN
The conffol room shall have sufficient space to allow the control rgom staff rform all

necessaryy actions, while minimizing the need for operator movement i ﬂtions.
Special dttention should be paid to providing work areas, writifg spacs ye gpace for
documenits:

7.4.2

The cont

Work| areas which are manned on a continuous s S gigned fqr seated
opergtion and adequate seating shall be provided a ermit operation whilst
standjng.

Wherg writing and access to docu m duties,

adequate writing space shall be ms

Stora psition to

avoid

Soms
desig

e (during

statio

resent in
pf VDUs,

technplegy-choi dications
comp displays,
segregation between the different divisions, use of automatic control sequences, extent of
automation and/or multiplexed controls);

station operating authority and legal requirements, such as the number of operators in the
control room required by operating policies or licensing authorities;

installation of non-operational systems, such as fire alarm and fighting systems, and other
site-related functions;

space for administrative functions.

The control room shall have such operating areas as are necessary, where each operator can
obtain access to all controls and information required to perform the tasks assigned to him in
all operational and accident conditions.

The operating area and control room equipment such as control desks, boards and panels
shall be arranged according to human factors engineering principles. The layout should be
such that each operator is provided with easy access and good visibility of the control room
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equipment related to their responsibilities and such that each operator can see directly and
speak with other operators normally present without undue interruption of the line of sight
between them.

Refer to ISO 11064 for more detailed requirements.

Information displays and control elements shall be arranged according to consistent principles
which should be well documented in the design process.

The arrangement shall be structured, especially in the case of control rooms based on the
extensive use of dedicated controls and indicators, to simplify the system or component
identification in normal operation, accident conditions and emergency situg}i@@, and minimize

the probgbitity ofimcorrectactuationsarisimgfronrtrummamerror:

The aboye criteria may be used in combination with other design g
rules shall be consistent for all operating areas.

the >esu|ting

7.5 Panel layout

7.51 Priority

Principle < displays
and controls belonging to a function of a system\ a ) between
similar elements in the layout of th iofi i bm these
principles i t

7.5.2 Positioning on control desk

The posifioning of displayg, indicator Y based on
the following criteria:

oom and

— alarm| panels and fa 9
shall pe at a%}
— frequeéntly use within convenient reach and the related indicators and

displgys shall

Refer to

7.5.3 4

Mirror im vent left-

right confusion;

7.6 Location aids
7.6.1 Grouping of display information and controls

It is essential that the displayed information and controls are logically grouped.

The following techniques may be used for grouping displayed information and controls:

a) Grouping by function

Information and controls should be grouped in relation to function or interrelationships
within a system. Care shall be taken to identify the function in terms of the role that the
information plays in achieving system objectives rather than of the source of information or
method of measurement.
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Grouping by sequence of use

Information and controls may be grouped on a sequential basis either by considering the
display as a whole or by dividing the display into parts, each of which is organized on a
sequential basis. Cause/ effect relationships should be reflected in the display.

Use should be made of natural groupings which conform to user population stereotype
expectations (e.g. 1, 2, 3 — a, b, ¢, etc.). For the same reasons, the display should be
organized in a corresponding manner, e.g. from left to right and from top to bottom.

Grouping by frequency of use

In this form of grouping, information which is most often used is collected together with the
most used, say, at the top of the display and the least used at the bottom, and the controls
most used nearest to the operator. S~

The most common method of establishing frequency of use is link{analysis An| order to
determine the connections between various items of i controls and

procejaures.

This {ype of grouping is of limited application due to the risk~qf appa i i }y in the
displgy.

Grouping by priority

Here [the information or controls are grouped by signifi ioning of
the sy gd i up.
Grouping by operating procedures

Inforn bperating
proce hergency
condifi

Groupi

If mimics are used, cg : i i i iteri d, and to
ma|nt in the same mirgic |Iosop i iQ iti or to the

bspective
parching.
uld be take

The grouppi § i with the assumption about the user’s mental mogel of the

plant.

Particul§'
grouping

7.6.2

different

Nomenclature

The names and identities of each plant item, allowing for the many redundant items on a
nuclear plant, shall be carefully considered and agreed on a project-wide basis for uniform
use.

Specific abbreviations and acronyms (such as CVCS for chemical and volume control system)
should be agreed and used consistently. A human factors review of these plant identifications
may be advantageous.

7.6.3 Coding

Coding of controls and of information displayed can be used to distinguish between different
types of control or classes of information, such as to distinguish between (a) safety functions,
(b) other functions important to safety, and (c) functions not important to safety.
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Coding principles shall be established in an early stage of control room design and they
should be consistent with national requirements and utility practices.

The coding system shall be consistent throughout the control room. Location, information,
colour and illumination codes applied to displays and their associated controls shall be
applied in a consistent way.

The coding method for an actual application shall be determined considering the relative
advantages of the types of coding:

— physical coding (size coding, shape coding, colour coding, auditory coding, and intensity

coding),
VAN

— infornratiomcoding;

— locatipn coding.

Refer to |[SO 11064 for more detailed requirements.

Due to potential staff considerations (persons with coloyr
considerations (fading-out of colours, partial failure of 1&
sole megns of discrimination for information importa
coding should also be avoided in other areas.

quipment
ot be the
olour for

7.6.4 | abelling

Adequatg labelling shall be provided in . stent with
other labglling in the plant and in accordance Wwith iQnal requirements and utility practices.

Refer to |[SO 11064 for more detailed r qui%e? .
rol agbels and identifiers, and for all |displays,

ol re@m_and ghould be that of the dominant larjguage of
e plantyi§ilocated;except for technology reasons.

The langpage and script %
shall be tiniform throughou
the population in whosg

7.7 Inf

7.71

Following d requirements of IEC 61513 for the overall I&C architecture,
there wil an ntrol systems implementing the human-machine inferface in
the main lant monitoring and control.

The systém archj e will depend on:

— safety classification;

— failure criteria;

— defence-in-depth strategy;

— qualification and reliability considerations;

— maintainability considerations;

— choices imposed by the available technology.

The information and control systems will be implemented by one or several subsystems
dealing with the various aspects of the human-machine interface and operator support
functions. This typically includes computer-based systems with VDU-displays and soft-

controls as well as dedicated indicators and controls. The requirements are summarized
below.
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7.7.2 Information functions
7.7.21 General

An information system shall be provided to inform operators of the plant status and variables
important to safety and availability, which allows the control room operators to obtain a
complete understanding of the plant state at all times.

Sufficient information shall be available to allow the operating staff to achieve safe shut-down
and hold-down for an indefinite period in accordance with regulatory requirements.

The system shall also provide information of the plant status to technical experts and to on-
site and off-site safety experts during accident conditions.

The system shall have data acquisition, display and alarm functions, hall also
have recprding and memory functions for the plant process variablke bfety and
availability, for analysis and for reporting within the operatipg._organizaii external
authoritigs.

Informatipn processing functions should also be provide i | mental

processing by the operators as a means of:

— aiding decision making;

— improving monitoring performance
This shodilld be achieved by:

— ensun

— facilitating good communijcat

— providing a record |of
recorgled da@
— recordling operato ~

— expal

ccess to

Categoris hce with

IEC 61226.

<
Specific

a) Inforn

Th 4 ool lo ol 4 [ 4 ' Lo ol 4 A £ h | t
e PeTadtur oiidilt T dUTC 1TU UULdllT dlt adlly Ui a CUTTTPITTIT UlTTutTTrstiaiiuimy Ut L e pan

from the information systems. These shall enable the operators to:
— recognize any current or potential safety or availability hazards;
— know the actions being taken by automation systems;

— analyse the cause of any disturbance and follow its course;

— perform any necessary manual counteractions.

The design basis for information systems, including their measurement devices, shall take
into account their importance to safety. The intended safety function of each system and
its importance in enabling the operators to take proper pertinent actions in anticipated
operational occurrences or accident conditions shall be identified in its design basis and
shall be used as an input to any I&C categorization method selected.

b) Information function for non-shift experts

Although the control room is the information and control centre of the plant for the
operators during both normal operation and accident conditions, it may also be used as
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7.7.2.2 Data acquisition and processing

The majdr functional requirements for d

Further r

The data
and relia

the primary centre to direct the initial stages of off-site activities depending on national
and utility principles for emergency operations support. See also IAEA Safety Guide
NS-G-1.9.

