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Paragraph No. Requirement Rev.

1 WTRODUCTiON 0

This chapter estabilshes requirements for instrumentation and control sys- 0
tems for ALWR plants. These requirements are consistent with the prin-
ciples and objectives of the ALWR program. These systems, which per-
form the monForing, control, and protection functions, are referred to as
Man Machine interface Systems (M-MIS).

Each M-MIS is comprised to some degree of the following functions: 0

Data gathering equipment which monitors equipment and process 0.

variables:

Data communication equipment which transmits equipment and 0.

process variables between data processing equipment and plant
equipment;

Data processing equipment which manipulates data for use by plant 0.

operations personnel and/or automatic protection and control equip-
ment;

Plant information display and control equipment which provides alarm 0.

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- O.

faces between plant controls and plant equipment actuators.

The scope and interfaces for a typical M. MIS Integrated system architec- O

ture, showing the above functions, are shown in Figure 10.1 1.

The M MIS requirements of this chapter sddress PWR and BWR plants 0
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 improvements
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 to be applicable to the passive design as well.

I 1,1 SCOPE O

The M-MIS encompass all instrumentation and control systems provided 0
as part of an ALWR plant which perform the requisite trolltoring, control,
and protection functions associated with all modes of plant operation (i.e.,
startup, shutdown, standby, power operation, and refueling). The require-
ments of this chapter are applicable to all equipment supplied as part of

,

these M-MIS regardless of the supplying agency or organization (e.g.,;

| NSSS vendor, AE, or other third party subvendors).

Page 10.1 1
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Paragraph No. Meoutrement Rev.

As in the case of the other ALWR Requirements Document chapters, the 0
requirements of Chapter 10 are not all inclusive. Rather, the requirements
are tailored in level of detal and specificity to assure utility objectives are
met and/or existing problems are eliminated. As a result, in some cases
the requirements are quite specific, whereas in other ca.ses, they are more
general and rely on invoking standards and acceptable design practices.

The M MIS covered by Chapter 10 requirements include. 0

Instrumentation, including sensors ard local instruments, for all safety 0.

and non talety systems throughout the plant.

Automatic and manual ::ontrois foi wil safety and non.r.afety systems. 0.

Protection systems including safety and non safety systems. 0.

Diagnostic systems, including loose parts monitoring systems, rotat. O.

ing machinery diagnostics, and neutron noise monitoring.

Monitoring and control stations for the plant systems including the 0.

main control room, remote shutdown control station, technical sup.
port center, emergency operations facility. and local control stations.
Not ever/ local control panel is specified but requirements are

O provided regarding when local controls should be provided and for
the consolidation and arrangement of these local controls into panels.,

l Instrumentation and control power supplies, grounding, and environ- O.

mental compatibility.

Cornputer systems for control, data acquisition, display, storage and 0.

retrieval, monitoring and alarms, technical support, and operations
support.

,

Plant communications systems including dats. visual, and voice intra. O.

plant communication associated with plant operation and main- +

tenance. !
<

Although the plant simulator / training center complex is not within the 0 (.

scope of the ALWR Requirements Document, this chapter does i
specify 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. :

( Page 10.13
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!
1.2 6NTERFACES WITH OTHER CHAPTERS 0

[
The M-MIS chapter covers the integration of the instruments and controls 0 !
into overall systems, control stations, etc., so that a fully satisfactory inter. {
face is achieved between the plant staff, e.g., operations and maintenance ;

personnel, and the plant equipment and systems. As a result, this chap. |
ter hos numerous interfaces with other chapters of the ALWR Require-

:

ments Document. For example, trony of the functional and performance !
requirements of the M MIS are constrained by the functional and perior. |
mance requirements set by the designers for the systems and equipment :

covered in other chapters. Thus, the other chapters include specific M- !
MIS requirements related to the systems described in these chapters. |
The particular chapter interfaces within the ALWR Requirements Docu.

,

ment are discussed below. ;

1,2.1 Interface with Chapter 1 0 |

Chapter 1 is an umbrella chapter which covers many requirements 0 !
generally applicable to the ALWR. Chapter 10 is consistent with Chapter ;

I and the requirements in Chapter 1 are not restated here. '

1.2.2 Interface with Fluid Systems Chapters 0 i

The fluid systems chapters include the speelfic tequirements for Instrumen- O

tation and controls that relate to the fluid systems meeting thelt functional !

and performance requirements. These are Chapters 2 through 5,7 ?

through 9,12, and 13 of the ALWR Requirements Document. They cover !

interfaces with the power generation systerns (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),6tc. The reader is referred :

to the overall table of contents for the ALWR Requirements Document for ,

the location of the requirements for any specific system. Overall, plant- )
wide functional requirements for instrumentation and control, and !
hardware and software requirements related to the controls and instru. l
monts themselves are defined in Chapter 10. l

|

:
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l

The interface between the fluid system and the intrumentation is defined 0 j
as the connection of the sensor to the system plWag or components. For j
example, lines to a pressure sensor are part of the fluid system design
while the pressure sensor is part of the contrd and instrumentation
design. The interface between the system and the controls is the connec-
tion of the final actuator wiring or tubing througn which power or control
signals are transmitted. In some cases, certain characteristics of the 3c. ;

tuators and final control components will be specified by the M MIS desig- j
nor to satisfy conW system design requirements. M final actuators are l

part of the systems to which they are attached. As indicated above, an I

lierative, cooperative design effort among the fluid systems designers and :
the M MIS designar will be required to ensure these interfaces are treated |
property. |

1.2.3 Interisco with Electric Power Dietribution System Chapter 0 |
Chapter 11 includes the specif6c fonctional and performance requirements 0 [
lor the electric power distribution system which affect the instrumentation ;
and controls provided. The electric power distribution system scope is ;

defined in detail in Chapter II, it includes the normal and emergency AC !
distribution system and sources as well as the normal ard emergency DC |,

| (' distribution system and sources. Chapter 10 covers requirements on the j
\ design of the instrumentation, controls and power suppies that relate to ;

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 distribution / transmission 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. ;

tom. Finally, as part of the overall M-MIS verification, Chapter 10 require-
~

monts assure the electrical system automatic transfers, etc., are accept-
able and compatible from the standpoint of overall plant operation. ,

Chapter 11 covers the local (at or neer the equipment) instruments ard 0 '

contrds for the electrical systems. 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 or contrd cabling carrying i

the remote monitoring or contrd signal. Electrical system automatic con-
trd devices such as automatic transfer switches and protective devices ,

are covered in Chapter 11. >

,

I
'
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1.1.4 inledece with Plant Arrangements Chapter 0
|
'

Chapter 6, Sunding Design and Arrangement provides overall require- 0
monts and interfaces for the M-MIS with regard to the physical plant arran- |
gement. Specific M-MIS arrangements are defined in Chapter 10. In par- |
ticular:

Chapter 6 provides requirements regarding location of major M MIS con- 0 !
trol areas within the plant complex and with respect to location of other j
equipment. The M-MIS designer defines requirements as to stre of the |
M MIS areas based on functional nsads and defines requirements for ar- j
rengement and configuration of M MIS equipment and systems within i

these areas. '

Chapter 6 and Chapter 9 provide requirements on services provided by 0
balance of plant systems to 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 specifying the interface require- i
monts for these systems as discussed in Section 1,1.3 HVAC perfor-
mance requirements and active fire protection requirements are covered
in Chapter 9. M MIS performance requirements with full and degraded i

HVAC performance are covered in Chapter 10. '

,

!Chapter 6 provides requirements on arrangerrients of cableways, condult, 0
etc. to assure adequate separation for fire protection. defense against
common nxx$e failures, etc. Chapter 10 provides any needed require- ;
ments on the instrumentation and control cable itself.

Chapter 10 provides requirements on color coding, labelling, and local 0
equipm6nt strangement throughout the plant to assure good human fac-
tors to reduce operator and maintenance personnel errors. '

'1.3 CHAPTER ORGANIZATION O

IFigure 10.12 illustrates the hierarchical organization of Chapter 10. Sec- 0
tion 2 contains objectkes and policy statements which provide overall |
direction and guida'x:e 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 top level dssign requirements for 0
the M-MIS. These require.r.ents cover the M MIS design organ (zation, the
responsibilities 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 requirements cover functional requirements
relating to level of automation, proven technology, availabisy, simpitfica-
tion and standardization, etc, and provide the key requirements necessary
to implement the guidance stated in the policies of Section 2.

Page 10.16
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Sections 4,5, and 6 are the top level common requirements applicable to O

the overau, integrated M MIS. They are applicable to all equipment, sys-
tems and hardware wkhin the scope of the M MIS. This group of require-
monts has been subdMded into three rnajor area 6.

Section 4. Control Station Requirements, contains requ!rements for con- 0
trol facilities staffing, control facilities, and the information displays, plant
controls and alarms. The staffing requirements of Section 4 define the
minimum operating staff continuously avalable for all modes of operation
on which the M MIS design shall be based and the maximum operating
staff that must be accommodated wkhin the main control room during
emergency conditions. The crmtrol facRites' requirements address the
capabNities and environment of the main contrd room, remote shutdown
station, technical support center and emergency operations facilities.
Those include the general arrangement and auxi;lary features (work sta-
tions, offices, etc.), general requirements for local contrd stations and
communications capabilities for plant operations personnel. The informa-

'

tion display and plant controls requirements address contrd room alarms,
displays and controls, and the physical arrangement of controls and dis-
plays.

Section 5, Data Gathering, Transmission and Processing Requirements, O
contains requirements for the advanced data system which is at the heart
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, dats rate, faDure
rnodes, etc.

Section 6, Common Software, Hardware and Control Requirements. Tnis O

section provides the common requirements for M MIS equipment not
covered specifically in either Section 4 or Section 5, These include hems
such as general control system requirements, general protection system

i
requirements, overall reliability and avaNabilty requirements, main. i
tainabbity requirements, environmental requirements, requirements to ,

protect against common cause falures, test requirements, simpilfication
and standardization requirements, contractibility and expandability require-

,

ments, grounding, protection against electrical and electromagnetic noise, !

etc.

f
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i
Sections 7,8,9, and 10 provide specific requirements for M MIS systems 0 :
needed to carry out plant functions. To the extent practical, these require- '

ments have been grouped to match with the scope of other chapters in j
the ALWR Requirements Document. This will facultate roterencing be- i
tween chapters and the tracking of interfaces. These sections invoke but }do not repeat the requirements from other chapters. These sections also ,

identify any constraints or requiremerf.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.

,

{1.4 DEFINITIONS AND ABBREVIATIONS 0

A list of terms and abbreviations used in this chapter, along with their 0 I

definitions, is included in Appendix A.
|

'-

1.5 REGULATORY STAtluZATION 0 |
Consistent with the overall ALWR program approach, regulatory stabRlza- 0 ;
tion for the ALWR is achieved via piant optimization subjects and resolu- ;
tion of generic safety and licensing issues. i

I1.5.1 Generic Safety and Licensing lasues 0

The ALWR is committed to providing a resolution for all applicable un- 0 I

resolved generic safety end licensing issues iderdified prior to July 1 |s

1986, as well as those new issues identified after that date which satisfy a -

defined screening process. The proposed elements of resolution for [
these issues are contained in topic oapers transmitted separately to the ;
NRC for review and comment. The requirements identfied in this chapter t

are consistent with the proposed elements of resolution for the topic I

papers and issues included as Appendix B.

<
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2 OBJECTIVES AND POUCY 0

2.1 OBJECTIVES 0

2.1.1 Utillantion of Operstors 0

The M MIS design shall take full advantage of operator capabilities but 0
shall not chalbnge 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.

2.1.2 Coordination With Overall Plant Design 0

; The M MIS design shall be coordinated with the overall ALWR plant 0
design in order to allow the M MIS Designer to interact with the plant sys-t

' " tems and civil structural designers. Such coordination shall provide for
iteration in the overall design process and shall prevent unrealistically
restrictive or complex requirements from being placed on olthat the
M-MIS or the plant equipment designs.

2.1.3 Consistent, Integrated Design 0

The control, protection, and monitoring functions of the M MIS shall be 0
- designed with a consistent, integrated approach so that they work

,

together to enhance plant operation and toduce operator burden. All con-'

trol stations shall be integrated so that they perform as a coordinated
whole and provide a consistent, easily understood and manipulated man-
machine interface for plant operations and maintenance personnel.

2.1.4 High Re: lability 0

The M MIS shall achieve very high rell, bility. To that end, the M MIS shall 0
be constructed of highly reliable components and equipment, be well

| analyzed, and be tested prior to and during installation and operation.
Furthermore, the M-MIS shall be designed so that failures or problems in -

one function are incapable of propagating into other functions so that the
; extent of the upset !s minimized and the operator burden is not increased.

2.1 5 Designed for Maintenance 0
.

The M MIS wgulpment shall be designed and built from the outset in full 0
reco0nition of the need for maintenance and ed.ensive testing and inspec-
tions on the ir stalled M MIS equipment throughout its life cycle. This in-
cludes specific consideration in the design of the rood to provide for re-
placements and upgrades of the equipment during the life of the plant.

|
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2.2 ALWR M-Mf8 POUCY STATEMENT 0 ||
'

\

| Policy statements provide overall direction and guidance and form the 0 !
| basis for many of the requirements in the followng sections. The policy |
| statements are intended to give the reader a summary view of the direc. j
l' tion to be taken in the requirements which follow Section 2.

i

2.2.1 M Mll Systems Approach 0 !
i

l The M MIS will employ modem digital technology to implement the 0 |
monitoring, control and protection functions for the ALWR, Robust sys. |

tem design, including segmentation of major functions, separation of !
redundant equipment within a segment, and fault tolerant equipment will
be used to achieve high reliability and protection against the propagation
of failures. Application of signal validation to selected parameters will be i

used to assure the operators have data of high quality and reliability. ;

Where it is appropriate and demonstrated, multiplexed data communica- ,

tions wuI be used for any function, including safety functior.s, to reduce !
the cost and complexity of the instrumentation and control cable runs i
throughout the plant. The high accuracy and drift free operation of the ;
digital systems will reduce the overall maintenance callbration burden. i

Where appropriate, the use of Ober optic cables for data transmission will '

be used to provide high data transmission rates with electrical isolation '

and protection from e!*ctromagnetic interference at reduced costs. '

Standardization of hardware and software and modularky of design will 0
be ubed te simplify maintenance and provide protection against obsoles. !

conce. Built in test features are to be provided to perform continuous self. ;

diagnosis of digital hardware and communication paths and annunciate i
detected failures. Built in test features will provide computer aided, peri-
odic functional testing capablittles that automatically verify System
functionality once they are manually initiated, locate failures upon detec- ftion, and record test results. Most M MIS equipment is to bc located in ;

compartments with controlled environments, maintained by reliable HVAC,

| systems. All M MIS equipment will be selected to be compatible with its ;

( environment under normal conditions and under casualty conditions as ;
'

appropriate to meet functional requirements. i

f

,

,

! ,

:

l

|

!
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2.2.2 Desien Procose 0

The M-MIS design process wul be directed by a single organization 0
responsible for the entire M MIS design, will be carried out by a multi dis-
ciplined design team and shall include direct utgity involvement, including
engineering arxt maintenance personnel and operations staff familiar with
plant normal, abnormal, and emergency operating procedures. The
process forces coordination of the design by ensuring the M MIS design
team and the plant systems designers work together and take into ac.
cour3 operationfmaintenance inputs. In addition, a continuous verification
and validation effort is performed in parallel to the design by an inde-
pendent team (see Section 3.1.4) particularly in the difficult software area
to assure the final product meets the requirements, and is robust and
res!stant to inadvertent $rrors. Formal documentation of the M-MIS
design is achieved by including it in the plant wide design documentation
and configuration control process.

2.2.3 Meliability inherent in Design 0

The M MIS design should possess sufficient defense against the propaga. O

tion of faults through segmentation, independence, and other measures
i so that a failure or upset in one plant control function cannot propagate

O to other plant control functions and thereby overburden the operators due
to complex transient events. Further, the M MIS design should be suffi-
ciently robust to prevent a single random failure of M MIS equipment from
causing a forced outage. Tnis is expected to require, for example, multi-
pie computers as well as extensive use of distributed microprocessors.
The emphasis is to be on assuring failures are accommodated gracefully,
operators will not become over burdened, and that no foss of essential
capability results.

2.2.4 Testing of Man Machine Interface Systems 0

! Significant improvements in the aree of system testing are to be provided 0
| with the ALWR M-MIS design. Accordingly, the equipment should be

designed and configured to readily support in service testing by incor-
porathg good human factors principles, avoiding the use of undesirable
features such as addition of test jumpers or lifting of leads, and providing
built in test features, including self diagnostics for continuous on line test-
ing and automated functional testing for periodic surveillance te6 ting.

i During design development and impitmentation, extensive tests are to be 0
'

performed in accordance with oocumented 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 survel.
lance and maintenance which confirm installed system operability.

Page 10.2 3

.

|

I
._ _ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _, _ . _ _ _ _ - - - _ _ _ _ .__



. - . . . .- . . . - - _. ..

i
1

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

O
Paragraph No. Requirement Rev.

,

)1.1.5 Proven Technology 0
!

Due to the advantages that recently avaRable digital technology offers 0 )over some of the technology found in current LWRs, the incorporation of ;

modem digital technology is encouraged to solve existing problems and |
to make significant improvements over previous designs. Introduction of

|
new problems wNi be prevented by adhering to the ALWR principle of the !
use of proven technology. A technology wHl be considered proven it if i
has documented, successful experience in similar power plant or process |
industry applications, or if it has undergone extensive testing. (

'
2.2.6 Cost 0

'
The engineering effort required to design and implement the first ALWR 0
M MIS will cost considerably more than if conventional technology were
directly adopted. An improved M MIS, however, wHl provide a major con. f

tribution to achieving significant cost savings over the plant life cycle
through the achievement of higher plant availability factors. 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- f

water level control), and enhancing the testability of the M MIS to reduce ;

the number of testing errors..

