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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

11

This chapter establishes requirements for instrumentation and control sys-
tems for ALWR plants.  These requirements are consistent with the prin-
ciples and objectives of the ALWR program  These systems, which per-
form the montoring, control, and protection functions, are referred 10 as
Man-Machine interface Systems (M-MIS)

Each M-MIS is comprised 10 some degree of the following functions:

+ Data gathering equipment which monitors equipment and process
variables,

+ Data communication equipment which transmits equipment and
process variables between data processing equipment and plant
equipment;

« Data processing equipment which manipulates data for use by plant
operations personnel and/or automaiic protection and control equip-
ment,

« Plant information display and control equipment which provides alarm
and display media for plant personnel to access plant processes and
equipment status, and controls to operate plant equipment,

+ Output processing equipment which provides the necessary inter-
faces between plant controls and plant equipment actuators

The scope and intertaces for a typical M-MIS integrated system architec-
ture, showing the above functions, are shown in Figure 10.1-1

The M-MI§ requirements of this chapter address PWR and BWR plants
and, in general, they are not dependent on plant size (although 1100
MWe is generally used as the reference plant size in the Requirements
Document). These requirements incorporate technological iImprovements
and human factors considerations that will resolve problems experienced
by today's operating LWRs. M-MIS requirements in this revision of Chap-
ter 10 have been developed for ALWRs of evolutionary design although
the requirements which are not plant system specific have been
developed 10 be applicable to the passive design as well.

SCOPE

The M-MIS encompass all instrumentation and control systems provided
as pan of an ALWR plant which perform the requisite manitoring, control,
and protection functions associated with all modes of plant operation (e
startup, shutdown, standby, power operation, and refueling). The require-
ments of this chapter are applicable to all equipment supplied as part of
thase V121§ regardiess of the supplying agency or organization (e.9
NSSS vendor, AE, ur othes third party subvendors).

Page 10.1-1
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

As in the case of the other ALWR Reguirements Document chaplers. the
requirements of Chapter 10 are not all inclusive  Rather, the requirements
are wallored in level of detall and spectficity 10 assure utiity objectives are
met and/or existing problems are eliminated. As a resull, in some cases
the requirements are quite specific. whereas In other czses. they are more
general and rely on invoking standards and acceptable design practices

The M-MIS covered by Chapter 10 requirements include.

Instrumentation. including sensors and local instruments, for all safety
and non-safety systems throughout the plant

Automatic and manual controls 101 «ll safety and non-safety systems
Protection systems including safety and non-safety systems.

Diagnostic systems. including loose pars monitoring systems. rotat-
Ing machinery diagnostics, and neutron noise monitoring

Monitoring and control stations for the plant systems including the
main control room, remote shutdown control station, technical sup-
port centar, emergency operations facility and local control stations
Not every local control panel is specified but requirements are
provided regarding when local controls should be provided and for
the consolidation and arrangement of these local controls Into panels

Instrumentation and control power supplies, grounding, and environ-
mental compatibility

Computer systems for control, data acquisition, display, storage and
retrieval, monitoring and alarms, technical suppon, and operations
support.

Plant communications systerns including date. visual, and voice intra-
plant communication nsscclated with plant operation and main-
tenance.

Although the plant simulatorAtraining center complex is not within the
scope of the ALWR Requirements Document, this chapter does
specifty the use of a simulator as a design tool and this simulator may
eventually be used as the training simulator. The scope of the
simulator requirements defined in this chapter is limited to the
simulator's use In the design, verification, and validation of the M-MIS
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A

INTERFACES WITH OTHER CHAPTERS

The M-MIS chapter covers the iIntegration of the instruments and controls
into overall systems, control stations, etc., so that a tully satistactory inter-
face is achieved between the plant staf. e g operations and maintenance
personnal, and the plant equipment and systems. As a result, this chap-
tor has numerous interfaces with other chapters of the ALWR Require-
ments Document For example. many of the functional and performance
requirements of the M-MIS are constrained by the functional and perfor-
mance requirements set by the designers for the systems ~nd equipment
covered in other chapters Thus the other chapters include specific M-
MIS requirements related 10 the systems described in these chapters
The particular chapter interfaces within the ALWR Requirements Docu-
ment are discussed below.

Intertace with Chapter 1

Chapter 1 is an umbrella chapter which covers many requirements
generally applicable 1o the ALWR  Thapter 10 is consistent with Chapter
1 and the requirements in Chapter 1 are not restated here

Intertace with Fluid Systems Chapters

The fluid systems chapters include the specific requirements for instrumen -

tation and controls that relate 10 the fluid systems meeting their functional
and performance requirements. These are Chapters 2 through 5, 7
through 9. 12, and 13 of the ALWR Requirements Document. They cover
intertaces with the power generation systems (Chapter 2), the reactor

coolant system (Chapter 3), the reactor system (Chapter 4), the safety sys-

tems including containment systems (Chapter 5) and the heating, ventilat-
Ing, and air conditioning systems (Chapter 9), etc. The reader is referred
10 the overall table of contents for the ALWR Requirements Document for
the location of the requirements for any spectfic system. Overall, plant-
wide functional requirements for instrumentation and control, and
hardware and software requirements related to the controls and instry-
ments themselves are defined in Chapter 10.
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The intertace betwaen the fluld system and the I~strumentation is defined
as the connection of the sensor 10 the system piL.ag of components. For
example, lines 10 & pressure sensor are pan of the fuid system design
while the pressure sensor is pan of the control and instrumentation
design  The interface between the system and the controls is the connec
tion of the final actuator wiring of tubing througn which power of control
signais are transmitted. In some cases, certain characteristics of the ac
tuators and final control components will be specified by the M-MIS desig:
ner 10 satisty cont  system design requirements. Al final actuators are
part of the systems 10 which they are attached As indicated above, an
terative, cooperative design effort among the fluid systems designers and
the M-MIS designar will be required 10 ensure these interfaces are treated
property.

Intertace with Electric Power Distribution System Chapter

Chapter 11 includes the specific functional and performance requiremaents
for the electric power distribution system which affect the instrumentation
and controls provided.  The electric power distribution system scope s
defined in detall in Chapter 11. It includes the normal and emergency AC
distribution system and sources as well as the normal and emergency DC
distribution system and sources Chapter 10 covers requirements on the
design of the instrumentation, controls and power suppxies that relate 1o
remotely monitoring and controlling the alignment and performance of the
electrical distribution system inside the plant, and for the plant power out-
put up through the generator output breakers. (Specific requirements for
monitoring and control of the main power distributiontransmission sys-
tem beyond the generator output breakers to the grid are not included as
It is expected that these will be utility and site specific ) Chapter 10 also
covers the instruments and controls necessary to remotely monitor and

control the on-site power sources that provide input to the distribution sys-

tem. Finally, as part of the overall M-MIS verification, Chapter 10 require-
ments assure the electrical system automatic transfers, etc., are accept-
able and compatible from the standpoint of overall plart operation.

Chapter 11 covers the local (at or near the equipment) instruments and
controls for the electrical systams. Sensors and actuators are covered by
Chapter 11. The interface between Chapter 10 and Chapter 11 equipment
shall be at the field termination of instrument of control cahling carrying
the remote monitoring or control signal. Electrical system automatic con-
trol devices such as automatic transfer switches and protective devices
are covered in Chapter 11,
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Intertace with Plant Arrangements Chapter

Chapter 6. Buiiding Design and Arrangement provides overall require-
ments and intertaces for the M-MIS with regard to the physical plant arran-
gement  Spectfic M-MIS arrangements are defined in Chapter 10 In par-
tioular:

Chapter 6 provides requirements regarding location of major M-MIS con-
trol areas within the plant complex and with respect to location of other
equipment. The M-MIS designer defines requirements as 10 size of the
M-MI$ areas based on functional nsads and defines requirements for ar-
rengement and configuration of M-MIS equipment and systems within
these areas.

Chapter 6 anc Chapter § provide requirements on setvices provided by
balance of plant systems 10 M-MIS areas, such as the need for HVAC, fire
protection, etc. Chapter 10 provides the functional and performance re-
quirements for these interfaces as well as specitying the intertace require-
ments for these systems as discussed in Section 1.1.3. MVAC perfor-
mance requiremcnts and active fire protection requirements are covered
in Chapter 9 M-MIS performance requiremeits with full and degraded
HVAC performance are covered in Chapter 10

Chapter 6 provides requirements on arrangem:ents of cableways, condult,
elc 10 assure adequate separation for fire protection. defense against
common mode fallures, etc. Chapter 10 provides any needed require-
ments on the instrumentation and control cable tself

Chapter 10 provides requirements on color coding, labelling, and local

equipment arrangement throughout the plant to assure good human fac-
lors 10 reduce operator and maintenance personnel errors.

CHAPTER ORGANIZATION

Figure 10.1-2 lllustrates the hierarchical organization of Chapter 10. Sec-
tion 2 contains objectives and policy statements which provide overall
direction and guidance for the M-MIS design development and implemen-
tation and address specific issues which have arisen out of the utility ex-
perience with present M-MIS

Section 3, Key Requirements, provides t1op level design requirements for
the M-MIS. These requirements cover the M-MIS design organization, the
responsiblities of the M-MIS Designer, the process for design develop-
ment and implementation, and the verification and validation of the M-MIS
design. The high level design requiremerits cover functional requirements
relating 1o level of automation, proven technology, avaliabh..;, simplifica-
tion and standardization, etc, and provide the key raequirements necessary
to implement the guidance stated in the policies of Section 2.
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Sections 4. 5 and 6 are the 10p level common requirements applicable 10 0
the overall integrated M-MIS  They are applicable 1o all equipment sys

tems and hardware within the scope of the M-MIS  This group of require-
ments has been subdivided iNto three Major areas.

Section 4 Control Station Requirements. contains requirements for con- 0
trol taciities statfing, contral taciities. and the information displays. plant
controls and alarms.  The statfing requirements of Section 4 define the
minimum operating stalf continuously avallable for all modes of operation
on which the M-MIS design shall be hased and the maximum operating
staff that must be accommodated within the main control room during
emergency conditions. The control taclliies' requirements address the
capabiiities and environment of the main control room. remote shutgdown
station, technical suppor center and emergency aperations taclities.
Thase include the general arrangement and auxwiary features (work sta-
tions, offices. etc ). general requirements for local contral stations and
communications capabilities for plant operations personnel. The informa.
tion display and plant controls requirements address contral room alarms.
dignlays and controls. and the physical arrangement of controls and dis-
plays

Section 6. Data Gathering, Transmission and Processing Requirements, ¢
CoTMuing reguirements for the advanced data system which is at the hean ‘
of the M-MIS It provides both hardware and software requirements for

the necessary equipment such as computers, multiplexers, fiber optic and

hardwired data transmission. self diagnostics. etc . as well as design re-

Quirements on overall functions, numbers of channels, data rate, tallure

modes, ete

Section 6, Common Software, Hardware and Control Requirements  This 0
section provides the common requirements for M-MIS equipment not

covered spectfically in either Section 4 or Section 5§ These include tems

such as general control system requirements, general protection system
requirements, overall reliability and availability requirements, main-.

tainablliity requirements, environmental requirements, requirements 10

protect against common cause fallures, test requirements, simplification

and standardization requirements. contractiblity and expandability require-
ments, grounding, protection against slectrical and electiomagnetic noise,

et
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A

Sections 7. 8, 9. and 10 provide specific requirements for M-Miy systems
needed 1o carry out plant functions. To the extent practical, these require-
ments have been grouped 1o match with the scope of other chapters in
the ALWR Requirements Document. This will facilate referencing be-
tween chapters and the tracking of imertaces These sections invoke but
do not repeat the requirements from other chapters These sections also
identity any constraints or reguiremer:s that the needs of the specific sys-
tem impose on use of the overall M-MIS, e g separation and redundancy
requirements for safety systems.

DEFINITIONS AND ABBREVIATIONS

A list of terms and abbreviations used in this chapter, along with their
definitions, is included in Appendix A

REGULATORY STABILIZATION

Consistent with the overall ALWR program approach, regulatory stabiliza-
tion 1or the ALWR is achieved via piant optimization subjects and resolu-
tion of generic safety and licensing issues

Generic Safety and Licensing Issues

The ALWR is committed 1o providing a resolution for all applicable un-
resolved generic safety and licensing issues idertified prior 1o Juiy 1,
1986, as well as those new issues identified aher that date which satisty a
defined screening process. The proposed alements of resolution for
these issues are contained in topic papers transmitted separately 1o the
NRC for review and comment. The reguirements identtied in this chapter
are consistent with the proposed elements of resolution for the topic
papers and issues included as Appendix B
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2 OBJECTIVES AND POLICY 0

21 OBJECTIVES 0

2.1.1  Utilization of Operstors 0

The M-MIS design shall take full advantage of operator capabllities but 0

212

214

218
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shall not chaltange operator limitations. The human component in the
man-machine interface system shall be explicitly included to correct the
problem of insufficient focus on the operator in previous designs

Coordination With Overall Plant Design

The M-MI$ design shall be coordinated with the overall ALWR plant
design in ordar 10 allow the M-MIE Designer 10 interact with the plant sys-
tems and civil-structural designers. Such coordination shall provide for
fteration in the overall design process and shail prevent unrealistically
restrictive or complex requirements from being placed on elthar the
M-MI$ or the plant equipment designs

Consistent, inlegrated Design

The control. protection, and monitoring tunctions of the M-MIS shall be
designed with a consistent, integraied approach so that they work

together 1o enhance plant operation and reduce operator burden. All con-

trol stations shall be integrated so that they perform as a coordinated
whole and provide a consistent, sasily understoad and manipulated man-
machine interface ior plant operations and maintenance personnel

High Reiability

The M-MIS shall achieve very high reli bility. To that end, the M-MIS shall
be constructed of highly reliable components and equipment. be well
analyzed. and be tested prior to and during installation and operation.
Furtharmore, the M-MIE shall be designed so that fallures or problems in
one function are incapable of propagating into other functions so that the
extent of the upset '3 minimized and the operator burden is not increased

Designed for Maintenance
The M-MIS wquipment shall be designed and built from the outset in full

recopnition of tha need for maintenance and extensive testing and inspec-

tions on the installed M-MIS equipment throughout its Iife cycle. This in-
cludes specific consideration in the design of the raed to provide for re-
placements and upgrades of the equipment during the Ife of the plant
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221

Policy statemerts provide overall direction and guidance and form the
basis for many of the requirements in the following sections. The policy
statements are intended 10 give the reade! a summary view of the direc-
tion 10 be taken in the requirements which follow Section 2.

M-MIS Systems Approach

The M-MIS will employ moadern digital technology to iImplement the
monitoring, contral and protection functions for the ALWR. Robust sys-
tem design. including segmentation of major functions, separation of
redundant equipment within a segment, and fauli tolerant equipment will
be used 10 achieve high rellability and protection against the propagation
of tallures. Application of signal validation 1o selected parameters will be
used 10 assure the operators have data of high quality and reliability
Where It is appropriate and demonstrated. multiplexed data communica-
tions will be used for any function, including safety functiors, 10 reduce
the cost and complexity of the instrumentation and control cable runs
throughout the plant. The high accuracy and drift free operation of the
digital systems will reduce the overall maintenance calibration burden
Where appropriate, the use of “ber optic cables for data transmission will
be used 10 provide high data transmission rates with electrical isolation
and protection from electromagnetic interference at reduced costs.

Standardization of hardware and software and modularity of design will
be used tc simplity mairtenance and provide protection against obsoies-

cence. Built-in test features are 1o be provided 10 perform continuous self-

diagnosis of digital hardware and communication paths and annunciate
detected fallures. Built-in test features will provide computer-aided, peri-
odic functional testing capabilities that automatically verity system
functionallty once they are manually initiated, locate failures upon detec-
tion, and record test results. Most M-MIS equipment is 1o be located in
compartments with controlled environments, maintained by relianle HVAC
systems  All M-MIS equipment will be selected to be compatible with its
environment under normal conditions and under casualty conditions as
appropriate 1o meet functional requirements.
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Design Process

The M-MIS design process will be directed by a single organization
responsible fo- the entire M-MIS design, will be carned out by a multi-dis-
ciplined design team and shall include direct utility involvement, including
engineering ark! maintenance personnel and operations staff familiar with
plant normal, athormal, and emergency cperating procedures. The
process forces noordination of the design by ensuring the M-MIS desigr
team and the plant systems designers work together and take into ac-
court operation/aintenance inputs.  In addition, a continuous vertfication
and validation effort is performed in paraliel to the design by an inde-
pendent team (see Section 3.1 4) particularty in the difficult software area
10 assure the final product meets the requirements, and is robust and
res'stant to inadvertent srrors. Formal documentation of the M-MIS
design is achieved by including It in the plant-wide design documentation
and configuration control process.

Reliability Inherent in Design

The M -MIS design should possess st Hicient defense against the propaga-
tion of faults through segmentation, independence, and other measures
SO that a fallure or upset in one plant control function cannot propagate
10 other plant control functions and thereby overburden the operators due
10 complex transient events. Further, the M-MIS design should be suffi-
ciently robust to prevent a single random fallure of M-MIS equipment from
causing a forced outage. Tnis is expected 10 require. for example, muiti-
ple computers as well as extensive use of distributed microprocessors
The emphasis is 1o be on assuring failures are accommaodated gracefully,
operaiors will not become over-burdened, and that no loss of essential
capability resu'ts

Testing of Man-Machine Interface Systems

Significant improvements in the arec of system testing are to be provided
with the ALWR M-MIS design. Accordingly, the equipment should be
designed and configured to readily support in-service testing by Incor-
porating good human factors principles, avoiding the use of undesirable
features such as addition of test jJumpers or lifting of leads, and providing
bullt-in test features, including self diagnostics for continuous on-line test-
Ing and automated functional testing for periadic survelllance testing.

During design development and imple mentation extensive tests are to be
performed In accordance with cocumented test plans. Pre-installation
testing is to confirm that hardware and software performance satisfies
design requirements. The pre-installation test procedures should serve as
the basis for post-installation validation tests and the long-term survell-
lance and maintenance which confirm installed system operability
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Proven Technology

Due to the advantages that recently avallable digial technology offers
over some of the technology found in current LvWRs, the incorporation of
madern digital technology is encouraged to solve existing problems and
1o make significant improvements over previous designs. ‘ntroduction of
new problems will be prevented by adhering to the ALWR principle of the
use of proven technology. A technology will be considered proven it if
has documented, successful experience in similar power plant or process
industry applications, or Iif It has undergone extensive testing.

Cost

The engineering effort required 10 design and Implement the ‘st ALWR
M-MIS will cost considerably more than if conventional technology were
directly adopted. An improved M-MIS, however, will provide a major con-
tribution to achieving significant cost savings over the plant life cycie
through the achievement of higher plant availability tactors. For example,
the number of inadvertent plant trips will be reduced by improving the
man-machine interface and control system stability (e.g . low power feed-
water level control), and enhancing the testability of the M-MIS to reduce
the number of testing errors

Operating Statt

The size education. and training of the operating staff, which is con-
tinuously available for nlant control, influences the degree of automation,
tre sizing of control facilities, and the selection and arrangement of con-
trols and displays. T.e adequacy of the cperator staffing levels will be
verified during the design process through the use of mockups and
dynamic simulation.