It is preferable to accommodate visiting experts in a separate room and exclude them from
the control room.

Information systems may be extended to supply information to separate outside support
facilities.

Recording and printing

An adequate number of recorders or printers shall be provided in or adjacent to the main
control room for analogue process variables and for binary signals in order to obtain
chronological information about the performance and behaviour of theﬂan\t.

This is necessary for the following purposes:

— bgck-up information for shift operators giving short-term and loQg-ter
— gdneral operational information for the plant management;

— short-term and long-term analyses of operation and accid
to allow

Consjderation should be given to automatic recording g controls

analypis of operator actions.

faults| shall not cause any unsafe
opergtion;

the plant

input o satisfy
data g$hall be updated a

there|shall be no 5 even at

times|of peak 9
modifjcation s ’

a prqgvision s
infornmpation.

lisplayed

< perability

This reqpires that an essential part of identifying and defining the data acquisjtion and
processing system involves a comprehensive analysis (e.g., task analysis) which takes the
performance of the control room staff into consideration. Such analysis will be able to identify
data requirements including the necessary data availability and correctness.

The data acquisition and processing system shall be fully defined regarding:

the frequency of data sampling and redundancy;
pre-processing and consistency checking;

the analysis required for off-normal conditions;

the output required and the form of output, e.g., print or VDU.

Raw data processing may consume a significant proportion of CPU time for a single computer
based system. Similarly, the tasks of analysis and data output or presentation may consume
computer time. An assessment should be done to determine the computer loading in normal
and in peak loading conditions, before the system is put into service. This assessment should
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be confirmed by suitable tests on the fully installed system to demonstrate the viability of the
system to the operating staff for the expected range of operating conditions. There shall be no
significant delay in processing and presenting plant data or operator requests even at times of
peak loading. Experience indicates that operators become impatient if there are delays to any
function of a computer-based information system greater than about 1 s. Longer response
times are acceptable in some cases, e.g. accessing historical data or archive data, if a
feedback cue is given to indicate that the processing is under way.

Although some systems may use only a single computer to process the data and to provide
information, redundancy of computers and of modules should be included to ensure service
continues when any more frequent single fault occurs.

7.7.2.3 _Display system VAN

ce df e\rq ormation

The display system shall be designed as a human-machine inte
system, ¢onsidering human capabilities and characteristics.

The displlays shall enable the operators to:

— know| the actions being taken by the reactor protection and\other Iutomatic
systems, so as to be able to verify their state and p : port acti¢ns;

— analype the cause of disturbances and follow th

— perfofm any necessary manual cou eractio

The display shall enable the operators™Q resog ty or availability haZzards.

The majdr functional requirements of the display » are as follows:

— the d|splay system in¢thexcoptro om tent with

the agsumptions of thexsafety analysissand with erator in

— the afcuracy ptions of

the safety an

— displg ditions of

dentified

— the disp am ~ghall provide both information and alarm displays, which should
provide af i ed approach to the display of plant conditions.

In generah—y pased-displays—and-informatio ans—wittbetsed—Ded ecdisplays like
analogue meters, digital indicators, lamps and trend recorders may be required e.g.

— for post-accident situations, due to qualification or diversity considerations, or

— if requirements for spatially dedicated display have to be fulfilled.

An adequate number of printers should be identified in order to provide hardcopies for the

shift team, as material for team discussion and analysis and possibly legal documentation
purposes.

Detailed guidance for VDU-displays is provided in IEC 61772; guidance for dedicated displays
can be found in ISO 11064.
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7.7.2.4 Alarms

Main control room alarms shall provide all information necessary for plant surveillance in ab-
normal plant conditions.

The alarm system should:

— display alarm information to enable the operator to understand the fault situation as it
develops;

— enable the operator to remove irrelevant information but ensure that relevant and
important information is presented in a manner matching the operator’'s capacity to
understand;

5 are not
of the

— enabl
complete and alarms which cannot be cancelled without t
maintenance service;

— avoid|information overload.
The alarm system should have:

— procelssing functions, to give the operator the most Abnormal

conditions, and

— displgy functions, to permit the operator to easi hess.

Moreovef, for each alarm, a proceduyfe .04 she pperating

instruction, shall be provided to explain to\he ikgly reasons for the glarm and
the correftive actions required.

Refer to |[EC 62241 for morg detailed r
7.7.2.5 Operator spppo

In order fo enhance_pla
as the following @

— safety

pns such

— plant

ymptom-

So far ag practicable 2 gn of the

7.7.3 Control functions

This subclause deals with functional human factors specifications of controls used for manual
control operations as well as for back-up to automatic control operations under both normal
and abnormal operations. However, functional specifications of control functions as embodied
by plant I&C systems, are outside the scope of this standard.
a) General considerations

Controls shall be designed to ensure ease of operation and to minimize operator errors.

The controls selected shall be suitable for operator use in a control room environment and
shall match the characteristics of the expected user population.

Controls shall meet the following requirements:

— to minimize operator error, control movements should conform to population
stereotypes and should be compatible with the controlled variable;
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— controls shall integrate feedback information for the selected function and integrate
display of check-back information of the state of the controlled components;

— categorisation of control functions shall be commensurate with their importance to
safety, in accordance with IEC 61226.

b) Prevention of erroneous actuation

To prevent human-induced events, erroneous activation of controls shall be minimized by
means such as the following:

— locating controls at proper positions, thus avoiding accidental actuation in a control
movement;

— use of protective structures, such as use of physical barriers, or recessed installation,

movable covers or guards;

- pn
ad

— u§

ta

— ai

c) Techmology

Contr
mixtu

The ¢
- re

— ay

IEC 6122

7.8 Co

Controls
operation

— contr

pvision of a second confirmatory action, e.g. with a release
ditional soft control command;

oper selection of physical characteristics, such as si
ctile, optical and/or acoustical feedback;

y combination of the above.

pls may be implemented as soft con
Fes thereof.

hoice should be taken based
alification and independence
quired speed of access and f

ailable technolog

b[svshould

r with an

or force,

rols and

effective

of plant

s should

e located near the associated display. Operation of contro

produce a compatible change in the relevant display;

— the grouping of controls and their associated displays shall reflect the need to achieve
system objectives and should be consistent with assumptions about the user’s mental

mode

| of the plant;

— the organization of controls and displays shall reflect cause/effect relationships;

— the organization of controls shall embody user population stereotypes;

— the form of codes used for displays and their associated controls shall be entirely
consistent.

7.9 Communication systems

7.9.1 General

Communication systems shall be provided in the control room to facilitate safe and efficient
plant operation. Special consideration shall be given to the design of communication systems
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to be used to communicate with the emergency facilities in the abnormal or accident
conditions.

Provision of non-verbal communication systems such as telefacsimile and data-links (between
computers) are desirable, between the control room and other information centers in order to
improve plant availability and safety.

7.9.2 Verbal communication systems
7.9.2.1 On-site communications

For general communication under normal operational conditions a telephone system with an
adequate number of extensions shall be mstalled At least one of the ,e"t‘ensmns shall be

system.

accessib
which is
disturban

For communication in accident conditions to supplementa t jti d control

points which are important to safety, a separate direc c S ed where

approprigte. The system shall enable the control rogm perso o_communicate sipgly or in

parallel with a selected number of extensmns at iie. ystem shall al§o enable
"

the control room personnel to commu rooy of any other unit with a
separate|control room at the same site. e/ stipplied by a non-interruptible
power sypply system. Extension telepf ontrol room shall be|provided
where ngcessary and be accessible g g ident conditions. The system| may be
extended also for operational use.

A public
conditionfs.

For use fduring p rol room

using mgbile tr reached
reliably ¢ nsidered
in the desi ence, the
frequenc

specified nt room,

shall be i

4
7.9.2.2
For com ntal and
public intitutic = C 3 S . ome of the

extensions call numbers espemally one in the control room, shall not be known to the public.