2.2.7 Operating Staff 0

The size education, and training of the operating staff, which is con- 0 ,

j tinuously avaNable for niant control, influences the degree of automation, i

the slzing of control facilities, and the selection and arrangement of con-
trols and displays. Tm adoquacy of the operator 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) wNl be able to control 0 ,

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 overty automating the M MIS to the
point where it is difficult for the control room personnel to be cognizant of f
the processes being performed During startup, shutdown, transient and
emergency situations, the main control Etta WHI nced to accommodate a,

| larger operating staff. The operational tasks for these plant evolutions
;

| should be divided among this larger staff which is continuously avaNable
and is expected to be two or three operators. In order to provide a basis
for the M-MIS design and to insure the main control area can accom-

i

modate a larger operating staff when necessary, a maximum operating *

staff and observer capacity, which must be accommodated, is defined:

,

f
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Number P.DatiQQ License 0 i

1 Shift Supervisor SRO O
1 Senior Reactor Operator SRO
3 Reactor Operators RO
1 Technical Advisor -

2 Equipment Operators |-

1 NRC Observer j-

1 UtWity Management Observer 1-

2.2.8 Human Factore Engineering 0

Nuclear utgities have spent considerable effort in backfitting good human 0
|

factors into existing plant designs, in the ALWR, human factors wul not i

be accomplished after the fact through redesign it wNI be firmly J

entrenched in the design from the start. Human factors engineering prin- '

ciples wNI be applied as a formal part of the M-MIS design process and '

the design verif6 cation process,

it has generally been recognized that human factors and potential for 0 |
human error are significant contributors in achieving necessary plant
safety and availability. Therefore, the ALWR M. MIS design will place par-

p ticular emphasis on: !

Elimination of potential sources of human error . oliminating as many 0 i.

potential sources 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; j
Reduction in the probabutty of human error through careful se!ection 0 I.

and allocation of tasks, proper support of defined tasks through
detailed evaluation of infonnation 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 control room environment, and port.onnel train. i
Ing requirements; reduction of human enor potential will be a priority,

,

| consideration in the design both for the operators and the plant main- r

|
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 '

l and back each other up and employs modem data processing and

| display technology to provide automatic checks and alerts, to detect

j errors before they affect the plant and help recover from them if they
do occur,o

l-
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The intent is to ensure that human factors crheria 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 occur,

2.2.9 Levelof Automation 0

The M-MIS Designer is to evaluate each monnoring, control, and protec- O

tion function as part of the design process and determine the appropriate
level of automation fu each with due consideration of operator workload, |
including potential failures of automatic equipment This evaluation is to

'

include considerations of system response requirements, r:omplexity of
operation, operator burden, level and duration of attention required, etc.
In the selection of the level of automation, the M-MIS Designer must ad- ;

dress the need to maintain the operators in the loop and cognizant of the
plant status so that the operators remain alert and can intervene in plant
operations as required. The M-MIS Designer must also recognize that the
operator role changes from one of direct operation to one of manage-
ment or supervision as the level of automation increases and that this, in ,

tum, changes the type and level of plant data which must be provided to
the operators. The effect of failures of automatic control systems must
also be addrex $d as part of the process of selecting automated or ,

manual controls. Automatic control systems should employ, wherever
possible, fc8 safe features. ;

2.2.10 Main Control Room 0

t At the conter 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 L

dediceted 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 facNities designs. The design process, coupled with the use >

l of current information and communications technology, wNI lead to a
major update in control room design from existing U.S. LWRs.

'

| The location and appropriate layout of the MCR wul be based on reducing 0
t the need for access to the MCR by other piant personnel, yet maintain the
| necessary capabbity for the MCR staff to interface effectNely with the field

'

| equipment operators and maintenance staff. The MCR ervironment is to
be designed using human engineering principles to provide a comfort-
able, professional atmosphere for the operators that enhances their effec-

| tiveness. Attention will also be gNon to the use of colors and lighting
levels to enhance operator alertness and minimize operator fatigue.

'
Page 10.0-6
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The layout of the MCA and the inventory of alarms, displays and controls 0
wRl be soiected as part of the design process to explicitly, comprehensive-
ly, and consistently support a top down, functionally based, decision ;
making approach for investigating, planning, executing and verifying con- !
trol for all plant conditions. Furthempo, the MCR equipment and infor. ;
mation will be integrated and coordinated with other plant functions: en- i

gineering, maintenance, management and emergency response facilities !,

(Technical Support Center and Emergency Off Site Facility). 5

The operators and supervisor in the MCR wul interface the plant through 0 i
redundant compact workstations with multiple, electronic, display and con- !
trol devices that provide organized, hierarchical access to ale.rms, display i
and controls. They will also use large, upright integrated plant status ;
panels and top level alarm displays viewable from anywhere in the MCR. j

,

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 ard control features to obtain an Integrated, compact ;
workstation design which provides a consistent interface for all conditions i

and actions. This includes, for example, the use of a multi-functional con.
,

O trei device for the operation of redundant safety trains and for the opera-
,

tion of both safety and non safety equipment.
3

The display and control features shall be designed to satisfy existing 0 [
regulations, for example: separation and independence requirements for i
Class 1E circuits (IEEE Standard 384); criteria for protection systems :
(IEEE Standard 279); and requirements for manual initiation of protective I

actions at the system level (Regulatory Guide 1.62). The designer shall I
use existing defensive measures (e.g., segmentation, separation, inde- ;
pendence, c'Iversity, fault tolerance, signal validation, self-testing, error ,

checking, supervisory watchdog programs) as appropriate to insure that t

the alarm, display, and control functions provided by the redundant
workstations meet these standards.

The supervisor's workstation wul be identical to the operators worksta- O

tions except that all of its plant equipment control functions shall be nor-
,

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

Each workstation wNl include the following features: 0 ;

Electronicany displayed nomel, 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 ano alarm information, be
coordinated with use of controls required for the procedures and pro-
vide means for Magging and logging actions taken by the operators

~O
which deviate from the set of recommended procedural options.

Page 10.2 7
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i

Electronically displayed presentations of plant operational parameters 0 |.

and technical data based on operator tasks and event categories in i

graphical and diagrammatical format showing present values, trends |
over various operator selected intttvals, acceptable ranges, set |

points, control bands, correlations and other explanatory Information.
|

Electronically displayed piping and instrument diagrams (P&lDs)
generated from computer aided design (CAD) software, providing mul- !
tiple diagrams at different levels of detal, logically organized for easy '

access and dynamically updated with equipment status information. !

|

Access to this information should be coordinated with the decision
making approach, the large displays and the other functions of the !

workstation and enable the operator to readly 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 top level alarms as well as |

workstation displays and controls to support the deelslon making ap-
proach. The workstation should provide alarm reflash capability and ;

access to electronically displayed alarm data shestr, to provide basic
,

causal and recommended recovery action Information. Diagnostic |
aids should be employed to help operators investigate problems and :

plan recovery actions. !

Plant equipment controls that are well coordinated with the decision- O.

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

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

tially dedicated, however, each control shall be clearly labeled and be
organized into functional groups as appropriate using systematic and i

'
consistent arrangements. The controls shall be designed to promote
efficient and reliable actuation and demonstrably preclude inadvertent

,

mis-actuation. 4

A wries of non-redundant, integrated upright displays and alarms shall be 0 [
placed on 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 i
presence of flow. The alarms will provide a set of top level, spatially dedi- i

cated alarms visible throughout the MCR. ,

|

:
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The large, upright displays and alarms wNi provide a spatially dedicated, O
continuously viewable, integrated mimic presentation of tha plant status in ;

a direct manner to a level of detal beyond that of summary information to
enable the operators to confidently assess the sta tus of essential equip. |

mont operated from the MCR. These spatially dedicated displays wNI sup. |

piement and compliment the serial presentations of subsets of this infor-
mation at the workstation. Thus, these displays will enhance coordination ,

among MCR personnel during normal, abnormal and emergency situs- |
tions, and provide a clear, concise and centinuous point of reference for i

operators to frequently and quickly assess plant status whNe performing }
insks at the workstetion. They wWI also be a useful and (f;rtag shift tum. ;

over, for assessing plant maintenance actkitles and for tra.Inin0 activities i

in the MCR. !
I

2.2.11 Other Control and Monitor 6ng Statione 0 :

The same rigorous approach to the man-machine interface w!!! be taken 0 i

toward the design of the technical support center, emergef t:y operations !
facility, remote shutdown station, local control stations, and other monitor- )

ing facilities for advisors and managers. An important part of the M MIS ;

design will be definition of the data communications and display needs of |
the technical support center and the emergency operations faculty. The :O remote shutdown station will have the capabbity to control and monitor i

| the safe shutdown of the plant, including the capabulty to initiate and con. i

|- trol residual heat removal indefinitely. Contrd from the remote shutdown I
station wWI rely on local operation of some selected equipment. I

The communications requirements of the operators wHl be included in the 0 |
task analyses and the needed communications equipment will be in- !

tegrated into the workstations. This wHl include in-plant communications
as well as special communications for such needs as emergency notifica- i

tions, accident management, etc. !

Local control stations wNI be consistent with the remainder of the ALWR 0
M MIS. The availabulty and arrangement of indicators and displays, light-

:

Ing, access, communications and special equipment needs of the |
; operator wNI be considered during the design stage by analysis of the i

l functions and tasks of the station. Where appropriate, the design will be i

! verlflod by mock-ups. Operators wHl have ready accost, to local control
'

stations and these control stations will be easy to use. The best human
factors principles wNI be followed to enhance the operators effectiveness

,

| and reduce errors. Consistent color coding, use of mimics, labeling and '

demarcation wNl be appiled as for the main control board. Finally, the en- !

l vironment at the local control stations wNi protect the operator and the
'

equipment und reduce stress Induced falures in both normal and casualty
operation.

t Page 10.2 9
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,

i

Monitoring provisions for technical advisors as well as plant and site 0 |
management will be provided considering their needs and tasks and be !

made consistent with the ALWR M MIS. !

2.2.12 Protection from Obeolenconce 0
'

The state-of the art in instrutnentation and control is constantly changing 0 f
and obsolescence of equipment is of continuing concom. In order to min- ;

lentre the impact of obsolescence of M MIS equipment throughout the
~

ALWR plant life, the M MIS design should be modular in construction
'

(hardware and software) and use standardization of M MIS equipment to
ease maintenance training, simpilty spare parts requirements and support

.

ready replacement and upgrading of the M MIS equipment.,

2.2.13 Regulatory Stabilisation 0
!

It is expected that the ALWR M MIS will most existin0 regulatory require- O

monts. It is noted, however, that many existing regulatory gukies and !

IEEE standards applicable to man machine interface systems and equip.
ment do not account for the potential use of modem pig!!al technology. ;

Thus, evolution of the detailed M-MIS design may necessitate new im- !

plementation of the intent and purpose of extating guides and standards. [

t

,

t

|

f
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'

3 KEY REQUIREMENTS KEY REQUIRESSENTS 0

3.1 M-RAIS DESIGN PROCESS REQUIRERAENTS BS-let!S DESIGN PROCESS REQUIREGIENTS 0
i
'

The M4AIS design shat be estabEshed by a dehned process Experience has shnuun that corwentional design methods can- 0
! which begins at the same time as the rest d the $ design :wt be expected to proi% good interfaces between the

process and which meets the requirements d this section and operasars and the piom. Even if at the deoipi requirements
the overas desegn psocess requwements of Chapter 1. are idenefied. It is unresiastic to expect them to be met in a

semple and procescal menner, unless the design process is,

; systematec and consassent.
,

3.1.1 OvereE Design Process Requiressessies OeereE Desire Process Requiremosits O L

The process for the en4.-,i of the detailed M4AIS design This requirement addresses two problems which have oc- O
shen ensure that the functional requiremerts of the plant sys- cuned in the post. In prewsous desegns, instrumentasson and
tems and other design requirements are met: control requeements oben were idenedied by tie plant sys-,

4 tems desegners with IIIsle or no interacsson wth the M-MIS :
i Without unnecessary complexity; Desegner. In some m this has led to t .-c c . Oi !

.
'

; regencsive or complex requirements on the M4AIS desegn
; Without using unproven or highly developmental (e.g, very tight calibragoon requeements). In coher cases, the*

) instrumentation or control .i._@. M44tS Designer ; . a_;f complicae64 the design by !

,

I providing * enhancements" that condd be achieved with the !
i avouable (or emerging) instrumentation and coneral technot-

.

; ogy. but were not justeled by the fundamental regurements |
| ansang from the physecal piers systems. These " enhance- -

!
ments" howe led to unneeded complexity in M 4AIS. increas- !

i ing their momeenance burden and reducing plant avaiksbihty
,

!
l

; ;
: ,

! i
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j 3.1.1.1 Functional Design " , -:+7- FuncElonel Design .",, n:"i 0

The M44tS design process shsE be structured to emphasaze The M4AIS Designer wel have to adopt a more global outlook 'O
the functional dMseon of the plant, rather than the tradaional than has been past practice in order to make other than
dMeions besuf on physical systems. In particular, the desegn nunor improvements in the mornnochine interface. The com-
process shas address the overaR control of the reactor from partmentalization of the instrumentshon and control design to
the viewpoint of the basic funchons of; match the boundanes of individued physical systems teruts to

ignore the natural and essential sharing ci funchons between
Reectuty contrd, systems ignonng emse interreinhons distorts the design.

toward detai tasks and ignores the overas funcsions winch
Reector coolarW pressure control; need to be accomplehod.

Reector coolant inventory and chermstry control;.

l.

Reactor core heet removal,.

r

Steam generator water level control (PWR only).
'

.
I

!

For other parts of the plant a simEar function-based viewpowit EvensonNy, the M4dlS Designer must address each physical 0
shaR be applied, for example, to the functions of: system, however, that should not occur at the beginneng of

{ the design process The requeements in the secteens whsch ;
Controlof energyllow; address the requirements on indMdual systems (Seceeons 7 '

! .

j through 10) although addressang indlwedual physscal systems.
Control of the socal plant environment, have an overaR organizahon based on funchons it is tie in-

-

.

tent that this overaB function 4msed oullock be fundamesJai
Control of the release of material to the environment, to the M441S design process..

,

| Providing senaces of water, air, and electric power.
i

l

!

.
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3.1.1.2 Coonlination and Previesons tar leeresson Coortlinesion and Provisions for leeretion 0
i

The MMS design process shaR ftdy irvegrate the MMS lieration of the requremeras between the MMS and the o
desegn wth the design processes of the remaender of the plant systems is essertaal to assure a balenood desegn, i e,
plant. In porticular, k shat provide for the iteration of system one whsch rnrumizes the total comptedy not just the plant
regurements and MMS requirements so that belanced and system complexty or just the M-MIS complexity.
practical designs are achieved The process shall also aistre
that a5 modes of operahon are considered, e.g., startup, shut- Existing LWR plants provide numerous examples where
doum, power operation, refuehng, expected transsents, and latur3 to coordinats the desegn of the MMS with the rest of
emergencies, including severe accidents, and that essential ac- the plant, or la5ure to conssder how equipment wE be mcin-
tivihes such as survedlance testing and marwenance are taened, has produced a less than deswaule result-e g., poor-
provided for in the desegn fy laid out, congested control stahons. anodequase space for

mantenance or teming, insufficsont HVAC, sec. Exesting
designs also provide examples of inadequate corssederation
in the dessgn of all modes of operarion, e.g., nu.nerous bypes-
ses and ovemdes may be required when cie.g;.5 modes of
operahon.

i 3.1.1.3 Cm. * ^ ny C1 _ cy- 0
^

._

j The is-MIS design process shall be apphed to all the inter- Norumik. mity in tne desegn approach across deferert sys- Ow

faces between the plant and ks operators and support staff. tems (NSS and BOP, safety and norFsafety) has resofted in
'

That is, the MMS design process shaR not depend on the sys- poor operator interfaces, ...pic,f g dillerent conventions, df-
tem irwolved. e.g., nuc5eer steem supply (NSS) or balanced- ferent alarm and desolay ph50sophees, non-standardized
plant (BOP), nor tha cMW.c i;cm, e.g., safety or non-safety, hardware, etc. This requirens-M is irAended to prevent this in
nor location, e.g., main control room or local control station. the ALWR.

)
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3.1.2 as-ases Design e and pien as-ases Design organisessen and pien o

3.1.2.1 Design Respepeiney Doolgn Responeuemy 0

The M-MIS design eSort sher be formeRy orgenszed and in order to eIIecewefy coordnete the M-MIS design develop- t

dwected by a sinWo organization, the MMS Designer, who is mort process, seglepoint responsibelty is requesd at is im -
responsible for the entire MMS. The indmdual or group portant that the M-MIS Designer have broad exponence that,

charged wth overas responssbety for the M-MIS shen be high- encompasses systems desagn and operation as well as in. ;

ly experienced in nuclear plant systems, i.e., not limited in ex- strumentation and control system desigrt
; ponence to just the instrumentation and control disciplines

j 3.1.2.2 Design Teeme Design Teemo O

As port of the overaR M441S design group, the M-MIS Deseg- The total scope of the MES design is large, and the need to 0 ;

ner sheE organize and direct indmdual design teams for par- correct the design deficencies of existmg control rooms is a l

ticular mejor interfaces. At least one of these shes be estab- mejor part of that undertaOng Tharefore, R is essential that
lashed for the overad coordnation of the desegn of tfie man a dedicated dessgn testn be formed for the MCR..

control room (MCR). In addition to instrumentation and con-
; trols engmeers and designers, the MCR design team should in-
j dude at least the foHowing-

f| Eng. ce and designers for the nuclear steem supply sys- O.

! tem;

Engmeers and designers for the belance-of-plant systems; O.

i

Human factors specialists; O| .

Uttity engmeenng, operations, and maintenance estaff rep- 0 !.

; resentatives.
j

,

L

I
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CHAPTER 10: MAN-MACHlNE INTERFACE SYSTEMS

Paragraph No. Requirement Ratoonale Rev

3.1.2.3 P ReWow independent Review 0
I The MMS design process shaR include independent reweew d An independent seem is .m to provide ngorous. ob ec- 0f
; aR aspects of the MMS design throughout the process. This tive reweew dunng aR stages of the design, in order *.o ensure

shaR indude the ver#icahon that indsvidual stages of the that the fine desegn meets aR lts requwemeres This is consis-s'

process are correct and that the transfer of information from tent w!th record industry pmetice in performing reweew d addi-
stage-to-stage has been properly accomphshed The inde- tions to edsting plants * men-mectane ireerfaces (e g . see
pendent rewesw sher also valedale that the overas MMS wiR NSAC09. Ven5caton and Valedsson for Saflety Paramefer Dis-
scw..y; ^. the intended funchons. The M-MIS Designer shaR playSys8 ems).

,

establish an independent review team which meets the require-
ments of Section 3.1.4

} 3.1.2.4 Design Plan Deeegn Plan 0
1 The M-MIS Designer shaR prepare a comprehensive pian for A documented plan for d cdcy .m.4 and implementation of 0

the development and implementation of the M-MIS desagn the MMS dessgn is necessary because of ne large scope of
which includes at least the following- the M-MIS and the number of organizations involved

An M-MIS design tr' J4. 4 and implementation This is needed to ensure coordination among the vanous 0. . .
'

schedde which includes specnic maestones. updating organizations and teams and to meet the aggressewe over- |

) and tracking car =haity and which is consisSert with the aR ALWR plant design and construction schedule |
; overaR ALWR plant schedule.