It is anticipated that a single reactor operator (RO) will be able to control
major plant functions performed from the main control room during nor-
mal power operation. However, this goal should not be achieved by the
M-MIS Designer at the expense of overly automating the M-MIS 10 the
point where It is difficult for the contro! room personnel to be cognizant of
the processes being performed. During startup, shutdown, transient and
emergancy situations, the main Lontrol ares will nead to accommodate a
larger operating staff The operational tasks for these plant evolutions
should be divided among this larger staff which is continuously available
and is expected to be two or three operators. In order 10 provide a basis
for the M-MIS design and 10 insure the main control area can accom-
modate a larger operating staff when necessary, a maximum operating
staff and observer capacity, which must be accommodated, is defined
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Number Position hicense 0

Shitt Supervisor SRO 0
Senior Reactor Operator SRO

Reactor Operators RO

Technical Agvisor -

Equipment Operators -

NRC Observer -

Utiity Management Observer -

228 Muman Factors Engineering 0

Nuclear utiiities have spent considerable effort in backfitting good human 0
factors into existing plant designs. In the ALWR, human fastors will not

be accomplisheo after the tact through redesign - it will be firmly

entrenched in the design from the start. Humen factors engineering prin-

Ciples will be applied as a formal part of the M-MIS design process and

the design verffication process.

It has generally been recognized that human factors and potential for 0
human error are significant contributors in achieving necessary plant

safety and availablity. Therefore, the ALWR M-MIS design will place par-

ticular emphasis on

« Elimination of potential sources of human error - eliminating as many 0
potential soures of error as possible based on the current state of
the art in applied psychology and on review of experience with exist-
Ing designs, application of function and task analysis in .he design,
and use of mockups and simulation in verifying and validating the
design,

+ Reduction in the probability of human error through careful selection 0
and allocation of tasks, proper support of defined tasks through
detalled evaluation of infcvmation and control needs, and vigorous en-
forcement of consistency and integration among the task analyses,
the hardware and software implementation of the design, the operat-
Ing procedures, main contral room environment, and personnel train-
ing requirements; reduction of human exror potential will be a priority
consideration in the design both for the nperators and the plant main-
tenance personnel,

+ Provision for detection and recovery from human errors should they 0
occur - provide a robust design that takes advantage of the operating
team concept and allows operators and supervisors to work together
and back each other up and employs modern data processing and
display technology to pruvide automatic checks and alerts, 1o detect
errors before they affect the plant and help racover from them if they
do oceur,

- DY D e s

Page 10.2-5



CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragr!m Ns. m ng

2210

The intent is 10 ensure that human fuctors criteria are consistently 0
reflected throughout the M-MIS design and that human factors problems

such as those identified by control room design reviews for existing plants

do not ocour.

Level of Automation 0

The M-MIS Designer is to evaluate each monitoring, control, and protec- 0
tion function as part of the design process and determine the appropriate
level of automation f(r each with due consideration of operator workload,
including potential fallures of automatic equipment.  This evaluation is to
include considerations of system response requirements, complexity of
operation, operator burden, level and duration of attention required, etc.
In the salection of the level of automation, the M-MIS Designer must ad-
dress the need 10 maintain the operators in the loop and cognizant of the
plant status so that the operators remain alernt and can intervene in plant
operations as required. The 'M-MIS Designer must also recognize that ‘he
operator role changes from one of direct operation 1o one of manage-
ment or supervision as the level of automation increases and that this in
turn, changes the type and level of plant data which must be provided to
the operators. The effect of fallures of automatic control systems must
also be addrey »d as pan of the process of selecting automated or
manual controls. Automatic control systems should employ, wherever
possible, feil safe features.

Main Control Room 0

Al the canter of the ALWR man-machine interface will be the main control 0
room (MCR). The MCR will be designed as a coordinated whole, by a

dedicated interdisciplinary control room design team, which is a subset of

the overall M-MIS design team, and includes operations and maintenance
personnel for walk-throughs and other assessments of M-MIS systems

and control facilities designs. The design process, coupled with the use

of current infarmation and communications technology, will lead to a

major update in control room design from existing U.S. LWRs.

The location and appropriate layout of the MCR will be based on reducing 0
the need for access to the MCR by other piant personnel, yet maintain the
necessary capabliity for the MCR staff to interface affectively with the field
equipment operators and maintenance staff. The MCR ervironment is to

be designed using human engineering principles to provide @ comfor-

able, proftessional atmosphere for the operators that enhances their effec-
tiveness. Attention will also be given to the use of colors and lighting

levels to enhance operator alertness and minimize operator fatigue.
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The layout of the MCR and the inventory of alarms, dispiays and controls )
will be selected as pan of the design process 10 explicitly, comprahensive-

ly, and consistently support a top down, functionally based, decision

making approach for investigating, planning, executing and verifying con-

trol for all plant conditions. Furthermore, the MCR equipment and infor-

mation will be integrated and coordinated with other plant functions en-
gineering, maintenance, management and emergency response faciities
(Technical Suppon Center and Emergency OH-Site Facility)

The operators and supervisor in the MCR will intertace the plant through 0
redundant compact workstations with multiple, eectronic, display and con-

trol devices that provide organized, hierarchical access 10 alnrms, display

and controls. They will also use large, upright integrated plant status

panels and top level alarm displays viewable from anywhere in the MCR.

The selection and arrangement of the display and control features for the 0
redundant workstations shall be established during the design process
described in Section 3. The design shall consider the use of multi-func-
tional display and control features to obtain an integrated, compact
workstation design which provides a consistent interface for all conditions
and actions. This includes, for example. the use of a multifunctional con-
trel gevice for the operation of redundant safety trains and for the opera-
. tion of both safety and non-safety equipment

The display and control features shall be designed to satisty existing 0
reQuiations. for example: separation and independence requirements for

Class 1E circuits (IEEE Standard 384); criteria for protection systems

(IEEE Standara 279); and requirements for manual initiation of protective

actions at the system level (Regulatory Guide 1 62). The designer shall

use existing defensive measures (e.g . segmentation, separation, inde-
pendence, civersity, fault tolerance, signal validation, self-testing, error

checking, supervisory watchdog programs) as appropriate to insure that

the alarm, display, and control functions provided by the redundant

workstations meet these standards.

The supervisor's workstation will be identical 1o the operators worksta- 0
tions except that all of its plant equipment control functions shall be nor-

mally disabled. A means of readily obtaining hardcopy output of the
workstation displays will be provided for operating staff

Each workstation will include ths following features: 0

+ Electronically displayed normial, abnormal, and emergency operating 0
procedures. The procedures should be consistent, use diagrammatic
presentation modes, minimize the use of lengthy text, provide ap-
propriate imbedded dynamic indication ana alarm information, be
coordinated with use of controls required for the procedures and pro-
vide means for flagging and logging actions taken by the operators

. which deviate from the set of recommended procedural options
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+ Electronically displayed presentations of plant operational parameters 0
and technical data based on operator tasks and event categories in
graphical 2nd diagrammatical format showing present values. trends
Over various operator selected Intervals, acceptable ranges. set
points, control bands, correlations and other explanatory information

Electronically displayed piping and instrument diagrams (P&IDs)
generated from computer-aided design (CAD) software, providing mul-
tiple diagrams at different levels of detall, logically organized for easy
access and dynamically updated with equipment status information

Access 10 this information should be coordinated with the decision
making approach, the large displays and the other functions of the
workstation and enable the operator 10 readlly select different dis-
plays expeditiously without losing understanding of their logical or-
ganization.

+ Electronically displayed alarms. designed specifically (based on plant 0
conditions) to minimize nuisance alarms. Alarm messages should be
organized and coordinated with the 10p level alarms as well as
worksiation gisplays and controls 10 suppor the decision-making ap-
proach. The workstation should provide alarm reflash capability and
access 10 electronically displayed alarm data sheets. 10 provide basic
causal and recommended recovery action information. Diagnostic
&ids should be employed 10 help operators investigate problems and
plan recovery actions.

« Plant equipment controls that are well coordinated with the decision- 0

making approach; large, upright plani status panels and alarm dis-

plays: and workstation presentations. The controls neeo not be spa-

tially dedicated, however, each control shall be clearly labeled and be
organized into functional groups as appropriate using systematic and
consistent arrangements. The controls shall be designed to promote
efficient and reliable actuation and demonstrably preciude inadvertent
mis-actuation

A suries of non-redundant, imtegrated upright displuys and alarms shall be 0
placed un or near MCR walls to provide a mimic with plant status informa-

tion for essential equipment operated from the MCR and key parameter
values such as water levels, temperature, pressure, power levels and the
presence of low. The alarms will provide a set of top level, spatially dedi-

cated alarms visible throughout the MCR.
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The large. upnght displays and alarms will provide a spatially dedicated,
continuously viewable, integrated mimic presentation of tha plant status in
a direct manner to a level of detall beyond that of summary information to
enable the operators to confidently assess the sti tus of essential equip-
ment operated from the MCR. These spatially dedicated displays will sup-
plement and compliment the serial presentations of subsets of this infor-
maticn at the workstation. Thus, these displays will enhance coordination
among MCR personnel during normal, abnormal and emergency situa-
tions, and provide a clear, concise and continuous point of reference for
operators 10 frequently and quickly assess plant siatus while performing
‘asks at the workstction. They will also be a usetul aid ¢ cring shift turn-
over, kwc'nuwng plant maintenance activities and for training activities
in the MCR.

Other Control and Monitoring Stations

The same rigorous approach 10 the man-machine interface il be taken
toward the design of the technical suppor center, emergel.  operations

facility, remote shutdown station, local control stations, and other monitor -

ing faciities for advisore and managers.  An important pan of the M-MIS
design will be definition of the data communications and display needs of
the technical suppon center and the emergency operations faciity  The
remote shutdown station will have the capability 1o control and monitor
the safe shutdown of the plant, including the capability 1o initiate and con-
trol residual heat removal indefinitely  Control from the remote shutdown
station will rely on local operation of some selected equipment.

The communications requirements of the operators will be included in the
task analyses and the needed communications equipment will be in-
tegrated into the workstations.  This will include in-plant communications
as well as special communications for such needs as emergency notifica-
tions, accident management, etc.

Local control stations will be consistent with the remainder of the ALWR
M-MIE. The avallability and arrangement of indicators anvi displays, light-
Ing, access, communications and special equipment needs of the
operator will be considered during the design stage by analysis of the
functions and tasks of the station. Where appropriate, the design will be
verified Ly mock-ups. Operators will have ready acces’. to local control
stations and these control stations will be easy 1o use. The best human
factors pririciples will be followed to enhance the operators ¢ffectiveness
and reduce errors. Consistent color coding, use of mimics, labeling and
demarcation will be applied as for the main control board. Finally, the en-
vironment al the local control stations will protect the operator and the
equipment und reduce stress-induced failures in both normal and casualty

operation.

Page 10.2.9
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Monhoring provisions for technical advisors as well as plant and site 0
management wiill be provided considering their needs and tasks and be
made consistent with the ALWR M-MI§

Protection from Obsolescence 0

The state-of-the-an in instrumentation and control is constantly changing
and obsolescence of equipment is of continuing concern. In order 10 min-
iinize the impact of obsolescence of M-MIS equipment throughout the
ALWR plant life. the M-MiS design should be madular in construction
(hardware and software) and use standardization of M-MIS equipment to
ease maintenance training, simplity spare pans requirements and suppoH
ready replacement and upgrading of the M-MIS equipment.

Reguistory Stabilization 0

It is expected that the ALWR M-MIS will meet existing reguiatory require- 0
ments. It is noted, however, that many existing reguiatory guides and

IEEE standards applicable to man-machine intertace syste™s and equip-

ment do not account for the potential use of modern wigital technology

Thus, evolution of the detalled M-MIS design may necessitate new im-
plementation of the intent and purpose of exiating guides and standards

o

Page 10.2-10
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3.1

KEY REQUIREMENTS
M-MIS DESIGN PROCESS REQUIREMENTS

The M-MIS design shall be established by a defined process
which begins at the same time as the rest of the r*~~ design
process and which meets the requirements of this section and
the overall design piocess requirements of Chapter 1

Overall Design Process Requirements

The process for the development of the detalled M-MIS design
shall ensure that the functional requirements of the plant sy=
tems and other design requirements are met

e  Without unnecessary compiexity,

e Without using unproven or highly developimantal
instrumentation or control strategies
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KEY REQUIREMEL 5
M-S DESIGN PROCY SS REQUIREMENTS

Experience has shown that conventional design methods can- o
o he expected 1o provid= good interfaces between the
operators and the plame. Even & all the design requirements

are identified # 15 unwealistic 10 expect ihem 1o be met in a

simpie and practical manner. unless the Jesign rocess s
systematic and consistent

Overall Design Process Requirements

This requirement addresses two problems which have oo
curred in the past  in previous designs, instrumentation and
control regquirements often were identified by the plant cys
temns designers with litie or no interaction with the M MiS
Designer  In some ~ases this has led 10 unnecessarily
restnctive or complex requirements on the M-MIS design
(e g . very tight calibration requirements) In other cases the
M MIS Designer unnecessarily complicated the design by
providing “enhancements” that could be achieved with the
available ‘or emerging) instrumentation and control technol-
ogy. but were not justified by the fundamental requirements
arising from the physical piant systems These “enhance
ments” have lad 10 unneaded complexity in M MIS increas
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3.1.1.1  Functional Design Approach

The M-MIS design process shall be structured 10 emphasize
the functional division of the plant, rather than the traditionai
divisions basud on phiysical systems  In particular, the design
process shall address the overall control of the reactor from
the viewpoint of the basic functions of

e Reactivity control;

e Reactor coolant pressure control,

e Reactor coolant inventory and chemistry control
e Reactor core heat removal.

e  Steam generator water level control (PWR only)

For other parts of the plant a similar function based viewpoint
shall be applied, for example, 1o the functions of

e Controi of energy flow;
e Control of the local plant environment .
e Control of the release of material 10 the environment,

e Providing services of water, air. and electric power
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Functional Design Approach

The M-MIS Designer will have to adopt a more giobal outhook
than has been pas! practice n order 10 make other than
minor improvements in the man - machine interface Th: com-
partmentalization of the instrumentation and control design to
match the boundanes of individual physical systems tend: 1o
ignore the natural and essential sharing of functions between
systems ignoring these interrelations distorts the design
ioward detad tasks and ignores the overall functions wiuch
need to be accomplished

Eventually. the M-MiS Designer must address each physical
system. however_ that should not occur at the beginnng of

the design process  The requsrements in the sactions wiuch
address the requirements on individual systems (Sections 7

theough 10) although addressing individual physical systems.
have an overall organization basad on functions It is the
fent that this overall function based outiook be fundamesdal

1o the M-MIS design process.
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Coordination and Frowvisions for iteration

The M-MIS design process shall hully infegrate the M MIS
design with the design processes of the remainder of the
plant  in particular, # shall provide for the gteration of system
reguirements and M-M!S requirements so that balanced and
practical designs are achieved The process shall also assue
that all modes of operation are considered. e g . startup shigt-
down, power operation, refueling, expected transients, and

emergencies, including severe accidents. and that essential ac-

tvities such as surveillance testing and mantenance are
prowvided for in the design

Conmmsistency

The am-MiS design rocess shall be applied to all the inter
faces betwaen the piant and its operators and support staft
That is. the M-MIS -fesign process shail not depenc on the sys
tem involved. e g, nuciear steam supply INSS) or balance of-
plant (BOP), nor 1t 2 classification. e g . safety or non-safety.
nor location, e g . main control room o local control station

Coordination and Provisions for Rerstion

fteration of the raquirements between the M-MIS and the
plant systems s essential 10 assure a balanced design (e
one wiwch minimizes the total complexity not just the plant
system complexity or just the M MIS complexity

Existing LWR plants provide numerous exarmples where
fakur-2 to coordinats the design of the M-MIS with the rest of
the plant. or fallure 1o consider how equipment will be moin-
taned. has produced a less than desiaule res.ft - e g poor-
ty laxd out. congested control stations, inadequate space for
mantenance or testing. insufficient HVAC. etc  Ewisting
designs also provide exampies of inadequate consideration
n the design of 3l mades of operation. & g . msnerous bypas-
ses and overndes may be required when changing modes of
operation

Consistency

Non-undoemity in the design approach across different sys.
tems (NSS and BOP_ safety and non-safety) has resufted in

hardware, etc  This requiremest is irtended 1o prevert this in
the ALWR
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3.1.2 M-MIS Design Orgsnization und Plan

3.1.21

3122

Design Responsibitity

The M-MIS design effort shall be formally organized and
directed by a single organization. the M MIS Designer. who is
responsible for the entire M-MIS  The individual or group
charged with overail responsibdity ‘or the M-MIS shall be ugh
ty experiencec in nuclear plant systems, | @ . not limited in ex
perience 1o just the instrumentation and control disciplines

Design Teams

As part of the overall M-MIS design group. the M MIS Desig
ner shall organize and direct individual design teams for par
ticular major interfaces Al least one of these shall be estab)
lished for the overall coordination of the design of the man
control room (MCR)  in addition 10 instrumentation and con
trols engineers and designers, the MCR design team should n
clude at least the following

« Engineers and designers for the nuciear steam supply sys
tem;

« Engineers and designers for the balance of plant systems,
« Human factors specialists,

« Utility engineering, operations, and maintenance staff rep
resentatives
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% MIS Design Organizaton and Plan
Design Responsibility

in order 10 effectively coordinate the M MIS design develop-
ment process, single point responsihdity 1s requrad It is -
portant that the M-MIS Designer have broad experience that
encompasses systems design and operation as well as n
strumentation and control system design

Design Taams

The total scope of the M-A.5 design is large. and the need 1o
correct the design deficiencies of existing contral rooms is a

major part of that undentaking Therefore 1 s essential that

a dedicated design te: n be formed for the MCR
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3.1.24

independent Review

The M-MIS design process shall include independent review of
all aspects of the M-MIS design throughout the process Thes
shall include the verification that individual stages of the
process are correct and that the transter of information from
stage-to-stage has been properly accomplished The inde
pendent raview shall also validate that the overall M-MIS wail
accomplish the intended functions The M MIS Designer shall
establish an independent review team which meets the requare
ments of Section 3.1 4

Design Plon

The M-MIS Designer shall prepare 3 comprehensive plan for
the development and implementation of the M MIS design
which includes at ieast the following

« An M-MIS design development and implementation
schedule, which includes specific milestones. updating
and tracking capabiity, and which is consissent with the
overall ALWR plant schedule,

- A pian for controlling the configuration of the design and
design tools, e g . computer analysis software and pro-
gram compiers;

« A plan for accomplishing the interaction between the
M-MIS design team and the various plant systems desig

ners_ including formal methods for communicating and
corzrolling system interfaces,
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independent Heview

An ndependent team s necessary 10 provide nigorous. obyec-
tive review dunng all stages of the design. in order L) ensure
that the fina! design meets all ts requirements  This is consis
terst with recer” industry practice in performing review of addi-
tions 10 existing plants’ man machine interfaces (e g see
NSAC 39. Verffication and Vahdation for Safety Parameter Dis-
play Systems)

Design Plan

A documented pian for development and implementation of
the M-MIS design is necessary bacause of ihe large scope of
the M-MIS and the number of organizations involved

- This is needed 10 ensure coordmation among the vanous

organizations and teams and 10 meet the aggressive over
all ALWR piant design and construction schedule

- Configuration management is required for the entre
ALWR plant  See the corresponding Chapter 1 require
ments and rationale

« In order to achieve a coordinated design and 10 provide
for the fleration of requirements and design featlimes a
the piant systems designers will be neaded
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« Provisions for engineering, operations. heaith physics ard
maintenance personnel representing the utiity user 1o ac
tively participate throughout the entire design develop
ment and implementation testing and installation

3.1.3 Required Design Process Features

3.1.31

Resolution of Past Probiems

Tne M-MIS design process shall ensure that problems with the
existing LWR M-MIS designs are identified and that features
are incorporated in the ALWR M-MIS which provide satisfac
tory solutions to those problems. To implement this require
ment, the M-MIS Designer shall include the tullowing in the
design process

e At the beginning uf the design process, a comprehensive
review of existing LWR plant M-MIS designs shall be made
to identify problems which have led to low plant avalability
and high maintenance burdens.

o The final M-MIS design shall specifically identify how each
of the problems has been solved
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« User participation and inpit throughout the antire M-MIS
design process is necessary to assure a satisfactory
design and adherence 10 proven human factors engineer
ing principles

Required Design Process f eatures
Resolution of Past Problems

The solution of existing problems is a basic objective of the
ALWR program The obvious first step is the identification of
the problems 10 be solved There Is substantial information
on these problems available from such sources as License
Evert Reports. Nuclear Powar Experience. the Nuclear Plant
Reliabiity Data Systems, and from the institite of Nudiear
Power Operations Additionally. this review will aid in wlentify
g those parts of the M-MIS design which will benefit from
the appiication of new technulogy  The M-MIS Designer is re-
quired to explicitly address each of the problems so that the
merit of the solitions can be independently evaluated and so
that the basis for the design featuzes which represent solu-
tions are maintained for the Uity 10 evaiuata hture changes.
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3.1.3.2 Simpiification and S:andardization

The design process shall include the following features
directed at achieving the ALWR goals of a simpie  plant wele
standardized design

« The design process shall provide for the preparation of
guideiines for standard design practices for the M-MIS
Thase design practices shall include identification of com
mon configurations and components (control and YO
modules for exampie) The control station design prac
tices (see 4 1.5; shall be included as part of these
gundelines.