The minimum connections to off-site shall be provided with necessary organizations and
personnel. Important connections shall have redundant and diverse systems, e.g. one
telephone and one radio system. The connections shall be defined in accordance with
national requirements, with typical connections such as follows:

— to stand-by/ready-for-call personnel of the unit staff or other experts to help in emergency
or accident conditions;

— to radiation measurement groups which perform tasks outside the site important to safety;

— to the relevant fire fighting station;

— to the local police station which is permanently manned;

— to the offices of the government and public agencies.
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7.9.2.3 Arrangement

Communication equipment for operational communication duties and communication duties of
the operators shall be installed in the operators’ work stations.

The main control room shall also be designed as the communication centre of the plant for
normal operation and during the early stages of an accident. Responsibilities and need for
communication in these phases shall be identified in a task analysis, and the communication
equipment located accordingly. Preferably most of the equipment for communicating with off-
site locations should be located on a special communication desk or panel with extensions on
the main control desk and the control panels.

7.9.3 Non-verbal communication systems N

Non-verbal communication systems may be provided in the mai
follows:

such as

— a telgvision system for monitoring the reactor operating f. r status

whichl may also be used for accident situations;

— a teldfacsimile system that should be connected to enmergens AP ilitieg in order
to trapsfer plant status and operational suggestions 1 em cordition ocqurs.

7.10 Other requirements

7.10.1 Power supplies

The powp ave a reliability and ajailability
consister the safety system and thg system
importan ohtrol room, which are requifed to be

available| for use at all tipp { ident conditions, shall be conpected to
non-interfuptible power sup

Refer to |EC 612i fo
7.10.2 Qualificatio
A qualifidati . ith that of overall plant equipment shall be prpvided to
confirm that i i nt o safety and systems in the control room are capable of

meeting, i 3, the design basis performance requirements (e.g. range,
accurac J\eeded for their functions under the environmental conditiong likely to
prevail a i ill be needed. The programme shall include a plan to ensure that
the equip i ified’for the intended period of use, and provide for timely requalification

or replac

Refer to IEC 60780 and IEC 60980 for more detailed requirements.

7.10.3 Maintainability

The equipment shall be designed to facilitate surveillance and maintenance and, in the case
of failure, easy diagnosis and repair or replacement.

The contribution of repair time to equipment unavailability shall be evaluated at the design
stage. The mean time to repair and the frequency of inspection shall be specified in the
design base of each particular system. Knowledge of the means of detecting that a failure has
occurred, e.g. a power supply system check (test), shall be a part of this evaluation.

Means provided for the maintenance of the systems shall be designed so that any effect on
the safety of the plant is acceptable.
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7.10.4 Repairs
The control room shall be designed, considering panel layout and equipment configuration, to

ease repair of the equipment and systems in it. The design shall also include the
consideration of repair facilities and spare parts.

7.10.5 Testability

The control room shall be designed to permit test and calibration, without difficulty, at
necessary intervals for each of the necessary functions.

8 \Verification and validation of the integrated control room sy;tem

8.1 G¢gneral

Upon completion of the initial conceptual design of an integrat ystem
including| the arrangements for control room staffing, the 3 ace, the
operatind procedures and the training programme, its fied and
validated In subsequent subclauses, the process ap iteria of
verification and validation are specified for the huma or othgr control

the trainihg programme, the evaluatlon process and bparately

using apjpropriate national standards, and int \ona i ilable (see
IAEA Saflety Guides).

See IEC B1771 for more detailed require

8.2 Cgntrol room system verificatio
8.2.1 General

Prior to @and during d ions of the
control rgom sysh
functionall requirements,

teria and

8.2.2

The proc esolution
phases. ¢ iding the
operatmé and\the training programme which have been provided sepgrately as
shown in

8.2.3 Genheral evaluation criteria for integrated system verification

The proposed control room system integration shall incorporate all the functional
specifications and all other technical requirements correctly.

8.3 Control room system validation
8.3.1 General

Prior to and during detailed control room system design, the overall control room system
integration shall be validated to show that it would achieve the performance intended. In
particular, special attention shall be given to time dependent dynamic characteristics of the
proposed integrated system.

8.3.2 Process

The process developed for the validation shall include preparation, evaluation and resolution
phases.


https://iecnorm.com/api/?name=4bd2981bbfcbeb552f6b596c9416c653

- 36 - 60964 © IEC:2009

Preparation for validation is made in a similar manner to the validation of function assignment
(see 6.5), but operational expertise is particularly important at this stage.

An appropriate control room model which allows the evaluation of the time dependent
dynamic characteristics of the proposed system should be developed. For a system whose
concept is considerably different from conventional systems, a dynamic simulator is
necessary for use for the validation. However, other choices such as a full scale mock-up may
be adopted when either the difference is minor or a partial validation can be justified.

Multiple performance measures should be developed to allow redundant evaluation. Both
qualitative and quantitative consistency of interrelated performance measures shall be
examined to confirm the evaluation results.

Considerptions should be given to creating a realistic test envirghte g<)| physical
arrangenjent, environmental conditions such as temperature, humiditf\ ghti , etc.).

use of
hat could
oom and

The valifation programme should be organized in such & wsas

commiss|oning tests. For example, commissioning tests should Ye us
not be tepted in the previous design phases such as evacyation &f tR
for aspedts that were identified as requiring further evaluatiomn

The evaluation criteria shall be consistent wi ‘ s andards,
guidelines, etc.

8.3.3 (General evaluation criteria fo

See IEC 1771 for requirements.
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Annex A
(informative)

Explanation of concepts

A.1  Control room system

The control room system is an integration of the human-machine interface, control room staff,
operating_procedures, training programme, and associated equipment/and. facilities (see
Figure 1),

There are two major plant operational goals (i.e. controlled geer ?ty and
preventign of release of radioactivity to the environment). \ Is have
to be saffisfied to achieve the plant operational goals. They afe satisfi ing plant
processels through controlled utilization of plant resources ’ ways of
controlling the plant systems (i.e. automatic control and mote and
local manual control).

Hardwarg systems |mpIement|ng automatic cont o e i e control
and safe ,|sensors,

and othe hardware devices.

Operatio staff to monitor its action through
displays, back-up control, reset ang others.
Operation of remote manya c Ji 8 intervention of the control room stafff through

The contfols and displ i 3 part of the I&C system, have a physicallinterface
with the ¢ontrol @. { the \ ine i B,

Local m3g bperators
through | tions are
given thr

Besides( pom staff
are requ tation of

multiple 1

H t f t ‘s t ( di 11 { 1
There an varicus—types of operator support-systems {e-g- lagnostic—systems; )perahon

consulting systems, procedure synthesizers) which are intended to support the high-level
mental processing. The control room staff may interface with them in a variety of ways - from
simple unidirectional information retrieval through displays to high-level bidirectional
communication through appropriate devices. The operator support system is a human-
machine interface.

Communication with plant personnel and managerial staff stationed outside the main control
room can be made through the communication interface.

A.2 “Human” and “machine”

Assigning functions to human means to achieve them by manual control, monitoring, high-
level mental processing, or their combinations. Assigning functions to machine means to
achieve them by automation. Therefore, human in the functional domain signifies the control
room staff and machine in the functional domain signifies automation (Table A.1).
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The term “machine” covers a number of hardware entities which include the I&C system and
It should be noted that the manual control system, controls, and
displays which are parts of the I&C system are to enable the control room staff to achieve

operator support system.
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functions assigned to them.
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Table A.1 — Human and machine in functional domain and physical domain

Functional domain

Physical domain

Functions are
assigned to:

Functions are
achieved by:

Machine (hardware)

Human

Hum

High-level mental 0SS N

processing

Monitoring
(associated with
both manual control
and automation)

(including back-up
control to —.—> Manual con ol sys
automation)

Displays Human-
~ machine

m

J

crew

Mach

interfac
i &
> o6t
Manual control —— Controls_J

faN
Automation <X\o@c troI &ste&n) )\/

@s@@

<
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INTRODUCTION
a) Contexte technique, questions importantes et structure de cette norme

La CEI 60964 publiée en 1989 avait été développée pour fournir des exigences applicables a
la conception des salles de commande principales des centrales nucléaires. Cette premiére
édition a été largement utilisée par I'industrie nucléaire. La nécessité de prendre en compte
les récents développements techniques et en particulier ceux liés au génie logiciel a été
reconnue, de la méme fagon que celle de clarifier et de définir les relations avec les normes
dérivées (par exemple la CEl 61227, la CEI 61771, la CEI 61772, la CEIlI 61839, et la
CEIl 62241).