;
A plan for controming the configuration of the desagn and Configuration management is requwed for the ereire 0. .

,

j design tools, e.g., computer analyses software and pro- ALWR plant. See the corresponding Chepser 1 require- |4 gram compdors; ments and rationale.

l A plan for accomphshing the interaction between the In order to achsewe a coordenoted doesgn and to provide O. .

M-MIS design team and the various plant systems deseg- for the seration of requwemeres and design features, a - ;

.
ners. includmg formal methods for communicanng and formal method for estabhsheng and mamtawung interac- |

| cor::rotieng system interfaces, tion and communscahon among the MMS Dessgner and |

| the plant systems desegners wEl be needed

i
.

!
1
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationale Rev

Provisions lor engmeenng, operations, health physses, and User partecipehon and !nput throughout the erwire MMS 0. .

maintenance personnel represerving the utdity user to ac- desegn process is necessary to assure a satislisclory
. tively perficipate throughout tim entire design develop- design and adherence to proven human factors eiip.n -
'

mort and implementation, testing and installation. Ing principles,

3.t.3 Requireal Design Process Footures Required Design Process Features 0

3.1.3.1 Resolution of Poet Prointoms Resolution of Poet Proistems 0

The MMS design process shall ensure that problems with the The solution of existing problems is a basic obgecthe of the 0
existing LWR MMS desegns are iderwilied and that features ALWR program. The obvious first step is the identWication of
are incorporated in the ALWR MMS which provide satisfac- the problems to be solved There is substanhol informationi

; tory solutions to those problems. To implement this require- on these problems avaEsbie from such sources as License
. ment, the MMS Desagner shall include the fJeowing in the Event Reports, Nudeer Power Expenence, the Nuclear Plant
|

'

design process- Relisbelty Data Systems, and from the instNute of Nudear
| Power Operahons. AdditionaNy, this review we aid in identify-

At the begoning of the design process, a cu. vip.d.eide ing those parts of the M-MIS design which wil benent from; .

review of existing LWR plant MMS designs shaN be made the applicahon of new technology The MMS Designer is re-
i to identNy problems which have led to low plant availability quired to explicaly address each of the problems so that the

and high maintenance burdens. nerit of the solutions can be independenNy evaluated and so
that the basis for the design features which represent solu--

The final M-MIS design shen specihcally identNy how each tions are mamtamed for the Utfity to evalusts future changes.: .

| of the problems has been solved -

!
l

i
!
!

!

4

i

i

!
'

i
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Renuorement Rehonale Rev
d 3.1.3.2 W and S:endee ai=amg W and Standardiseelon 0

The design process sher include the foRowing features The P.A. a of the deta5ed gudehnes for design prac- 0*

directed at achieving the ALWR goals of a simple, plant-wide tices has several purposes
standardized design:

The design process shes provide for the pseparation of! It forces the M-MIS Dessgner to think in terms of starderd 0. .

guidehnes for standard design practices for the M-MIS. approaches.
These design practices shaR include identification of com-:

mon configurations and components (cortrol and I/O It prowdes criterte which can be used by r ." s to.

moddes. sor example). The control station desegn prac. ~ dent #y and, therefore. quest.on non-stendard conaguramons.
! tices (see 4.1.5) shaR be included as part of these

gudelines. It shodd reduce the total desegn effort..

Prowde a basis for future changes and modWication d the.

M-MIS.

I The design process sher provide for the dr.4..w.n and In many plants the designation of componeres is not 0. .

use of standard c.u...pu. ; and systems designations unsorm and the designations in design documents. in.

j and nomenciate e which are compatible with Conngura. procedures, and on the pensi labels may be dRierent.
| tion ""z-; . a Syssem, the control station human fac. Some systems are arberary numbers wRh no mnemonics-

tors and common usage. which burden the operator's memory and lead to errors
and confusiort

i

The design process sher actively track the numbers d Numbers of hmipo..c.G or numbers of compotent 0 I. .

| components and numbers of dlNerent types of com- types are not the only indicator of the success of enorts
ponents in the M-MIS. This shaI include tracking the num- to sempify and standarthe. They wel. "= .r. provide
ber of dlNorent types of smes replaceable items such as some means to quant #y the enorts, but more importandy. !

; fuses and light bWbs. These summenes shaR be regularly they wel assist reviewers in focusing on the ports of the i

made aveasbie to management and independent design where numbers of wivu.-e are high or where
; reviewers to support assessments of the overall accept. non standard w>ycf.e h have been specined i

| ab5ity of the design against the overall ski p;;i,c iion and '

standardizahon requrement.

i !
i
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
,

Paragraph No. Requicement Rationale Rev.

3.1.3.3 klentillcellon of Functions and Tasks of the M-8AIS idonellication of Functions and Teoks of the AS4AIS O

The M-M!5 design pw shaR result in the explicit identifica- The identification of fia:ctions and tasks has been widely 0
tion of the nunctions of the M44tS needed to support the plant used to review existing control room des'gns and it has had
systems and the overaN operation of tie platt The design somr' hmited use h Se design of backfits. For existmg
process shen also result in the explect identihcation of the in- plants, k has shevm up disconnects between the functices
dividum tasks, mental and physical, necessary to perform and tasks and the y?al plant hardware.
these functions.'

This requirement is intended to '.ee the function and tasks
central to the M-MIS design so stut they con be used in aR4

aspects of the M-MIS desegn process and provide consasten-
cv of approach as wet as a defined basis for use in any fu-,

. ttme modifications.

3.1.3.3.1 Scope of Functions and Tasks Scope of Functions and Tasks 0

The functions and tasks shall include an of those which affect By applying the identification of functions and tasks to aR 0'

the design of the M441S. The design process shaN provide for parts of the M441S, it wel permet a co A..cy of approach
the addhion of functions and tasks in the course of the M-MIS which shouH simpNiy review in partictdar, k should make it
design d .ip..e4 as weit as the modslication of the inithi easier to kientify the features which are not needed and iry
set. It is required that the functions and tasks be kept current propriate assignments of functions to the operators.,

i as the design progresses so that when the design is com-
plete, the functions and tasks wEl accurately reflect the basis
for the M-MIS design.

!

I
.

i

i
|
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requi.ement Rationale Rev.

| 3.1.3.3.2 Analysis of Func*6cn and Tasks Anoty As of Functions and Tasks 0

The design process shaN prrN'de for analysis and validation of Since the functions and tasks are the fundamental basis for 0
'

the functions and tasks by v.L:h techniques as walk-throughs the entire M-MIS desegn, they must be rigorously and careful-,

in mockups of control stations using experienced utgity ly evaluated for correctness. They must also be suuiect to
operators or other personnel, dynamic modeling and samula- modification and heration as the desegn progresses so that
tion using limited-purpose simulators, and a fun-scale plant optimum ard practical dmign of the M-MIS can be achieved.
simulator. In particular, the allocations of functions to automat-
ic control systeins or to particular control stations shaN be
validated and, || necessary, the allocation changed and
reenelyzed.a

i 3.1.3.3.3 Uses of Functions and Tasks Uses of Functions and Tasks 0

The M-MIS design process shaN provide for the use of the The purpose of this requirement is to emphasize that the func- 0
identified functions and tasks in at least the folkraing activities: tions and tasks are to be an integral and central part of the

e 4sre M-MIS d@ process, i.e., they are not an after-the-
Allocation of functions between automatic and manual fact exercise which is used only to vahdate the system desagn.

control, or to venly the adequacy of the process. They w31 obviously
be a fundamental part of the formal verification and valida' ion

j Allocatien of tasks among work stations; of the design, however..

4

I Development of control and operation strategies;.

f Assignment of responsib58 ties of the operating crew;.

;

Assessirmnt of operator workload, both mental and physical..

.,

Arrangement of work stations:.

;

Selections of types of displays and their detaBed.

character!stics;

Selections of types of controls;|
.
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

j Paragraph No. Requiremern Rationale Rev.

Selection and arrangemera of alarms and their integration . O.

into the control station designs;

Development d operating procedures and training require- O.

ments;

Evaluation of the effects of credible M-MIS equipment 0.

faBures;

! Verification and validation reviews- O.

f 3.1.3.3.4 Do. h. of Functions and Tasks Documentation of Functeons and Tasks 0
,

; The M-MIS design prccess shaN provide for the controlled Sece the functions and tasks are the fundamental basis for 0
; documentation of the identified functions and tasks. This the M MIS design and wtl be the basis for reviews and
I documentation shen include the bases for the allocation of evaluation, they need to be carefuRy documented as befits
| functions or tasks between automatic systems and the their importance. This w1 involve sorne effort not normally in-
: operators and the detailed information and action require- volved in plare control system design; bc;;;;; , it should
j ments for each task. greally simplify vahdation of the design, preparation of operat-

| ing procedures, and any future plant modifications.
I 3.1.3.4 Consideration of Potentiel Equipment Failures Consideration of Potentiel Equipment FaNures 0

The M-MIS design process shaN explicitly consider the poten- Expenence shows that magor challenges to an M-MIS desegn 0
tial for and the consequences of fatures of plant and M-MIS come from fatures or malfunctions of equipment. Unless the'
system components. That is, functions and tasks wincn result desig, spwAaily considers these malfunctions, the

; from the operator coping with equipment faBures shall be iden- avatab5 sty and releab54ty of the ALWR wNI probably be adver-
tified as part of the M-MIS design bases. The analysis and sely affected, i.e., tolerance of the system to faults needs to
validation testing of the M-MIS shallinclude the postulated be designed into the system. )

t faBures and recovery from them.
I

I

;

|
i

Page 10.3-10
.

: 9 9 9
- - - .- - . - . . . . __



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ __ ____

_ _ _._

[ -(

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationale Rev.

3.1.3.5 Analysis F , ' ;.. ..;. Analysis T f _...% 0

3.1.3.5.1 Plant Dynamic Models Plant Dynamic Models 0

The M-MIS desegn process shall include the development of Dignal computer modeling techniques are current state-of-the- O
dignal computer based dynamic models for the overait plant art and techniques are avaEable to model the entire plant
response as well as individual control systems. These process systems and associated control systems. The early
dynamic models shall be: development and use of these models allows control

strategies to be evaluated under a variety of upset and off
Suitable for analyzing both steady state and transient normal condnions. The earty identification of any problems

' .

. behavior; with the abilty of the M-MIS to cope with these occurrences
1 wil improve ease of making the needed changes.

Used to confirm the adequacy of control scNnic-s;.

Used to confirm the allocation of control to an automatic.

system or an operator;

Used to develop and vahdate plant operating.

procedures;
,

Validated against tests on actual plant behavior, wherever.
,

| practical;
i

Developed earty enough in the design process that: .

j modifications of the systems themselves can be made, if

| shown to be needed by the analysis,
4

j incorporated, as directly as possible, into plant generale

! purpose or limi*ed use swnulators;

Completely documented and the documentation provided.

as part of the final M-MIS design
,

1
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
|

Paragraph No. Requirement Ratsonale Rev

3.1.3.5.2 Control System Analysis Control System Analysis O

AN control systems shall be analyzed to assure they are stable Experience in existing plants shows that a signslicant number 0
and provide the required steady-state and transient response of control problems are traceable to a lack of basic desegn
for all operating conditions. Control system analyses shall as- analyses. This requiremert is intended to ensure that debug4

sume the maximum expected M-MIS sbnal propagation ging, extensive adjustment, and modifications are not re-
j delays for au data communications paths. These analyses quired cn the final systems in the field.

shaR be made part of the M-MIS documedation.

3.1.3.6 System and C-z;: w.: Testing System and Component Teshng 0

3.1.3.6.1 Test F1ons Test Plans C

; The M-MIS design process shall dehne the N requirements Many problems in existing plants can be traced to inade- O
for both systems and components in formal test plans. All quate testing before, dunng or after installation. Often, where
testing required to justify the M-MIS design, p.epare it'.e sys. testing has been performed, the requirements for the tests,

.
tems for operation, and tests required after the systems are in were developed ' dpontmni of the designer, with little or noc

! service and after maintenance shall be included. As a mini- feedback of the results. Since the designer is most famNiar
i mum, each test plan shall: with the functional requirements for the equipment, tie

detaNs of the design and the potential problems areas, thei

Identify the items to be tested, inclu&ng their version or designer should be the one to dehne the test requirements.

revision where appropriate: and document them in formal test plans to ensure that thei

tests match the intent of the design and to provide a means
Identify all features of the system under test which are not for independent review of the adequacy of the testmg and the.

to be tested and the reasons why; results of the testing.
:

Describe the overaN test approach..

|

1 Specify the test case sperJ,caik-(6,.

Specify the acceptance criteria;.
;

| Specify test environment,.
3

| Specify the test equipment; O.

1
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Rentsrement Rationale Rev.

Identify group espcrdde for performing the test, e.g., -O.

manufacturer, special test group, startup test organization,
etc.;

Identify the test staffing needs and associated skM levels; O.

! Specify a test sequence and provide an estimate of the O.

time to carry out the tests.

3.1.3.6.2 in-Service Surveillence Testing in-Service Surveillence Testing. O

The design process for the M-MIS shall indude the explicit in-service survetlance testing of plant equipment and the 0<

identification of an in-service surveMance testing of plant com- components of the MMS are a rec.csiJty to assure satisfac-
ponents and MMS components which is required to ensure tory operation as weli as, in some cases, being a regulatory
satisfactory long term operation of the egospment and to meet requrement. In existing plants, these tests are often delhetA
all apprecable regulatory requirements. to perform and represent magor chauenges to operator skEl

and training They have been the source of many operational
'

The functions and tasks to accomphsh this testing shall be in- errors, plant trips, and ur f *anned <=_h==. These tests need
; cluded in the design basis of the MMS and shaN be fuNy ac- to be treated in the same ngorous manner as other plant
j counted for in the design process, e.g., generic procedures functions and tasks so that the M-MIS wEl adequately support
j for these tests shall be prepared and used in walkthroughs in their performance.
'

control station mockups.
i

4 3.1.3.6.3 Instellation and Startup Testing Instellation and Startup Testang 0

The M-MIS design process shall include the preparation of test Testing after instaEation and as part of the first actual opera- 0
; plans and generic procedures for the testing to be performed tion is crucial to satisfactory future operation. The M-MIS

on the M-MIS components and systems after they are installed Designer has the total responsibElty for the design from con-
: in the plant and the testing to be performed by the utgity ception to operation. This testing also needs to be carefuNy
I operating staff as part of the initial plant startup. planned suce problems can directly impact the first commer-

cial plant operatiott +

!

|

1
*
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS.

Paragraph No. Ret Arement Rationale Rev
i

3.1.4 Independent Review of Design Process independent Review of Design Process 0

The M-MS design process shaN provide for independent The continuous and paragel review d the M-MIS wiH improve -04

review of aR its actevities and the resulting design of the the quahty of the end product design and ks rehabeity,,

i M-MS. Three levels of independent review shad be provided. avaEab5ity, anr: cost effectiveness. Independent review of the
j design from the beginrung wil aNow cui 4 of design ,

Overview of the entire M-MIS design process; deficiencies earfy in the design process.! .

| Independent validation that the system and its components The requirements go beyond what wotdd be considered ..

j wGl perform their intended itnctions; verdication and vahdation (V&V) in that provision is made for
an independent overview of the entire process This is in-

Independent verincation that the individual steps in the tended to assure that the independert review does nct con-.

process of design have been property carried out. sist entirely of detal checks of documentation, etc. but also
adds the discipline of an independent, knowledgeable review

: These independent reviews shaR be such that they wEl fun 51 to this overaN approach and progress of the M-MS design.
the quality assurance requirements for design reviews for both
the hardware and software in the M-MS. The scope of the in-
dependent overview review shaN include any issue or area of
inquiry which the review team considers may affect the
sustabilty of the M-MIS.

| i

:

|

! I

:

!

|
|

,

|
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationale Rev
-

3.1.4.1 QusNRestion of Reviewers QueNRcation of Reviewers 0

lhe !ndependent review team (s) shall be compnsed of in. The quahlication of the rewewers needs to be on a par with 0
dividuals who have cvinp aisia techrwcal quahhcations to the designers so that an effective rewew can be performed
those of the M-MIS design team. These rewewers shall be in- SimEady, independence from the desegn team is also essen-.

,' dependent of the M-MIS design team for that aspect of the tial.
'

dcsign they are tasked to review.

j 3.1.4.2 Review Plan Review P*en 0
1

The M-MIS Designer shall establish a preliminary plan for the The review plan must be cuindicied in the scheduhng and 0
irnieperah4 reviews prior to initiating the design process; plannmg of the entire design effort. This wEl assure that ade-

; bccc ar, the final review plan shall be established jointly by quate time is provided in the schedule and that the desgners
j the independent review teams and the M-MIS Designer can plan and produce work products which faciNtate rewew
i The plan should not be totally controlled by the designers or
] the reviewers and, therefore, the final plan should be a joint

responsibtity.

3.1.4.3 Timing of Reviews Timing of Reviews 0
.

:

{ The independent review shall begin as soon as the design The rewewers need to be a part of the entire design process 0 ;

j process is started and shall continue through the testing of to achieve maxir9um effectiveness.'
the completed system.

3.1.4.4 Verification and Validation Reviews Verification and VaNdetion Reviews 0

) The following requirements define the minimum scope of the These requirements are based on the current expenence in 0
: independent review for the purpose of venfication and valida- the venfication and validation of designs (both hardware and

tion of the M-MIS design process. software) by a consistent, systematic approach.

s

|

s

I
i

4
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
'

Paragraph No. Requwement Rationale Rev

3.1.4.4.1 Functional Requirements Reviews Functional Requirennents Reviews "0

The review team shen review the M-MIS system functional re- -The M44tS functional requirements lonn the hacia for the . O.

quirements and system functional designs and provide concur- design, implementation and acceptance of the cu..i:^:1 sys-
rence that plant systems functional requirements are met. tem. The principal objective of the verWicaban process at the

initial stages of the design process is to confirm that the func--
,

tional requirements are complete, correct, conssstent, faa*3hA=|
| and testable.

f 3.1.4.4.2 Specification Reviews Sp=eiseation Rowlews 0
t

! The review team shall review hardware and software specWica- The preparation of specilications which accurately resect the .O
j tions and confirm that these specdications wHI obtari a satis- functional requirements is essenhal to ensure that the final

factory implementation of the functional design. The reviews M441S design is sabstactory.
of the functional design and hardware and software specshca-,

| tions shaN confirm that the design is a correct, effective, and
i efficient transiahon of the functional requirements. These
; review = -AaN also consider system architecture, interfaces, tes-
i tab 51ty, maintainab51ty, reheb51ty, and human factors aspects -

of the design.4

1

!

l
i

:

1
1

I

1 |

1

| i

: Page 10.3-16

.).