« The design process shall provide for the development and
use of standard component and s; stems designations
and nomenciattve which are compatible with Configura
tors and common usage

« The design process shall actively track the numbers of
components and numbers of different types of com-
ponents in the M-MIS This shall include tracking the num
ber of different types of small replaceable tems such as
fuses and light bulbs  These summanes shall be requiarty
made avaidable to management and independent
reviewers 10 support assessments of the overall accept
abilty of the design against the overall simpiification and
standardization requirement
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The development of the detaled guadelines for design prac- 0
tices has several purposes

e M forces the M MIS Designer to think in terms of standard o
approaches.

e It provides criteria which can be used by reviewers 1o

e It should reduce the total design effon,

e Provide a basis for fiture changes and modification of the
MMS

« In many piants the designation of components is not 0
un#orm and the designations in design documents
procadures. and on the panal labeis may be differant
Some systems are arbitrary numbers with no mnemonics
which burden the operator's memaory and lead to erors
and confusion

« Numbers of components or numbers of component 0
types are not the only indicator of the success of efforts
to simpify and standardize They will however prowde
some means to quantify the efforts. but more impontantly.
they will assist reviewers n focusing on the parts of the
design where numbers of components are lagh or where
non standard components have been specified
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3.1.3.3 !dentification of Functions and Tasks of the M-MIS

3.1.3.3.1

The M-M:, design p-rocess shall result in the explicit identifica-
tion of the tunctions of the M-MIS needed to support the plant
systems and the overall operation of the plant.  The design
process shall also result in the explicit identification of the in-
dividua: tasks, mental and physical, necessary to perform
these functions.

Scope of Functions and Tasks

The functions and tasks shall include all of those which affoect
the design of the M-MIS. The design process shall provide for
the addition of functions and tasks in the course of the M-MIS
design development as wel as the modification of the initial
set. It is required that vhe functions and tasks be kept current
as the design progresses so that when the design is com-
plete, the functions and tasks will accurately reflect the basis
for the M-MIS design.

Page 1038

identification of Functions 2. Tasks of the M-MIS

The identification of fun ctions and tasks has been widely
used 10 review existing control room desgns and it has had
some limited use * “e design of backfits For existing
plants, it has chov. - gor disconnects between the functions
and tasks and the - 3l plant hardware.

This requirement is intended 1o *..a«e the function and tasks
central to the M-MIS design so that they can be used in all
aspects of the M-MIS design process and provide consisten-
cv of approach as well as a defined basis for use in any fu-
tu. e modifications.

Scope of Functions and Tasks

By applying the identification of functions and tasks to all
parts of the M-MIS, it will permit a consistency of approach
which shoul1 simplifv review In particuar, it should make it
easier to wentify the features which are not needed and inap
propriate assignments of functions 1o the operators.
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3.1.3.3.2 Analysis of Funi*on and Tasks

3.1.3.33

The design process shall pr- e for analysis and validation of
the functions and tasks by . ~h techniques as walk-throughs
in mockups of contro! stations using experienced utility
operators or other personnel, dynamic modeling and simuta-
tion using limited-purpose simulators, and a full-scale plant

simutator. In particudar, the allocations of functions to automat-

ic control systevns or to particudar control stations shall be
validated and, if necessary, the allocation changed and
reanalyzed.

Uses of “unctions and Tasks

The M-MIS design process shall provide for the use of the
identified functions and tasks in at least the following activities

e  Allocation of functions between automatic and manual
control;

e Allocaticn of tasks among work stations,
e Development of control and operation strategies;
» Assignment of responsibilities of the operating crew.

e Assessment of operator workload, both mental and physical.

e Arrangement of work stations:

e Selections of types of displays and their detailed
characteristics,

e Selections of iypes of controls;
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Analysis of Functions and Tasks

Since the functions and tasks are the fundamental basis for
the entire M-MIS design, they must be rigorously anc carefud-
ly evaluated for correctness  They must also be sutject to
modification and aeration as the design progresses so that
optimum ard practical design of the M-MIS can be achieved

Uses of Functions and Tasks

The purpose of this requirement is 1o emphasize that the func-

tions and tasks are 1o be an integral and central part of the

& are M-MIS design process, i e, they are not an after the-
fact exercise which is used only 1o validate the system design
or 10 verify the adequacy of the process.  They will obviously
be a fundamental part of the formal verification and vaidation
of the design, however
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3.1.3.3.4

3.1.34

« Selection and arrangement of atarms and their integration
into the control station designs,

» Development of operating procedures and training require-
ments;

« Evaluation of the effects of credible M-MIS equipment
failures;

« Verification and validation reviews.
Documentation of Functions snd Tasks

The M-MIS design prccess shall provide for the controfled
documentation of the identiiied functions and tasks. This
documentation shall include the bases for the allocation of
functions or tasks between automatic systems and the
operators and the detailed information and action require-
ments for each task.

Consideration of Potential Equipment Failures

The M-MIS design process shall explicitly consider the poten-
tial for and the consequences of failures of plant and M-MIS
system components. That is, functions and tasks which result

from the operator coping with equipment failures shall be iden-

tified as part of the M-MIS design bases. The analysis and
validation testing of the M-MIS shall include the postulated
failures and recovery from them.
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Documentation of Functions and Tasks

Since the functions and tasks are the fundamental basis for
the M-MIS design and will be the basis for reviews aixd
evaluation, they need to be carefully documented as befits
their importance This w' involve some effort not normally in-
volved in plan® control system design, however, it should
greatly simplify validation of the design, preparation of operat-
ing procedures, and any future plant modifications.

Consideration of Potential Equipment Failurcs

Experience shows that major challenges to an M-MIS design
come from failures or malfunctions of equipment Unless the
design specifically considers these malfunctions, the
availability and reliability of the ALWR willl probably be adver-
sely affected, i e , tolerance of the system to faults needs 1o
be designed into the system.



CHAPTER 1C: MAN-MACHINE INTERFACE SYSTEMS

Paragrgghuo. Requirement Rationale
3.1.3.5 Analysis Requirements Analysis Requiremets
3.1.3.5.1 Plant Dynamic Modeis Piant Dynamic Models
The M-MIS design process shall include the development of Digital computer modeling technigues are current state-of -the-
digital computer based dynamic models for the overail plant art and techniques are avaiiable 10 model the entire plant
response as well as individual control cystems  These process systems and associated control systems. The early
dynamic models shail be deveiopment and use of these models allows control
strategies to be evaluated under a variety of upset and off
e  Suitable for analyzing both steady state and ransient normal conditions. The early identification of any problems
behavior; with the ability of the M-MIS to cope with these occurrences

will improve ease of making the needed changes
s Used to confirm the adequacy of control schemes;

* Used to confirm the allocation of controi to an automatic
system or an operator,

e Used to develcp and validate plant operating
procedures;

e Validated against tests on actual plant behavior, wherever
practical,

e Developed early enough in the design process that
modifications of the systems themselves can be made. i
shown to be needed by the analysis;

e Incorporated, as directly as possible, into plant general
purpose or limited use simulators,

e Completely documented and the documentation provided
as part of the final M-MIS design
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3.1.35.2

3.1.36
3.1.36.1

Control System Analysis

All control systems shall be analyzed 1o assure they are stable
and provide the required steady-state and transient response
for all operating conditions. Control system analyses shall as-
delays for all data communications paths These analyses
shall be made part of the M-MIS documentation

System and Component Testing
Test Flans

The M-MIS design process shall define the *~<* requirements
for both systems and components in formal test plans. Al
testing required to justify the M-MIS design, p_apare tte sys
tems for operation, and tests required after the systems are in
service and after maintenance shall be included.  As a mini-
mum, each test plan shail:

e Identify the items to be tested, including their version or
revision where appropriate;

e Identify all features of the system under test which are not
to be tested and the reasons why;,

e Describe the overall test approach;
e Specify the test case specifications;
« Specify the acceptance c:iteria;

e  Specify test environment;

« Specify the test equipment;
Page 10 312

Control System Analysis

Experience in existing plants shows that a significant number
of control problems are traceable 10 a lack of basic design
analyses This requirement is intended to ensure that debug
ging, extensive adjustment. and modifications are not re-
quired cn the final systems in the field

System and Component Testing
Test Plans

Many problems in existing plants can be traced to inade-
quate testing before, during or after installation Often, where
testing has been performed, the requirements for the tests
were developed independent of the designer, with little or no
feedback of the results Since the designer is mos® familiar
with the functional requirements for the equipment, the
details of the design and the potential probleins areas, the
designer should be the one 1o define the tast requrements
and document them in formal test plans to ensure that the
tests match the intent of the design and to provide a means
for independent review of the adequacy of the testing and the
resufts of the testing.
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3.1.36.2

3.1.3863

« Identify group responsible for performing the test, e g,
manufacturer, special test group, startup test organization
etc.;

« Identify the test staffing needs and associated skill levels:

« Specify a test sequence anJd provide an estimate of the
time to carry out the tests.

In-Service Surveillance Testing

The design process for the M-MIS shall include the explicit
identification of all in-service surveillance testing of plant com-
ponents and M-MIS components which is required to ensure
satisfactory long term operation of the eguipment and to meet
all appricable regulatory requirements.

The functions and tasks to accomplish this testing shall be in-
cluded in the design basis of the M-MIS and shall be fully ac-
counted for in the design process, e.g., generic procadures
for these tests shall be prepared and used in walkthroughs in
control station mockups.

Instaliation and Startup Testing

The M-MIS design process shall include the preparation of test
plans and generic procedures for the testing to be performed
on the M-MIS components and systems after they are instailed
in the ptant and the testing to be performed by the utility
operating staff as part cf the initial plant startup
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In-Service Surveillance Testing .

In-service surveillance testing of plant equipment and the
components of the M-MIS are a necessity to assure satisfac-
tory operation as weh as, in some cases, being a regulatory
requirement. In existing plants, these tests are often difficult
to perform and represent major challenges 1o operator skill
and training  They have been the source of many operational
errors, plant trips, and ur  ‘anned outages These tests need
to be treated in the same ngorous manner as other plant
functions and tasks so that the M-MIS will adequately support
their performance

Instaliation and Startup Testing

Testing after installation and as part of the first actual opera-
tion is crucial to satisfactory future operation. The M-MIS
Designer has the total responsibiity for the design from con-
ception to operation.  This testing also needs to be carefully
planned sirice problems can directly impact the first commer-
cial plant operation.

=}
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3.1.4 independent Review of iesign Process

The M-MIS design process shall provide for independent
review of all its activities and the resutting design of the:
M-MIS Three levels of independent review shall be provided

e Overview of the entire M-MIS design process;

« Independent validation that the system and its components
will perform their intended fusictions;

e Independent verification that the individual steps in the
process of design have been properly carried out.

These independent reviews shall be such that they will fulfil!
the quality assurance requirements for design reviews for both
the hardware and software in the M-MIS. The scope of the in-
dependent overview review shall include any issue or area of
inquiry which the review team considers may affect the

suitability of the M-MIS.
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independent Review of Design Process

The continuous and parallel review of the M-MIS will improve
the quality of the end product design and its reliability.
avallability, anv. cost effectiveness. inogependent review of the
design from the beginning will allow correction of design
deficiencies early in the design process.

The requirements go beyond what would be considered
verificaiion and validation (V&V) in that provision is made for
an independent overview of the entire process. This is in-
tended to assure that the indenendent review does nct con-
sist entirely of detail checks of documentation, etc. but also
adds the discipline of an independent, knowledgeabie review
to this overall approach and progress of the M-MIS design.
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3.14.%

3.1.42

3.1.43

3144

Qualification of Reviewers

he independent review team(s) shall be comprised of in-
dviduals who have comparable technical qualifications to
those of the M-MIS design team. These reviewers shall be in-
dependent of the M-MIS design team for that aspect of the
design they are tasked to review.

Review Plan

The M-MIS Designer shall establish a praliminary plan for the
independent reviews prior to initiating the design process.
however, the final review plan shall be established iointly by
the independent review teams and the M-MiS Designer

Timing of Reviews

The independent review shall begin as soon as the design
process is started and shall continue through the testing of
the completed system

Verification and Validation Reviews

The following requirements define the minimum scope of the
independent review for the purpose of verification and valida
tion of the M-MIS design process.
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Qualification of Reviewers

The qualification of the reviewers needs 1o be on a par with
the designers so that an effective review can be performed
Similarly, independence from the design team is alsc essen-
tial

Review P'an

The review plan must be considered in the schediufing and
planning of the entir2 design effort. This will assure thar ade-
qQuate time is provided in the schedule and that the designers
can plan and produce work products which facilitate review
The plan should not be totally controlled by the desigrers or
the reviewers and, therefore. the final plan should be a joint
responsibility

Timing of Reviews

The reviewers need 1o be a part of the entire design process
to achieve maximum effectiveness.

Verification and Validation Reviews

These requirements are based on the current experience in
the verification and validation of designs (both hardware and
software) by a consistent. systematic approach
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Rationale

3.1.441

3.1.442

Functional Requirements Reviews
The review team shall review the M-MIS system functional re-

quirements and system functional designs and provide concur-

rence that plant systems functional requirements are met.

Specification Reviews

The review team shall review hardware and software specifica-
tions and confirm that these specifications will obtain a satis
factory implementation of the functional design. The reviews
of the functional design and hardware and software specifica-
tions shall confirm that the design is a correct, effective, and
efficient translation of the functional requirements. These

reviews shall also consider system architecture, interfaces, tes-

tability, maintainability, reliability, and human factors aspects
of the design.
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Functional Requirements Reviews

The M-MIS functional requiraments form the basis for the
design, implementation and acceptance of the completed sys-
tem. The principal objective of the verification process at the
initial stages of the design process is to confirm that the func-
tional requirements are compiete, correct, consistent, feasible
and testable

Specification Reviews

The preparation of specifications which accurately reflect the
functional requirements is essential to ensure that the final
M-MIS design is satisfactory.
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Rationaie

3.1443

Review of Design Choices and Alternatives

The reviews of system functional requirements, system func-
tional design, and hardware and software specifications shall
indude evaluation of the altarnatives and trade-offs considered
by the M-MiS Designer a~4 others in establisiing these re-
quirements and specificanons, and that they address the cor-
rection of system and equipment problems experienced with
previous plant designs. The reviews she'l address all aspects
of the design, including:

Simplicity;

Standardization,;

Reliability and availability,

Protection against common mode failures;
Power capply falures and their effects;
Compatibility with the environment, inciuding:
-~ Temperature,

~  Humidity,

- Radiation,

- Radio frequency interference (RF1),

- Electromagnetic interference (EMI),
- Vibration and seismic loadings,

—  Fire and fire suppression systems,
-~ Flood,
- Electrical transients and surges;
Maintainability,
Human factors for operators and maintenance personnel;
Protection against obsolescence;
Page 10317

Review of Desigr Choices and Alternatives

All stages of review should confirm that the functional require-
ments ard functional design appropriately address and cor-
rect systemic and equipment related problems with previous
systems.

e © © o000 OoOoOOOES ©Q © © © o
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Paragraph No. Requirement Rationale Rev
« Flexibility and expandability; Q0

« Constructibility. 0

3.1.444 Review of Testing Review of Testing 0

0

3.1445

3.1446

The review team shall review system and component test
plans for factory and startup testing, shall witness the iesting,
and review the test resuits.

Review of M-MIS Design Documentation

The team shall review the completeness and accuracy of the
documentation of the M-MIS design.

Documentetion of Reviews

The review team shall document all of their reviews. The
documentation shall identify deficiencies identified by the
reviews. Documentation shall contain sufficient information to
enable a third party to repeat the review and understand the
results obtained from the review. The results of the reviews
shall be provided to the M-MIS Designer on a schedule such
that any needed changes can be made without delaying the
overall M-MIS and plant schedule
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Review of the test program is required to ensure its effective-
ness. Witnessing the testing by the review team will help en-
sure that the testing is performed i accordance with the test
plan. Review of the test results is required to ensure satisfac-

tory completion of the testing program.
Review of M-MIS Design Documentation

Sufficient and accurate documentation of the M-MIS design is
important to the long term maintenance of the M-MIS.

Documentation of Reviews

Documentation of the reviews is necessary to provide
traceability and to support the ability to review later changes.
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Radonale

3.2 PROVEN TECHNOLOGY

3.2.1

In acccodance with Section 2 2 A of Chapter 1, the ALWR shall
use proven technology, however, some advanced technology
appropriate for the M-MIS may have had no prior use in LWR
plants. In those cases, the use of the advanced systems and
equipment may be justified # proven in other applications as
defined in this section.

Criteria for Proven Technology for Equipment

In addition to the definition of proven technology in Chapter 1,
Section 2.2 A, M-MIS equipment shall be considered proven i

e It has at least three vears of documented, satisfactory
service as modules of subsystems in power plant
applications similar to that in LWRs or it has at last three
years of documented, satisfactory service in other than
power plant applications which are similar to the use in
the ALWR M-S

e It has satisfactorily completed a defined program of

prototype testing which has been designed to verify its
performance in the ALWR M-MIS application.
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PROVEN TECHNOLOGY

It is expected thai the use of advanced M-MIS technologies
will realize significant improveriemt w: piant availability,
ALWR cannot, however, be a test faciity for developmentai
technology. These requirements are intended 1o ensure that
advanced technology is not ruled out, but that it is fully util-
ized consistent with assuring its solid technical basis.