/N
me CEIl s’interesse plus particulierement a la conception fonctijadnnelleNges

Cette no
commang
utilisée p

b) Positi CEI

La CEI 86 raite des

questions

La CEI 6 it é ri S, Cité i-dessus qui sont les dgocuments
pertinent ] i andes opérateyrs, a la
vérification et a la validation de la congeptign ités d’affichage, a|l’analyse

fonctionnlelle et I'affectation des fonctions et & | présentation des alarmsgs.

Pour plug Stai i & 45A de la CEI, voir le point d] de cette
introduction.

c) Recgmmandations plication de cette norme
Cette nofme a é iquée aux nouvelles salles de commande dont la
conceptign débute” a -ci. Les recommandations fournigs par la

norme p§ spQqur [esxehovations, les mises a niveau et les modificafions
L’objectif] prigci est de fournir des exigences de conception fonctionnelles qui
puissent ili 8 conception des salles de commande principales des fentrales

nucléairg

Cette nof
salle de [comman

ssi des exigences d’interface fonctionnelle liées au personpel de la
aux procédures d’exploitation et au programme de formation|qui sont

avec I Int—\wl-'nnn | 2PN maechina-daoc-compacan o ot deaela r\t\“f\ da r\t\w\mf\nde
cCTToCCTToTmT T e T acT e Ot o CoTT P oUsSaTttS €t o]ol.ulllv T oo O oo T Tart .

Afin de garantir la pertinence de cette norme pour les prochaines années, I'accent a été mis
sur les questions de principes plutét que sur les questions particuliéres liées a la technologie.

d) Description de la structure de la collection des normes du SC 45A de la CEl et
relations avec d’autres documents de la CEIl et d’autres organisations (AIEA,ISO)

Le document de niveau supérieur de la collection de normes produites par le SC 45A de la
CEl est la CEI61513. Cette norme traite des exigences relatives aux systémes et
équipements d’instrumentation et de contréle-commande (systémes d’I&C) utilisés pour
accomplir les fonctions importantes pour la slreté des centrales nucléaires, et structure la
collection de normes du SC 45A de la CEl.

La CEI 61513 fait directement référence aux autres normes du SC 45A de la CEIl traitant de
sujets génériques, tels que la catégorisation des fonctions et le classement des systémes, la
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qualification, la séparation des systémes, les défaillances de cause commune, les aspects
logiciels et les aspects matériels relatifs aux systémes programmés, et la conception des
salles de commande. Il convient de considérer que ces normes, de second niveau, forment,
avec la CEl 61513, un ensemble documentaire cohérent.

Au troisieme niveau, les normes du SC 45A de la CEIl, qui ne sont généralement pas
référencées directement par la CEl 61513, sont relatives a des matériels particuliers, a des
méthodes ou a des activités spécifiques. Généralement ces documents, qui font référence
aux documents de deuxieéme niveau pour les activités génériques, peuvent étre utilisés de
facon isolée.

Un quatriéme niveau qui est une extension de la collection de normes du SC 45A de la CEI

Correspo‘ aYaYa echnlgues gall-ne ontp ge ao men norm

La CEI 6 cycle de
vie et de S %)’on des
exigence Hucléaire.
La conformité a la CEl 61513 facilite la compatibilité avec le exigence El 61508
telles qulelles ont été interprétées dans I'industrie nucléajre.~Qans w&c 60880 et
la CEI 62 i

La CEI 6 remplacé
depuis par le document AIEA GS-R-3) pour ce q

Les norm ord avec
les princ J A ur la—sUreté des centrales nlicléaires,
ainsi qu’ nces NS-
R-1 qui 4 ofiception des centrales nucléaires et
avec le i S mmande

importan
dans les hormes prod

9,

a terminologie et les définitions| utilisées
formes a celles utilisées par I'AIEAL
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CENTRALES NUCLEAIRES DE PUISSANCE -
SALLES DE COMMANDE -
CONCEPTION

1 Domaine d’application et objet

Cette Norme internationale établit des exigences en matiére d’interface homme-machine pour
la salle de commande prmmpale des centrales nuclealres de pwssance Elle établit aUSSI les
exigence X ig

homme-machine, ainsi que les procédures qui doivent étre utilisées paur ver
systématjquement la conception fonctionnelle. Ces exigences les

spécifiques ou isolés tels que ceux prévus pour les opérations Q’ar berie Uy la salle

de comm aitement

des efflug domaine

d’application de cette norme.

Le but g pour la

conceptic especter

les exige interface
pcédures

de condyi homme-

machine,

Cette nofme s’applique aux sa 6 i nception

débute aprés sa publids igtantes, il

faut portgr une attenti ipn.

2 Références ;

ants sont indispensables pour l'application dy présent
datées, seule I'édition citée s'applique. Pour les rgférences

ales\nucléaires de puissance — Systemes d’instrumentation et de |contrble-

CEI 60780, Centrales nucléaires — Equipement électrique de sareté — Qualification

CEI 60960, Critéeres fonctionnels de conception pour un systeme de visualisation des
paramétres de slreté pour les centrales nucléaires

CEI 60965, Points de commande supplémentaires pour l'arrét des réacteurs sans acces a la
salle de commande principale (salle de commande de repli)

CEI 60980, Pratiques recommandées pour la qualification sismique du matériel électrique du
systéme de slreté dans les centrales électronucléaires

CEI 61225, Centrales nucléaires de puissance — Systemes d’instrumentation et de contréle-
commande importants pour la slreté — Exigences pour les alimentations électriques
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CEIl 61226, Centrales nucléaires de puissance — Systemes d’instrumentation et de contréle-
commande importants pour la sidreté — Classement des fonctions d’instrumentation et de
contréle-commande

CEI 61227, Centrales nucléaires de puissance — Salles de commande - Commandes
opérateur

CEI 61513, Centrales nucléaires de puissance — Instrumentation et contrble-commande des
systemes importants pour la slreté — Prescriptions générales pour les systemes

CEI 61771, Centrales nucléaires de puissance — Salle de commande principale — Vérification
et validation de la conception S~

/e\ tilisation

mande —

CEI 61772, Centrales nucléaires de puissance — Salle de commande!prin
des unités de visualisation

CEI 61839, Centrales nucléaires de puissance — Conceptiof
Analyse fonctionnelle et affectation des fonctions

CEIl 62241, Centrales nucléaires de puissance — Sall and ctions et
présentation des alarmes

ISO 11044 (toutes les parties), Conceptio

IAEA N$-G-1.3, Instrumentation et con 5. O 3 f yeté des
centraled nucléaires, 2005

IAEA NS ) nuclear

IAEA NS
design of

ns in the

3 Tern

ent. Pour
dans les

Pour les
les autre]
documen

3.1
alarmes
un élément informatif relatif au diagnostique, au pronostique ou a une recommandation, qui
est utilisé pour alerter I'opérateur et pour attirer son attention sur une déviation du procédé
ou d’un systéme

NOTE VL’information particuliére fournie par les alarmes couvre I'existence d’anomalies pour lesquelles une action
corrective pourrait étre nécessaire, la cause et les conséquences potentielles de I'anomalie, I'état général de la
centrale, I'action corrective correspondant a I'anomalie et le retour de I'action corrective.

Deux types de déviation peuvent étre distingués:

— Non prévue — Déviation du procédé indésirable et défaillance de matériels;

— Prévue — Déviation du procédé dans des conditions ou états des matériels qui sont les réponses prévues, mais
qui peuvent étre indicatives de conditions indésirables pour la centrale.

[CEl 62241]
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3.2

systémes auxiliaires de commande (de conduite)

systemes de conduite installés hors de la salle de commande, tels les panneaux de repli et
les systémes d’arrét décentralisés

3.3

équipe de salle de commande

personnel présent en salle de commande, responsable de [Iatteinte des objectifs
opérationnels de la centrale, en conduisant celle-ci au moyen des interfaces homme-machine.
L’équipe de salle de commande comprend en général des opérateurs supervisant et des
opérateurs manipulant effectivement les commandes; elle peut inclure le personnel
d’exploitation et les experts autorisés a étre présents en salle de commande, par exemple
durant de longues séquences d’événements VRN

3.4
systéme|de salle de commande
ensembl¢ constitué de I'interface homme-machine, de I’'équipe de, des
procédures de conduite, du programme de formation et matériels
associés|qui contribuent conjointement a une utilisation correcte > ande

3.5
commandes

appareilg utilisés par I'opérateur pour envoyer
controle-pommande et aux dispositifs g€

emes de

NOTE Le$ commandes telles que définies dans sette Rorine (a savoird hander des
actions) vehiculent un sens différent de celuyi b sont pas
remplagablps.