!

i

! O O O
,

o ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . . -- ~ - - , . . - - . - - - _ .. _ _ , _ . - . . _ _ _ _ _ . _ _ - _ . _ _ _ _ _ .- . _



.

_ _

.
- ( (V3,~-

<,

, \ \
:

~.

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS:

Paragraph No. Requirement Ratoonele Rev,

' 3.1.4.4.3 Review of Design Choices and Alternatives Review of Design Choices and Allemothee 0

The reviews of system functional requirements, system func- AH stages d review should confirm that the functional requb 0.

tional design, and hardware and software spececahons shall morts at:d functional design appropriately address and cor-,

indude evaluation of the attemetsves and trade-offs considered rect systemic and equipment related problems with previous
by the M-MIS Designer a~J others in estat* sling these re- systems.

] quirements and specificanons, and that they address the cor-
rection of system and equipment problems experienced with.

j previous plant designs. Tho reviews shell address all aspects
j of the design, including

simpmmy; O.

standardization. 0.
4

Reliablity and avalablity; O.

Protection against common mode fa5ures; O.

Power upply fahsres and their effects; 'O.

Compattlity with the environment, including. 0i .
' - Temperature. 0

- Humidity. 0
3 - Radiation. 0-

- Radio frequency interference (RFI), 0
- Electromagnetic interference (EMI), 0
- Vibration and seismicloadings. 0
- Fire and fire suppression systems. 0

' - Flood. 0
- Electricaltransierds and surges; b

Maintainablity; O.

Human factors for operators and maintenance personnel; O.

Protection against obsolescence; O.,
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS ~ l

Paragraph No. Requirement Rationale Rev. -

Fledb8 sty and expandabihty; O.

Constructibtity 0.

f 3.1.4.4.4 Revleur of Testing Review of Testing 0 )
The review team shall review system and component test Review of the test program is required to ensure its effectb 0

! plans for factory and startup testing, shalt witness the testing, ness. Wenessing the testing by the review team wEl help en-
and review the test results. sure that the testing is performed in im,w.he with the test-

plan. Review of the test results is required to ensure satisfac-
tory completion of the testing program.,

3.1.4.4.5 Review of M-MOS Design Documentation Review of M-ARIS Design Documentation 0

j The team shaN review the completeness and accuracy of the Sullicient and accurate documentation of the MMS design is 0 ,

' documentation of the M-MIS design. important to the long term maintenance of the MMS.,

; 3.1.4.4.6 Documentetion of Reviews Documentation of Reviews 0
1

The review team shen document aN of their reviews. The Documentation of the reviews is rhy to provide O'

documentation shaN identify de8iciencies identified by the traceabihty and to support the abBity to review later d.in.[pm.- '

reviews. Documentation shaN 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
| shaN be provided to the MMS Designer on a schedule such '

that any needed changes can be made without delaying the
overall M-MIS and plant schedule

'
.

i I
,

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Reqdrement Raiionele Rev

3.2 PROVEN TECHNOLOGY PROVEN TECHNOLOGY 0
1

In accc.&-ice wkh Section 2.2.A of Chapter 1, the ALWR shall it is expected that the use of advanced M-MIS technologies 0
-

-

use proven tecfwiology; however, some advanced technology wEl realize significant improver:ent in plant avatabesty,
appropriate for the M-MIS may have had no prior use in LWR reliab5ty, constructib5fty, maentaenab81ty, operabilty, etc. The
plants. In those cases, the use of the advanced systems and ALWR cannot, hca;;, be a test factny for developmental

: equipment may be justified if proven in other app;;canviis as technology These requirements are intended to ensure tfet
! defined in this section. advanced technology is not ruled out, but that k is fuby usa-

ized consistent with assunng its solid technical basis.

| 3.2.1 Criteria for Proven Technology for Equipment Criteria for Proven Technology lor Equipment 0

! In addition to the definition of proven technology in Chapter 1, Because of the exterdsd hiatus in the construction of new 0
Section 2.2.A. M-MIS equipment shaN be considered proven if: nuclear power plants in the United States, some advanced,

! technologies in the M-MIS area have not been appled in
it has at least three vsars of documented, satisfactory LWRs. However, they have been used in other apphcahonse

service as modules of subsystems in power plant such as fossa power plants, defense, or process industries. '

; applications similar to that in LWRs or it has at last three The ALWR should make use of technology improvements
years of documented, satisfactory sennce in other than based on simEarity of application or extensive testing This

j power plant applications which are samliar to the use in wEl allow the gains to be achieved without using the ALWR
; the ALWR M-MIS. as a test vehicle to develop and debug new equipment and
i processes. The primary -.p;-sis of the ALWR is rehable
| It has satisfactorfy completed a defined program of power production..

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

.

I

r.

j
'

I

-
,

.

4
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS;

i

Paragraph No. Rentirement Retronele Rev

: 3.2.2 Critorie for Use of 8---,-- .... Equipment Critorie for Use of Unproven Equipment 0

For any component or system which is not yet proven in ac-- This requirement is intended to make the M4AIS Des 5pwr PJs- O
cordance with 3.2 or 3.2.1 and which is apparendy needed to t#y the need to use the unproven equipment, have a defined

! obtain a defined gain in simplicity or performance, the M-MIS program to establish its acceptabElty, and to have a tail-back
design may include such equipment it: position if the attempts to prove out the equipment were to

lag. Meeting the nunsmum orlimiting ALWR requeements
A detaged plan has been developed for the testing or should not depend on the de@ of advanced M44tS.;

| coBection of experience which would meet the criteria of hardware nor should tk. c.4.a.ts and their potential
3.2.1; benefits be precluded h is particulady important that the

M-MIS Designer accept tt;e risk for including such develop-
A specific altemate approach has been defined and included mental items and the Utgity not be forced to accept the.

; in the M441S design process to the extent .hy so that C;4. .;ai items because by the time the problems be-
the limiting requirements for the ALWR can be met if the come apparent it is too late to change without impacting the
component or system were not to be adequately proven; overat schedule.

The needed testing or experience data collection can be: .

completed and assessed and the choice made between
! altematives without impacting the overall ALWR schedule.

.

;

l
i

r

I
,

!

'
;

|

?

.
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
:
,

i Paragraph No. Requirement Rationale Rev

i 3.3 COST COST 0

The costs of the M-MIS design shd be cornestent with the The initial cost of many parts of the M-MIS is ordy a smag 0
specific ALWR cost goals and m,ursu...;c evaluaten input as- part d the eventusi cost to the owner. ;. v um.. a in

-

sumptions of Chapter 1. In particular, the M4AIS design shall reliabElty, operabeity, testab5 sty, and maritainabelty wal be
be based on the evaluation of the costs to the owner over the re5ected in higher plant avaEattity throughout the plant 150
totallife of the plant. Cost evaluations of attemate M-MIS and designs which have impromments in these areas may
designs shes adequately and consistently indude considera- well be the least cost option for the owner. There has been a
tion of the costs to the owner of such items as: tendency to focus cost compensons on the initial hardware

costs, since these are relatively easy to manNesh. This re-
Operatton, maintenance and repair, including quirement is intended to emphasize that the simplistic view of.

radiation exposure and contamination cortrol; costs in terms of only the initial hardware is not acceptable
for the ALWR M-MIS design.

Scheduled and unscheduled plant shutdowns;.

Trammg of operators and technicians;.

; Startup and surveillance testing;.

1

j Analysis and simulation;.

I
Replacement..

3.4 OPERATOR ACTIONS OPERATOR ACTIONS 0-

The M-MIS design shall explicitly consider the actions of the Expenence has repeatedly shown that operator actions have 0'

operators and other members of the plant staff to operate and been a major factor in most reactor incidents. This require-
| control the plant. These actions shas be wahn the capability ment and the remander of this section are intended to en-

of all operators. These defined actions or tasks shall be iden- sure that the operator's part in the plant control and opera-
tified as required in 3.1.3.3. tion is as carefully planned as the electronic hardware and

I that the actions are well within the capabisty of all the prob-
able operators.

|
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
Paragraph No. Requirement Rationale Rev. i

3.4.1 Operator Workloed Cp_3. Workloed 0
,

The MMS design shaR not require the operators to perform The workload of operators has not been specificaNy iderWilied 0
tasks which over-burden their capebilities, especiaNy dunng and evaluated as part of the design process of existing;

'

emergency or upset conditions. plants. Consequently, the workload tends to be excesske for
'

; upsets and too low for adequate attentiveness dunng normal
operations. It is intended that the ALWR operator workload,

{ be engineered from the begoning of the M-MIS desagn to be
compatible with expected operator capab8ities and dehned
stalling levels (see 4.2).

3.4.2 Operator Vigilance Operator Vigilance o
i The M441S design shaN include features which fac5 state in periods of low workload, it is expected that the most deter- 0

operator activities which tend to maintain the operators alert mining factor in operator alertness wt1 be operating practices
anrf attentive. These features shaN be based on the avaiable - the duties, both ted..n a: and ad ia44._.:. . assigned to

a
-

information at the time the M-MIS is desagned on methods the operators, shift rotation schedule and duration, motivation-<

| which have been proven to be effective in assuring operator al factors and incentives, etc. However, the operators *'

vigiance This shaR include apphcation of the gudance workload (and therefore ab5ity to remain attentive) dunng
developed by EPRI on operator viguance and alertness (RP- routine operation wGl be affected by decssions the M44|S
2184-7). The basis for these features, includmg a review of ex- Designar makes in selection of automatic versus manual and,

perienca and practice at the time the M441S is designed shall remote versus local for spec #ic control and monitoring func-
; be part of the M-MIS design documentation. tions performed during steady-state power operation. Also,
'

design features of the control room and operator worksta-
!

;

tions wEl affect operator alertness - lighting le%, tempera-
| ture, background noise, seating, etc. These decisions should
| reflect uniAie .iion of operator alertness.-

j Uttities and others are presently engaged in work to inves-
; tigate the factors which affect operator vigiance it is ex-
! pected that at the time th M-MIS is dessgned, additic;al

guedance on methods to assure operator vigilance wal be
'

ata3able
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| 3.4.3 Selection of Automatic or Manuel Control Selection of Automatic or Monuoi Controf 0

| Design choces on automatic versus manual control or it is intended that the choices !or rnanuel or automatic G
monitoring shaN be based on evaluations which specihcaNy in- designs be based on consistent technical bases that wM
ciude consideration of: result in an acceptable tradeoff of operator woridood and sys-

tem complexity so that a balar'ced design is obtained The
Operator wcaiced, including parallel or potentiaNy technical bases for these choices needs to be documented,.

' concurrent emergency activities; net only to allow adequate review, but alao to provide the
input for operator training and guidance for future changes to,

Operator capability, including time to respond, skill, and the plant.* .

precision.
The choice of automatic versus manual monitoring wiu be ex- ;

Past awperience with automatic or manual controls or pected to be be::ed on balancing the regulatory and ac-. !

monitoring in simuar applications; curacy of records which can be achieved il done automat-
icaNy to the need to assure the operators are aware of the

Operator vigilance and the need to keep the operator status of critical parameters..

. Involved and knowledgeable as to the plant status,

! Amount and complexity of M-MIS equipment (including.
;

j software) and the resulting maintenance and testing burden,
!

The consequences of and potential for malfunctions of thei . '

f automatic equipment and for operating errors;
1

!

RegtAatory requirements.
|

.
,

,
.

: Sections 7 through 10 state the constraints on the selection of 0 '

! automatic or manual control which shaN be applieJ in specific
| parts of the M-MIS. The M-MIS design documenu,ik.a she.il
: specfically identify those cases where a specific dioice be-
'

tween automatic and manual control was made and IrvJude
the bases for the choices.

i
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. RequArement Ratoonale Rev

3.4.4 Selection of Remote or Local Control Selecekm of Remote or Local Conerr4 0
~

; Design choices on remote versus local control and monitormg in current plants remote controls and displays are provided 0
i shall be based on evaluations which specWically include con- where local components would be completely adequate.

sideration of: This is particularly the case for main control rooms where
controls and d p is are provided for operations winch are

'

Operator woridood, including the effect of the time to access not direcey related to the safe and reNeble operation of the.

local equipment and the other parallel or poteritially power generation. This distracts the operators from their
concurrent operator tasks; main duties and impeers their performance. It is intended that

the ALWR focus the main control room on its primary func-
Operator capab5ity, including the need for feedback or tions..

) . monitoring as a control action is taken;
'

Unnecessary remote controls or displays also increase the
The local environmental conditions, such as access amount of equipment and the resulting maintenance burden..

delliculty, temperature, radiation and cwi ..; .ai;v6 It also tends to descourage actual observation of the equip-
Iwwel, leaks, and other personnel hazards, ment and the early detection of degradation such as leaks,.

| loose parts, or improper maintenance
i The need for the operator to monitor local conditions wW,h4

| are dillicult to do remotely, e.g., the detection of small leaks.
'

damaged parts, unusual noises, etc.;
e

! . The amount and complexity of M-MIS and plant system
equipment and the resulting maintenance and testmg burden;

| The consequences of malfunctions of remote equipment,.

Past experience with remote or local controls in similar.

applications.

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

| Paragraph No. ReorArement Rationale Rev.

Sections 7 through 10 state specihc constraints on the selec- O
4

tion of remote or local control and monitoring which shall be
applied to specific aspects of the MMS. In addition, Section,

4.9.1.2 specificaNy prohibits controls and displays in the main
control room unless they support a dehned task for the con-
trol room operators.

3.4.5 Operator Aids Operator Aids 0: ;

The M-MIS design shaN include tie dehnition of the features Operator aids can provide valuable *=nce for the 0
which are provided to assist the operator in carrying out operator; however, they may be more distractmg than useful,

specific tasks. These operator aids shaN be considered as an unless they are direc8y tied to some important task. This re-,

integral part of the overau MMS desirf. and shaN be included quirement is intended to ensure and encourage useful
'

i in au evaluations of control station and M-MIS designs. ' These operator aids but avoid those which may be distractmg for
operator aids shallinclude: the operators.

Computer-aided CRT displays at convenient termmals 0.,

, which provide information which consolidates and proces-
[ ses data so that k is presented in a form which is directly

usable by the operator to cany out defined functions and
,

tacks. For example, calculating a total inventory from the I

; levels in various tanks or determinmg control rod motion
programs or crtica' rod cositions.

t,

. . Permanently posted information, instruments, or cautions 0 I

which reduce the memory txrden on the operators. (See,

| also 4.8.4.)
i

j in addition to the above operator aids, the MMS Designer -0
| shaN evaluate the hspuid;un 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 i

design, the M-MIS Designer shall identify the conditions;

I under which they would be used and shall demonstrate that ;
they do not distract the operators from their other duties. *
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS-

|
Paragraph No.__ Requirement Rationale Rev

3.5 AVAILABIUTY AND REUAEBIUTY AVAILABILITY AND REUAERUTY 04

'

The MMS Designer shall estalksh quantitative rehabety and The systematic settmg of releabtity criteria provides a means 0
avaEab51ty criteria for the component parts and subsystems of to ensure that the overaE ALWR objectwes wGl be met. in-
the M-MIS which are consistent with the overaN ALWR require._ dwidual requirements in the remainder of this section are in-
ments of Chapter 1. In addition, the M-MIS dessgn thaN meet - tended to ensure that the MMS Desegner conseders a num-

; the requirements on avadab5ty and rehabihty of this section as ber of specific assues which are expected to contribute to -

; well as Sections 7 through 10 for specshc parts of the M-MIS. meeting the overaN goals.

3.5.1 Effects of Postuisted M-MIS Failures Effects of Postulated M-MIS Failures 0

3.5.1.1 Preferred State Anor Failure Preterred State After Failure o

The MMS Designer, together with the Plant Designer, shaN in many current plant designs, the requirement to "fa5 safe" O
select the appropriate lature state of plant equipment (e.g., is implemented in such a way that the plant is in a " safe *
pumps and valves) upon loss of motive power (electnc, mode from a limited, regulatory perspective. Further, these
pneumahc, or hydrauhc) on a case-by-case basis during the faGure states typically only addressed protection equipment,

i design process. For protection systems, the preferred failure and did not address la5ures in control grade ano information
state typically should be the safe condition. For control sys- systems. As a result, transeents and upsets were unnecessart

; tems, the p, / ..mi lature state typicaNy should be the most ly initiated or ec.iipk,aied. The intent of this requirement is
; stable state. Upon restoration of power to control systems, to address this problem and assure that the MMS Desegner
! the MMS shau not change the state of the contro#ed com. considers the faGure conditions of all M-MIS systems.
; ponents and sher initialize in the manual mode
:

i :
.