Criteria for Proven Technology for Equipment

Because of the extendad hiatus in the construction of new
nuciear power plants in the United States, some advanced
technologies in the M-MIS area have not been applied in
LWRs. However, they have been used in other applications
such as fossil power plants, defense, or process industries.
The ALWR should make use of technology improvements
based on similarity of application or extensive testing This
will allow the gains to be achieved without using the ALWR
as a test vehicle to develop and debug new equipment and
processes. The primary emphasis of the ALWR is reliable
power production
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3.2.2 Criteria for Use of Unproven Equipment Criteria for Use of Unproven Equipment
For any component or system which is not yet proven in ac- This requirement is intended 1o make the M-MIS Designe™ “is-
cordance with 3.2 or 3.2 1 and which is apparently needed to tify the need 1o use the unproven equipment, have a defined
obtain a defined gain in simplicity or performance, the M-MIS program 1o establish its acceptabiity, and to have a tall-back
design may include such equipment if: position if the attempts 10 prove out the equipment were 1o
fail. Meeting the minimum or limiting ALWR requiraments
e Adetalled plan has been developed for the testing or should not depend on the deve.opment of advanced M-MIS

collection of experience which would meet the criteria of hardware nor should th- - developments and their potential
321; benefits be precluded. h is particularly important that the
M-MIS Designer accept tl e risk for including such develop-
e A specific alternate approach has been defined and included mental items and the Utility not be forced to accept the
in the M-MIS design process 1o the extent necessary so that  developmental iter:is because by the time the problems be-
the limiting requirements for the ALWR can be met i the come apparent it is '00 iate to change without impacting the
component or system were not to be adequately proven, overall schedule.

e The needed testing or expurience data collection can be
completed and assessed and the choice made between
alternatives without impacting the overall ALWR schedule
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33 COsT
The costs of the M-MIS design shall be consistent with the
specific ALWR cost goals and economic evaluation input as-
sumptions of Chapter 1 in particular, the M-MIS design shall
be based on the evaluation of the costs to the owner over the
total iife of the plant. Cost evaluations of alternate M-MIS

designs shall adequately and consistentiy include considera-
tion of the costs to the owner of such items as:

e Operation, maintenance and repair, inciuding
radiation exposure and contamination cortrol,

* Scheduled and unscheduled plant shutdowns;
e Training of operators and technicians,
e Startup and surveillance testing;
e Analysis and simutation,
e Replacement
3.4 OPERATOR ACTIONS

The M-MIS design shall explicitly consider the actions of the
operators and other members of the plant staff to operate and
of all operators. These defined actions or tasks shall be iden
tified as required in 3133
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COsT

The initial cost of many parts of the M-MIS is only a small
part of the eventual cost to the owner. improvements in
refiability, operabiity, testability, and maintainabiity will be
reflected in higher plant availat.dity throughout the plant fiic
and designs which have improvements in these areas may
well be the least cost option for the owner. These has been a
tendency to focus cost comparisons on the initial hardware
costs, since these are relatively easy 10 establish. This re-
quirement is infended to emphasize that the simplistic view of
costs in terms of only the initial hardware is not acceptable
for the ALWR M-MIS design.

OPERATOR ACTIONS 0

Experience has repeatedly shown that operator actions have 0
been a major factor in most reactor incidents.  This require-

ment and the remainder of this section are intended to en-

sure that the operator’s part in the plant control and opera

tion is as carefully planned as the electronic hardware and

that the actions are well within the capabiity of all the prob

able operators
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341

342

Operator Workload

The M-MIS design shall not require the operators to perform
tasks which over-burden their capabilities, especially during
emergency or upset conditions.

Operato- Vigilance

The M-MIS design shall include features which facilitate
operator activities which tend to maintain the operators alert
and attentive  These features shall be based on the available
information at the time the M-MIS is designed on methods
which have been proven to be effective in assuring operator
vigilance This shall include application of the guidance
developed by EPRI on operator vigilance and aleriness (RP-

2184-7). The basis for these features, including a review of ex-

perienc2 and practice at the time the M-MIS is designed shat
be part of the M-MIS design documentation
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Operator Workioad

The workdoad of operators has not been specifically identified
and evaluated as part of the design process of existing
plants. Consequently, the workioad tends 1o be excessive for
upsets and too low for adequate attentiveness during normal
operations. It is intended that the ALWR operator workioad
mwmmmammswmm

In periods of low workdoad, it is expected that the most deter
mining factor in operator alertness will be operating practices
— the duties, both technical and administrative, assigned 1o
al factors and incentives, etc. However, the operators’
workdoad (and therefore ability to remain attentive) during
routine operation will be affected by decisions the M -MIS
Designar makes in selection of automatic versus manual and
remote versus local for specific control and monitoring func -
tions performed during steady-state power operation Also,
design features of the control room and operator worksta-
tions will affect operator alertness — lighting levels. tempera-
reflect consideration of operator alertness.

Utilities and others are presently engaged in work to inves.
tigate the factors which affect operator vigilance 1t is ex
pected that at the time th M-MIS is designed, additic..al
guidance on methods to assure operator vigitance will be
a aillable
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Rationale

3.43 Selection of Automatic or Manual Control

Design choices on automatic versus manual control or
monitoring shall be based on evaluations which specifically in-
clude consideration of:

Operator workdoad, including parallel or potentially
concurrent emergency activities;

Operator capabiity, including time to respond, skill, and
precision;

Past experience with automatic or manual controls or
mortoring in similar applications;

Operator vigilance and the naed to keep the operator
invoived and knowledgeable as to the plant status;

The consequences of and potential for malfunctions of the
automatic equipment and for operating errors;

Regulatory requirements.

Sections 7 through 10 state the constraints on the selection of
automatic or manual control which shall be applie ! *» specific
parts of the M-MIS. The M-MIS design documen . . . shail
specifically identify those cases where a specific _noice be-
tween automatic and manual control was made and incude
the bases for the choices

Page 103 23

Selection of Automatic or Manuai Controt

It is intended that the choices Jor manual or automatic
designs be based on consistent technical bases that will
result in an acceptable tradeof* of operator workioad and sys-
tem complexity so that a balarced design is obtained The
technical bases for these choices needs 10 be documentad,
net ondy to allow adequate review, but al3o to provide the
input for operator training and guidance for future changes to
the plant.

The choice of automatic versus manual monitoring will be ex-
pected to be bazad on balancing the regulatory and ac-
curacy of records which can be achieved if done automat-
ically to the need to assure the operators are aware of the
status of critical parameters.
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344

Selection of Remote or Local Control

Design choices on remote versus local control and monitoring
shall be based on evaluations which specifically include con-
sideration cf.

e  Operator workdoad, including the effect of the time to access

local equipment and the other parallel or poterdially
concurrent operator tasks;

e Operator capability, including the need for feedback or
monitoring as a control action is taken;

e The local environmental conditions, such as access
difficulty, temperature, radiation and contamination
level, leaks, and other personnel hazards;

» The need ior the operator to monitor local conditions which
are difficult 1o do remotely, e g, the detection of small leaks,

damaged parts, unusual noises, etc.;
e The amount and complexity of M-MIC and plant system

equipment and the resulting maintenance and testing burden;

e The consequences of malfunctions of remote equipment;

e Past experience with remote or local controls in similar
applications.
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Selection of Remote or Local Contr 4

In current plants remote controts and displays are provided
where local components would be completely adequate

This is particularty the case for main control rooms where
controls and displays are provided for operations which are
not directly related to the safe and reliable operation of the
power generation This distracts the operators from their
main duties znd impairs their performance. It is intended that
the ALWR focus the main control room on its primary func-
tions.

Unnecessary remote controis or displays also increase the
amount of equipment and the resuiting maintenance burden.
It aiso tends to discourage actual observation of the equip-
ment and the early detection of degradation such as leaks,
loose parts, or improper maintenance.
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345

Sections 7 through 10 state specific constraints on the selec-
tion of remote or local control and monitoring which shall be
applied to specific aspects of the M-MIS  in addition, Section
4.9 1.2 specifically prohibits controls and displays in the main
control room unless they support a defined task for the con-
trol room operators.

Operator Aids

The M-MIS design shall include tlie definition of the features
which are provided to assist the operator in carrying out
specific tasks. These operator aids shall be considered as an
integral part of the overall M-MIS desig.. and shall be included
in all evaluations of control station and M-MIS designs. These
operator aids shall include:

« Computer-aided CRT displays at convenient terminals
which provide information which consolidates and proces-
ses data so that it is presented in a form which is directly
usable by the operator 10 carry out defined functions and
tasks. For example, calculating a total inventory from the
levels in various tanks or determining control rod motion
programs or critica’ ~oc oositions.

« Permanently posted information, instruments, or cautions
which reduce the memory bucden on the operators. (See
also 484 ;

In additior to the above operator aids, the M-MIS Designer
shall evaluate the incorporation of active systems which will
predict for the operator the consequences of a potential ac-
tion. if such operator aids are incorporated in the M-MIS
design, the M-MIS Designer shall identify the conditions
under which they would be used and shall demonstrate that
they do not distract the operators from their other digties.
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Operator Aids

Operator aids can provide valuable assistance for the
operator; however, they may be more distracting than useful
unless they are directiy tied to some important task.  This re-
quirement is intended to ensure and encourage usefud
operator aids but avoid those which may be distracting for
the operators.
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3.5 AVAILABILITY AND RELIABILITY

35.1
3.5.1.1

The M-MIS Designer shall establish quantitative reliability and
availability criteria for the component parts and subsystems of
the M-MIS which are consistent with the overall ALWR require
ments of Chapter 1. In addition. the M-MIS design chall meet
the requirements on availability and reliability of this section as
well as Sections 7 through 10 for specific parts of the M-MIS

Effects ¢of Postulated M-MIS Failures
Preferred State After Failure

The M-MIS Designer, together with the Plant Designer, shall
select the appropriate failure state of plant equipment (e g .
pumps and valves) upon loss of motive power (eleciric,
pneumatic, or hydraulic) on a case by-case basis during the
design process. For protection systems, the preferred failure
state typically should be the safe condition. For control sys
tems, the preferred faflure state typically should be the most
siable state. Upon restoration of power to control systems,
the M-MIS shall not change the state of the controlled com-
ponents and shall initialize in the manual mode
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AVAILABILITY AND RELIABILITY

The systematic setting of reliability criteria provides a means
o ensure that the overall ALWR objectives will be met In-
dividual requirements in the remainder of this section are in-
tended to ensure that the M-MIS Designer considers a num-
ber of specific issues which are expected to contribute to
meeting the overall goals.

Effects of Postulated M-MIS Failures
Preferred State After Failure

In many current plant designs, the requirement 1o “lail safe”
is implemented in such a way that the plant is in a “safe”
mode from a limited, regulatory perspective Further, these
failure states typically only addressed protection equipment
and did not address failures in control grade ana information
systems. As a result, transients and upsets were unnecessari
ly initiated or complicated. The intent of this requirement is
to address this problem and assure that the M-MIS Designer
considers the failure conditions of all M-MIS systems




Paragraph No.

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Requirement

Rationale

35.1.2

352
3521

Effect of a Single Failure

M-MIS equipment, together with the plant systems design
shall be designed such that, to the extent practical, no single
random failure of any of the M-MIS equipment or its support-
ing equipmerx. will cause a forced plant outage This criterion
shall be met for all normal operating and test modes of the M-
MIS equipment, including on-line seif-diagnostic testing and
periouic iunctional testing modes. This criterion shall apply to
automatic shutdowns that may be caused by a failure, and
shutdowns the operator must perform due to conditions
produced bv a faillure.

‘10p Level Reliability Requirements
Forced Outage Frequency

Mean time between forced outages caused by mutiple ran-
dom failures of M-MIS equipment shall be greater than fifty
reactor operating years. This requirement shall anply cver the
entire design life of the M-MIS equipment. For the purpose of
this requirement, forced outages shall include shutdowns that
resuit directly from the failures, and shutdowrs the operators
must perform to avoid violation of plant Technical “pecifica-
tions due to these failures.
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Effect of a Single Failure

Required to meet the overall plant avadability target specified
in Chapter 1. It is intended that the M-MIS Designer sig-
nificantly reduce the number of single fallures or operator er-
rors which will shut down the plant.  Some events, obviously,
will lead to shatdown, however, this set of falures and
operator errors should be reduced to the practical minimum

which assures adequate protection and safety actions can be
executed

Top Level Reliability Requirements
Forced Outage Frequency

Current experience shows that forced outages caused by
M-MIS failures are in excess of one occurrence per piant pe.
year. This is a major initiating evert in PRA studies Improv-
ing this figure by a factor of 10 can reasonably be achieved

reduce equipment failure rates and reduce the time for detect-
ing, byrassing, or repairing the failure  An additional improve
ment of 5 is expected through simplification, the procurement
of high quality components, rigorous testing and improved
environment compatibility of components.  Since the M MIS
is always in series with the plant equipment, the combined
fallure rate for the system will be higher than either of the in-
dividual contributors. Therefore, in order to meet the overail
ALWR piant availabiity goal, significant improvement in the
forced outage rate due 1o M-MIS equipment failures will be
necessary
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35.2.2 Loss of Availability

3523

The mean time between M-MIS equipment failures, which
result in a reduction in plant availability, shall be greater than 5
years over the antire design life of M-MIS equipment. For the
purpose of this requirement, a loss of plant availabdity is
defined as a condition in which the piant is unable to achieve

or matntair: steady state operation at any point within the war -
ranted plant output range.

Maintenance Frequency

Corrective maintenance of the following major parts of the
M-MIS shall not be required more frequently than every 14
days over the entire design life of the M-MIS equipment, ie
the mean time between fallures which require corrective main-
tenance shall be greater than 14 days.

« Protection system;
« Plant control system;
» Plant information and monitoring systems
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Loss of Availability

The probabiity of a fallure in the M-MIS resulting in loss of
plant availability during the plant fuel cycie should be mini-
mized in order to meet the overall ALWR plant availability

goal.

Maintenance Frequency

Even though the system may be configured so that the
fallures do not impact the overall availabllity, corrective action
still irvolves Utility effort and needs 1o be limited.
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353 Desun Requirements for Availability and Reliability Design Requirements for Availability and Reliability 0

3531 Segmentation of Ma'or Functions Segmentation of Major Functions [

0

The M-M S control and monitoring systems shall be designed
to protect against fallures of M-MIS equipment degrading the
performance of mo 2 than one major control or monitoring
function. The functional and physical designs of these sys-
tems shall be segmented or explicitly incorporate other func-
tional defensive measures to inhibit the propagation of failure
across major functions. The major control and monitoring
functions that shall be segmented or incorporate functional
defensive measures in the design include, as a minimum,
those listed in Table 10.3-1.

In those cases where strict segmentation of the major control
functions is not practical or the designer can identify alterna-
requirement — defense against propagation of unforeseen
fallures across major functions — the designer shall specifically
identify and justify the alternat've design approaches Depend
erce on redundancy alone as a substitite for segmentation is
not acceptable  The areas of the design where strict segrega-
tion of major functions have not been maintained shall be
specifically identified in the design documentation and the al-
ternative design criteria to maintain functional separation shail
also be documented
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Avadability and reliablity of the M-MIS is of paramount impor-
tanca in the ALWR. Since it is expected that newer tech-
nologies will be appiied in the M-MIS, including use of com-
puters and multiplexed data transmission for which it is easy
and cost-efficient 1o perform many functions in a single piece
of equipment, the requirements need 1o ensure that the
design is as “foriving” as possible in terms of the probabdity
and consequences of falures of this potentially shared equip-
ment  Existing regulatory requirements enforce segmentation
and separation on the safety and protection systems. how-
ever, there are no such requirements for the major plant con-
frol and monitoring functions.  The intent of the requirements
given here is defense-in-depth to give the utilty a greater de-

gree of assurance that failures, in particular, faillures not initial -

Iy foreseen in the design, will be limited in their effects such
that, # they occur, they cannot propagate across ma e than
one major control function. These segmentation require-
ments also aid in ensuring simplicity in the design by preciud-
ing complex combinations or interconnections of functions.
This, in turn, promotes better understanding of the systems
and equipment by the plant operators and maintenance tech-
nicians and is expected 1o reduce operator burden and errors



TABLE 10.3-1

CONTROL AND MONITORING FUNCTIONS REQUIRED TO BE SEGMENTED

PWR SEGMENTS
Reactivity Control

Steam Generator Inventory Control

Turbine Steam Demand Control

Reactor Coolant System Inventory Control

BWR SEGMENTS
Control Rod Position Control
Neutron Fiux Monitoring

Reactor Recirculation Flow Control

Reactor Feedwater Control

Reactor Steam Pressure Control

SEGMENT SCOPE

Automatic and manual control and monitoring of rod positions and manual control
and monitoring of boren concentrations and newutron flux

Control and monitonng of main feedwater flow, main feed pumps and steam gener-
ator inventory.

Control and monitoring of turbine throttle valves and bypass valves.

Control and monitoring of the pressurizer heaters and spray and reactor coolant sys-
tem pressure.

Control and monitoring of makeup and letdown, reactor coolant system inventory and
CVCS inventory

SEGMENT SCOPE
Control and monitoring of rod position
Monitoring of neutron flux
Control and monitoring of recirctdation fow

Control and monitoring of main feedwater flow, main feed pumps and reactor water
levei

Control and monitonng of turbine throttle valves and bypass valves and reactor steam
pressire
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3.53.1.1

Segmentation of Sensors and Data Transmission

The functional designs shall be such that each segmentad
function uses different process variabies for performing the
control function. For each segmented function, different sets
of sensors and transmitters, and data communication paths
from sensors and transmitters to data processing equipment.
shall be used whenever practical.

This is not intended to preclude signals from a measured vari-
able used in one control function from being used for signal
validation, signal cross-checking, or calibration/compensation
in another control function. However, if measured variables
are used for this purpose, the designer shall ensure that a
complete failure of instrumer*ation for the variable used for
cross-checking will not prevent the receiving control/monitor
ing fur:ction from being performed adequately
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It is recognized that there may be situations in which strict
segmentation may nof be practical In those few instances
when it is not practical, alternate design approaches are al-
lowed. Depending solely on redundancy is not allowed
since: (1) a failure in one of the redundant paths could cause
a heavy workoad and possible confusion for the operator by
indicating there is a problem in more than one major func-
tion, and (2) unforeseen or unexpected fatures (e g . main-
tenance errors) which affect more than one redundant path
could cause large-scale upsets threatening more then one
major process function.

Segmentation of Sensors and Data Transmission

Ties requirement minimizes use of common sensing in-
strumentation for more than one major control function,
reducing the possibi#ty of a single problem causing a large-
scale upset that would be difficigt for the operators to handie
or causing muitiple indications to the operator of problems in
more than one major control and monitoring function which
are confusing to the cperator.
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3.5.3.1.2 Segmentation of Processing and Power Supplies

353.13

Each segmented function (i e, major control and monitoring

functions) shall use different processors and power supplies

(but not necessarily different power feeds or sources) when-

ever practical even # redundancy is empioyed. That is, to the
degree practical, functions of one segment shall not be com-
bined with functions of another segment in a single processor
or set of processors, or power supply.

Physical Separation of Equipment

Data processing and data communication electronic equip
ment for the different segments (i e . major control and
monitoring functions) shall be housed in separate enclosures,
whenever practical Equipment for segmented functions may
share a common room or cubicle and be subject to a com-
mon ambient environment. The data communication links for
segments shall not share a conduit or other communication
pathway enclosure, unless there are redundait pathways also
carrying the data which are not in the same conduit or path-
way enclosure.
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Segmentation of Processing and Power Supplies

This requirement minimizes the use of common processors
or power supplies for more than one major contro! function
reducing the possibility that a single problem will cause a
large scale upset that would be difficult for the operators to
handle or causing multiple indications 1o the operator of
problems in more than one major control and monitoring
function which are corfusing to the operator.

Physical Separation of Equipment

This requirement extends the segmented design philosophy
to the data communications and data processing com:
ponents of the M-MIS equipment. The intent is to prevent a
local environmental upset such as a loss of ventilation to a
single cabinet, or a fire in a single cabinet, or perhaps a
saboteur damaging a single cabinet, from causing problems
in more than one najor function
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35314

353.158

353186

Physical Separation of Segments

For the different segmentad functions (i e . major control and
monitoring functions), signal communication paths, muti-
plexers and demuitiplex units for transmitting information to
ting control commands from the control room to the data
processing or output processing equipment shall have
separate power supplies and shall be Loused in separate
enclosures outside the control room to the maximum degree
practical.

Segmentation Within Major Functions

To the maximum degree practical, segmentation within major
functions of the M-MIS shall mimic the segmentation within
the mechanical systems being monitored and controlled

Segmentation of Safety-reiated M-MIS

In addition to meeting applicable reguiations, the M-MIS Desig
ner shall, 1o the extent practicas, apply a segmented approach
for safety-related systems similar to that specified above for
non-safety control and monitoring systems. This shall include
segmentation within the safety divisions as well as between
divisions as required by present regulations
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Physica! Separation nf Segments

This requirement is to prevent propagation of fallures originat-
ing in the data communication paths between the control
room and data processing equipment, or originating in the
muitipiex/demuitiplex equipment at either end  The require-
ment is limited to enclosures outside the control room be-
cause for the control panels, human engineering considera-
tions and task analysis will determine the location and arran-
gement of alarms, displays and controls for the different func-
tions. The Remote Shutdown Station provides backup in
case of major fallures of control room control pansis (e g .
fire in a panel) and for events requiring evacuation of the con
trol room entirely.