3.6
afficheurs
appareils
exemple

frale, par

3.7

image (a
représen ‘un texte
de message, : i graphes,
des cour

<
3.8
fonction
but préci
moyens physiques necessaires pour son atteinte

eNnce aux

[CEI 61226]

3.9

analyse fonctionnelle

examen des objectifs fonctionnels d’'un systéme compte tenu des capacités humaines, de la
technologie et des autres ressources, pour fournir la base de détermination pour I'affectation
et I’exécution de la fonction

3.10
objectif fonctionnel
objectif de performances qui doivent étre satisfaites pour remplir la fonction correspondante
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3.11

structure hiérarchisée d’objectifs

relation entre un objectif fonctionnel et ses sous-objectifs fonctionnels structurés dans un
ordre hiérarchique

3.12

démarche intellectuelle

démarche humaine de traitement et/ou d’interprétation d’une information visant a obtenir une
information condensée et abstraite

3.13

Interface Homme Machlne (IHM)

interface reliés a
la centrale d’autre part. Elle inclut les afficheurs, les commandes ¢ systéme
support de 'opérateur »

3.14

systéme|d’l&C

systéme exécutant des fonctions d’'lI&C ainsi que des fonctions eLvi ‘affichpge liées
au fonctionnement du systéme Ilui-méme. Sa technologie BleCtriqe 2lectronique
et/ou élegtronique programmable

Le terme|est utilisé comme terme général comprena t t S s tels que
les alimentations électriques, les captewrs et 2 3 données

et autred chemins de communicatiof
différentgs fonctions d’un systéme peu

dlsposmfs de sqrtie. Les
s dédiées ou partagges

NOTE 1 U 8lé ¢ 5 efinis dans la spécification des lifnites de ce
systéme.
NOTE 2 $elon leurs fonction Iltes ropres : i distinction entre les systemes de confrole et de

commande| les systéemes d’|P

[CEI 615

t les systéemes de protection.

3.15

travail

ensemble¢ de tac es & ellement. Il convient que les taches a l'intérjeur d’un
travail so ntes en regard de la compétence, des connaissances et des
responsabilités re a pdrt de 'opérateur

3.16

analyse

analyse |i ifi exigences de base qu’un travail impose a I'équipe de |salle de

commandgeycompte tenu des procédures de conduite et des programmes de formatioh

3.17

points de commande locaux (ou installations)

points (ou installations) situés a I’extérieur de la salle de commande ou des opérateurs locaux
réalisent des activités de commande

3.18
opérateurs locaux
membres de I'équipe de conduite qui remplit des taches a I’extérieur de la salle de commande

3.19

procédures de conduite

ensemble de documents spécifiant les taches de conduite qu’il est nécessaire de remplir pour
atteindre les objectifs fonctionnels
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3.20

équipe de conduite

personnel de la centrale travaillant en poste pour conduire la centrale. L’équipe de conduite
comprend I'équipe de la salle de commande, les techniciens de maintenance, etc.

3.21

interaction de ’opérateur

relation entre I'opérateur et le systéme d’'I&C, plus particuliéerement, affichage de I'état de la
centrale par le systéeme d’I&C, et actions correspondantes de I'opérateur

3.22

systéme support de I'opérateur (SSO)
un ou des cycfbmnc visant a aider I’éqnipn de salle de commande dansdestaches exigeant

une démarche intellectuelle

3.23
exigencegs de performance
exigencep quantitatives spécifiant les performances associ& i assure
I'accompl|issement d’objectifs fonctionnels

3.24
objectifd opérationnels de la centrale
finalité d¢ la conception de la centrale, c’est-a-
limitation 7

cité et la

3.25

stéréotype de population

tendance . e a une
stimulatign particuliére, i réponses possibles. Le stéréptype de
populatio i g la population

3.26
analyse fdes té"@
ilée

description déta t atepr, au sens de ses composantes, pour spdcifier les
activités phumaine j& relations fonctionnelles et temporelles

3.27

taches
actions (léati oit par un homme, soit par une machine pour atteindre un objectif
fonctionnle

3.28
programme-de formation
programme congu pour former I’équipe de salle de commande de telle sorte qu’elle puisse
acquérir les compétences et les connaissances nécessaires aux activités de conduite

3.29

validation

processus permettant de déterminer si un produit ou un service est adapté pour réaliser de
facon satisfaisante sa mission prévue.

La validation recouvre un domaine plus large que la vérification et fait appel plus largement
au jugement

[Glossaire de sOreté de I'AIEA, édition 2007]
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3.30
vérification

processus permettant de déterminer si la qualité ou les performances d’un produit ou d’un

service sont conformes a ce qui est déclaré ou prévu comme cela est requis

[Glossaire de sOreté de I'AIEA, édition 2007]

3.31
unité de visualisation (VDU - visual display unit en anglais)

type d’affichage incorporant un écran pour présenter des images pilotées par calculateur

4 Utilisation de la présente norme

Cet Artigle a pour but de présenter a I'utilisateur I'organisation les plus
importan{s de cette norme. La Figure 1 montre une vue d’ensembl alle de
commande. Le but d’'une équipe de conception de salle de go §|ssir la
réalisation d’'un systéme intégré de salle de commande. Le S e est un
ensemble¢ qui intégre l'interface homme-machine, I'équipe nde, les
procédurgs de conduite, le programme de formation et Ig HSSOCIiés.
L’Annexg A fournit des explications supplémentaires s salle de
commande.

L'objet premier de cette norme est Ig rs de la
conceptign de la salle de commar(de; 3 ‘ e’ définit les moyéns pour
développer les spécifications concerna > nduite et
le programme de formation, mais elle pour ce
développ g rme sont
détaillées.

Apres le [domaine d’apglication bption, la
Figure 2 smprenant I'analyse fonctionnelle, I'affectation
des fonctions, | Srificati i idatiory de I'affectation des fonctions et I'analyse du
travail. i acifjcation conception fonctionnelle sont établies commle le fait
apparaitre

La concegption_d dures de conduite et le programme de formation sont
développ ecifications. Enfin, les composantes du systéme résultant sont
veérifiées

Cette norm ifxe c& au concepteur de la salle de commande. Ce terme ne cdrrespond
pas nécessairement \a une seule personne, mais en général, plutét a une équipe de
conceptig ouvre en

ingénierie nucléaire;

— architecture et génie civil;

— ingénierie des systémes;

— systémes d’'l&C;

— systémes d’information et calculateurs;
— ingénierie des facteurs humains;

— exploitation de la centrale;

— formation.