1

! |

|
!

i
; I

1
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
i

Paragraph No. Requirement Rationale hev

; 3.5.1.2 Effect of a Single Failure Effect of a Single Failure 0
'

M-MIS equipment, togettwr with the plant systems desegn, Required to meet the overall plant ava5ab51ty target specified 0
i shat be designed such that, to the extert practical, no single in Chapter 1. It is intended that the M-MIS Designer sig-

random fature of any of the M-MIS equipment or its support- nificandy redixe the number of sinWe fatures or operator ere
ing equipment wil cause a forced plant outage. This criterion rors which wel shut down the plant. Some events, obviously,

| shall be met for all normal operating and test modes of the M- wW lead to shutdown, iic J.=, this set of fatures and
i MIS equipment, including on-line sew-diagnostic testing and operator errors should be reduced to the practical minimum
i periodoc functional testing modes. This criterion shat apply to which assures adequate protection and safety actions can be
i automatic shutdowns that may be caused by a fature, and executed.

| shutdowns the operator must perform due to conditions
i produced by a fature

3.5.2 Top Level Reliability RegLtements Top Level Reliability Requirements 0

3.5.2.1 Forced Outage Frequency Forced Outage T. - ,_ : .;,y 0
,

; Mean time between forced outages caused by multiple ran- Current experience shows that forced outages tweaad by 0
dom fatures of M-MIS equipment shall be grea'er than fifty M-MIS fatures are in excess of one occurrence per plant ps
reactor operating years. This requirement shall apply over the year. This is a major i.% event in PRA studies. Improv-
entire design life of the M-MIS equipment. For the purpose of ing this figure by a factor of 10 can reasonably be achieved

i tffs requirement, forced outages shat include shutdowns that by the apphcation of modem technology, good design prac-
I result directly from the fatures, and shutdowrs the operators tices and through survetlance/ maintenance procedures to
1 must perform to avoid violation of plant Technical Specifica- reduce equipment fature rates and reduce the time for detect-
{ tions due to these fatures. ing, bypassing, or reparing the fature. An additional improve-

ment of 5 is expected through simplification, the procurement
] of high quality components, rigorous testing and improved
; environment compatib5ity of cusip0.= 4s. Sece the M MIS

is always in series with the plant equipment, the combened,

| fature rate for the system wel be higher than either of the in-
dividual contributors. Therefore, in order to meet the overat

. ALWR plant ava5 ability goal, siy. Lard improvement in the
] forced outage rate due to M-MIS equipment fa5ures win be

i
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3.5.2.2 Loss of AveEmbElly Lees of AvelleMuty 6i

! - The mean time between M-MIS equipment fatures, which The probabelty of a lagure in the M-MIS resubing in loss of 0
| resuR in a reduction in plant avausbeity, shen be greater than 5 plant r-% during the plant fuel cyde should be mini-

years over the entire design lile of M-MIS equipment. For the mized in order to meet the overaR ALWR plant avanaNMty
i purpose of this requirement, a loss of plant avaEabeity is goal.
i defined as a condition in which the plant is unable to actueve
'

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

3.5.2.3 Maintenance Ti:;_: .;.p Maintenance T. _ ,_ _y 0j

| Co.imt.'.; maintenance of the foRowing major parts of the Even though the system may be configured so thar the -0
) M-MIS shen not be required more frequently than every 14 fatures do not impact the overaE avaEabElty, correcstwe action
! days over the entire design life of the M-MIS equipmeet, i.e., stEl irwolves Utelty effort and needs to be limited. .
4 the mean time between fagures which require corrective main-

tenance shaR be greater tten 14 days.
*

j Protection system;
|

. 0.
,

| Plant control system; O.

Plant information and monitoring systems. O.

!
>

i
.

: !

!
!
i

F

i.. :

4

4
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS;

Paragraph No. Requirement Rationale Rev
:

353 Desegn Requirements for Aveiletselity and Rehatsiisty Design Requirements for AveNetallity and Retistsulty 0

3.5 3.1 Segmentation of Mejor Functions Segmentation of Mejor Functions 0
t

The M-M;S control and monitoring systems shaR be designed Ava3abity and reliab58ty of the M-MIS is of paramount impor- O,

to protect against faBures of M-MIS equipment degrading the tanca in the ALWR. Sece it is expected that newer tech-
performance of moca than one major control or monitoring nologies wel be appried in the M-MIS, including use of com-
function. The functional and physical designs of these sys- puters arvi meAtiplexed data transmission for wfuch it is easy I

tems shat be segmented or explicitly incorporate other func- and cost-efficient to perform many functions in a sangle piece
. tional defensive measures to inhibit the propagation of faBure of equipment, the requirements need to ensure that the

across major functions. The major control and monitoring design is as " forgiving * as possible in terms of the probabety
! functions that sher be segmented or incorporate functional and consequences of faGures of this potentiafy shared equip-
i defensive measures in the design include, as a minimum, ment. Existing regulatory requirements enforce segmentation'

those listed in Table 10.3-1. and separation on the salety and protection systems; how-
ever, there are no such requirements for the major plant con-

in those cases where strict segmentation of the major control trol and monitoring functions. The intent of the requirements,

functions is not practical or the designer can idertify attema- given here is defense-irHjepth: to give the ultity a greater de-
I tivs design approaches which w31 achieve the same furcivid gree of assurance that fa5ures, in part6cular, fa5ures not initial-
; requirement-defense agaenst propagation of unforeseen ly foreseen in the design, w31 be limited in their effects such
; futures across major functions-the dessgner shaN specifically that, N they occur, they cannot propagate across mc4 than

i
identify and just#y the altematNe design apprued,es. Depend- one magor control function. These segmentation require- - i

erx:e on redundancy alone as a substitute for segmentation is ments also aid in ensuring samplicity in the design by preclud-
'

not ymptahle The areas of the desagn where strict segrega- ing complex combinations or interconnections of functions.
;

tion of major functions have not been maintained shaR be This, in tum, promotes better understanding of the systems
! specificap identified in the design documentation and the al- and equipment by the plant operators and maentenance tech-y
: temative design criteria to maintain fu,c;ure separation shaN nacians and is expected to reduce operator burden and errors.

also be documented.
i
e

!

!

,

!
4
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TABLE 10.3-1

CONTROL AND MONITORING FUNCTIONS REQUIRED TO BE SEGMENTED
t

PWR SEGMENTS SEGMENT SCOPE

, Reactivity Control Automatic and manual control and monitoring of rod positions and manual control
and monitoring of boron concentretions and neutron flux.

,

Steam Generatorinventory Control Control and monitoring of main feedwater flow, main feed pumps and steam gener-
ator inventory.'

.

Turtune Steam Demand Control Control and monitoring of turtme throede valves and bypass valves. :

Pressurtzer Pressure Control Control and monitoring of the pressurizer heaters and spray and reactor coolant sys-;

tem pressure.
.

Reactor Coolant System inventory Control Control and monitoring of makeup and letdown, reactor coolant system inventory and
,

CVCS inventory.
'

.

BWR SEGMENTS SEGMENT SCOPE<

Control Rod Position Control Control and enonitoring of rod positiort

Neutron Flux Monitoring Monitoring of neutron flux.

Reactor Recirculation Flow Control Control and monitoring of recirculation Row.

j Reactor Feedwater Control Control and monitoring of main feedwater flow, main feed pumps and reactor water
*

level.

Reactor Steam Pressure Control Control and monitoring of turbine throttle valves aruf bypass valves and reactor steam
pressure.
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; it is recognized that there may be saustions in which strict 0
| segmentation may not be practical. In those few instances
; when it is not praGke, altemate design approaches are al-

lowed. Depending solely on redundancy is not allowed
since: (1) a fa5ure in one of the redundant paths could cause
a heavy work-load and possbie confusson for the operator by;

'-,A a1.g 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
I could cause large-scale upsets threatening more then one

major process function.

3.5.3.1.1 E-F . r =i of Sensors and Data Transmession Segmentation of Sensors and Date Transmission 0
^

The functional designs shaN be such that each segmented This requirement nunmzes use of common sensing in- O
i

function uses different process variables for pedorming the strumentahon for more than one major control function,
control function. For each segmented function, different sets reducing the possibihty of a sogle problem causing a large-
of sensors and transmitters, and data communication paths scale upset that would be diffictAt for the operators to handle
from sensors and transmitters to data processmg equipment, or causmg rmdtspie indecations to the operator of problems in >'

shaN be used f c.- practical. more than one major control and monitoring function which
are confussng to the operator. |This is not intended to preclude signals from a measured vari-

able used in one control fiinction from bemg used for segnal j,

vahdation, signal cross-checkirg, or calibration /cuy.peiisation
-

| In another control function. However, if measured variables
,

'

are used for this purpose, the designer shall ensure that a
complete fature of hstrumerf.ahon for the variable used for'

'

cross-checking wE not prevent the receivmg control / monitor-
ing fur:ction from being performed adequately.

!

i

!
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| CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Rentirement Rationale Rev
i

i 3.5.3.1.2 Segmentation of Fi=-:::1, and Power Supphes Segmentation of W and Power Supplies 0
l

Each segmented function (i.e., major control and monitoring This requirement mnmizes the use of common processors 0
| functions) shaN use different processors and power supplies or power supplies for more than one magor control function
j (but not riscossarHy different power feeds or sources) when- reducing the possibuity that a single problem wel cause a i
I ever practical even if redundancy is employed That is, to the large scale upset that would be difficult for the operators to

degree practical, functions of one segment shaN not be com- handle or causing multiple indications to the operator of
bined with functions of another segment in a single processor problems in more than one major control and monitoring
or set of pucessors, or power supply. function wfuch are confusing to the operator.

: 3.5.3.1.3 Physical Separation of Equipment Physical Separation of Equipment 0
.

Data processing and data commtmicetion electronic equip- This requirement extends the segmented design phiosophy 0
| ment for the different segmerds (i.e., maior control and to the data commurucations and data processing com- i

| monitoring functions) shall be housed in separate enclosures, ponents of the M-MIS equipment The intent is to prevent a
: whenever practical Equipment for segmented functions may local environmental upset such as a loss of ventiation to a
; share a common room or cubicle and be subject to a com- single cabmet, or a fire in a sogle cabinet, or perhaps a
! mon ambient environment. The data communication links for saboteur damagmg a single cabinet, from causang problems
; segments shah not share a conduit or other communication in more than one n ajor function.
| pathway enclosure, unless there are redundant pathways also

carrying the data which are not in the same conduit or path-
way enclosure.;

4

!

'

i

i

!
i

1
i
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Paragraph No. Requrrement Rationale Rev.

3.5.3.1.4 Physical Separation of Segments PhysicalSeparation of Segments O
t

) For the dlNerent segmented funchons (i.e., major control and This requwement is to prevent propogshon of laBures origreat- O
monitoring functions), segnal communication paths, multi- ing in the data communicahon paths between the contrd
plexers and demultiplex units for transmitting informahon to room and data processmg equipment, or originating in the
the main control room displays and alarms, and for transmit- mdtiplex/demultiplex eqtapment at either end. The require-
ting control commands from the control room to the data ment is limited to enclosures outside the control room be-
processing or output processing equipment shaN have - cause for the cortrol panels, human engmeeting considera-
separate power supplies and shaN be housed in separate tions and task analyses wGl determine the location and arran-
enclosures outside the control room to the maximum degree gement of alarms, displays and controls for the diNerent func-
pisGk,4. tions. The Remote Shutdown Station provides backup in

.! case of major tatures of control room control penals (e.g ,
fire in a panel) and for events requinng evacuation of the con-
trol room entirely.4

I
; 3.5.3.1.5 Segmentation Within Mejor Functions Segmentation Within Major Functions 0

To the max! mum degree practical, segmentation withm major This requwement is intended to prevert sin @e latures or 0,

functions of the M-MIS shall mimic the segmentation wittun problems in the M-MIS which can result in a loss of control,

: the mechanical systems being monitored and controlled or monitoring d the intra-function segments provided by the
mechanical portion of the system. An example would be a

'

single fature within the pressure control funchon of the M-
MIS which would result in a loss of control of aN banks of
pressurizer heaters.

3.5.3.1.6 Segmentation of Safety-related M-MIS * ;-.;. ^ ^~:- . of Safety 4eleted M-MIS 0

In addition to meeting apphcable regulations, the M-M!S Desig- Sece the ALWR intends that the normal control systems, as 0
i

ner shall, to the extent practical, apply a segmented approach well as the safety systems, have very high rehabGity, it is ad-'
for safety-related systems samEar to that specshed above for vantageous to use sunilar approaches for both.

] non-safety control and monitoring systems. This shall include
segmentation with;n the safety divisions as wen as between
divisions as required by present regulations.

.
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Paragraph No. Rentirement Rationale Rev

j 3.5.3.2 Environmental Conditions Environmental Condleions 0
;

M-MIS equipment must be designed to survive and meet all in the ALWR M-MIS, equipment wII likely be more distributed 0
i reliabtity and avatabtity requirements in the environment in than it has be3n in the past. As a restA, special attention is
I wtuch it is located for both normal and off-normal corusirions. needed to assure the equipment and the erwironment in

The M-MIS and other plant system designers shaN Rerate their which k is placed are compatible. Furthermore, a strong cou-
: respective designs so that the apphc.aiis requirements are pling is needed between the M4AIS Designers and those
' met in the simplest, most robust manner Strong preference responsible for the environmental design to assure a

shall be given for passive environmental protection techni- balanced economsc design is achieved which is the sempiest
ques, e.g., natural circulation coolir.g. robust hardware approach needed to assure adequate performance.
operated far below rating, etc.

3.5.3.3 Indication of Loss of Environmental Control Indication of Loss of Esivironmental Control 0

A means shall be provided to alert plars operators when loss The ieliebtity of M-MIS equipment is sensitive to temperature 0
of environmental control has occurred in an M-MIS equipment and humidity Some instances of loss d environmental con-,

cabinet and to locate promptly the affected cabinet. trol can be expected over the life of the plart in order to
mitigate the consequences of such events the plant
operators must be alerted to the condition and the affected,

| cabinet must be located to assure timely correction by the
1 maintenance staff.
.

3.5.3.4 The design of the M-MIS equipment, including the quality level Instances d loss of environmental control can be expected 0
of the components, shaR be such that if appiupdate action is to occur over the life of the plant. This requirement is in-

-

taken within one hour following a loss of environmental con- tended to prevent major fature of M-MIS equipment under
'; trol in an M-MIS cabinet, no temporary or permanent loss of these events and to provide a quantitative requirement for the

function (e.g., inabalty to generate a signal or the generation margin to be imposed
of spunous signals or unintended operation of equipment) will

| occur. Le., restoration of proper environmental conditions win
permit the equipment to be retumed to service without replac-

!

ing components.

,

! .
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3.5.4 Reliebility and MaintainetWilly Analysis RelistWNty and MaintainetWisty Analysie 0

3.5.4.1 RolletWIlty Analyses Relistety Analysee O
t
'

The M-MIS Desegner shaR perform analyses to predict the Reliatdity analyses are required to demonstrate that the M- O
reliab8ity of the Man-Machine Interface System (M-MIS) and MIS design meets the quantitative rehabilty and ava5 ability

'

subsystems. These analyses, termed "reliabeity analyses," goals. Smce enviro,vnental coi daces are important con-
shall be performed using consistent, systematic and traceable tributors to mean fature rate (or MTBI', of electronic equp-
methods and appropriate analytical tools. These analyses ment, it is important that environmental conditions resulung
shaN be generag consistent with the guedehnes provided in from pm% HVAC system falures and upsets, as we5 asy
MIL-HDBK-338. Electrorwe Reliability Design Handbook, and normal conditions, be considered explicidy in the assess-

; MIL-HDBK-217E, Reliability Prediction of Electronic Equip- ments.
; ment. The analyses shall consider the expected normal
; operating and environmental conditions and credible abnor-
'

mal operating and environmental conditions This shaR in-
ciude assessment of the probabDity of excursions to the most,

i limiting environmental conditions, including consideration of
'

falures of HVAC systems or components, and accounting for
i these excursions in the analyses. These analyses shaR be
! documented and independently reviewed in the M-MIS design

process.

'
.

!
| '

'
i

:|

[

t

:

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Pennaraph No. hoquwement Rahonohr Rev

{ 3.5.4.1.1 Component ReilabMIy Beels Component ReNebEIIy Beels O

; For the resiahmey analyses, the M4NS Designer shoe use the A consistert booe of reitob5ty (tete is necessary to ensure O
componert rude =haey date avatable in MIL-HDBK-217E, that the refusbihty of aR componeres used in the M4WS ogr'p-
Behobety Predictort of Sectronic Equpment, or other ment refiebaty analyses are such that the etsidis d the
equivalent published sources. M44tS companents for which analyses can be compared The MIL-HOOK-217E database is

! reliebaty data is .vd aweasbie in MIL-HDBK-217E or other essensive and represents a great deel of eepenence wth com-
equivalent pubMehed sources shen haws tiesir schobaty based pie =c electremc systems and components. Housever,
on the teetAtt W refiebury testing and statissecal analyses as re- reliebaty data does not c tist in MIL-HDBK-217E or other.

quired by 3.5.4.1.2. The quanti.atswe values of the mean laaure equpwelete publiehod sources for all componeres.
i rate, or MTBF. of M441S componerts and their bases shaE be

documented and independently riedewed in sfu M44tS desegn
process.

3.5.4.1.2 When adequese reliebelty data is not avallable in MIL-HOOK- in order for meaningful . _~3p analyses to be performed. 0
| 217E, Rehobdby Predpcaion of Bectrome Equpment, or oths rehobaby data is needed to as components. Some com-
| ar-id pubMohed sources, the M4mS Designer shes per- ponents may not have adequale, pubhohed . _~2.=i data.
j form seliebaty tests to determine the mean failure rase, or For such componeres, rehebaty sessing and statistical
; MTBF. of M4SS components. Stateshcal analyses d the anssynes are requesd in orJer to generase reRobety <t=an

reseats of the reNeb8ty testing con be used to determine the The use of :he one-sided. lour end 95 percent confidence in-
| one-sidej, lour end 95 percent confidence irserval for the serval ensures Mwt ". JS " bened on reliebsty testing andi
; mean leBure rase or MTBF of the comn9nents tested whi9: stehetical analyses compares wee wth "amilmhaoy* Desed on
i shen then be used in the rehabtity eselyses. These reliebtity published data. The one-sided, leur end 95 percent con-
! tests sheB be performed usin0 rreflods which are generaEy fidence interval of the MTBF represents the MTBF for which
; copainaars wth the gusdehnes prcwided in MIL-STD-781, there is 95 percent confidence that 95 ps. cent of any addi-
| Rehabairy Test Medhods, PAms, and Eindronments of Engmeer- tiorial samples of the population of the item tested wB howe

b Cn4..-.;, Gus46cacon, and Producfbrr; furthermore, an MTBF greater then or equel to the one-sided tour end 95i J
) the sessistical apelyses s5e5 be consistent wit the guidelmes percent considence irserval
; provided in MIL-HDBK438. Ehicaronic Rehabehty Desp Hand-
j book. The ;ests and analyses shal' be documented and inde-

J penden6y reviewed in the M441S design process.

i

1
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3.5.4.2 Snook Circut Anotynee Snook Circuit Analysee 0

The MMS Designer sheH perform analyses of aN MMS A * sneak cwcult* is the term applied to a lesent posh or condi- O
hardware and soelauere to ident#y unpler.ned onerahoned tion in a systern potereasy resunweg in unsupecsed operaton-

i modes, induding the inhibition o' deswed functions and the ac- af modes which are not caused by component le5ures but
tuotion d uramenced functions. These analyses, termed are due to design oversigPe. Sneak cwcat analyses (SCA)

;

* sneak circut anseyses* (SCA). shes be %.4 using con- idenosies these tolert and largely hidden shortcommgs of We
sistent. syseemselc me: hods and appropnete aralytical tools. system design. SCA focuses on the inserconnections, inser-
These analyses sher be generaBy consessent with the relacionstsips, end interacssons of system compM there- f
guidelines provided in MIL-HOOK-338. Elecsronic Reisebarty iore. SCA necesserey consdors the compiste system con-