Segmentation Within: Major Functions

This requirement is intended to prevent single failures or
problems in the M-MIS which can result in a loss of control
or monitoring of the intra-function segments provided by the
mechanical portion of the system  An example would be a
single fallure within the pressure control function of the M-
MIS which would result in a loss of control of all banks of
pressurizer heaters.

Segmentation of Safety-related M-MIS

Since the ALWR intends that the normal control systems, as

well as the safety systems, have very high reliability, #t is ad-
vantageous to use similar approaches for both
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3532

3533

3534

Environmental Conditions

M-MIS equipment must be designed to survive and meet all
reliab#ity and avadability requirements in the environment in
which it is located for both normal and off-normal corgitions
The M-MIS and other plant system designers shall terate their
respective designs so that the applicable requirements are
met in the simplest, most robust manner  Strong preference
shall be given for passive environmental protection techni-
ques, 8.g., natural circulation cooling, robust hardware
operated far below rating, etc.

Indication of Loss of Environmental Control

A means shall be provided to alert plant operators when loss
of environmental conirol has occurred in an M-MIS equipment
cabinet and to locate promptly the affected cabinet

The design of the M-MIS equipment, including the quality level
of the components, shall be such that if appropriate action is
taken within one hour following a loss of environmental con-
trol in an M-MIS cabinet, no temporary or permanent loss of
function (e.g.. inability to generate a signal or the generation
of spurious signals or unintended operation of equipment) will
occur, ie, restoration of proper environmental conditions will
permit the equipment 1o be returned to service without replac

ing components
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Environmental Conditions

In the ALWR M-MIS, equipment will likely be more distributed
than it has bean in the past. As a result, special attention is
needed to assure the equipment and the environment in
which it is placed are compatible Furthormore a strong cou
pling is needed between the M-MIS Designers and those
responsibie for the environmental design to assure a
balanced economic design is achieved which is the simpiest
approach needed {0 assure adequate performance.

Indication of Loss of Environmental Control

The :eliebility of M-MIS equipment is sensitive 10 temperature
and humidity Some instances of loss of environmental con-
trol can be expected over the life of the plant  In order 1o
mitigate the consequences of such events the plant
operators must be alerted 1o the condition and the affected
cabinet must be located to assure timely correction by the
maintenance staff

Instances of loss of eswironmental control can be expected
10 occur over the life of the plant.  This requirement is in-
tended to prevent major failure of M-MIS equipment under
these events and to provide a quanti®ative requirement for the
margin tc be imposed
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354
3541

Reliability and Maintainability Analysis
Reliability Analyses

The M-MIS Designer shall perform analyses to predict the
reliabiity of the Man-Machine Interface System (M-MIS) and
subsystems. These analyses, termed “reliability analyses, ”
shall be performed using consistent, systematic and traceable
methods and appropriate analytical tools These analyses
shall be generally consistent with the guidelines provided in
MIL-HDBK-217E, Reliability Prediction of Electronic Equip-
ment. The analyses shall consider the expected normal
operating and environmental conditions and credible abnor-
mal operating and envircnmental conditions This shall in-
clude assessment of the probabdlity of excursions to the most
limiting environmental conditions, including consideration of
fallures of HVAC systems or components, and accounting for
these excursions in the analyses. These analyses shall be
documented and independently reviewed in the M-MIS design
process.
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Reiiability and Maintainability Analysis
Reliability Analyses

Reliability analyses are required to demonstrate that the M-
MIS design meets the quantitative reliabiity ano availability
goals. Since environmental conditions are important con
tributors to mean failure rate (or MTBT, of electronic equip-
ment, it is imponant that environmental conditions resuiting
from possible HVAC system fallures and upsets, as well as
normal conditions, be considered explicitly in the - sess-
ments.

QQQ?
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35411

35412

Component Re '@ability Basis

For the reliabiiity analyses the M-MIS Designer shall use the
component reliablity data _vaillable in MIL-HOBK 217E,
Reiability Predictios: of Electronic Equipment. or other
equivalent published scirces M-MIS comp nents for which
refiabdity data is .ot available in MIL-HDBK-217E or other
eqguivalent published sources shall have their :aliabdity based
on the results o reliabiity testing and statistical analyses as re
quired by 35412 The guantualive vaiues of the mean fadure
rate, or MTBF, of M-MIS components and their bascs shall be
documented and independentty reviewed in the M-MIS design
process.

VWhen adequate refiability data is not available in MIL HDBK
217E, Reliability Pradictior of Electronic Equipment. or othsy
equivalent published souwrces, the M-MIS Designer shall per
form reliabiity tests 1o determine the mean failu-e rate. or
MTBF, of M-MIS components  Statistical analyses of the
resulis of the raliability testing can be used to determine the
one-side, low end 95 percent confidence interval for the
mean failure rate or MTBF of the comnonents tested whi -h
shall then be used in the reliability - alyses Those reliabiin,
test= shall be performed using m= dwods which are generally
consistent with the guidelines provided in MIL STD-781,
Rekability Test Methods, Plans, and Ervironments of Engmeer
17 Development, Qualification, and Producton. furthermore.
the statisticai aralyses shaill be consistent wit the guidelmes
provided in MIL - HOBK 338 £lectronic Relabiity Desig Hand
book The .ests and analyses shal' be documented and inde
pendently reviewed in the M-MIS design process

Page 10 3 36

Component Rehabiity Basis

A consistent base of reliabity data is necessary 1o ensire
that the relabiidy of ali components used in the MMIS ey O
ment reliablity analyses are such that the results of the
analyses can be compared The MIL HDBK-217E database is
extensive and rapresants a great deal of expenence wih com.
ple~ alectronic systems and components  However
refiabiity data does not exist in MIL - HDBK-217E or other
eguvalent published sources for all components

In order for meaninghil reliabiity analyses 10 be performed.
reliabiity data s neediad 107 all components  Some com-
ponents may nol have adequate published reliabdity dat:
For such components. reliability testing and statistical
analyses are requirad in of jer 10 generate refabidty data
The use of the one sided. low end 95 percent confidence in-
terval ensures that “relabilty” based on reliabiity testing and
statistical analyses compares wall with “reliabity ™ based on
published data The one sidad. low end 95 percent con
fidence interval of the MTBF represents the MTBF for wiwch
there is 95 percent confidendce that 95 pocent of any add
tioral sampies of the population of the tem testad will have
an MTBF greater than or equal 10 the one sided low end 95
percent confidence interval
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3543

The M-MIS Designer shall perorm. analyses of all M-MIS
hardware and sofiware 10 identity unplarned onerationaé
modes, including the infubition of desired funciions and the s
tuation of unwarted functions  These analyses termed
“sneak circut analyses” (SCA). shall be performed using con
sistert, systamatic methads and appropriate anaiytical 100is
These analyses shall be generally consistent weh the
guadelines provided in M. HOBK 338, Flectrome Rediabrity
Design Handbook, and shal be documented and inde-
pendently reviewad in the M -MIS design process

Failure Modes snd Eflects Anslyser

The M-MIS Designer shail perform analyses to ilentify sic
nificant efiects which result from the cradible falures of in-
drvidual M-MIS components  These ar alyses lermad “falwre
modes and effects analyses™ (FMEA) shall be performed
using consistent methods and approprie.  analytical tools and
shall generally be cons/stent with the gur eline. provire | in
MIL-STD-1629A_ Procedures for Performing a Failure Modes
Relabitity Design Handbook These analyses shall be docu
mented and independently reviewed in the M MIS design
process.
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A “zneak cwcuil” is the term applied 10 a latent path or condi
Hon In a system potentially resulting in unexpected operation
al modes which are not caused by component faiures g
are due 10 design oversight  Sneak circaft analysis (SCA)
wlentifies these atert and largealy hidden shorcomngs of the
system desion  SCA focuses on the interconnections, infer
ratationsiaps. and rteractions of sysiem comeonents there.
iore SCA necessarly consders the complete system con
figuration:  Due 10 the complexity and size of many systems
= the M MIS sysiem lesting 10 identity the “sneak cwouis” is
nether an economical nor a logistically feasitie allernative to
analysis  (How aver ar SCA does not replace systam hunc
fional tesung. system testing . performed to demonstrate
that the syster & constructed and operates as designed )
Due 1o the nature of “sneak circufts ™ they are often
evidenced as spur.ous operational modes and can appear in
mature. thoroughly tesled systems even alter long periods of
fiald use

Failzre Modes anc t fiects Analyses

An FRIEA addresses each credible falure mode (e g falure
<! motor control logic), determines the possible Wects from
such fallures (e g . shutdown of a reactor coolant pump). and
dassfies each t2%ure mode according .0 Bs effects (e g loss
of dart avallabiity) The resufts of the FMEA are used 10
demonstrate that the M-MIS design mests the quantiatrie
refiabiity and mardamablity design goals FMEA can also as
sist in the wentification and elimiration of common muode
tadhures and may suggest areas whare Improvements in
uselud iz matenance planming analysis



CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph Ne. Requirement

Ratongle

3544 Maintainsbility Ansiyses

The M-MIS Designer shall perform analyses of alt M-MIS
hardware to predict the amount of time that an M-MIS subsys
term or component will De inoperative due (0 martenance ac
tivities. These analyses shall be performad using consistert
systematic methods and appropriate analytical tools  These
analyses shall be generaily ronsisient with the guidelines
provided in MIL-HDBA 472. Maintainabiiity Predictior:, and
shall be documentad and independently reviewed in the M.

MIS design process.
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Maintsnsbsity * natyses

These analvses will provide e quantiative measure of
whethar the maintainability requirements of Section 3 7 have
been met anG will provide inpit for maintenance plannng
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362

363

Continuous On line Testing

The capabilty for continuous on-line self testing of hardware
integrity shall be provided for as much of the M MIS as is prac
tical This testing shall not affect the system functionality and
shail be performed on the module, as opposed to the system
basis. These tests may incaxde, but are not limited to, RAM
and ROM fallure checks arithmetic processing unit falure
checks, data link “uffer checks, and CPU reset of watch dog
nmers.

Periodic Testing

The capabiity for periodic functional testing of the systems

shali be provided Thie periodic testing shall be manually n
meet the requirements of Regulatory Guides 1 22 and 1 118
and IEEE Standard 338 Automatic initiation of periodic test
ing may be provided where the tesi ng does not degrade the
system functionality

Reiisbility of Testing Features

The mean time betvaen failures of M-MIS continuous on bne
self test features and pernodic functional test features shall be
equal 1o or graater than the equipment they are decigned 10
test
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Continuous On-line Testing

Continuous on-tine self testing provides continuous monitor -
ing overall syster avaiabitty by rapid dentification of
hardware falires This requrement also provides guiiance
as 1o the minimum coverage of the tests

Periodic Testing

Automated penodic functional testing improves overall sys-
tem reliabiity through entfication of system triures

Rehahility of Testing F ew:ires

The benefits gained by bulll in test features shoudd not resuft 0
in a signdicant increase mamsanance barden
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364

3658

38686

36.7

Reconfigurstion Afler Fsilure Deteciion

Upon detection of a fallure in the M MIS_ a system shall be
designad so that & ¢ be placed in a configuration such that
an additional single fadure will not prevent system level protec
tion or safety aciion This reconfiguration shall be automatic
in the case of continuous on-line self tecting with notification
of the new reconfiguration given 1o the operator  Where the
system configuration has sufficient redundancy to meet the
reiiabiity goals without automatic reconfiguration. such asto
matic raconfiguration need not be provided. however the
operators must be alerted to any fallures detected by on line
seif testing

Failure Locstion identification

The M-MIS test features shall identify the location of a
detected fadure down to the lowest replaceable modue

Clsssification of Automstic Test Circuits

The automaltic testers for M-MIS Class 1E shall be classified
as associated Class 1E circuits and shall meet the require
ments for associated circuits as described in IEEE 384 and

the raliabdity requirements of this Charver
System Reconfigurstion for Testing

functional testing as necessary 1o elimnate phys' “al recon
figuration of systems (e g . addinyg jumpers_lifting leads. swap
ping cables) 10 accomplish the requirad tests However,
manual intiation shall be required for any periodic. antomated
functional tests.
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Reconfigurstion Afier Feilure Detection

The abiity 10 reconfigure a system improves overall svstem
reliabiity It is not the intent of this reguirement 10 have the
entire M-MIS have the capabiity 10 accept two falures

Failure Locstion identification

Raplacement of the lowes! repiaceable momie will raduce
the mean time 1o repair and reduce the risk of replacing non
detective hardware during a protracted troubleshooting exer
cise.

Classificstion of Automatic Test Circuits

Since the automatic testing inherantly affects the reliabity of
the circuits beng lested. the lesting circults must have a hagh
rcliabiity 10 be effective in finding fallures and 1o avoid lalse
fallure indications

System Reconfiguration for Testing

Built in test features 10 elrminate system reconfiguration will
be expectad 10 alleviate problems expenenced n present
LWRs that have resulted from designs with poor testabiity
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368

369

36.10

3en

Safety-Reisted System Testing

The Safety-Related Systems. e g . reactorn protection and en-
gmeerad safety features actuahon systems. shall have automat
i test features that are sufficient 1o meet the Techmical
Snecification requiraments for penofic survelance of the
system's functionabiity as defined by Reguiatory Guades 1 72
and 1.118 and IEEE Standard 338

Test Performance

Test features of the M-MIS shall be designed so that 10 the de-
gree practical, the tests can be performed with the plant .
Power without Causing SpLIOuS actiLition of reactor tnip
devices or safety systern components Where testing at
power would upset plant operation or damage equipment
provisions shall be made 1o test the equipment with the plant
operating at reduced power or in a shatdown condition

nmw»umnwmmam
or increase power stall be capable of being performed
without shutting down or reducing power

Automstic Bypess
Once the functional tester is enabled and a test sequence is
manually intiated, the testing shall not proceed unless proper

bypasses have been established The bypass conditions re
quired for testing shall be established automaticaby

indicators for Test and Bypess Status

For the periodic functional tests. the tester shall have in-
dicators at the local cabinet 1o provide a quick mdication of
pass or fall status for the test and the status of bypasses
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Safety Roiated] System Testing

of aumtomatic ltest sequences This provides the operator with
the abitty to prevent testing § conditions do vt warrant test
ng

Test Performance

The abiity 10 perform functional tests at power eliminate the
potentiai nead io come off line 10 meet tachnical specification
testing segments  The ability to perform all tests at shugdown
ensures full system functionalty prior to startup

Automatic Bypass

Reduces the risks of potential operator error wiweh cousid
result in unintentional LCtuation: of M MIS coupment

Indicators for Test and Bypass Status

Local mdwation of pass or tall status and the status of bypas
ses redrices ame for system repair
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36.12

36.13

3.6.18

36.15

Test Result Records

The M-MIS design shall provade an industry standard printer in-
terface at the local cabinet 1o allow plant personnel 1o obtain a
hard copy record of the automatic test rasults As a mini-
mum, the tes! results printed should include identdication of
each sublest and the pass or fall status of that sublest.

Removal of Automstic Bypass

Upon compleation of a test sequence. the automatic tester
shall remove alt bypasses which were established 10 allow the
artomatic test 1o be performed Positive indicating featwes
shall be included within the design 1o allow plant personnel 1o
determine that all test bypasses have been removed and that
the system has been properly reconfigured for normal opera-
tion.

Process input Signsis

During periodic functional tests, the reactor trip and salety sys-
tem functional processors shall not dapart from their normal
execution paths  Therefore. all input and output lunctional
testing performed by the automatic tester shall be done using
simutated process input signais

Testing st initislization of Processors

Comprehensive self diagnostic routines shall be performed
upon inttialization for all processors
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Test Result Records

Printout of test results reduces time 10 repair or replace faled
M-MIS modides or equipment A standard printer is reguirad
10 ensiwe ease of mantenance or replacement

Remova! of Automaiic Bypass

Raduces potential for error which, could resuft in unintended
activation of M MIS equapment

Process input Signesis
This 1s the preferrad test method

Tasting at inftishzation of Processors

This is 3 preferrad method # provides a consistent level of
readiness when equipmernl s powerad up. and reducos the
nead for back fracing 1o find a prohlem




CHAPTER 10:
Requsrement

iINTERFACE SYSTEMS

Ranonale

3.7

37
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The M-MIS shall be designed 10 simpify and reduce the
amount and difficulty of the mamtenance required over the
ifetime of the plant

Maintenance Burden

The M-MIS Designer shall quantify the expected aggregate
maintenance burden of the M-MIS equipment n terms of the
timas and skilis of the maintenance technicians and the
operator's time which will be required  This shall be based on
the mean time between fallure and the mean time 10 repair.
considering all the redundant channels and equipment  This
shall also inciude preventive maintanance penodic functional
testing of safety reated equipment required diring plant opera-
tion, and planned repiacements

Replacement of Equipment

it should be an objective that M MIS aquipment have a service
life long enough that replacement during the plant life will not
be required. Where this is not practical e g no proven com-
ponents are availlab?~ the M-MIS cesign shall nclude features
to minimize the impact of the actual replacement and ensure
that wearout does not reduce plant avallabiiny  The M-MIS
design shall identify the service life of all eGuipment which
must be replaced and outline the timing of the logistic sup-
port. e g . equipment and manpower. which will he required
on the part of the plant owner
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Expenence has shown that M MIS maintenance can be a sig
nificant burden o0 the owner s staf or can be so difficilt that
errors are pravalent and the plant refiabity s reduced Ease
of mantanance must be designed iInto the M MIS 8 cannot
be added after the design is complate The requirements of

this section are mitendad 10 ensure that the M MIS Dessgner

has considerad the need for practical maintenance as a hn

damental part of the overall design

Mainteriance Burden

ber and qualcations of martenance personnel as weli as
the maintenance related tasks which absord operators tame
and attention

Replacement of Equipment

This information will be needad by the Utility 10 properly plan
for mamtenance over the ide of the ALWR  Thas requerement
is intended 10 apply 10 expectad wearowt, # is not ntended 10
reduce the need 10 design all components for martamal dety
wrespective of whether hwy are expectad 10 last lor the
desigr lfetime
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373

374

Moduisr Replscement

Repaw of M-MIS aquipment shall normally be accomplished
by simple modular replacement in the field | e  rewining or re-
placement of indvidual small components shall be done i the
shop, not in the cabinets in the field

Time to Detect and Repair a Failure

The mean time 10 detect and repair fallures down 1o the
lowest replaceable modiie. averaged across all types of
M-MIS equipment for the entire design ide  shall be less than
four hours. The maximum time 10 detect and repair falures of
any M-MIS modude shall be less than eight howrs  This time
shall include the time 10 detect the failure  gan access 1o the
faulty equipment. determine the necessary repai obtain
necessary replacements or spares. make the repair or replace-
ment. and verify that the repair “as been successhully ac-
complished The evaluation of the repair time shall assume
that a technical with the necessary skill level will be avaliable
at the site.