Ces compétences peuvent étre celles de membres permanents ou intérimaires de I’équipe ou

méme de consultants.
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Abréviations

VDU: Unité de visualisation

SSO: Systéme support de 'opérateur

Objectifs
d’exploitation
de la centrale

IHM: Interface homme machine

Objectifs AN

fonctionnels

Fonctions
assignées a
I’homme

Fonctions agsignée
ux efatéur cau

Fonctions nécessitant un
traitement mental élaboré

Syste salle
de commande

N
Prpcédures \5
de|conduite \
er nel \I‘& Wierfaces Disposififs
: dei o}ﬁ an ommande hors sallp de
Prpgramme " verbale commande
i A
de formatm(\> SUeince Commande
manuelle
\/\ A 4
\QWmes, commandes)
Syptémeg de \ 4 ’ +
copimante  \Jgo N ) , ,
né1 ver rdinateurs de I'|HM et de I'SSO
R NIRAWANE N
v \>
D|sp0sitifs Opérateurs
hors—sattede locat
commande
Commandes
| A\ 4 \4 *
Matériel d’instrumentation Matériel de commande et Matéri.els
(capteurs, appareils, etc.) protection (actionneurs, automatiques
etc.)
Centrale Références
(machines
meécaniques et
procédé)

IEC 297/09

Figure 1 — Vue d’ensemble du systéme salle de commande
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Domaine d’application et objet (Article 1) +
Principes de conception (Article 5) _>| Analyse fonctionnelle (6.2) |
e +
‘#4 Répartition des fonctions (6.3) H
v A l'homme v A la machine

Veérification de la répartion
des fonctions (6.4)

o« Non_—7 = vy o
il \ALLLLL>ES L
Validation de la répartiti
des fonctions (6.
m x\\\ >
“J oui \
Intégration donsys ‘me\sall de
commahde (e«}ctio ellement validée
27 X
(\ |A >na|y é thﬁav‘a\n}a.e)
\ \\i—/
ecifieations fonctionnelles
de\gongception de I'lHM (Article 7)
Spécifications f < \\ +
conception de e Vérifigation de I'intégration de
conduite, pe S I3Salle de commande (8.2)
programme, de
(Hori‘du domaine cefte narm >
Validation de I'intégration de
la salle de commande (8.3)
Valide>Non >
4 Oui
Intégration du systéme salle
de commande validée
Symboles Fin
| Activité de conception |
| Données d’entrée ou de sortie IEC 298/09

Figure 2 — Processus de conception d’ensemble et relations
avec les articles et paragraphes de cette norme
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5 Principes de conception de la salle de commande principale

5.1 Objectifs principaux de la salle de commande principale

Une centrale nucléaire de puissance doit pouvoir étre conduite sirement et efficacement dans
tous ses états de fonctionnement et dans les conditions accidentelles depuis une salle de
commande principale. L’équipe de salle de commande a accés en salle de commande
principale a une interface homme-machine et a de I'information et des matériels associés, par
exemple, l'interface de communication nécessaire pour atteindre les objectifs d’exploitation
de la centrale. De plus elle fournit un environnement dans lequel I'’équipe de salle de
commande est en mesure de remplir ses taches confortablement, sans tension excessive, ni
risque physique.

5.2 Objectifs de la conception fonctionnelle de la salle de comm

Les objegtifs principaux de la conception de la salle de commande consist
opérateufs des informations précises, complétes, opérationnelle ~
délais, e ce qui concerne I'état fonctionnel des matériels et d

Pour tou$ les états opérationnels, y compris le rechargemen
accidentglles, la conception doit permettre d’optimise
adapté I charge de travail requise pour surveiller ef copd
fournir Ig¢s informations nécessaires a d’autres \i i 2 salle de
commande.

La concqgption de la salle de command
qui permet une utilisation maximale de

>Ctation optimale des [fonctions
téme et de I'opérateur.

Un objeq y spti la salle de commande est de réadlliser une
mise en g S e les modifications et la maintenance.
53 Pr

La salle it 8 congye de fagon a conduire la centrale nucléaire de
puissanc &tats opérationnels et de la ramener en état $0r aprés
I'appariti . De tels événements doivent étre pris en compte lors
de la con i ande.

Les mat de tommande doivent étre congus, autant que possible| de telle
sorte qu e commande manuels non sirs ne puissent pas étre émis, parfexemple

par l'utiligationgde vexrouitlages logiques dépendant de I'état de la centrale.

On doit |aussi_prendre _en compte les besoins d’isolement fonctionnel et de sgparation
physique pour les systemes de slreté redondants ou lorsque des systémes de slreté et non
classés de sireté viennent a étre proches. La CEIl 60709 fournit des exigences pour cela. On
doit prendre en compte le besoin d’assurer la sdreté si la salle de commande et ses systémes
sont atteints par le feu et de réduire autant que pratiquement possible les possibilités
d’incendie, comme le souligne la CEI 60709.

Des mesures appropriées doivent étre prises pour la sauvegarde des occupants de la salle de
commande contre les risques potentiels tels que les accés non autorisés, un niveau de
rayonnement élevé conséquence de conditions accidentelles, des gaz toxiques, et toutes les
conséquences d’incendie qui pourraient compromettre la réalisation des actions opérateur
nécessaires.

Il doit y avoir des accés adaptés pour permettre a I'équipe de la salle de commande de
rejoindre ou de quitter la salle de commande ou de gagner d’autres points de commande, en
conditions accidentelles.
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5.4

Principes de disponibilité

Dans le souci de maximiser le facteur de puissance de la centrale, des dispositions doivent
étre prises en compte lors de la conception de la salle de commande pour:

Les spédifications de conception liées a la disponibilité ne doivent pa
avec les principes de s(reté retenus.

faciliter les opérations d’exploitation prévues pour changer le combustible, démarrer,
s’arréter;

minimiser I'occurrence de toute réduction de puissance non désirée ou d’arrét d’'urgence
conséquences de prises de décision ou d’actions erronées d'opérateur ou de
perturbations locales dues au mauvais fonctionnement ou a des défaillances de systémes
d’1&C;

atteindre la production et les performances de la centrale prévues a Ia}Q%eption.

tre ew radiction

5.5 Principes d’ingénierie des facteurs humains

Afin de r imale des
capacités té et une
disponibi facteurs
humains e leurs
capacités ve et de
motricité

56 Pr

L’encadré¢ment et la formation font et de la
philosophie de conduite. P i centrale,
la salle |de commande <doi iloté Esionnels
compétents.

lls doivent étre te€hwni 5 pour ce
qui est des principes géniex i a conduite et a la sOreté des centrales nucléaires.

lls doivent par aillew
des perfa

Les tach

en

surveillé&s

Pour assguret

nction et

drateurs hors de la salle de commande qui impliquernt la mise

oeuv a centrale doivent étre administrativement contnblées et

qualité de la conduite de la centrale, il convient que le responsable

d’exploitatioh prenne’en compte les facteurs suivants dans la constitution de I'équipg de salle
de commande:

exigences de sélection et de qualification du personnel;

exigences de formation initiale et de recyclage pour les conditions de fonctionnement
normal, incidentel et accidentel,

rappel de formation périodique aux régles d’exploitation et possibilité de développer des
connaissances dans les principes d’ingénierie;

responsabilisation de I'’équipe de salle de commande et de chaque individu pour
I’exploitation normale et en cas d’'urgence;

exigences physiques pour le personnel portant sur les capacités physiques, auditives et
visuelles, toute altération physique et la taille;

gestion et surveillance des structures et des responsabilités;
profil des équipes et tension provoquée par le travail.
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5.7 Relations avec les autres centres de contrdle et de gestion

Pour aider le personnel en salle de commande a réagir a des conditions anormales
d’exploitation, des centres de crise doivent étre mis en place et étre opérationnels durant ces
situations critiques.

Un nombre suffisant de points supplémentaires de conduite doit étre prévu pour assurer la
slUreté si la salle de commande principale est endommagée ou devient non exploitable. La
CEI 60965 établit les exigences relatives aux points de conduite supplémentaires.

Des matériels doivent étre prévus pour le basculement du contrble et de la surveillance de la
salle de commande prlnC|paIe vers les points de conduite supplementalres Les matériels
doivent f X ¢ salle de
commang

5.8 Rdtour d’expérience en exploitation

igtantes, il
5 pour la
pusser a
n compte

Lorsqu’u
convient
conceptiq
I'utilisatid
de princi
— personnel;
— organisation de I'’équipe de conduite et\qé

— réparfiti contréle

locauk;
— automatisation;

— concgption du traitem

ceptionjon

néralités

6 Con

6.1 G4

doit étre
1. Cette

Une app
utilisée ¢
approche
- anal§
— répartiti

— vérifigation de epartition fonctionnelle;

— validation de la répartition fonctionnelle;

— analyse du travail.
6.2 Analyse fonctionnelle
6.2.1 Généralités

Afin d’atteindre les objectifs concrets listés en 5.1 et 5.2, cohérents avec les principes établis
de 5.3 a 5.8, une analyse des fonctions a remplir par la centrale doit étre réalisée.

Il convient que cette analyse identifie la hiérarchie des objectifs de conception de la salle de
commande pour tous les états de fonctionnement et les conditions accidentelles. Parmi ces
objectifs, la production d’électricité et la minimisation des rejets radioactifs doivent étre des
objectifs principaux. Ces objectifs pourront étre décomposés en sous-objectifs et utilisés dans
le processus de décision associé a la conception.
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Pour les descriptions et les exigences portant sur le processus d’analyse fonctionnelle, la
CEI 61839 fait référence.