! Dessgre Handbook and sheB tw documented and inde- liguration. Due to the complewiry and size of many syseems
pendency reviewed in the M-MIS design process- in the MMS. system sesemg to idenney the * sneak cucuss' is-

neeher an economical nor a logisticaNy Seesible anemotive to
a.@. (Heuswer, at: SCA does not repiece syssem frmc- i

toonal tessing; system teshng is pe40rmed to demonstrate !

that the system o constructed and operases as designed ) *

Due to the nature of * sneak cwcults * they are chen
,

evidenced as spurbus operational modes and can appear in |
mesure, shorougNy tested r,J... even aster long penods W:

: field use.
1

3.5.4.3 Failure RSedes and E81 ecto Anotyees Failure GSedes one Ellecto Anotyees 0 i

The MMS Designer shes perform analyses to ideneUy sig- An FMEA addresses each credele insure mode (e g., lature 0
'*

nificara silects which result from the credible fatures of in- (J moeor coretal logic), determmes the poestle cNects from i'
drwidual MMS corrgonents. These aralyses, termed "feture such leeures (e.g., shusdoum of a reactor coolant pump). and

; modes and enects analyses * (FMEA). shoe be performed classAes each te9ure mode accordb to its eNects (e g. loss2 ;'

using consissent methods and approprk, , analytecal tools and d plant avaEab58ty) The results at the FMEA are used so
shes generally be consheent with the gudeler%, prowr%1:n demonstrase that the MMS desigri meets the quanillahve

i

MIL-STD-1629A. Procedures for Performirrg a Fa#are Modes relieb51ty and meantameb5dty design goals. FMEA can also as-
) E#ects and Cnecaldy Anedysis, and MIL-HDOK438. Elecronic sist in the ident5ecahon and eliminosion of common mode

.t.'r.ffr/ essgrr Handbook. These analyses shaE be docu- failures and may suggest areas wl'are i,vyvm...e.-as inD
rnented and independenlly d_.J in the M448S desegn reliability can be achmed. FinaNy. tfe FMEA restAs are also
process. usettA kn mantenance plannmg analysis.
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i

2.s.4.4 esemasmebssyAnalyses tenhamineWatyJmetyees 04

The M4AIS Designer shes perform analyses of aN M4AIS These anseyees wel provide the querenesive en==mame of a
j hardnere to predict the amount of time that an M4AIS subsys- whether she ._ ^___ -t , requiremeres of Section 37 have

tem or component wg1 be 4. - _ 2^; due 40 mesneenance ac- tren enst and wel proude input for maireenonce pienning;

; tivties. These analyses sheE be pedormed using conomor tt,e
! ry." .. seselhads and --- +'_^: analytical tools. These ;

^ ' -

; analyses she5 be generaBy consistent wth the guidelines - }
i provedad m NGL-HEE 4n ?ti _ - " ~!/ redeson, and iP
j sheE be documented and independenlly reweewed in the M-
! MIS design process.
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'

3.6 TESTABIUTY REQUIREGAENTS TESTABILITY REQUIREMENTS 0

3.s.1 Continuous Ost41ne Testing Continueue On4ine Tessing 0
:

The cap hany for consmuous online self testing of hardwe+e Continuous online self teshng prondes cordinuous monitor- 0
integrity sheE be provided for as much of the M44tS as is prac- ing overas system aveRob5Ry by rapid idenI5c=dnn of
tical. This testing sher not affect the system functionelty and hardware fetures This requwemert also provides guidance
sheE be performed on afw module, as opposed to the system as to the :mnimum coverage d the testa.
tusas. These losts may inciude, but are not limited to. RMA
and ROta ladure checks, arithmetic processeg unit fa5ure
checks, data link buller checks, and CPU reset of watchdog

'

timers.

3.6.2 Perledic Testing Periodic Testing 0

The capabety for periodic functional teshng of the systems Automated penodic functionalleshng * vc overall sys- 0-

i shes be provided. Thi* periodic teshng sher be manually in. tem reimbaty through iderW#icehon of system letures.
iheled, but automeleceBy performed once inteeled, and sher
meet the requirements of Regulatory Guides 1.22 and 1.118
and IEEE Stenderd 338. Automatic intiation of periodic test.

i
! ing may tu provided where the test;ng does not degrade the
'

'
system functionssty

|

: 3.6.3 Rollahmty of Testing Features RollstulIlly of Testing Feisturee 0 '

) The mean time betv1mn lemures of M-MIS conhnuous on4me The benefits gained by butt 4n test lessures shodd not resWt 0
; self4est foetures and penodic functional test 8estures sher be in a signficant increase momienence burden. |
; equel to or greater then the equipment they are designed to 4

| test. i
,

|
'

!

!

|

,

h
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3.6.4 ReconAgurselon Amor Faeure Detecelon Reconsgweeton Amor FoEure nan as== 0
4

| Upon decodion of a future in the M 4elS. a system shen be The abWty to reconfigure a system improwes overa5 swstem 0
i designed so that k cci be placed in a conhguration such ttwd relieb5Ny It is not the intent of this requwement to hows the

an addtional sinWo ladure wE not prevent system 4evel protec- entre M4stS have the capabalty to accept two latures.
; tion or safety acsion. This reconfiguration shall be automatic

in the cose of cxmeinuous onJine sell techng with riossication<

of the new reconfiguranon given to the operator. Where the
system conRguration has suNicient redundancy to meet the
reliebEty goals without automatic reconRguration, such auto-

i metic reconfigurahon need not be provided; bcwc, the (
; operators must be alerted to any failures detected by on4me

self-testing.

I 3.6.5 Failure Location Idecasme.asag FeEsse Lacetion - 0 !

The M4eBS test leasures shes identWy the locahon of a Repiscement of the lowest repieceable moouse wel reduce 0, ,

desecsed loture down to the lowest replaceable module, the mean time to reper and reduce the risk of replacing non-
: defedive hardware durmg a protracted troubleshoonng ewer-
! cine. ,
!

j 3.6.6 of h Test Cercuits W et Autonesele Test Circuits 0
1

i The automelec teaters for M4eBS Class 1E shot be claselhed Sence the automenc testing enhorendy aflods the evilsbety of 0
j as associesed Class 1E circuits and shall meet the requwe- the cecuits being tested, the testing cecuits must have a high t

i monts for associated circuits as described in IEEE 364 and rollab5ity to be enecewe in finding leeures and to avoid false |
the reliehesy requirements of this Cheg*pr. leBure indiCahons. ;

3.6.7 Systone Reconfiguration for Testing System Reconfiguretsen for Testing 0

Bugt-in, automated test features shsE be provided for penodec, Butt 4n test features to elimmate syssem reconfiguration wel 0 }
funchonal tesung as necessary to ehmmase phystal recon- be expected to asevisse problems empenenced in present !
figurasion of systems (e.g., addng jumpers, lifting leads, swap- LWRs that have restated from designs wth poor testabileyt

: ping cables) to acco..v:;a the required tests. However, i

,

tranuel initinhon shaR be required for any periodic, automated
| functional tests. I

.t
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t

3.6.s Safety-Roteesel Systone Testing Sassey-Reested Systone Teeesng o

, The Safety-Helesed Sys' ems, e g , reactor protection and en- Manuel wWeeshon asows administraseve control over insianon 0
! gineered safety features actuation systems, shall have automst- of automatic test sequences This provides the operator weh

ic test fessures that are sufficsent to meet the Technical the abtey to prevert testing if condtions do not warrant test-
Spec 5lcaelon requwements for perio:isc surveElance of the ing.
system's functionob81ty as defined by Regulatory Guides 122
and 1.116 and IEEE Standard 338.

3.6.9 Test Perfernmence Test Performosece 0

Test leasures of the M441S shen be designed so that, to the do. The abaty to perform functional tests at power eliminale the 0
gree practical, the tests can be performed with the plant 4 potenhol need to come off-line to meet techrucal specification

i power wthout causing spulous actuahon of reactor trip teshng segments. The abeity to perform aR tests at shutdown
; devices or safety system components. Where testing at ensures full system functionality prior to startup.

power would upset plant operahon or damage equipmert,
; provisions sheE be made to test the equipment with the plant
; operasing at reduced power or in a shutdowre condition.

AR tests required to be performed to keep the plant at power
| or increase power sheE be t'apahle of being performed
'

without shutting down or reducing power.

3.6.10 h 6 Bypees M Sypoos 0
i Once the funcsional tester is enabled and a test sequence is Reduces the risks of potenhol operator error which could 0
i manueBy initiated, the lessing shen not proceed unless proper restAt in uruntenteonel actuation of M-MIS equipment.
| bypasses have been established. The bypass condehons re-

quired for lessing sher be estableshed automaticah^y.i

1

: 3.6.11 iswac.nass for Test and Bypese Status leualemmars for Test and Bypass Semeus 0
For the periodic funchonal tests, the tester shaB have in- Local indicasson of pass or las status and the 3Aatus of bypes- 0

. dicators at the local cabenet to provide a quick indication of ses re&>ces vime for system repair.I

pass or lee status for the test and the status of bypasses.

I
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Paragraph No.
;. -

ReneArement nationene near.

3.s.12 Test ResuA Recents Test Result Reconfo 0 -

The M4AS design shen prowde an industry standard printer in- Prmeout of test results reduces Wme to reper or sepiece leded 0,

; nortace at the local cnbinet to allow plant personnel to obtain a M4AIS modules or egiapmert. A standsed prmeer is required
! heni copy record of the automanc test results. As a mini- to ensure esse of meweenance or ; ," : _ _.;.-

mum, the test rootdts pnnled should include iderW9ication of
each subsest and the pass or les status of that sublest.

! 3.4.13 Remoesiof Automalle Bypees Remouelof Automatic Bypeos C

Upon compleolon of a test sequence, the automatic tesser Reduces potenhet lor error whicts could reesdt in unmeended 0
shed remove aR h 1::- which were estabhshed to asow 80s, acDwelson of M4AIS egiapment.'

-

automatic test to be performed Positswe indicating features
shes be induded wahm the desen to asow paard personnel so
determine that aR test bypasses have been removed and that
the system has been property reconhgured for normal opers-
tion. ;

l 3.6.14 Procese input Signals Processinput Signets 0
,

During periodic fundional tests the reactor trip and safety sys- This is the r.f.. 4 lest method. O
som functional processors shen not depewt from their normal !,

execusion pashs. Theresore, as input and output funcisonal !
tessing performed by the automesic tesser shas be done unne
simuissed pecess input seness.

3.6.15 Testing et h of Processors Testing at et Processors O [

) Comprehensive self<jingnostic routines shaN be performed This is a p. ..;W rneshod; it provides a consistert level of 0 .

; upon initishzaleon for au processors. readmess when equipmer2 is prasered4sp. and reduccs the
i

need for back-traong to find a problem. !,

! !
1 !

j

!
!
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3.7 MAINTaannames STY RAAINTAINASIUTY 0,

i

The MMS sher be designed to sempidy and reduce the Expertence has shown that M-tmS enomtenance can be a sig- O
amourt and dullculty of the maintenance required over the nuicant burden on the owner's staff or con be so dBlicult that

I . lifehme of the plant. errors are prevaient and the plast reliebaty is reduced Ease
4

of rnasneenonce must be desegned into the M44tS-it cannot
be added after the dessgn is complete. The requeemeres of
this section are intended to eneese Wiet the M44tS Dessgner
has conssdered the need for prat 2ical momienance as a fun-
demental port of the overaR design..

3.7.1 Maintenance Bursion RAsintenance Bursion 0 i

The M4AIS Designer sher quentNy the expected aggregate The enesneenance requirements determine the mensmum nurr:- 0
; memtenance burden of the M4AIS equipment in terms d the ber and quel #ications of mameenance personnel as wee as

times and skas of the meentenance im,; .;G.6 and the the mosntenance related tasks which absorb operators' time,

operator's time which wel be required. This shaR be based on and attention. '
,

the meen time between lailure and the mean time to repair,
i considenng af the redundant channels and equipment This

i
shes also incsude pJ:c mesneenonce. penodec functional

*

testeng of safety reiased equipment required during plant opera-
tion, and planned replacements.

.

3.7.2 Repisconsent of Equipment Replacegsent of Espulpsnont 0 |
3

! It should be an obpective that M44tS equipment have a service This informenon we be needed by the Uegity to propedy plan e
i Ille long enough that replacement dunng the plant Ille wlR not for snameenance os the l#e of the ALWR. This requiremers
; be requwed. Where this is not pracNee8 e g., no proven corn- is intended to apply to expected weerout; it is not inseruled to'

ponents are ae, the M441S <tesign shau include features reduce the need to design a5 components for masniasutAity
| to minimize the impact of the actual replacemert and ensure arrespective of whether 1:wy are expected to lam for the
j that weerout does not reduce plant availability. The M44tS desegr leenme
1 design sher identify the service life of all equipment which

i

| must be replaced and oulione the timing of the logistic sup- |
port e.g., equipment and manpower, which will be required
on the part of the plant owner

i

; Page 103-43
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; 3.7.3 Modular W BBodular Reptocement 0
i Reper or M4mS equipmera shre normesy be accomphshed The wareenance do reme es in schoed my modder + o#

by simple modular repiscement in the field, i e., reminng or so- piecement. AddesonsBy, there um be less pW tor seusww. - !

,

piecemort of individuel smes components shell be done in see ing or other repeir reisted deEdencies weh the system.
shop, not in the cabmets in the field.

.

3.7.4 Tissue to Detect and Repelr a FaNeare Tissue to Detect ased Repeir a FeMure o

i The mean time to detect and repair failures down to the These times are ineended to be consesent wth cornpleeng 0
lowest replaceable modtje, a ..= god across au types of the average repair within a smWe shut by se serge crew. It

i M-MIS equipment for the entre design ide, shes be less then should also assure that no mose then two shst crews we
. Sour hours. The sneximum time to detect and repair lotures of have to be invohwi in a sogle sepair. This wiR meumite the'

any M-MIS modde shen be less then eight hours This time need to exchange infomeasson between moweenance person-
i sher include the time to detect the lature, gain access to the nel and improve the accoursebEty and, therefore, the quelty !
i feuky equipment, desemune the recimary repair, obeam of the work. ;'

necessary replacements or spores, make the repair or rapearm-
; ment, and verify that the repair has been stW ac-
i compelshed The eweluotoon of the repeer time sher assume ;

!'

that a lechnical vdih the r cese-ry skin level wel be avadable '

at the see.
,

This requirement apphes to au M441S equipnw=it with self-test 0
capabWty It sher be an obpective to meet this requirement lort

; other M-MIS equipment where pt.cEJ. For example, it wW
probably be hipractical to meet this requirement for cables

fj which run from location-to40 cation wehen the plant or for son- ;
j sors in systems which are not accessible to personnel when
; the plant is in operation
f !
i

1 i

|
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3.7.5 Onene Cameresten Osm Callkration 0
,

,

Any module that requires celeration more frequently ther Plant operation should riot be esturbed N ceNbratiot must be 0
,

once por fuel cyde must provide for online cahbration whee p L... J between scheduled shutdoums,
i .T '_M., M+7- ^; control, monitoring and system perfor- |

-

mance.

3.7.4 On4ne teeintenance and Repair On4ne BAmentenance and Repair 9
; No aceh4y associated with expected maintenance or repair of Memtenance obviously cannot be aNoused to adversniy allect 0
; the M4NS equipment shes prevent any plant safety or protec- selety or prosecsson syssem ripammimi. The abety to safely
| tion syseem from suunng its required function. in adde on, the perform meneenance whee the smere is operamonei asons'

M44|S svseem sher be designed to permit expected mesn- reduceson in piant outoge momeonence burden and supports
;j tenance to be perfomied, to the greatest extent pi.Gi id, the ALWR n" _Ay requwements. The plant shoued operate '

i whee the plant is on-line The design sher provide mesn- conecsy with a single safety-valeted chenrust in a test or
{

! tenance bypasses to aBow for online repair including tum=Ma bypass mode for repair without a signficenNy increaseo risk ;
| lockouts or interlocks to ensure that operator errors wal not of shutdown. For example, during such an operaison. the

|
[ lead to plart outages wh5e repows are in progress. remonung safety-reissed channels shoq3d be dessgned to be !

locked out of test or bypass. !
3.7.7 Maintenance Husmen Factors RAsintenance Hasneen Factors 0 i

,

,

; The M4EIS shen be dessgned to recognized human facsors A segnaicant kactior, of the proddoms wth M4AIS mem- 0 ;
i standards and sher provide the specdic features defired tenance have involved operator enors. Seeps to rneke the I

below meineenance cesser strauld reduce the risk of errors as weei

!

|
as the time to eclect the mesneenance. !

l: 3.7.7.1 W of RAsintenance Tasks ofIAsineenonce Tasho o i
'

t

The M441S Designer sher systematica5y identify the tasks so- The Utesy wel need to know the quellRcesions of meaneenance 0
'

i quired to maintain the M441S equipment includmg definition personnel and the support and test equipment necessary to j
of skals, tools, test equipment, access, etc. These tasks shed maintaen M-MIS equipment in operation. !indude any lessing requwed to retum the equipment to sendoe

I after maintenance is Omp. The results of this analysis
| shall be provided as part of the M-MIS design

i

4
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3.7.7.2 Evolueelen of RAsineenonce Tasks Evolueelon of h Tastm 0

The M4 ABS Designer shot eveliste the mairtenance tasks to AccessibEty, adequase meentenance envelope and pus space 0
ensure that requesd mentenance actions are sample and unE requwements for equipment remowd. rneineenence reisted

| understood and within the expected capabety of masneenance communecemon requwements and adual interface wth equip-
ledwucians. The eweiussions shes use mockups or prototypes mere can best be demonstrated by evoluselons conducted
of typical M4AIS equipment and the performance of rnmen- with mockups or prototypes of M4AIS equipment. The task1

!

tenance teek wsNehroughs. The evolustions shen be ac- eweiushons wel also prowede inictmmelon needed by the
i comgtehod eerfy enough in the design process to aBow feed- owner to prepare meentenance procedures.
i back to be incorporated into equipment design to resdwe dis-

crepancies discovered by the task evaluations. The results of
the task evaluehons shes be provided as part of the M4AIS

| design informehon.

3.7.7.3 Egesipsusent Doolen ter RAsirr.enonce Egesipment Design for RAsineenance O

{ The M4AIS equipment (cwcut boards, racks, termenspons. Signficent improvements in the eene of maintenance should 0 f'

etc.) sher be designed to faceitate momsenance and repair be achsevable by consessenefy w i" i.g enesntenance as an
and to minimize coniusion and the chance for error dunng integral part of the overoR M4AIS doesgn. Dessgrung the

: these operations. This indudes such features as: M-MIS equipment for meineenance wW reduce the mem-
,

'

tenance time for the plant owner and, in addaeon. the in-
Lre=einns and arrangements which are functioneBy logical, cidence of menneenance errors..

t

Ur embiguous, roedoble, snd consessent labeling of Exiehng expenence indicates that many errors occur due toi .

| componeres. both inside and outside of cabmets, in lock of or inadequese lebeding on the inside and outside of
.Iaccordance wth the general guidance contamed in panels. Instaued commurucation leesures aSow moweenance.