This requirement applies to all M- MIS equipment with self tast
capability it shall be an objective 10 meet this requirement for
other M-MIS equipment where practical For example. it will
probably be impractical 1o meet this requirement for cables
which run from location 1o-focation within the plant or for sen-
sOrs in systems which are not accessible 1o personnel when
the plant is in operation
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Moduisr Replacement
The montenance downtime will be re-tuced by modiuiar re

Ing or other repaw related deficlencies with the system

Time 10 Dete<t anC Repaw 3 Feilure

These times are intended 10 be consistent with completing
the average repair within 3 single shilft by & singe crew It
shoudd also assure that no more than two shift crews will
have 10 be involved in 3 single repalr This will minimize the
nead 10 exchange information between martenance person
nel and mprove the accourtablity and therefore ihe guality
of the work
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3717
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On-line Calibration

Any module that requires caiibration more freguently taan
once per fuel cycle must provide for on line calibration while
mance

On-line Maintonance and Repaw

No activity associated with expectad mamtenance or repair of
the M-MIS equipment shall prevent any plant safety or protec-
tion system from fulfiliing s required function  In addition_ the
M-MIS svstem shall be designad 1o permit expectad man-
tenance to be performed. 10 the greatest axtent practcal
whie the plant is ondine The design shall prowide main
tenance bypasses 1o allow for online repair including suttable
lockouts or interlocks 1o ensure that opsrator errors will not
lead to plant outages while repairs are in progress

Mantensnce Human Factors

The M-MIS shall be designed 10 recognized human factors
standards and shall provide the specific ‘eatures defired
helow

Identification of Maintenance Tasks

The M-MIS Designer shall systematically identify the tasks re-
Quired 10 maintain the M MIS equipment including definttion
of skills, tools, test equipment, access. etc  These tasks shall
nclude any testing required to ratum the equipment 10 senvice
after maintenance is complete The resuits of this analysis
shall be provided as pan of the M MIS design
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Plant operation should si0f be disturbed # calitration. must be
perormed hatwaen schadsad shutdowns

On kne Maintenance snd Repew

Maintenance obviously cannaot be allowead 10 adversely aftect
satety or protection system operation The ability 10 sately
perform mansenance while the plart is operational allows
raduchon in plant outage mamntanance burden and suppons
the ALWR avaiabiity requrements The plant should operate
comectly with a single safety reigied channai in a test or
bypass mode for repar without a8 significantly &wc-easeo risk
of shutdown  For example  during such an operation the
remanng safety relatad channels shotdd be designed to be
locked out of test or bypass

Maintanance Human Factors

A signiicant frachior of the problems with M MIS mam
tenance have mnvolved operator erors  Sleps 1o make the
mantenance easir should raduce the risk of errors as well
as the time 10 effect the mamtenance

identification of Mawtenance Tasks

The Uity will need 10 know the qualications f martenance
personnel and the support and lest equipment necessary o
maintain M MIS aquapment n operation
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3.7.7.2 Evaiustion of Maintenance Tasks

3773

The M-W'S Designer shall evaluate the mantenance tasks 1o
ensure that required maintenance actions are simple and well
understood and within the expectad capabiity of mzintenance
technicians The evaluations shall use mockups or prototypes
of typical M-MIS equipment and the performance of main-
tenance task walkthroughs The evaluations shall be ac-
compished early enough in the design process 1o alow fead-
back to be incorporated nto equipment design 1o resolve dis-
crepancies discoverad by the task evaiuations The resuits of
the task evaluations shall be provided as part of the M-MIS
design information

Equipment Design for Mainienance

etc ) shall be designed to faciitate maintenance and repair
and 1o minimize confusion and the chance lor error during
these operations This includes such featiwes as

e Locations and arrangements which are functhonally logical.

e Urambiguous. resdable and consistent labeling of
components, both inside and outside of cabinets. in
accordance with the general gusdance comamed in
consistent with other plant labeling practices.

e Accessible and identified test point<

« Ancroprate protection against inadvertent actuation. short
ing out of terminals, dropping of parts, etc
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CommuCahon requirements and actual interface with agquap
ment can best be demonstratad by evaluations conducted
with mockups or prototypes of M-MIS equipment  The task
evaluations will also provde information needed by the
owner 10 prepare mantanance procadures.

Equipment Design for Maintensnce

Segrficant umgn ovements n the ease of maintenance shodkd
be achievable by consistently considering markenance as an
miegral pant of the overall M MIS design  Desigrng the

M MIS aquipment tor mamtenance will reduce the mam
tenance time for the plant owner and in addtion the in
cidence of maintenance errors.

Existing experience indicates that many errors oo due 10
lack of or madequate labeling on the inside and «ufiside of
pandls  installed commumcalion featines allow mantenance
operations. and test personnel 10 establish continuous com
MU hons without leaving the work area and elminaies the
need 10 run communication cord through doors and across
floors  (See also Section 4 6 for communication require
ments )
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« Power for test equipment.
« Posted cautions and critical instructions.

« Provisions for communicating between locations where
maintenance. observation. and testing is required

Access for Meintenance

The M-MIS cabinets shall be designed 10 facitate access by
maintenance personnel.  The design of M MIS cabinets should
”MMMIOMO»M”-
hoular equipment without interderence with eguspment seniced
by other technicians

Msintenance Location

For continucusly manned control stations. particulary in the
main control room, martenance personnel shall be able 1o
troubleshoot, perform related tests. and repar M MIS eguip-
ment in an aiea which does not Impawr the operators ability to
access controls and dispiays or distupt the operators’ view of
the control panels  The only exception shall be 10 allow main-
tenance personnel access to physical contrad saiiches or
modiules and front panel displays where fiont access is neces-
sary to repair this equipment The need for manstenance per-
sonnel ic gain access 10 the control panel fronts shall be mink-
mized
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Access for Maintenance 4]

Ease for access for mamntenance of M MIS cabwets will 0
promote fewer ma_enance related upsets Causid by muswe

ng or dffcully expenenced with returreng the systern 1o the

correct conhguration following the matenance actiity

Maintenance | ocation (1]

Mhopummdlo_hmdmmﬂ
progress. additional personnes N the vicinily of the opesating
staton is distracting It is particulady distracting wher the
maintenance personnel are iterally “under foot ”
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3.7.7.6 Operstor Actions to Effect Repairs

3.7.77

M-MIS eguipment that normally receives inpust from controls
on the main control panels or consoles and drives indicators
or displays on the panels shall be capable of recening signal
inputs which simudate the controls and shall be capabie of
providing and monitoring outputs so that the control panel
operator is not required to take action to provide the inpute ~~
monitor displays and indicators during repairs. except in those
cases when the front panel components themiselves are being
repaired The operators. however, shali be provided with an in-
dication when testing is in progress which afiects the
operability of equipment or systems or makes that equipmen:
or system more susceptibde 1o unusual events, e g . spurious
trips.

Controts and Displays for Maintenance

Controls and displays which are used only by technicians in
the course of maintenance and repair, i e . are never used by
the operators. shall not be on the front of panels urless they
are covered and do not crowd the operators’ controls and dis-
plays. This includes such items as programming controls, tes:
set poirt adjustments.
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Operator Actions 1o Effect Repeirs

Although the operator at the control panel will need 10 know
that repairs are in progress, his active participaton n the
repak operahion fsalf will distract him from his other respon.
et

Controis and Dispiays for Maintenence

Displays and controls which are not “—ead by the operator
crowd the panels and distract the operator  in some cases.
these controls can affect operation # radventently act sated
For example some stock . general purpose controls or dis
plays nciude front mounted programeming o « aitxation con
trols whnch are used only for maintenance
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382

382

CONSTRUCTIBILITY

The M-MIS design shall incorporate features 10 reduce the
time and effort 1o fabricate and install the M MiS equapment.
however, these features si. il not adversely impact the ability
o operale, test. maintain, and repai- the equipment  This sec-
tion identifies some of the snecfic requirements for these fea-
tures.

Use of Proven Technigues

The fabrication and installation of M-MIS equipment shall be

basad on proven mamdacturing. assembly ard nstaiation
techniques.

Minimization of Field Operations

The M-MIS shall be designed 10 mcorporate features which
minimize the amount and difficulty of the operations awhich are
required in the field 10 install the M-MIS equipment These fea
tures shall include the ftems identified below

Moduiar Design

The components of the M-MIS shall be designed 1o allow in-
stallation and functional checkout of each modiude separately.
prior 1o complete sysiem integration  Control systems
cabinets and perels should be fabricated wired and function
aity testad before they are instalied as modides in the plant.
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CONSTRUCTIBILITY

Ease of construction and nstallation of the M MIS is impor
1ant to meeting the ALWR cost and schadule goals however
these must not overshadow the owner s long term needs for
ease of operabon and mantenance

Use of Proven Technigues

For the ALWR 1 1 the intent that the plart ww orporate 10
the meyximum extent practical the Iatest constrix tion tech
nologes  These technologes must, however  he proven n
order 10 ensure mstaliation costs and schadule for M MIS
equpment are pradictable
Minimization of Fieid Operstions

Fiald operations tend 10 be more dicuit 10 control than shop
operations. particigarly for detalled operations or those where
a clean or controllad emaronment is neaded el later s
also typecally relatively high cost. paricugarty for the shkillad
techmcians neadad for M MIS equipment

Moduisr Design

The capabiity 10 perform mstallation and functional checkot
on a modiukar basis permits thess operations 1o commence
before all M MIS subsystems become completely avasatie
This will result in an earkier M MIS avallablity Smce the
avalabity of the M MIS s essential 10 the plant startup test
program. earty avadabdty of 2 working M -MIS = important 10
the overall ALWR startup schadule In addition  shop tata
tion of modudes or subassemblies of MMES type <~ upment
has proven 1o be cost effoctive
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3.8.4 Schedude for Construction Schedule for Construction

The MMIS Designer shall ensure the constrixtion fabrication.
installation and checkout schedule of the M MIS aquipment to
the ste is such that & hully supports the aggressive consinsc-
tion and startup testing schedule of the ALWH plarnt  In par-

manently installed plant instri.nents and controis are used for
plant testing and startup to reduce the amount of lemporarily
nstalied instrumentation and the amourt of rework reguired 1o
correct and retest systems because the plant ¢ papment and
the associated nstruments and controls are not adequately
coordinated

Pa2ge 10351

in the current plars. nstnsaments and controls are often not
nstalled and operational at the time that plant equpment s
ready for mitial testing  As a result. tlemporary wsinrrsents
and controis are jury ngged 10 support these tcsts  Than
some of these tosts must be rapeated once the permanent
controis and mstruments are mstalled and checkad ot The
ntent of this requirement s 10 prevent the recusrrence of thes
problem and 10 faciitate meating the aggressive Al WR con
struction and startup schedule reguiremants
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The M-MIS design shall provide flexi ity 10 accommordate
design changes and the abity to replace eGinpment due o
aging. wear. or obsolescence Specifically. the M-MIS design
shall include design features such as

e A modular design. both functionally and physically. 1o
accommadate raplacements and vpgrades gracehsily

e Physical spare capacity in instrument paneis control

e Spare input and output capacity (both icgical and physical,

N compter systems.

e Spare capacity in alarm and display systems for both
information processing and physical presentation.

e  Spare capacity : data commemication (system loading. etc ).

e Spare capacity in power supply and HVAC

DESIGN FLEXIBILITY

Existing plant expenence demonstratas the necessty for the
MMIS design 10 accommodate design charges addions
and upgrades  The state of the-art in M-MIS equipment s
constandly changing and obsolescence of equipment s a
Contruang concam  As a resulit. the M-MIS design must be
fiexible 10 allow for design changes and roplacement of ob
solate equapment wthout magor discuption to overall Al WH
plart avadabuiay

mmmmwmm“m The documentation of these special featiu as will assure that
mu—mmmmmmmwm‘ they can be reviewad for adequacy and that they will be hidly
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recognizad in the pianming ior any htture plart modifications
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4.1

411

412

CONTROL STATION REQUIREMENTS
CONTROL STATION DESIGN PROCESS REQUIREMENTS

The M-MIS Designer shall estaniish a process 10 ensure a con-
sistent design approach for all the plant control stations in the
M-MIS The requirements for this process are n this section
and in Section 3. 1.

Utilization of Functions 8r.1 Tasks

The Control Station design proces: shall be based on and in-
tegrated with the overall identification of functions and tasks re-
qured in 3133

Contro! Siation Conceptus! Designs

The design process shall inchude the earty preparation of con-
ceptual designs for each control station basad on the initial
definition of tasks These conceptual designs shall be com-
piete enough 10 permit reviews as defined in 4 1 3 and include
e Layout drawings of the station;

e Identification of the controls and displays and their
major characteristics.

e  Specific listing of tasks in sequence and thelr requirements
for information and control,

e Preliminary procedures for the operation of the controi
station
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CONTROL STATION REQUIREMENTS
CONTROL STATION DESIGN PROCESS REQUIREMENTS

1 is important that ali the control staions in the plant be work
able and consistent with eac) other. Urdess a process
specifically dwected at achweving this goal is used the comtiol
stations will be developed Lirgely independent of each other
they may nit be workable as a total system and @ is urdikely
that they will be consistent

Utilization of Functions and Tasks

The direct coupling of the control staton design 10 the overal
M-MIS functions and tasks will assu.e that the control sta
tions are compatibie with the tasks which they are expectud
1o support

Controi Station Conceptual Designs

The early conversion of the tunctions and tasks o real
hardware designs will assure that realistic verfication and
valdation of the assignment ~f funclions and tasks and the
capabiity for thew parformance can be made They will aiso
allow 27y hmitations imposed by the avallabiity of hardware
10 be wentine. The preliminary procedures will be used in
the review process e g . in walkthroughs in mockups
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4.1.3 Review of Conceptual Designs

4131

4132

The desigr: process shall provide for the interdisciplinary
review of each conceptual control station design and the func-
tiors and tasxs assigned 10 the control statie= ‘or com-
patibity

Makeup of Review Team

The review team for each control station. as a manimum_ shall

nclide personnel with operational expenance and human fac-
tors specialists in addition 10 engineering disciplines. specifical-
y

o Current or previously licensed experienced opesator
{preferably an individual who has experience at the un-

« An &C engineer,

« A systems engineer familiar with the systems controlied at
the control station,

« A human factors specialist;

« Individuals familiar with other disciplines appropriate 10 the
functions of the particular control station. for example,
maintenance. testing. procedures, lighting radiation
protection, communication, and licensing

Use of Mockup Control Stations

The design process shall provide for the fabrication of a static
mockup of each control station for use n the review process.
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Review of Conceptusi Desgns

Interdiscipiinary review of the conceptual designs under con
ditions which approsamate the cont:ol siations actual use s
essential 10 the selection of 3 final configuration

Makeup of Review Team

The control station designs have diverse impacts conse
queantly the review team needs 10 represent a diversity of
VIEWDOINE'S.

Use of Mockup Controi Stations

Although some swtial reviews with drawings can be made o
is essential that accrate pactorial mockups be made at an
sarly stage Thes improves the quality of any reviews

oo ff
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4.1.3.3 Us= of Active Simulators Use of active Simuistors

414

415
4151

The control station design review process shuil provide for the
use of active simulation of the control siations

Heration of Functions. Tasks, and Designs

The design process shaill provide for the iteration of the con-
trol station design with the functions and tasks assigned 10 the
conirol station.  That . the design pr xcess shall soecifically
provide for feedback from the design of the indmdual control
stations i0 the overall identification of functions and tasks and
their assignment to particuiar control stations
Definition of Dusign Practices

The design process shall provide for the definition of the
specihc detal design practices as they evolve n the course of
design development These practices shall be based on pub-
fished guidance on human factors practice, such as EPRI NP-
3659, Human Factors Guide for Nuclear Power Plant Control
ing and Coding. These practices include

« Types of controls and displays.

« Color coding;
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Although static mockups can provide a review of some fsa
tures they mherently iack the time NPt whech s Imgpeortand o
some tasks For such tasks the early use of a simwlator
halps 10 avort urweasonable demands on the operators

feration of Functions. Tesks. snd Designs

The design process needs 16 be such that dihiculties found n
the course of the review can rosult in reassigrment of tasks
Otherwise there 15 no mechamsm 10 comact mial 2ssigrement
of functions and asks whach laad to unsatistactory control

station designs

Definition of Design Practices

Detaded design practices musst be defined 10 ensire consis
tency from stationto station  Much of the gusdance on con
trol station design e g . EPRI NP 3650 Muman Factors Guide
for Nuciear Power Piant Control Room Development (see
441 451 eic) wdentifies the sublects which must be con-
siderad and some approaches however the detailed prac
tice must be salected by the designer
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« Mimic conventions and symbaols;
« Abbreviations and acronyms
4.1.52 Where the M-MIS Designer selects new technology fe g. The intent of tius requrement is 10 assire that new technol o
“soft™ controls) for which published gusdance on human fac- ogy is apphed with proper consideration of the importance of
tors practice is imited. the M-MIS Designer shall develop the its human factors impact

418

4.16.1

necessary design practices based on the best svailable infor-

mation.  This design practice shall then be verdied by ox

perimentation. including active simudation and explicitly in-

cluded in the design review process  The review team shall

specifically determine the nead for further review of the design 1

practices by huwman factors specialists.
Documentation of Final Designs Documentation of Fnal Designs
Detadied documentation of the final design of all controi sta- The detaiied documentation of the final desin is needed oy
tions shalt ba proviced  As a mirsmum . the requrements the Uity 10 suppon the iramng of cperators. 1.2 preparaion
below shall be mat. of the operating procedure< and 10 design hitire plart
maodiications
Design Configuration Design Configurstion
Complete defintion of the configuration of each control station Design configuration contr.l of control stations has typically
shall be provided This shall include: been poor  Drawings of control panels tend 10 be dwected at
the fabrication (paricudarty wiring) rather than the resenta
e Arrangement of paneis and other equipment. Hon 1o and use by the operators  Conseguently  incorrect o
awkward conhgurations are not discoverad urtil the plant s
e Types of controls; bt in addmion the information is often fragmented and df
ficult 10 use for traming or for planning modifications
« Types of displays; 0
« Colors, finishes, and materials 0
B LM“WGM )y ads L]
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The drawings shall provide a pictorially correct representation 9
of the control station

4162

4163

4164

Definition of Functions and Tasks

The design documentation for each control station shall define
the functions and tasks 10 be performed at the station in their
probable sequence

Design Practices

The design documentation shall gefine the common design
practices for all control stations  Any deviations from the com-
mon design practices and the hasis ior these differences shall
also be documented.

Generic Opersting Procedure

The design documentation for each control station shall in-
chude s generic operating procedures  These procedures
shall be reviewed as an integral part of the control station
design review required by 4 13 This review shall include their
vahidation using mockups and active simidation
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Definstion of Functions and Tasks

The functions and tasks for a control station provade 3
definad erface batween the Plant Designer ana the plant
Operaton

Design Practices

The use of standard design practices will ensure consistency
it will also simplity traming of operators and evaluating any fu
ture changes  Deviations irom standard practices will need
10 be coverad mn tranng programs of operateg jrocedures

Generic Operating Procedure

Although some modifications of these procedires by the
Uity 10 conform 10 thew mdnadual practices will he requared
these procedires will substantally reduce the eff o neecded
by the plant siafi  They will also help assure that the plant s
m fact. operatad n the manner intended by 85 designer
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4.2 OPERATING CREW OPERATING CREW L]

421 Normal On-Site Staffing Normai On-Site Staffing 0

©

The M-MIS design shall be hasad on the staffing defined in
this section for normal operation_ i e _ the functions and tasks
ior normal plant operations may be carmed ot by these in-
dividuals within the constraints of qualifications and locations.