6.2.2 Identification des fonctions

Concernant la structure hiérarchisée des obijectifs, il convient d’identifier et de documenter
toutes les fonctions de la centrale associées aux objectifs. Un moyen d’identification de ces
objectifs est fourni par la CElI 61839. Lors de la définition des fonctions, on doit prendre en
compte les interactions entre la salle de commande et les installations et les systémes a
I’extérieur de la salle de commande.

6.2.3 Exigences portant sur le traitement et le flux d’information

On doit mener une analyse permettant de déterminer le flux d’information operationnel de
base et les traitements nécessaires pour assurer les fonctions de cofdui ntrale, y
compris les prises de décisions et les actions. Cette analyse est dé 839.

Lors de lidentification des exigences portant sur le traiteme jon, il est
recommandé de prendre en compte plusieurs événements i i ementYeprgsentatifs
ainsi que|toutes les situations normales d’exploitation.

Il convient de considérer les événements suivants:

— éveéng s en termes de complexité
d’inte

— éveéng I’exactitude des réppnses de
I'opér identelles;

— événgments importants {on probabiliste de risques;

— événgments pour lesqt Arré G a tranche est trés probable si uhe action
corregtive n’est pad entrepri \

— événgments pour le rence sont élevés.

Le nombpre d’é§ ide it étre suffisamment important pouf couvrir

correctement les fg B g structure hiérarchique des objectifs.

6.3 Répartiti

6.3.1

4
L’analyss etre menée pour déterminer quelles fonctions il convient de confier

a 'hommie et@qirelles fonctions il convient de confier aux machines.

Les fonctionsaffectees aux hommes preseniees aans le Trableau A. 1T de T ANnexe A sont:

— commandes manuelles (incluant les commandes en secours des automatismes);
— surveillance associée aux commandes manuelles et automatiques;

— taches relevant d’'une démarche intellectuelle, telles que les diagnostiques pour
déterminer les causes de fonctionnements et d’événements anormaux et imprévus et pour
déterminer les actions correctives.

Les fonctions affectées aux machines sont celles assurées par les commandes automatiques
fournies par le Tableau A.1.

Les critéeres de conception et les principes d’ingénierie des facteurs humains doivent étre
appliqués lors de cette analyse, voir ISO 11064.
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Les principes et critéeres utilisés pour cette analyse doivent étre documentés et doivent
comprendre les facteurs traitant des capacités et des limites du personnel de la salle de
commande et des systémes de commandes automatiques.

Concernant les exigences détaillées portant sur le processus de répartition des fonctions, voir
la CEI 61839.

6.3.2 Aptitude de I’opérateur

Pour les fonctions allouées a l'opérateur, il convient de distinguer les situations pour
lesquelles il réalise en pratique une tdche de commande, les situations pour lesquelles il
surveille un systeme automathue qui réalise Ies taches de commande et les situations ou

pour réali X pour un
diagnosti la
structure ssources
pour pref

Concernant les fonctions potentiellement confiées a I'opérate G gye aspect
relatif au [ i [ [ alny ] cités de
traitemer]t né i il, ision bit et de temps.
Ces estimati i é ilisé : iton imig i Il copvient de
modifier i i : ificati t de Ies utiljser pour
reconsider détaillée
des capat'

Ces exigp mmande
et de co isges pour
assurer | @ qUE tes tache nérales comprennent les gxigences
d’affichage, de commande et.de com |c

Il est red de données proposées a l'opérpteur par
rapport 3 ache 8 a Rorigine des données. Le but étant d’'prganiser
I'informafion pra a fé c€&s par rapport aux taches de prise de|décision
pour offrr a I'opé steme, d’information a la fois complet et compatible pvec ses
aptitudes|.

6.3.3

L’analysg [ nts dusysteme d’l&C doit commencer par la définition des cgntraintes
et des ey tionnelles des systémes et du matériel, suivie par une descrigtion plus
détaillée évenementielles d’exploitation et des exigences poftant sur
I'interface hom i a . ’ i i igns et les
capacités ine par rapport aux tdches définies pour interagir avec I'opératepr.

Cette organisation facilite I’évaluation des capacités a la fois de la machine et de 'homme
pour accomplir chacune des taches de prise de décision et de commande. Il est recommandé
que les capacités de traitement du systéme d’l&C prennent en compte des exigences, en
termes de quantité, de temps de réponse et de précision, que le systéme et le matériel doit
satisfaire, tout comme des exigences d’ergonomie définissant I'interface homme-machine
pour chaque type de composant.

Pour réduire la probabilité d’erreur opérateur, il est recommandé de concevoir les systémes
de contréle-commande afin que ceux-ci maintiennent la centrale a l'intérieur de limites de
slreté, sans aucune action opérateur, pendant un laps de temps spécifié aprés I'apparition
des conditions anormales de la centrale. La valeur de ce laps de temps doit étre prise en
compte au niveau des exigences fonctionnelles des systémes de commande automatique.
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6.4 Vérification de la répartition des fonctions
6.4.1 Généralités

Une répartition satisfaisante des fonctions de la salle de commande entre 'homme et la
machine doit étre vérifiée comme l'indique la Figure 2. Il doit étre prouvé que la répartition
des fonctions proposée tire un avantage maximum des capacités de I'homme et de la
machine, sans imposer d’exigences pénalisantes a aucun.

Pour ce qui est des exigences détaillées portant sur la vérification de la répartition des
fonctions, voir la CEI 61771.

6.4.2 Processus

Le proc%ssus développé pour la vérification doit comprendre des Jparation,

d’évaluatjon et de correction.

Avant de|tenter de vérifier la répartition des fonctions proposée verifi bhérence

Les vérifications doivent confirmer que:

— toute$ les fonctions nécessaires pour atteind sareté de
la trapche sont identifiées;

— la répartition des fonctions proposée esteh accaord.ave griteres établis pour ¢elle-ci;

— un ngmbre suffisant d’exigences som aque fonction. Ces gxigences
comprennent des aspects de performa ple, constantes de temps, pfécision),

e (pare
des gspects dérivés des principes\ de ate, iSponibilité et d’exploitation|précisés
ASpE dérivésng'autres>normes, régles ou guides;

dans cette norme, et @
— les objectifs fonctignnels Ut nivegd se déclinent aux niveaux fonctionnels |nférieurs
sans fonflit dans tg N1 S i

Les modﬁication@és gction dierreur ou réaffectation) et les vérificationg doivent
étre faitep de facorf jterativ :

6.5 Validationde < tition_dés fonctions

6.5.1

La répartfiti iong proposée doit étre validée pour montrer que le systéme |atteindra
ses objegtifs i . En particulier, les performances des fonctions identifiégs en 6.2
doivent 2 pour toutes les conditions de fonctionnement normal eff lors de

I'apparitipn.dé plusieurs événements représentatifs.

Pour ce qui est des exigences détaillées portant sur la vérification de la répartition des
fonctions, voir la CEI 61771.

6.5.2 Processus

Le processus développé pour la validation doit comprendre des phases de préparation,
d’évaluation et de correction.

Les critéres de sélection doivent étre élaborés pour garantir que les événements qui seront
choisis pour I’évaluation sont représentatifs. En plus des conditions de fonctionnement normal
et des événements indiqués en 6.2.3, il convient de considérer pour évaluer la répartition des
fonctions confiées a ’'homme, des événements conséquences de défaillances multiples.

Apres avoir terminé la sélection des événements représentatifs, les fonctions nécessaires
pour chaque événement doivent étre identifiées et intégrées en une séquence temporelle.
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6.5.3 Critéres d’évaluation générale pour la validation

Les performances des fonctions doivent étre évaluées pour toutes les conditions de
fonctionnement normal et les événements représentatifs. Les criteres de validation générale
qui doivent étre satisfaits comprennent les points suivants:

— le nombre d’objectifs fonctionnels a remplir et la charge de travail & assumer ne doivent
pas dépasser la capacité du personnel de la salle de commande;

— la répartition des fonctions entre le personnel de la salle de commande et les opérateurs
locaux est satisfaisante;

— la répartition des fonctions confiées aux automatismes est satisfaisante et les fonctions
seront exécutées.