*

EPf4 NP-6209. ENecowe Pfent labeling and Codhng, and operations. and test personnel to esemblish continuous com-
consisters wah coher plant labehng practices; munieraions wahout seewirsg the work ares and ehmmeles tha |i need to run communication cord through doors and across t

Accesette and ident# led test points; floors (See also Sechon 4.6 for communication require-.

; ments.)

'

Appropnnte protection agesnst inadvertent actuation, short- 0J .

ing out of termenels. droppmg of parts, etc.:

i
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Power for test equipment.. 0
Posted cautions and critical instructions;.

O

Provissons for communicating between locations where 0.

maintenance, observation, and testing is required.

3.7.7.4 Access ter Meintenance Acceso for RAsineenonce 0

The M-MIS cabinets shau be designed to facsaate access ty Ease for access for mainsenance of M 4AIS cabinets wel o
maintenance personnel The desagn of M MIS cabinees shondd promote fewer mai.isenence reisted upsets caused by mesww.
aBow specselezed meintenance technicians to work on their per- ing or ddliculty expenenced wish resuming the system to the
ticular equipmeet without insederence with equipment serviced correct configuration followirig the anoineenance activity.
by other technscions.

3.7.7.5 Maintenance LaceGen RAsintenance Lac.anu, O

For continuously manned control stations, particusedy in the Although the operators need to be aware of repair work in 0
mein control room, meansenance personnel shan be able to progress, addesonal personnei 'n the vicenity of the operasang

i troubleshoot, pedorm related tests, and repair M-MIS equip- station is distracting. It is pared =dy deseracsing when the
i mort irt an area whadi does not impeer the operators' abeity to maintenance personnel are literaBy *under-loot.*
; access controls and despieys or disrupt the operators' view of

the control panels. The only exception shall be to a50w main- *

tenance personnel access to physical control swe hes orc
'

modules and front panel desplays where frost access is neces-
! sary to repair this equipment. The need for massenance per-
) sonnel Ic gain access to the control panel frorAs shaB be mini-
: mized.

i
'

!

k I

J |
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3.7.7.s Operseer Acelone to ENect Repairs Operator Acetone to E91oct Repeles e,

! M4mS equipment that normeNy receives input from conlects Although the operator at the control panel wm reed to know 0
on the moln control panels or consoles anti drives indicators that repers are in progress, his acIlve porticipshon in the
or displays on the panels shen be capable of receiving sipiel repair operation aseef wel destract him from his other respon-

; inputs which simulate the controls and shau be capable of sibtities.
providing and monitoring ousputs so that the control panel
operator is not required to take action to provide the inputs v
monitor displays and indecators donng repairs, except in thoes-

ceses when the front panel components themselves are being,

repaired. The operators, however, shall be provided with an in- !

i dication when testing is in progress which affects the
; operabeity of equipment or systems or makes tiet equipment
; or system more susceptible to unusual everns, e.g., spurious
j trips.

t

3.7.7.7 Controis and Dispisys for RAsintenance Controis and Deeploys for h 0

| Controls and desplays which are used only by techmciens in Despisys and controls wtuch are not Med by tie operasor
)the course of maintenance and repair, i.e., are never used by crowd the panels and distract the operator. In some cases.
,

the operators, sher not be on the trord of panels unless they these controls can aflect operation 5 ;..C...^ Q achsated. |
;

'

are covered and do not crowd the operators' controis and cNs- For example, some stock, genosal purpose contro6s or dis- !
i plays. This indudes such items as programmeng controls, test plays indude frord mounted programming or calibrasion con-

connections, calibration controls, vanous test lights, and some trois which are used only for mairdononce.
( set point adjustments.
:

4

L

. .

! Page 10.3-48

i ,

s

O O O
~

--- - - - . - . . -_- .- - . _ _ ._ _ _ _ _ _ _ _ _



_ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ -_____ _ _ _

pO O
nt

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requrrement Rationele Rev

3.s CONSTRUCTIBItJTY CONSTRUCTIBIUTY O

The M-MIS design shen incorporate leatures to reduce the Ease of construction and in=ammuninn of the M4sts is impor- O
time and effort to fabricate and install the MMS equipment; tant to meeting the ALWR cost and achedide goeis; io .;;,

! however, these features shall not adversely impact the abEty these must not overshadow the owner's long term needs for
; to operate, test, maintain, and repel- the equipment. This sec- ease of operation and meinsenonce.

tion identfies some of the snecihc requirements for these lee-
tures.

3.5.1 Use of Prosen T.C. 'm:: Use of Prosen T.C. , 2 0
-

The fabrication and instanation of MMS equipment shes be For the ALWR, it is the intent that the plant incorporate, to O
based on proven manufactunng. assembly, ard instanation the maximum extent pi,GM the lesest construction tech-
techniques. nologies. These technologies must, however, be proven in

order to ensure installahon costs and schedule for M MS
equipment are predictable

3.s.2 Reinig-mi og F; ed Cp fi ._ RAN of Field Opera tone o
-

n
,

I
'

The M-MIS sheE be designed to incorporate features which Field operassons tend to be mose dWicedt to control then shop O
minimize the amourt and dEHculty of the operations which ase operations, porticularly for desated operasions or those where

j requeert in the field to instar the M-MIS equipment. These les- a c$een or controlled environment is needed Field labor is
'

tures shof include the items identdied below also typecag i-ff;f; high cost, partienderly lor the slialedy
: techrecians needed for MMS equipmers.

i 3.s.2.1 RAoduler Design RSodutor Design 0

The cornponents of the M44tS shall be desegned to aNow in- The cispeb5ty to perform instaEselon and funcsional checkout 0,

! stallahan and functionel checkout of each module sop =-_ ~f;, on a modular basis permits these operaIions to commence
prior to complete system integration. Control systems before as M44tS subsystems become completely ava&able

; cabinets and pesreis should be fabricated, wired, and function- This we result in an earher M4dlS aveBob0ty Sence the'
aily tested before they are installed as r.,odules in the plant. ava5abaty of the M4AIS is essensisi to the plant startup test

| program earty avaaabelly of a wortsing M4mS is important to
j the overaN ALWR startup schediJe. In adtNhon, shop fabnca-
; tion of modules or subessentfies of MMS type e_uipment
!

has proven to be cost effective.

Page 10.349
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3.s.4 Schedede ser h Schedule for Cosiserucson o,

The M48BS Designer shen ensure the construction, fabnesolan, in the current plarfs, instruments and controis are chen not O
incamannian and checkout schedule of the M-MIS equpment to insta5ed and operahonal at the time that plant equipment is
the she is such that it fuNy supports the aggressive conoste- ready for initial teshng. As a result, temporary instrumerds
tion and stortup testing schedule of the ALWH plant. In per- and controls are )Ary-regged to support these tests. Then,
tscular, the M4 ABS Dessgner shell plan on the basi, that the per- some of these tests must be repeated once the permanent
menerg installed pient insert nents and controls are used for controls and instruments are insta5ed and checked out. They
plant testing and startup to reduce the amount of temporarty intent of this requirement is to prevent the recurrence d stus
insta5ed instrumentation and the amourt of rework requeed to problem and to fac5 state meehng the aggressewe ALWR con-
correct and retest systems because the plant squipment and struction and startup schedule requirements
the associated instrumerts and controls are not adequately
coordinated.

i

I

!'

l
I

|

'.
4

1

5

|

1
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3.9 DESIGN Fa russent :TY DESIGN FLEXIBM.lTY 0

The M4dlS design shall provide Sexibuity to accommodese Exissing plant expenence demonessetas the necessay for the 0
design changes and eie abaty to repiece equipment due so M4mS design to accommodam de.dy: changes. addesons,

! agmg, wear, or obsolescence. SpecescaNy, the M4dlS deslys and upgrades The stated-the art ire M4dlS equipment is
sheE indude desegn features such as: constantly changmg. and obsolescence of equipment is a

j contanusng concem. As a resWt, the M4dlS design must be
A moduler design, bosh functionaNy and physica5y, to liexible to asow for desegn changes and rW of ob-.

accommodate replacements and sqqrades gracefusy; solete equipment wahout magor disrupeson to overaN Al.WH
piant seisebany.

Physscal spare capacey in instrument panels control.

consoles, terminal senps. wire ways. etc.; .

'

Spore input and output capacity (both icgical and physicael).

in computer syw. ,

Spare capacity in alarm and display systems for both.

iniormation proce.J g and physical presentatiort;

Spore capocay in data commemication (system loading, etc );.
,

Spore capocay in power supply and HVAC..

The plant cor6% and design documentation s* win spec 5- The documentation (( these special feettres wiB assure that 0 |

cally identWy these features and oudene how they could be ulE- they can be tr/M for adequacy and that they wel be Itdly
Ized. recognized in the planning for any future plant modfecations.

1

1

)
I
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4 CONTROL STATION REQUWeERAENTS CONTROL STATION REQUWasseserT3 o

4.1 CONTROL STATION DESIGN PROCESS REQUIRESSE98TS CONTROL STATION DESIGN PMM REQUIREGAENTS 0

The M-MIS Dessper shen esvaitdesh a process to ensure a con- It is important that aR the contrul sessions in the plant be work- 0
.t sastent doengn approach for as the plant control stations in the able and consissent with each osher. Uniens a prucess
i M-MIS. The requwements for this process are in this secteori specnicafy dwected at acii.bg this goal is used, tie controi
; and in Sechon 3.1. staesons wel be developed largely independent d each coher.
. they may not be workable as a losed system, arid it is untilicly
) that they wEl be consistent.

! 4.1.1 UIIIIsocion of Fesactions ar.3 Tasks tases aE=i of Fenecelons and Taalm 9

The Consral Seselon desegn process shaR be based on and in- The direct couphng of the control senhon desagn to the overall O ;

| tegrated wth the overaR identshcation of functions and tasks re- M-MIS functions and tasks wal assu.3 that the contrul sta.
' quwed in 3.1.3.3 tions are compatible with the tasks which they are expected
j . to support. ;

4.1.2 ControlSeselon C;c: ^ - " Designe Centrol Seselon C. ,^ 1 Decipes 0m -

6

i The design process sher indude the early preparation of con- The early conversaan of the functions and tasks to real 0
* ceptual designs for each control station based on the intial hardware desegns wel assure that remaisair verification and

defintion of tasks. These conceptual designs shou be com- vehdemon of the %-. a rd funcslons and tasks arsi the
piece enough to permit reviews as defined in 4.1.3 and indudo- capsbeity for their performance con be made They wel also .

allow er.y lemsations imposed by the aveEshtty of hardware1

Layout drawings of the stahon. to be identweed The preimnery procedures wel be used in .. .

the reweew process, e.g., in walkshroughs in mockups. I
Identificehon of the controls and displays and their i

.

mejor charaGL,

1

Specific listing of tasks in sequence and their requwements: .

I for information and control;

Preimnery procedures for the operation of the controi.

! station.
l
.

; Page 10.41
|

)

1

-. . . ,. _ , . . . . . . . --. - - - - . . . . . - . . . . . . , _ . - . - - . - - . . - . - - . .-.- .-..,- - . - _ _ _.__._-. _ _-_..- - _

_,-.-|



-

.. .

O.
- ,

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Para MAiNo. Rentirement Rarenade Nov.w

4.1.3 Rodeur et C1 _f "Doelpee Redour of PW-8 Designs 0
+

The desigre process sher provide for the interdesdplinary * J_h". y reweew of the conceptual designs under con- O
review of each conceptual control station desegn and the func- dhoons stuch appronsmate the conkel stafions acsual use is
tiorW and teoks seeigned to the control state *or com- essereal to the selection of a final w~ - JA
petibalty. t

.

4.1.3.1 RAshoup of Redour Tesser Stetteup of Review Teesse C
i

The review team for each control station, as a trunwnum. sheB The control station desegns have diverse impacts; conse- 0
,

inchade personnel wth operational expsreence and human toc- quenIly, the review seem needs to represent a diversity of '

-

tors spedoNets in addition to engmeenng disciplines. specNical- viewspomts.

: Y
Current or previously licensed, experienced operasor n, .

(preferably an indMdual who has expenence at the un-
licensed level, the RO level, and the SRO level);

An I&C engineer; O :
.

|

|
A systems engmeer lamdher with the systems contro5ed 4 - 0.

j the control stasion;
,

! A human factors specselsst; O.

Individuals femeier with other desciplines appiW t to the 0.

i functions of the porticular control station, for example.
; meineenance, testing. procedures. lighting, radiasion
i protecsson. commurucatien. and licensing

.

|

|
4.1.3.2 Useof AsocimpControlSeselons use of Asockup Control Stations 0

| The design process shall provede for the fabrication of a static Although some initial reweews wth drausengs can t)e made, it 0
| mockup of each control station for use in the review process. is essential that accurate pictorial motAups be made at an

f eaefy stage. This improves the quality of ani reviews ;
4

;

i
4 Page 10.4=2
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Parograph No. RentAroment Rationele Rev

4.1.3.3 Use of Act'se Singulators Use of Active hammars 0

The control station dessgn reneur process slusii prodde for the Although static mockups can prowule a sewiew of some les- O
-

use of adtve samutesson of the control stataris tures, they inherenWy lack tte time irgnat which is importast in
some tasks. For such tasks. the oesty uso d a samdasor
helps to avond unreasonable demands on the operators.

4.1.4 Iteratiers of Ftenctions, Teoks, and Desagns leeration of Fasactions, Teoks, seed Desires 0

The design process shes provide for the iteration of the con- The desegn process needs to be sudi that d8hculeses found in 0
trol station dessgn with the functions and tasks assegned to the the course of the revieur can reendt in :_ _ _ _ . . - ; oftasks.
control statiort. That is, the dessgn process shall soeciliceBy Otherwise.there is no mechanom to conect irdial assagnmort
provide for feedback from the design of the indudual control d functions and tasks which lead to unsetssfactory cordrol
stations to the overall identification of functions and tasks and stahon designs ,

their assignment to particular control stations.
i

d

4.1.5 Definition of Design Practices Detinaison of Design Practices 0 !

4.1.5.1 The design process shes provide for the defmition of the Dete5ed desagn prachces must be deAned to ensure consas- 0 t
speedlic detal design practaces as they evolve in the course of tency from station 40-stahort RAuch of the gudance on con- {design C;.4. e. These practices shaE be based on pub- trol stehon dessgn, e g, EPRI NP-38Eis. Numen acsors Guder,

lashed guidance on human factors practice such as EPRI NP- for Nuclear Posser Plant Coreof Room C;4.., .4 (see
; 3659. Human facsors Gude for Nuclear Poever Plant Coneof 4.4.1. 4.5.1, etc.), aden85ies the subjects whidt must be con- i
| Room C; ;', .-.a. and EPRI NP4209. E#ective Pfent label- sidered and some approeches, hanuever, the deladed prac- |ing and Codeg. These practices include lice must be see,-Ed by the designer.

Types of controis and displays;. O ,

I.abelong-. o,

Color coding; G |
, .

Dsmarcahori;. o
Nomenciature;.

O i

Convention for locations;.
O

!

Page 10.4-3 :
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Paragraph No. Requwement Rarronele Rev

Emic convenhons and symbols; o.

Abbreviellons and acronyms. 0.

4.1.5.2 Where the M4AIS Designer selects new technology (e g, The irdent of this requeement is to assure thet new technol- 0
" soft * controis) for which published gudance on human fac- ogy is appised wth proper conedershon of the importance of

i nors procace is limmed, the M4mS Designer shaN develop the its human factors impact.
'

necessary desipi practoces based on the best .*vailable infor-
motion. This design practice shaN then be venfied by ex-
perimentellon, including active simulahon, and explidify in-
duded in the design review process, The review team sheE
spedliceNy determine the need for further review of the design

i
practices by human factors W

! 4.1.6 Documenteelon of Final Designs Docesseenantion of Final Desires O

! DetaNed documentation of the final design of aN control sea- The detailed documentahon of the Anei desyn is needed by 0
tions shen be proveGed. As a merumum. the requirements the Ulsty to support the travung of cperators the preparaiion
below sheE be met. of the operahng procedures, and to design future piert

modsicapons.

! 4.1.6.I Design ConAguration Deelen CenliguraMon e

i Compiece delinnion of the configuration of each control seeston Design configurabon coner,)f of coreof seestons has type::esy 0
! shall be provided. This shen include: been poor. C-a i.,6 of control panels tend to be directed at

the fabricehon (particularly wmng) resher then the presenta-
Arrangement of panels and other equipment, tion to and use by the operators. Cc -- .;;y. incorrect or.

;

amenmord configurahons are not discovered unst the plant is!

Types of co.,;.d.. bust. In addeson. the informahon is often fragmented and dif..

j fictAt to use for trawung or for pionning modNications.

Types of displays, o.

Colors. finishes. and metenals;. o

Labels and operation aids. O
i .

i Page 10.44
f

9 O O
_ - - -- . ._ - . - - -_-_- --



_. _

]
.
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Paragraph Na Regrnremers Retronekr Rev.

The drausings shot provide a pictorieEy correct representation 0
of the control station.

4.1.6.2 Definition of Fesacatone ased Teoks DeAnitten of Fesacesoses and Tasks 0

The desigri documersesion for each control station sheE deAne The functions and tasks for a control stamon pro 4de a O
the fundtons and tasks to be performed at the station in their defined interface "un. a . the Plant Desigrier and the plant
probable sequence. opwator.

4.1.6.3 Desire Practices Design Procescos O
t

The design documentation sher oeEne the common dessgn The use of standard dessgn practices wW ensure consastency 0
j practices for a5 control stations Any deviations from 1he cosn- 8t wEl also sempINy trasning of operators and evaluateng any fu- '

mon design practices and the basis for these ddlerences shes sure (MW. Deviahons from standeed practices wel need ;

j also be documented. to be covered in traenng programs or operating procedures. |

4.1.6.4 Generic Operedng Procedure Gesserec C; _ _ , Procedure 0

| The design documentation for each control station sheE in- Adthough some modfications of these procedines by the o
i dude its genonc operating procedures These procedures Utelty to conform to their indrwidual pracaces wel be regiared.
j shaE be rewioused as an integral part of the control station these prncedures wel substanheBy reduce the e# ort needed

,

j desegn rewtow requesd by 4.1.3. This review slusE include their by the plant statt. They wel also help assure that the plant is. '

validanon using mockups and active simusat:on. in sect. operated in the manner ineended by as desgner
,

i

I

. i

f
!