The following normal shilt operational staffing shall be accom-
modated by the M-MIS de<ign

One shilt supervisor will be included in each shit This
ndividual will be responsible for overall plant operaiion
and will have a senior reactor operator (SRO) license

This individual’s normal station will be the shift supervisor's
office which is adjacent 10 the main control room (MCR).
however. at any time the shift supervisor may be anywhere
within the plant boundary

One other individual with an SRO cense will be part of
each shit This individual will be responsible for the direct
supervision of the operators in the MCR  This individual's
rormal station will be iIn the main controlling area of the
MCR. however, at any time the individual may be
anywhere in the MCR

Two individuals with reactor operator (R0O)) hoenses will be
part of each shift These individuals will be responsibie for
the operations of controls in the MCR  These individuals
will normaily be located at the controls in the main control
ling area of the MCR  One of these indiaduals (or another
individual with an SRO or RG license) will be at the con-
frols at all times.  The other individual will be in the MCR
at all times
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This staffing is itended 1o comply with the apphicatie
regquiatony requrements it provides for augmerntation «f tes
mammum staffing 1o assire adeguate manning ko emergern
cwes is avalable and 10 assure routine and adnumstiaine
tasks do not distract the operators actually at the plart Con
trols from the plant operation It provides for an additional
RO 10 take much of the burden of contact with o*her plant
personneal from the aperators actually operatusg the plant it
also provides specthically for a dlerk for the shilft superasor o
assist with handiing the adimunistrative load
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One other individual with an RO license will be pan of
each shift. This indvidual will be responsible to assist the
operators in the controlling area of the MCR by interfacing
with other members of the plant staff. e g . switching and
tagging for maintenance personnel  This individual’'s nor-
mai location will be in an area immediately adjacent to the
cont:olling area of the MCR. howeer, the individual may
be in the cor‘rolling area 10 -aslieve or assist another RO
or anywhere within the plant bounnary

One individual qualified to provide engineering support as
a shilft technical advisor (STA) will be part of each shift
This individual will normally be located in an office immedi-
ately adjacent 1o the main controlling area of the MCR,
however. the indvidual may be anywhere within the plant
boundary

Tmhmw“myloww
ment in the plar: at local stations shall be pan of sach
shift crew These individuals will not normally be located
in the MCR but will be at various locations throughout the
plant as operations require  The M-MIS Designer shall
specifically evaluate whether two such equipment
operators (EOs) are an adequate staff If they are not ade-
quate or if meeting this requirement adds substantial spe-
mmw«wmsoa-am
in the number of EOs is required, the basis shall be in-
cluded in the M-MIS design documentation

Page 10 4.7
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+ Omne individual appropriately qualified and traned will be
available on each shift 10 assist the Shift Supervisor with
administrative details. e g . obtaining references. handling
correspondence. etc  This individual will normally be lo-
cated in or adjacent to the shilt supervisor's office. how-
ever, the individual may be located anywhere within the
plant boundary.

4.2.1.1 Opersting Crew Responsibilities Operating Crew Responsibilities

The M-MIS Designer shall specify the responsibilites assumed Thes information is needed by the Utiity in staffing the plant 0
in the design for each member of the operating crew. This in- and planning for training.

cludes responsbility for supervision and should consider all

plant operating modes.
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4.2.2 Staffing During Emergencies Staffing During Emergencies

4221 The analyses of plant transients and emergencies performed
as part of the M-MIS design process specified in Section

31332, shall be based on the fofowing assumplions:

e Atleast one icensed operator will be in the controlling ares
of tho MCR at all imes during normal power operations,
and will be available at the controls immexhately 10 respond
to any off-normai situation,

The intertt of this rejuiTemen 15 10 establish a fierm unifonm 0
design basis assumption for the analyses of operator

workioads and adequacy of response to o normal events

Since not all of the personne listed in 4 2 1 above can be sta

tioned continuously in the control room, # is important that

the designer be given 2 clear statement on munimesm

avaiabiity of personnel for handiing off normal Stuations

Past expenence has shown that the mnimum manowng level
required for the operating staff is set not by nommal operating
condtons bt by upset or emergency conditions paricidarty
sftuations in which equipmert fallures ocowr  In these situa
tions, an operating team approach for monitonng and control
ling the plant is considerad the best approach for severasl
reasons

e Two additional licensed operators (at least one of which is
an SRO) will be available in he controliing zrea of the MCR
within one minute when cahod upon,

e Two equipment operators will be avallable via voice
communication to - pond immediately 10 commands
from the control room operators.

e Studies have shown that the best human operator can

The shift supervisor, the STA and an addmonal RO will De
avakabie via voice commumication 10 respond immediately
to the control room operators and can ne avallabie in the
controlling area of the MCR within ten minutes.
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efiectively track about five dynamic processes
simuftaeously  In the ALWR. R is expecied that up 1o

810 10 dynamic processes could be niwwng semftaneousty
durng a desin basis event  Although the automates)
systems expected 10 be applied in the Al WH could help
track and control these processes, craditie lalures of plart
equipment will still result n the need for more than one
operator 1o monitor, make decisions and take action n
upsets

With the team approach there will be mudlipde human
minds avadable 10 "bramstorm” and develop optamusm
soluhions 1o plant problems
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4222 Inaccordance with Chapter 1, Section 2 3 A, the required time
for an operator 10 act in an emergency shall 1.t be less than
20 mintes, however the M-MIS Designer shall not prechude
operator actions before that time  That is_ the M MIS design
shall provide for operator actions on a realistically achievable
timescale in an emergency in addition 1o the extromn case of
no operator action for 20 minutes  The operating crew avail-
able following evacuation of the control room is defined in
4934
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« 'With the team approach operators can back each other
up  Hur.an error will never be totally eliminated There
fore_ it is important 1o provide as much capabiity as pos
sible 10 detect and correct human errors  Avallabiity of
muitiple trained individuals in the contral room is benedi-
cial in this regard.

it is expected that operator actions in an emergency can
materially reduce the senousness of almost any evert it s
not the intent of the requiremen in Chapter 1 that the
operators be reduced to mere observers.
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424

Maximum Crew Size

and design of workstations, etc ) shall support operation
during emergencies in the main controlling area of the MCR

e One from the NRC.
e One from the Utility managernent

These provisions shall include the identification of specific
areas where these individuals can be located and observe ac-
tivities without impeding the norma!. maximum crew comple-
ment.

Operators Required for Normai Operation

The M-MIS shall be designed such that a single licensed
operator can adequately perform the monitoring and control
functions needed to bring the plant from a hot standby condi-
tion 1o full power, maintain operation at power. and bring the
plant down 10 hot standby
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Maximum Crew Size

The control room should accommodate a range of crew
sizes to allow for variation in utiity practicas, yet some
bounds must be placed on this 1o help achieve a level of
standardization and to prevent the control room design from
becomng such a compromese that ® does not effectively
handie any crew size The previous requirement on minNimum
assumed manming and ths reguirement on ac omimaodating
a maximum complement of personnel, are intended 1o estab
fish these bounds and provide a sufficiently firm design basis
for off -normal or emergency conditions

Operators Required for Normai Operstion

1t is not withen current reguiatory requirements 16 stzrtup with
only a single operator and that is not the intent of thes require
ment It is expected that i the operations are capable of
bew g performed under nominal. routine circumstances by a
ly be avaidable can be assured to be fre= 1o handie upsets
and emergencies
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428

Operators B . Lired 1or Heat''p and Cooldown:

For startup from cold shutdown to hot standly a * for shat-
down froon hot stancby to cold ron, the M-MIS shall be
designed such that the necessaiy control and monitoring func-
tions can be accoraplished by the normai shift crew defined in
421,

Qualifications of Dperators

Where practical, the training, qualification, aid experience of
the operatir.g saff members which are used as the basis for
the M-MIS design shall be typical of currera operating prac-
tice. The 3-MIS Designer shall specify, early in the design
precess, any levels of training, qualification. and experience of
the operating staff members which are used as the basis for
the M-MIS design which differ from typical utility training and
operating practices. These differences and their bases shail
be included in the M-MIS design documentation
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Qperators Requirec for Heatup and Cooldown

To achieve cold shutdown, and 1o stanup from a cold condi
tion, there are many control actions that must be taken local-
ly in the plant. It is not expected that these actions will be
made remotely controlable from the control room of the
ALWR since this would require addition of many remote ac-
tuators, motor opesators, .1c., which wou' be costly and
would significantly increase the complexiy of the plant
There is little incentive to do 50 since these svolutions are
not performed very often, and the manpower will be available
(as noted in the requirements above, the manning level is set
by up=et and failure conditions).

Qualifications of Operators

The M-MIS design will inherently be based on an assumed
skit level for each member of the operating crew  The Unility
must know the assumptions in order to provide an adequate
staff, particularly if the skill level is different from current prac
tice

>
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43.1
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43.1.11

ALARMS

Genersl Alsrm System Requirements

The M-MIS design shall include 2 main process alarm system
for the main control room, as well as alarm systems for iocal
control stations where needed to support the functions and
tasks assigned to the local controd station

Design Basis
The ALWR alarm systems shall be designed 1o

e Alert the operators to off-normai conditions which
require them to take action;

e Guide the operators, to the extent possible, 1o the
appropriate response;

e Assist the operators in determining and mam‘aining an
awareness of the state of the plant and its systems or
functions;

e Minimize distraction and unnecessary wo:kload placed
on the operators by the alarm systeris

Generai Alarm System Requirements

Design Basis

Existing power plant alarm systems have proven 1o exhibit a
number of common deficiencies, in their human factors and
n general in their effectiveness in plant operation, particidacy
during upsets or other situations involving many alarns
These deficiencies in part result from a fack of treatment of
the alarms as a system, that should have well defined objec
tives and should be engineered as a system  In addition tc
the traditional objective of alerting the operators to specific
off-normal conditions in the plant, prompting them to take ac
tion, alarms have proven 1o b a usefi? continuous source of
mformation in and of themselves, and in fact 1o be the first
source the operators may use in a top-leva! sornt of informa-
tion to Jetermine the state of the plant.

While alarm systems have the potential to be effective sour
ces of information, they also have the potential 10 be sowrces
of unnecessary noise, distraction and workload for the
operators. The designer must try to minimize these while
meeting the design objectives for the systems  Auditde
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43.1.1.2

43.1.2

4313

The designer shali apply the quidance giver; in EPRI reports
NP-3448, A Procedure /or Reviewing and Improving Power
Plant Alarm Systems, and NP-3659, Humar Faciors Guide for
Nuclear Power Plant Controi Room Developreni, in the
design of the alarm systems, in addition to meeting the
specific requirements given below.

Incorporation in Function and Task Analysis

The function and task analysis required by Section 3133
shall specifically include the identification of where and how
alarm information will be used to perform a function or task, or
where tasks will be initiated or modified in response to an
alarm.

Testing

The alarm system shall provide the capability for the operators
to periodically confirm that it is functioning properly. Any por-
tions of the alarm system that are not continuously checked
through built-in test features shall be checked through peri-
odic functional testing by the operators The test capability
shall be easy to understand and easy to use Human factors
evaluations shall be performed for the test “task”™ to ensure
that it is consistent with and reinforces normal use of the

alarm system.

Fage 10414

EPR! has developad practicai design guidance based on ex:
perience with present alarm systems and original research,
which is being applied by tilities to improve existing systems
and should be used by the M-MIS Designer in synthesizing
the ALWR alarm systems

Incorporation in Function and Tagk Analysis

Although the alarms together should be treated and en-
gineered as a system, as indicated above, they are also an -
tegral part of the overall M-MIS and are utllized n carrying
out specific functions and tasks at a control station

Testing

Since alarms are not normally active but are counted on 1o
alert the operators to off-normal conditions, it is important for
the operator 1o be able 10 test and confirm proper functioning
of the alarm system, particudarly the audible devices (homs
or tone generators) and the lights or other visual displays
Periodic tes's also serve to reinforce memory of audible
coding schemes, annunciation sequences, stc

(=}
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4.3.1.4 Evaluation by Simuiation

The effectiveness of the alarm system shall be verified through
real-time, dynamic simulation Simulator evaluaiions shall in-
cude specific evaluations of the important alarm system
design features and characteristics — the adequacy of the
specific alarms chosen, the effectiveness of the audible and
visual displays, and the methods and devices for interaction
between the operators and the alarm systein (acknow-
ledgement, silencing, display selection, etc ) Evaluation of
some of these design characteristics can be carried out with
less than a full scope simulator. However, final verificaticn of
the entire alarm system's effectiveness shall be performed
using the full-scope sinudator and shall be integrated with over-
all verification testing of the M-MIS and control room on the
simuator. The specific measures used to judge alarm system
effectiveness shall be defiied by the designer. and shall be
based on the specific design goals for tive alarm system.  Ac-
cordingly, these measures shall be defined early in the design
process, and will be heavily interactive with measures used to
judge overall control room and workstation effectiveness.
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Evaiuation by Simulation

The only way 1o effectivaly evaluate the performance of an L1
alarm system is 1o conduct real time, dynamic simudations
The effectiveness of the systemn hinges on its performance
during upsets and emergencies involving many alarms. with
muitiple horns going off, indications flashing. etc | whose full
efiect can only be evaluated through realistic simudation
Evaluations specifically aimed at the use and efiectiveness of
alarms have proven to be feasible and beneficia' in previous
research (see EPRI NP-56383P, An Evaluation of Arernative
Fower Plant Alarm Prasentations). Experience in this and
other research efforts in the U S and internationally has
shown that the evaluations must be directed specifically at
the use of alarm information in order to provide usefis data
on alarm system performance A simuiation which only
checks that the operator did or did not “do the right :hing”
does not provide sufficiently specific data to determine the ef-
fectiveness of the alarm system, since so many other vari-

ables enter into determining a corract response
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£.3.2 Selection of Alarm Conditions

4321

4322

Approach

A consistent approach and philosophy shall be used in select-
ing plant conditions that are to be alarmed  The selection
process shail be based on interaction between the plant sys-
tem designers and the M-MIS Designer 10 ensure that in-
dividual system requirements are met, while at the same time
ansuring that uniform criteria are appliad and the resufting
alarm systems are compatible with the operators’ needs and
capabilities.

Criieria for Selection

The criteria used in selecting alarm conditions shall inlude
the following:

e For each alarm there is a defined action the operator
is to take in response.

e The alarm conditions shail be chosen based on a “dark
board at power” concept — no alarms should be present
when the plant is opercting normally at full power, with all
systems in their normal configuration

« Each alarm set point shall be chosen such that the
operator will be alerted early enough to give him time to
take the appropriate action, but the set point is not so
close to the normal operating range as to produce un-
necessary or nuisance alarms.
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Selection of Alarm Conditions

A, pnoach

In the past, alarms often have been chosen by the fluid.
mechanical and electricat system or component designers,
with little influence by the control room designers.  The result
has been that the operators are presented with alarms from
the various systems that are {00 numerous, chosen on dif-
ferent bases, and tngether are not as effective as they woild
be if the alarm set were looked at by a single individual or
group applying uniform criteria and evaluating the alarm sys-
tem as a whole.

Criteria for Selection

Application of the “action” and “dark board™ criteria has
proven effective in review and improvement of existing plant
alarm systems. improperly chosen set points have been one

source of nuisance alarms in existing designs See the latest
revision or edition of EPRI report NP-3448.
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4323

4324

« Where practical, alarms should be provided such that the
operator is alerted before a major system or component
problem results in a condition which causes a loss of
avaahiity (e .. plant trip) equipment damage, violation
of Technical Specifications, or other serious consequen-
ces. The M-MIS Designer shall assure thar ihese precur-
sor or anticipatory alarms do not become nuisance alarms
as described in Sections 433 1and 4332

« Where possible, alarms on proces: deviations shall be
based on validated process signals rather than individual
sensor indications.

Alarm Response Procedure

For each alarm condition, an alarm response procedure shall
be outlined by the designer, defining the required operator ac-
tion and giving other inforration needed 1o ensure an ade-
quate response.

Temporary, Operator-Defined Alarms

The capability shall be provided for temporary, operator-
defined alarms and operator-defined set points on specific con-
ditions where such alarms are determined to be of assistance
to the operators in selected evolutions (e g . temporary alarms
1o suppoit increased monitoring of a problem component, or
at other times when the operator wants 1o know of drift or ap-
proach to a limit for a specific variable) These temporary
operator-defined alarms would be in addition to the set of re-
quired alarms determined to be necessary per Section 4322
above.
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Alarm Response Procedure

To ensure that the action criterion is property thought out
when the alarm is initially chosen, and 19 assist in develop
ment of needed alarm response procedures, it is gceod prac
tice to outline the response procedure at the time the aiarm
condition is identified.

Temporary, Operator-Defined Alarms

Capability for the operator to define temporary alarms and
set points to support specific evolitions or monitoring tasks
allows him 1o vse th2 alarm system to greater advantage.
talloring #t when necessary to suit his needs Giving the
operator more control over the alarm set would be expected
to lead 10 greater acceptance and use of the alarm sysiem
and better capability 10 detect and correct problems in opera
tion before they lead to a plant trip. (It is expected that strict
administrative controls would be put in place 1o insure

against the proliferation of such alarms so that they woudd be

limited to specific needs and would be diminated when no
longer necessary )

e
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Documentation of Basis for Aiarm Selection

The designer shall document, as part of the formal design
basis of the alarm system, the bases for selection of each
alarm condition, including definition of the action required,
basis for the chosen set point, etc. The guidance given in

Documentation of Basis for Alarm Selectior:

Experience in reviewing existing plant alarm systems has
shown the benefit of having a documented design dasis for
each alarm and its set point, to support modifications that
may be required over the operating fife of the piant

EPRI NP-3448 shall be used as a basis for this documentation.

4.3.3 Alarm Processing
4.3.3.t Nuisance Alarms

The alarm system shall be designed *0 minimize the potential
for nuisance alarms. To support elimination of potential
nuisance alarms, the alarm system shall incorporate the follow-
ing features:

Alarm Processing 0
Nuisance Alarms

Nuisance alarms have been a common problem in exisiing
plan: alarm systems. Often, the alarm system design does
not provide easy capability to treat these problems  The

ALWR alarm system should include features that prevent

nuisance alarms in the initial design, and fiexibility to treat
e Capability to apply time filterinng and/or time delay to the nuisance alarm protlems that may develop later in plant life
alarm inputs to allow filtering of noise or eliminate unneeded

momentary alarms;

o Capability to apply logic to alarm inputs, combining an input
alarm condition with other alarms, signals, calculated
conditions, mode indications, etc , with flexible logic that allows
alarms to be made more “intelligent” or “conditioned” to
prevent unnecessary alarm occurrences

Page 10 4-18
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Evaluation for Potential Nuisance Alarms

Each individual alarm =hall be evaluated to examine its poten-
tial for nuisance alarming — that is, the potential for the alarm
o occur unnecessarily, when no operator action is required.
The evaluation shall consider:

All modes of operation of the plant and the associated
system.

Maintenance of the associated system or component (e.g..

ihe putesiiai for ;.any alarms to come in due to a component

being shutdown for extensive maintenance),

Possible momentary alarm occurrences due to equipment
startup (e.g., a 'ow discharge pressure alarm on a pump
that is enabled wher the breaker is closed but pressure
takes some time to build)

System dynamic response to plant transients or upsets
which induce temporary physical disturbances capabie of
setting off the alarm but which are not indicative of an ac-
tual alarm condition {e.g., pressure oscillations in steam
lines following turbine trip of MSIV closure picked up by
steam generator level instruments as spurious level
swings, feedheater or tank level oscillations induced by
plant power changes, etc.)

Potential sources of noise (electromagnetic, contact
bounce, etc ) at the alarm input

Unusual (but plausible) lineups for the associated system
or component

Page 10419

Evaluation for Polential Nuisance Alarms

To ensure that nuisance alarms are prevented in the initial
design, it is important for the designer to ook for possible
nuisance alarm problems early in the synthesis of the alarm
conditions. A specific evaluation of nuisance potential for
each chosen alarm condition will help ensure this  The ele-
ments of the evaluation specified here are based on ex-
perience with nuisance alarms in existing plants
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« Other conditions that might lead to unnecessary occurren-
ces of the alarm.

On the basis of this evaluation, the alarm’s set point, input fil-
tering or delay, conditioning logic, and other features shall be
chosen to prevent nuisance alarms to the greatest degree
practical.