6.6 Analyse du travail

Afin d’établir les exigences de base pour la structure de I’équipe de, les
procédur cepteur
réalise u be et des
exigence

La prem es et le
nombre d eut alors
définir g le cadre
réglemen nel de la
salle de ¢

Il est rec harge de

celui-ci et que ces taches soient cohé ponsabilités telles que définies dans
la structure du personnel de plus, il convient que le cqncepteur
identifie les communicatiéqs e es communications entre les opérateurs
et la sall¢ de commande ires pour/réaliser les taches.

Il est regommandéng i ifie aussi les activités non opérationnglles (par
exemple [compte xer 3 ites éréntes a certaines tadches en faisant référence aux
documenits approprié

Lorsque - il Cohvient que les points suivants soient clairs:

— interactions opérationnelles entre opérateurs;
— dialogues entre les opérateurs et la centrale;

— communications entre les opérateurs et le personnel de la centrale situé a I'extérieur de la
salle de commande de l'installation;

— communication avec I’encadrement et le personnel de surveillance.

Il est recommandé que la structure du personnel de la salle de commande, les procédures de
conduite et le programme de formation reposent sur les points cités ci-dessus, ainsi que sur
les résultats de I'analyse de la répartition des fonctions (par exemple, la structure
d’information conceptuelle).
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7 Spécifications fonctionnelles de conception

7.1 Généralités

Cet article vise a spécifier les exigences fonctionnelles de conception pour le systéme de
salle de commande et les matériels assurant les fonctions de contrbéle et de surveillance
assignées. Il spécifie aussi les interfaces entre ’'homme et la salle de commande.

La conception doit étre basée sur l'approche d’ingénierie des systémes homme-machine

intégrés.

7.2 Nécessité d’'une base de données sur les caractéristiques et ca/paci\tés humaines

On doit é
les carad
la prise €

La base

— desc
— les st
— les cg
— les cg
— lesfa

Comme
spécifiqu

7.3 Localisation, enviro

7.3.1

La salle

qgu’elle prlenne en ¢oR

7.3.2

Les con
opérate

La concsd
pour le

tablir pour la conception détaillée de la salle de commande u
téristiques et les capacités humaines, qui constitue une d
n compte des facteurs humains.

as

le données doit comprendre:

bnsidérations anthropométriques;

Bréotypes de population;
ractéristiques et capacités auditives et

ays, la base de données

Localis<o>n
le comm itude lavou la conduite de la centrale est aisée et |l

¢ la salle de commande principale doivent étre telles
leurs taches de fagon efficace et confortable.

canditionnement de l'air, I’éclairage et I’environnement sonore. Les ¢

suivantes sont applicables:

a) Conditionnement de I'air

de\Q;‘nées sur
mentale pour

peut étre

convient

que les

xigences
xigences

La salle de commande principale doit étre climatisée. Le traitement de I'air doit mettre en
oeuvre des moyens pour faire face aux conditions accidentelles de la centrale, par

exem

ple en utilisant des filtres ou des moyens d’isolement.

b) Eclairage

La conception du systéme d’éclairage doit assurer une lumiére uniforme, en évitant les
éclats, les reflets et les ombres.

c) Environnement sonore

La conception de I’environnement sonore doit garantir une communication aisée au sein
de I'équipe de conduite, un minimum de perturbations dues au bruit ambiant, et une
perception fiable des messages sonores, des alarmes et de signaux d’urgence.
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L'ISO 11064 fournit des recommandations concernant les exigences portant sur
I’environnement en conditions de fonctionnement normal.

Il peut étre utile d’intégrer dans les spécifications des exigences portant sur la taille et la
forme de la salle de commande a partir de plans provisoires, des exigences portant sur les
chemins de cables, des exigences relatives aux séismes, des exigences portant sur la
couleur des pupitres ou des salles ou d’autres détails de finition, pour que celles-ci soient
cohérentes avec le génie civil et soient confirmées ultérieurement.

Des mesures adaptées doivent étre mises en place au niveau de la conception pour que
I'opérabilité de la salle de commande et la possibilité de surveiller la tranche soient garanties
méme en conditions accidentelles.

7.3.3 rotection

La concejption de la salle de commande doit prendre en compte da
protection contre l'incendie, contre les rayonnements, conir 3 MisSI i leurs et
extérieurs, contre les tremblements de terre ou contre i matériels

La conception doit garantir que de tels événements
péril la salle de commande principale et les points d
en 5.7.

I1ettre en
ntionnés

Plus partjculiérement:

a) Proteftion incendie

Il convient de faire attenti a n'uti\j ; zone de
la salle de commande<{doi 3N )

(1)

Les matériels électn
est pgssible pour n

que cela

Les dircuits «@: salle de
comnjande doivent €ges _contre l'incendie. Il est recommandé que l'isplant des

cable oient ignifugés et satisfassent aux critéres| de tests
natio pduits de
combpstiop

b) Proteftion cont
Il es{ recomumandé d bntre les
rayonnements.di en toutes situations accidentelles. Les prises d’air doiyent étre
équipges (ae gmes de surveillance des rayonnements. Lorsque les circgnstances

doit pouvoir s’isoler lui-

ande

c) Protection contre les missiles

La conception de la salle de commande doit comprendre une évaluation et une protection
contre les missiles d’origine interne comme externe a la salle de commande. Le guide de
slreté de I'AIEA, NS-G-1.11 fournit des recommandations au sujet de la protection contre
les missiles.

d) Protection contre les tremblements de terre

Les matériels de la salle de commande liés aux fonctions de sdreté, le systeme de
conditionnement de l'air et le systéeme d’éclairage de sdreté (par exemple I’éclairage
congu pour fonctionner suite a un séisme) doivent étre congus sur les méme base de
dimensionnement sismique. Des exigences détaillées sont fournies par la CEl 60980.

e) Protection contre les actes hostiles

Il convient de prendre des mesures pour restreindre I'accés a la salle de commande et de
la protéger contre les actes hostiles.
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Le plan de sécurité doit étre conforme aux exigences réglementaires applicables a chaque
pays.

7.4 Dimensions et configuration
7.41 Dimensions

La salle de commande doit avoir des dimensions suffisantes pour permettre a I’équipe de
salle de commande d’exécuter toutes les actions nécessaires, tout en réduisant au minimum
les déplacements des opérateurs dans les situations anormales.

Il est particulierement recommandé de veiller a prévoir des zones de travail, des zones pour

écrire et de I’espace de rangement pour les documents:
AN

— Les Zones de travail qui sont occupées de fagon continue par le ivent étre
conguUes pour travailler assis et des siéges appropriés doivent & endant il
est recommandé qu’elles permettent de travailler aussi debout.

— Quand une tache oblige a écrire et a accéder régulierem en salle
de commande on doit avoir a disposition un endroit pour

— L’esp mité des
zones , les|bureaux,
etc.

— De I'p hase de
conce

7.4.2

La configuration de la salle de commande

— les prji

- larép

- la ph i ite ]iSé locale qui détermine le nombre de comnmandes

5 sur les

(s dédiées
utilisation de commandes logicielles et d’écrans y cqmpris de
ues, séparation des différents trains, utilisation de séqugnces de
es, degré d'utilisation des automatismes et/ou des cofmandes

présents

— linstallation d’un systéme non opérationnel, tel que les systemes de détection et de lutte
incendie et d’autres systémes liés aux fonctions de site;

— des zones pour les taches administratives.

La salle de commande doit nécessairement comporter des zones de conduite d’ou chaque
opérateur peut accéder aux informations et aux commandes dont il a besoin pour effectuer
les tdches qui lui sont assignées dans tous les modes d’exploitation et toutes les situations
accidentelles.

La zone de conduite et les matériels de la salle de commande, tels les pupitres, les tableaux
et les panneaux, doivent étre disposés selon les principes d’ingénierie des facteurs humains.
Il convient que la disposition soit prévue pour que chaque opérateur ait un accés facile et une
bonne visibilité des matériels de la salle de commande, suivant ses responsabilités. Il
convient que la disposition permette a chaque opérateur de voir directement et de parler avec
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