Capability for Reflash

For any alarm that is formed from the combination of more
than one input alarm conditicn through “OR” logic (e.g., a
TROUBLE alarm combining several potential problems with a
piece of equipment or system, or a bearing temperature alarm
covering many bearings on one or more components), the
alarm logic system shall provide the capability to “reflash™ —
reactivate the visual and audible indication for the alarm —
when subsequent conditions occur after a first has come in
and beer: acknowledged. The need to implement this reflash
capability for multiple-input alarms shall be evaluated on a
case basis for each alarm, considering the need for the
operator to be alerted to subsequent alarm conditions and the
potential for nuisance alarms if reflash is applied unnecessari-
ly. For any multiple-input alarm, the operator shall have the
capability to determine which specific input alarm condition ac-
tivated the alarm, in a timeframe that supports taking the re-
quired action.
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Capability for Reflash

Muttiple-input alarms have proven tc be a major source of
problems and costly fixes in existing plants. Availlability of
the refiash feature for all muitipie-input alarms will ensure the

utifity has the necessary fiexibility to treat this issue in a cost-

effective manner in the ALWR plant.
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4.3.3.4 Reduction in Number of Alarms During Upsets

The alarm system shall be designed to minimize the number
of alarms that occur in plant upsets and emergencies, consis-
tent with providing the operators with the information they
need to formulate correct responses. The number of alarms
and the rate at which alarms occur shall be reduced as com-
pared to present plants, through use of filtering, conditioning
logic, and other processing to sliminate unnecessary aliarms
and make alarms that do occur as informative as possible.

Reduction in the number and rate of alarm occurrences in up-
sets shall be achieved primarily through use of system- and
component-based logic applied to individual alarms to make
them more intelligent and less likely to occur unnecessarily
(see 43.3.1 and 43.3.2 above). Other, more “global” or plant-
wide alarm suppression schemes such as mode suppression
{preventing sets of alarms from activating when the plant is in
a particular operating mode) or event supgpiression (preventing
sets of alarms from activating when signals such as reactor
trip or safety injection occur) may be used However, the
Designer shall provide justification for all . ‘arms suppressed in
this manner, ensuring that the operators are not deprived of in-
formation under any circumstances in which they may need it
Also, where such global suppression schemes are used, the
capability shail be provided for the operaior 1o access the sup-
pressed alarm information through a manually initiated request.

Page 10 4-21

Reduction in Number of Alarms During Upsets

Testing of alarm systems under simulated upset and emer-
gency conditions has shown a definite relationship between
operator errors (in terms of alarms missed) and the number
of alarms occurring, and an even stronger re‘ationship be-
tween errors and the rate at which alarms occur {see EPRI
NP 5693P). These results and experience frori operating
plarits in actual upsets indicate the imponance of reducing
the number and rate of alarm occumrences. Carefud selection
of alarm conditions initially should provide iImprovement in
this area  Also, use of natural, process-based relationships 1o
condition alarms and make them less susceptible 1o occur
rng unnecessarily should provide considera’ le reduction n
the alarm avalanche presently experienced. Going further 1o
provic - “uppression of large blocks of alarms on the basis of
priority, plant mode, or event signals has proven more dif-
ficult to define and implement successfully. The difficulty
{and the danger) of such schemes fies in the fact that they
tend to be more artificial, not rooted in natural process
relationships, and the difficulty of foreseeing all possible situa
tions in which the suppressed alarms may be neaded
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4.3.4 Alarm Presentation
Location and Type

The locations and types of alarm displays, and the specific
alarms displayed on each, shall be based on ensuring that:

4341

Each operator has the alarm information he needs to
perform his assigned tasks, recognizing that different
operating crew members may use alarm information for
different purposes.

The characteri-aics of each display used to present alarm
information are consistent with the intended use of the
information (e g, in the short term for prompt response 10
off-normal conditions, for lGiger term diagnosis of
equipment problems, for post-event analysis, etc.).

The alarm displays support the entire crew’s needs in
maintaining an awareness of the state oi the plant and its

major systems.

Alarm information is well integrated with the other process
information presented to the operators, allowing the operators
to use alarms with other displays in monitoring and

diagnosing problems
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Alarm Presentation
Location and Type

EPRI research has shown that different members of the
operating crew may use alarms for different purposes.  Some
alarms require short-term response by the control board
operators 10 take action on specific off-normal conditions in
the systems aid components for which they are responsible
The response to other alarms is longer term, and may require
assembling other information to formudate the appropriate ac-
tion. Alarms also supporn diagnosis and response to plant
upsets or emergencies anc can be used by all members of
the crew, particularly supervisors and advisors. in getting the
“big picture” and maintaining an awareness of the plant and
system states. The research further shows that charac
teristics of the alarm display affect the crew members ability
to use alarm information effectively.  See EPRI repont NP-
5693F.

s o off



Paraglaph No.

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Requirement

Rat.onale

4.3.4.2 Presentaticn Charag.oristice

Alarms that require short-term response ., the operators, and
the main nrocess alarms us \d by the operaiors in diagnosing
and responding 1o plant upsets or other events involving many
alarms, or to maintain an overview of plant and system status,
shall be presanted on displays having the fcllowing charac-
teristics:

Spatial dedication - the alarm messages always appear
in the same position on the display so that the operator
can make use of positicn and pattern recognition and al-
ways find the alarm when he wants to check its status.

Continuocss, parallel presentation —  the alarm information
is always available to the operator, as opposed to a serial
presentation in which the cperator must select the informa-
tion he wants to see.

Co-ocation with controls and dicplays — alarms are
presented near the related controls and displays, helping
the operator to quickly rolate the aiarms to the affecied
system or functional area of the plani.

Presentation of both normal and alarm state — the display
is such that the operator can quickly dletermine whether a
given alarm is “in” (in the alarm state) or the condition is
normal, so he can determine (based on which alarms are
not “in") where he does not have problems, he can use
alarms 1o test hypotheses about what is wrong, etc
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Presentaticn Characteristics

Testing of alternate types of alarm displays has shown that
displays having the listed characteristics are more effective in
transferring alarm information and ailowing use of alarm infor-
mation by operators in the short term in mutiple alarm
events See NP -5693P.

« This is not intended to imply creation of alarms on nor-
mal conditions, but rather refers to the characteristic of
conventional window-type annunciators that allows the
operators 1o easily glance up and determine whether a
particular alarm is present, whether an entire system is
free of alarms, etc
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4344

43441

Alarm Grouping

The spatially-dedicated display of alarms shall organize the
alarms in groups by plant system or function System/func-
tional groups shall be clearly delineated and labeled such that
any member of the operating crew located anywhere within
the primary operating area can easily determine which sys-
tems have standing alarms and which system is affected by
ain incoming alarm.

Prioritization of Alarms

#iarms shall be presented in a manner which prioritizes them
so that the operator’s respon<e can be hased on their relative
importance or urgency and the time within which the operator
must take action.

Criteria tor Assignment of Priorities

The assignment i priorities shall be based on documented
criteria which shall become part of the defined design prac-
tices required by 4.1 5.
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Alarm Grouping

Research has shown that organizing alarms by system or
function is beneficial in improving the operators’ ability 1o use
(See EPRI NP-569G: and NP-3448) Many utilities are rear-
ranging their e.isting alarms to obtain this benefit

Prioritization of Alarms 0

As used here, prioritizatior. refers 1o a scheme lor ident#ying. 9
cocing or ordering alarms based on their relative importance
or urgency to help the operator determine which alarms to
act on first in a multiple-alarm event. This is typically done
by assigning each alarm to one of two or more discrete
“priority levels © For spatially dedicated displays. ordering
alarms by importance may be accomplished through the posi
tion in the display.  The need for prioritization and the extent
to which prioritization should be applied will depend on the
type of alarm display and other coding or ordering schemes
that may be used

Criteria for Assignment of Priorities 0

Documentaticn of the criteria for prioritization is necessary to 0
assure adequate review and consistency. In addition, the
documentation provides a basis for evaluation of future plant
modifications involving alarms
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Paragraph No
43442

Number of High: Priority Alarms

The number of alarms assigned 1o the highest priority level
shall be fimited so that in credible upsets or accidents which
result in multiple alarms, the operators are not presented with
an excessive number of highest priority alarms

PriorRtization of Display Lists

Where alarms are displayed in the formr of a list on a CRT or
similar device, the M-MIS Designer st 4l demonstrate that the
number of highest priority alarms does not exceed the
capacity of tha display for credible accident scenarios. That
is, paging shall not be required to view all the highest priority
alarms.

The prioritization and method of coding shall be evaluated by
real-time simulation which specifically confims their effective-
ness in realistic upset and accident scenarios
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Number of High Priority Alarms

The effectiveness of the prioritization becomes degraded as
the number of alarms dispiayged of 2 given priorty level -
creases To ensure that the most important (faghest priority)
alarms are identitied easily by the operators. the number of
these that occur in a given event must be strictly limited

Prioritization of Display Lists

Foramessagelis'.disdaykmnchodyaht‘ledmnwd
alarms can remair: visible 1o the operator, the inabiity to iden
tify all of the highust priority alarms without action on the pan
of the operator degrades the system’s usefulness

The evaluation under real time conditions is needed 1o con
firm that the prioritization schems does, in fact. help the
operator order or prioritize his response to alarms. allows
him to easily pick out and assimilate the most important
alarms_ does not interfere with or detract from other ordering
or grouping schemes (e g . grouping by system or function).
and does not iradvertently distort the plant situation for the
operator by over emphasis of some alarms while others are
relegated to a minor <tatus
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Aterm System Controls

Alarm displays and the controls provided for the operators to
interact with the alarms (acknowlecge, silence, reset, etc.)
shall be arranged and located such that:

e The operating crew member who must respond to an
alarm can access the alarm information in sufficient time
o respond adequately.

e The need for one person to read an alarm message only
to recite it 10 another person, who will then respond, is
avoided.

e The alarm messages are readable by the operator when he
is at the station from which they will be acknowledged.

o The need for an operator 1o leave a station at which he is
working, in order to acknowledge an alarm, is avoided to the
extent practical
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Alarm System Controls
Alarm displays and control stations should be located to

sliminate unnecessary operator burden 10 read and acknow-

ledge the alarms, and the possibility that the operator ac-
knowledges an alarm that he has not read. With computer-

based alarrn systems #t is expected that acknowledgment of

alarms can be mede more efficiert — for example, by allow-

ing alarms to be called up at more than one workstation 1o
allow reading and acknowiedging the alarms.
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4346 Audible Tones Audible Tones
The alarm system shall be capable of driving multiple audible Nuisance associated with audible devices has been a prob-
tones or signals to annurciate alarm conditions. The types lem with existing plant alarm systems, particularly during
and volumes of audible tones or signals provided chall be plant upsets This can be alleviated to a degree through
chosen such that: proper choice of audible tones and volumes, by minimizing
the number of unnecessary alarms, and by good design of
e The operator is alerted to the presence of the alarm the silence/acknowledge scheme.
condition.

e The operator can, from the specific tone and/or the divaction
of the sound, quickly determine where the alarm originated
(which functicnal area of the plant, or which workstation)
and therefore where he should direct his attention.

e The amount of distraction and addad stress on the
operators owing to the audible alarm signals ic minimized,
through choice of the alarms, design of the audible
anrunciation scneme, and provision for silencing audible
tones.

e The tones used for incoming alarms are separate and
distinct from tones used to sigiify “clearing” alarms, and
the latter are momentary or “self-silencing ~

4.3.47 Integraticn with Control Station Design Integration with Control Station Design
The alarms provided at a controf station shail be treated as an The alarms at a control station are an important part of the
integral part of the panel design of that control station, e.g., operator’s field of attention  Adequate evaluation of the
they shall be included in any mockup or simutation. design of the station requires consideration of the alarms

with the other displays and controls at the control station
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43.48.1

43482

Time Sequence of Alarms

As part of alarm processing, the alarm system shall tag each
alarm with the time of its occurrence so that information on
the time sequence of alarms is obtained. resolved to within 2.0
seconds or less.  For alarms that are designated as sequence-
of-events points, the time resolution sha¥ be 4 mikiseconds or
less, except in specific cases where the M-MIS Designer
demonstrates that coarser time resoluttion is adequate based
on the operator's needs for time sequence information.

The operators shall be provided with canability to access at
any time, via an on-line display and in printed form_ the time
sequence of alarms that have occurred over a pre-defined his-
torical time period, covering at least four how:s. The alarm
system hardware and software shall have sufficient computa-
tional speed and caoacity, buffer capacity, etc , 1o be sure that
no alarm information is lost from this historical record for the
worst-<ase upset or emergency the plant may suffer, including
events involving losses of power and others that bring in many
alarms. This aiarm sequence information shall also be avail-
able at supervisors’ and engineers’ worksiations, and in the
technical support center (TSC).

The time sequence of a. alarms shall be inchuded as part of
the permanent historical records of plant operation.
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Time Sequence of Alarms

The sequence of alarm occurrences has proves: 10 be crucial
to understanding and diagnosing major plant upsets.
Problems experienced in existing plants with loss of informa-
tion in upsets, insufficient coverage of the alarms in the se-
quence, and lack of sufficient time resolution to obtain a cor-
rect sequence, should be prevented in the ALWR.

See rationale for 4 3 4 8 above

See rationale for 4.3 4 8 above.
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DISPLAYS

The M-MIS Designer shall develop specifications for the dis-
plays at control stations which are consistent with the

guidance in EPR: NP-3659, Human Factors Guide for Nuciear
Power Plant Control Room Development (particudarly Chapter
6), EPRI NP-3701, Computer-Generated Display Guidelines
{Volumes 1 and 2), and the requirements of this section.

Consistent Presentations

It shall be an objective of the M-MIS design to minimize the
number of different types of displays which are used to
present information to the operators.  Differences in display
type shouid be dearly related to differences in the character
or use of the information by the operators.  The Design Prac-
tices for the control stations should describe fully the logic for
the selection of the display types

Demand Indications

Position or status indications provided to the operator shall be
the actual component status or position A “demand” indica-
tion, e.g., power to a solenoid valve or pressure 1o an air ac-

tuator, shall be supplied only if it provides the operator with
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DISPLAYS

EPRI NP-3659 identifies the attributes “vhich have to be con
sidered when selecting the types of ' Jlays. however it
does not prescribe the design deta- - The M-MIS Designer
wihk have 10 make specific choices and therebyy develop the
specific design practices (See Section 4.1 5)

Consistent Presentations

in addition to the obvious practical advantages n man
tenance and repair of minimizing the number of types of n
struments, it is also important that the display not imply de
ferences or similarities when that is not intended

Demand Indications

A so-called demand” indication figured in the Three Mie is
land, Unit 2. event. Unless these are considered early in the
design, they may be very difficult to backfit. In some cases.
both an actual and the demanded position or status may
need to be displayed 1 is not the intent of this requirement
to substitute component status for process variables. e g an
open valve signal is not a substitute for a flow signal

=]
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445

Indications of Disabled Display

A display should provide a means to identify to the operator
when its indication is properly erroneous, € g, when it has no
power or when the signal to #t has been lost

Position Indication for Vaives

Position indication, i.e., open or closed, shall be provided for
ali valves at the location where they are controfled. Position in-
dication shall be provided at other control stations where re-
auired by the analysis of functions and tasks For control or
throttling valves, a continuous indication shall be provided,
ie, open-closed is not sufficient. This continuous indication
shall be located so that the operator has an immediate feed-
back of a control action.

Current indication for Motors

The operator should be provided with an indication of current
draw for any m ajor motor for rotating equipment (pumps and
fans, for exar aple) which can be started from the control sta-
tion and fo which motor current provides a meaningful indica-
tion of proper starting and running This current indication
shall identify to the operator the expected range of starting
and running currents.  Motors which operate only briefly, e g,
valve motor operators or breaker positioning activator motors,
need not be provided with current draw instrismentation
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Indications of Disabled Display

Some types of displays may still provide an apparently sen-
sible indication to the operator even though there has Leen a
fadlure in the system A common examgie is the use of a
mechanical metes 1o monitor a quantity with + and - voltage
output which then “fails” 1o the center of the scale on loss of
power or signal. This can result in considerable confusion
for the operator

Position Indication for Valves

In addition to the obwious need 1o show the valve s stalus,
valve position mdication provides an essential, inmediate
feedback of operator action, consequently, # must be
provided at the same location as the control.  This status
may also be necessary for proper action at other stations
Control and throttie valves need more than open dosed -
dication to provide adequate immediate feedback The feed.
back from the system response 10 a valve change e g . a
change in leve! or temperature, may be relatively siow  This
delay makes it difficult for the operator 1o detect prompily a
nordunctioning, e g, stuck, valve

Current Indication for Motors

Motor current gives the operator immediate feodback of his
control action as well as providing an immediate indication of
abnormal operation of the motor and the component # is driv
ng
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446 indicator Lights

447

Indicator lights which depend on a single light element (incan-
descent bulb, LED, etc.) shall not be used, ie . the fallure of a
single light producing element shall not result in loss of infor-
mation. Furthermore, any fallure shall be evident ard the re-
placement shall be easily performed by the operators themssd-
ves. in general, shortdived (iess than 10 000 hour) light ele-
ments shouid be avoided

Strip Chart Recorders
Cperational trend information shall be provided by displays
which do not require paper, ink, etc . i e . conventional strip

chan recorders shall not be used.  Similarly, muitipoint chart
recorders shall not be used to provide operational information.
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Indicator Lights

The failure of indicator lights can result in erroreous informa-
tion being supplied to the operators.  Incandescent ights, in

particudar, are a .naintenance burden, increase the heat load

in the control room. and can resullt in shorts or shocks 10 per-
sonnel during replacement

Strip Chart Re  wders

Strip chan recorders have been a ciwonic maintenance prob
lem in current plants  They have low reliabiity, 1ake the
operators’ attention to change pens and paper. the charn
time reliability is often poor, and their readabiity is usuaily
not good  Muitipoint recorders share the same problems as
other chart recorders but have even worse readability It is
often necessary for the operator to watch the recorder go
through the series of points or 10 manually select one of the
points in order to reliably read its value Rt is expected that
the advanced technology of the ALWR M-MIS will provide
operational trend information on disptays such as CRTs or
similar devices. The data recording function of chart
recorders is expected to be provided by the plar: data sys
tem:.
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4.48 Integrating Dispic ;= a:. Mimics

448.1

Where several individual control or work stations are provided
in a room or work area, the M-MIS Designer shall evaluate the

need for and, where necessary. provide integrated displays
and mimics to coordinate the tasks at the varicus stations.

Incorporation of Integrating Displays in the Design Process

Any display shall be explicitly included in the process of

developing the M-MIS design, especiaily the design of the
work or control stations which it services. This shall include:

« The specific identification of the functions and tasks as-
signed to the overview displays;

« The incorporation of the displays into simusdators and
mockups;

« The specification of the use of the overview displays in the
generic operating procedures.
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Integrating Disglays and Mimics

Providing key parameters and status indications independent
of cther displays provides information which would immedi-
ately be ~vailable to all operators and any supporting ob-
servers without burdening the normal display facilities and
without any direct action by personnel other than to look up
at the display.

Incorporation of integrating Displays in the Design Process

Any display needs to be an integral part of the design of the
work stations which it serves; otherwise, the displays may dis-
tract or confuse the operators and degrade their performance.
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4.43.2 Main Control Room Integrating Display and Mimic

The M-MIS design shall include a display for the main control
room which incorporates the following features.

Displays shall be provided of the values of a fimited num-
ber of key operating parameters which are indicative of
the state of the plant, for example:

-~ Power level;

- Reactor coolant system pressure;

~  Reactor coolant system temperatures;

- Margin to saturation (PWR);

~ Reactor coolant flow rates;

~  Reactor vessel level;

- Sizam generator level (PWR);

- Pressurizer level (PWR);

- Steam pressure;

- Steam flow.

Page 104-33

Main Control Room integrating Display a+«d Mimic

This display is intended to support the “team™ approach 10
control activities by providing a spatially dedicated, con-
tinuously available reference to the status of essential equip-
ment controlied in the main control<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>