!
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4.2 OPERATW8G CREW OPERATWIG CREW 9

4.2.1 NormelOn-See SesMag 80ermalOn-Site Sesemag 0
:

i The M-AMS desigri shes he based on the stathng defined in This staMmg is intended to comply whh Wie apphcable o
this secsion for normal operahort, i.e., the functions and tasks regulatory requwements. It provides for augmentasson M this
for normal plant operations may be carried out by these in- meumum staWing to assure adequese mennmg lor emergert-

| deviduals wahin the constrawes of quehhcations and locasione. cues is avsesbee and to assure routine and administrative
tasks do not distrad the operators actueBy at sie plant con-

The loSowing normel shut operational staffeng sheE be accom- trois from the plant operation. It provides for an addshonal1

modosed by the M. MIS desegn- RO to tale much d the burden d conasct wish other plass
!

personnel from the operators actuop operahng the piars. Ity
One shin supervisor wel be included in each shut. This also provides specMiceNy for a dark Sor the shdt supervisor to! .

; individual we be responsible for overaN plant operation assest with lendhng the admwwstrailwe load.
! and wm have a sensor reactor operator (SRO) license.
| This individuars normel station wEl be the shift sa oebu.'sc
! ollice whech is adpecent to the main cortrol room (MCR);

however, at any time the shNt supervisor may be ac,i e
within the plant boundary

One other individual with an SHO lecense we be part of 0
'

.

each shut. TNs individual wGl be responsable for the direct I

j supondelon of the operators in the MCR. This irdividuars
i normal session wm be in the main cordrolhng area of the *

| MCR however, at any time the individual may be
j anywhere in the MCR.

| Two individuals with reactor operator (RO) licenses we be 0.

| port d each shilt. These indmduals we be responsible for I
| the operations of controls in tie MCR. These indmduals
: wel normeNy be located at t*e controls in tie main control-

|'
ling area of the MCR. One of these indmduals (or anosher

; individual with an SRO or RO hcense) will be at the con-
! trois at aN twnes. The other indmdual wd be in the MCR

at aR times.

Page 10.44 i
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One other indsvidued wth an RO bcense wel be part of. 9
each sh5L This indudual wGl be responssble to assest the
operators in the controSing ares of the MCR by insertedng
wth other members of the plant staN, e g., switctung and
tagging for memtenance personnel This individual's nor-

4

mal location wel be in an area immediately adjacent to the
controseg area of the MCR; however, the indudual may
be in the anhu;;;..g area to *aisewe or assist another RO

,

or anywhere wthin the plant bounoary. '

One indMdual quaillied to prowde engineenng support as 0.

a shut todmical advisor (STA) wEl be part of each sh5L
This individual wW norme5y be located in an oNice immedi-
atelyadjacent to the main controlling area of the MCR;
however, the indindual may be anywhere within the plant
boundary

. Two indMduals qualuted as necessary to operate equip- O
ment in the plant at local seasons shall be part of each
shilt crew. These indinduals wil not normally be located
in the MCR but wE be at various km ikn= throughout sie
plant as operations requwe. The M-MIS Designer shen
specificeBy eweluete whether two such equipment
operators (EOs) are an adequate staN. If they are not ade-
quote or || meeting this requirement adds substantial spo-
cielized automatec control or equipr. wit, so that a change
in the number of EOs is required, the basis shall be in-
ciudad in the M-MIS design documentation.

Page 10.4-7
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One indMdual appropriesely qualuied and traned we be o.

awmanham on each shut to amar the Shift Superwoor wth
admmiserselve detets, e.g, obtaimng references, hent91ng,

correspondence, etc. This indMdual we normesy be so-
; cased in or a@ecent to the shst superwsor's ONice; hour-
j ever, the indMdual may be located anywhere wthwi the
! plant boundary.
!

j 4.2.1.1 Operseing Creer ResponelblInles Operaeng Crow ResponsiblInies O !

| The M4AIS Designer sher specify the responsblNhes assumed The irdormehon is needed by the UIEty in stallmg the plert 0
in the design for each member of the operating crew. This in- and phrwung for Warwg
dudes rempor=my for supervision and should consider as

4 piant operaung modes.
: 1

)
;
!

! 5
;<

!
; :
i !

i

i |
<

i

! !
1 -

!1
' )

I

i I
:
i

5 !
i ,

'

i
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4.2.2 StefRng During Esseorgencies Steeing Dunny E ap.A 0
-

4.2.2.1 The analyses d plant transients and emergencies performed The inters d this req:hement is to estatsuh a firm, unform 0
i as part of tio M-MIS desagn process specified in Section desgn basis assumption for the analyses d operator
'

3.1.3.3.2, sheE be based on the foMounng assumptions: woridoads and adequacy of response to oficormal events.
Sece not all d the personnel listed in 4.2.1 above can be sta-

At least one licensed operator wel be in the controlling area tioned cortinuously in the control room. R is importart thist.

of the MCR at a5 times dunng normal power operations, the designer be given e clear statement on minimum
and wEl be aveEmble at the controls immediately to respond avaEability of personnel for handhng offeormal saualsons

! to any oficormal situation;
Past expenence has sfewn that the minimum man.iing level

Two addElonel licensed operators (at least one of whidi is required for the operating staff is set not by nornel operatiry.

an SRO) we be avaEsbie in the controllery stea d the MCR condisons but by upset or emergency condaions, particular+y
within one minute when caikd upon; situations in which equipmers faEuros occur in these situa-

tions, an operating team approach for monitorirg and cordsof-
Two equipment operators wEl be avaEable via voice ling the piard is considered the best approach, for several.

commumcation to wpond immediately to co. .. .ds reasons
from the control room operators;

Studies have shown that the best human operator can.

The shift supervisor, the STA, and an addnional RO wEl be e#ectively track about frve dynenue processes.

avaEsbie via voice commumcation to respond :.....# ^ f, semulta .eously. In the ALWR, R is expected that te to
to the control room operators and can be avaEable in the 8 to 10 dynamic processes condd be tunrung simultaneously
controsing area of the MCR within ten minutes. dunng a desigri basis event. Allhough the automated

systems expected to be applied in the ALWR could help
track and control these proceaans credible laEures of plant

; equipment wiB sta result in the need for more tien one
operator to monitor, make darininns and take action in,

upsets.

Wah the team oppfosch, there wEl be muttiple hunen 0.

minds avaEable to * brainstorm * and develop optinumi
solutions to plant problems.

| Page 10.4-9
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Wah the team approoch, oposators can back each other 0.

up. Hurt.an error wil never be t=2esy elinsueed. There-
fore, it is important to provide as much capabelty as pos-
sible to deled and conect human errors Avatab8ty of
mdhpie, traened andMduals in the control room is berwii-
cial in this regard.

4222 in accordance weh Chapter 1. Section 2.3 A, the required time it is expected that operator actions in an emergency can o
for an operator to act in an emergency siell r4 be less then materimEy reduce the sonousness of almost any event. It is
20 minutes; however, the M-MIS Designer shall not produde f:ot the intert of the requirement in Chapter I tiet the

! operator adions before shot time. That is, the M-MIS design operators be reduced to mere observers.
- shall provide for operator actions on a realistically achievable,

'
timescale in an emergency in addition to the extrwns case of

, no operator action for 20 minutes The operating crew ave 5-
! able fosowing evacuation of the control room is dehned in

4.9.3.4.

|

i
!

I
i
|

1

|

|

t

!

!
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:

4.2.3 MonisseussiCreur Size RAosisseum Creur Size 0

. The control room design (size, environmert. layout, number. The control room should accommodese a range of crew 0.

'

and design of workstations, etc.) shaN support operation sizes to allow for variation in utiity psocticos, yet some
during emergencies in the main controlling area of the MCR bounds must be placed on this to help achieve a level of
by a maximum crew complement consisting of the followmg- standardization and to prevent the control roorn desegn from

becoming such a compromrse that t does not effectively
Two individuals with SRO licenses, handle any crew size. The previous requirement on nurumum.

! Three individuals with RO hcenses, assumed mennmg. and this requwement on accommodating.

i One STA; a maximum complement of personnel, are intended to estab-.

Two equipment operators. lish these bounds and provide a sulIIcioney firm design basis.

for off-normal or emergency condaions
Provisson shaN also be made for two active observers in tte
main cu.a.uLs area of the MCR.

|

| One from the NRC;.

; One ,,on,ihe ut y managemera.

j These provisions shall inc ude the identification of specihc 0
areas where these individuals can be located and observe ac-

! tivities without impedmg the normal. maoumum crew comple-
'

ment.

4.2.4 C _ Ae Required for Norssiel 4 :R-. C _..J ,,s Required for Morrisol Operselon 0

The M-MIS shaN be designed such that a single licensed it is not wetun current regulatory requirements to statup with 0
operator can adequately pedorm the monitoring and control only a sangle operator and that is not the intent of this require-

i functions needed to bring the plant from a hot standby condi- ment. It is expected that N the operallons are capable of
] tion to luN power, maintam operation at power, and bring the beirsg pedormed under nommal, routine carcumstances by a

plant down to hot standby. smgie endamfual, then the additional personnel who we actua'-
{ ly be available can be assured to be free to harwJie upsets
; and emergencses
i

!

!
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4.2.5 Operators RwJred for Hestop and Cooldown Operators Required for Hestup and Coeldown 0

i For startup from crAd shutdown to hot staruby a at for shut- To actueve cold shutdown, and to startip from a cold condi- O
down from hot standby to cold iron, the M-MIS shall be tion, there are many control actions that must be taken local-
cesigned such that the necessasy control and monitoring func- ly in the plant. It is not expected that these actions will be
tions can be accor1plished by the normal shift crew defined in made remotely contropable f<om the control room of the

| 4.2.1. ALWR since this would require addllion of many remote ac-

| tuators, motor operators, etc., which wou'd be costly and
would segrwhcantly increase the complexuy of the plant. ~ '

4

There is little incentive to do so since these evolutions are ;

not performed very often, and the manpower wil be avaaable
(as noted in the requirements above, the manning level is set
by upeet and fatuie conditions).,

; 4.2.6 QuellHcetions of Operators Queillications of Operators 0
'

i
j Where practical, the training, qualification, and experience of The M-MIS design wRl inherently be based on an assumed 0 |

the operatr.g sialf members wtuch are used as the basis for skRI level for each member of the operating crew. The Utility
the M-MIS design shall be typscal of currer;t oporating prac- must know the assumptions in order to provide an adequate
lice. The M-MIS Designer shaN specify, early in the design staff, particularly if the sir 51 level is dNierent from current prac-
process, any levels of training, qualification, and experience of tice.i

, the operating staff members which are used as the basis for
'

the M-MIS design which differ f om typical ultity training and
! operating practices. These differences and their bases shall
| be included in the M-MIS design documentation.

'
,

l.

S

$

,
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4.3 ALARMS ALARMS 0

4.3.1 General Alarm System Requirements General Alarm System Requirements 0

The M-MIS design shall include a main process alarm system 0
for the main control room, as well as alarm systems for local
control sta30ns where needed to support the functions and ^

tasks assigned to the local control station.

4.3.1.1 Design Besie Design Basis 0

4.3.1.1.1 The ALWR alarm systems shall be designed to: Existing power piard alarm systems have proven to exhibit a 0
number of common deficiencies, in their human factors and

Alert the operators to off-normal corxlitions which in general in their effectiveness in plant operation, particulas!y.

require them to take action; during upsets or other situations involving many alar:ns.
These deficiences in part result from a lack of treatment of

Guide the operators, to the extent possible, to the the alarms as a system, that should have well<lefmed objec-.

appropriate responsa, tives and should be engineered as a system. In addition to
the traditional objective of alerting the operators to specdic

Assist the operators in determirung and maartameng an off-normal conditions in the plant, prompting them to take ac-.

awareness of the state of the plant and its systems or tion, alarms have proven to be a useid continuous source of
functions; irWormation in and of themselves, and in fact to be the first

source the operators may use in a top 4evel sort of informa-
Minimize distraction and unnecessary wc:kload placed tion to determire the state of thG plant..

on the operators by the alarm systems.

While alarm systems have the potential to be effective sour- a
ces of information, stey also have the potential to be sources
of unnecessary noise, distraction and workload for tie
operators. The designer must try to mirumize ttese wide
meeting the desk.jn objectives for the systems. AuditAe
nuisance and awkward or burdensome acknowledgemera
schemes have been problems with existing systems.
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4.3.1.1.2 The designer shaN apply the puedarce given in EPf4 reports EPRI has developed practical design guidance, based on ex- 0,

| NP-3448, A Procedure for Renewing and improwng Power penence with present alarm systems and originaj research.
'

Plant Alarm Sp;&as, and NP-3659. Human Factors Gusde kr which is being apphed by utilities to improve existing systems
_

Nuclear Power Plant Control Room Development, in the and should be used by the M-MIS Designer in synthesizing
; design of the alcrm systems, in addition to meeting the the ALWR alarm systems.

| specific requirements given below

| 4.3.1.2 Incorporation in Function and Task Analysis incorporation in Function and Task Analysis 0

The function and task analys!s required by Section 3.1.3.3 Although the alarms together should be treated and en- O
shaN specifically include the identification of where and how geneered as a system, as indecated above, ttey are also an ind
alarm information wHI be used to perform a function or task, or tegral part of the overall M-MIS and are uttized in carrying

; where tasks wEl be initiated or modified in response to an out specshe functions and tasks at a control station.
'

alarm.

4.3.1.3 Testing Testing 0 ~ !;

The alarm system shall provide the capabdity for the operators Smce alarms are not normany active but are counted on to 0 !
i

'!- to periodically confirm that it is functioning properly Any por- alert the operators to off-normal conditions, it is important for
tions of the alarm system that are not continuously checked the operator to be able to test and confirm proper functioning
through built-in test features shaN be checked through peri- of the alarm system, particularly the audible devices (homs
odic functional testing by the operators. The test capab54ty or tone generators) and tie lights or other visual displays.

,

; shall be easy to understand and easy to use. Human factors Periodic tes's also serve to reinforce memory of audible
{ evaluations shaN be performed for the test " task" to ensure coding schemes, annunciation sequences, etc.
'

that it is consistent with and reinforces normal use of the -

; alarm system.

!

i

i
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4.3.1.4 Evolustion by Simulation Evoluotoon by Semulat6on 0.

The effectiveness of the alarm system shaN be ver#ied through The ordy way to effectively evaluate the performance of an 0
i real-time, dynamic simulation. Simulator evaluations shaR in- alarm system is to conduct real-time, dynamic simulations.
; ciude specific evaluations of the important alarm system The effectiveness d the system hmges on its performance'
. design features and characteristics - the adequacy of the dunng upsets and emergencies involvmg many alarms, with
! specific alarms chosen, the effectiveness of the audible and multiple homs going off, indications Sashing. etc., whose full

visual displays, and the methods and devices for interaction effect can only be evaluated through realistic sunulation.
between the operators and the alarm system (acknow- Evaluations spec #ically aimed at the use and effectiveness of
ledgement, stencing. display selection, etc.). Evaluation of alarms have proven to be feasible and beneficia? in previous

; some of these design characteristics can be camed out with reseerch (see EPRI NP-5693P, An Evolueton of Ailemative
less than a fur scope simulator. However, final verificatien d Power Plant Alarm Presentations). Experience in this and
the entire alarm system's effectiveness shall be performed other research efforts in the U.S. and intemationaRy has

! using the full-scope simulator and shall be integrated with over- shown that the evaluations must be directed specdicaRy at
: all verification testing of the M-MIS and centrol room on the the use of alarm information in order to provide usefai data
; simulator. The specihc measures used to judge alarm system on alarm system performance. A simulation which only

effectiveness shaN be defined by the designer, and shaN be checks that the operator did or did not 'do the right thing"
; based on the specific design goals for the alamt system. Ac- does not provide sufhciently speellic data to determine the ef-

cordingly, these measures shaR be defined early in the design fectiveness of the alarm system. since so many other vari-
process, and wEl be heav0y interactive with measures used to ables enter into determinmg a correct response.,

! judge overall control room and workstation effectiveness.

:
;

!
!
,

:
,
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,

4.3.2 Selection of Alarm Conditions Selection of Alarm Conditions 0

4.3.2.1 Approach A,;ptoech 0

| A consistent approach and ph50 sophy shaR be used in select- in the past, alarms often have been chosen by the fluid. 0
| Ing plant condelons that are to be alarmed. The selection mechanical and electrictd system or component designers,
'

process shen be based on interaction in..a.. the plant sys- with little influence by the control room designers. The result
tem designers and the M-MIS Designer to ensure that in- has been that the operators are presented with alarms from i

dividual system requwements are met whle at the same time the vanous systems that are too numerous, chosen on di-
ensunng that uniform criteria are applied and the restating ferent bases, and together are not as effective as they woiAd

| alarm systems are compatible with the operators' needs and be || the alarm set were looked at by a single indmdual or
capabattles. group applying unform criteria and evaluateng the alann sys-

; tem as a whole.

4.3.2.2 Crkerte for Selection Criterie for Selection 0

The criteria used in selecting alarm conditions shall indude Apphcation of the " action" and " dark board * criteria has 0
the following- proven effective in review and improvement of existing plant

alarm systems. Improperty chosen set points have been one,

i For each alarm there is a defined acti0n the operator source of nuisance alarms in existing designs See the latest.

| Is to take in respors. revision or edition of EPRI report NP-3448 !,

'

The alarm conditions shall be chosen based on a " dark.

board at power" concept - no alarms should be present,

| when the plant is opernting normaRy at fus power, with all
,' systems in their normal configuration.
'

Each alarm set point shall be chosen such that the 0.

operator wGl be alerted earty enough to give him time to'

J 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.

4

3
i
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Where practical, alarms should be provided such that the :
'

. O
; operator is alerted before a major system or component

problem results in a condition wtuch causes a less of
; se!!at*y (e.g.. plant trip). equipment damage, violation
| of Technical Specifications, or other senous consequen-
| ces. The M-MIS Designer shall assure tnai tiese precur-
: sor or anticipatory alarms do not become nuisance alarms

as described in Sections 4.3.3.1 and 4.3.3.2.,

Where possible, alarms on procese: deviations shall be 0.

; based on validated process signals raffer than individual
sensor indications.

;

; 4.3.2.3 Alarm Response Procedure Alarm Response Procedure 0

For each alarm condition, an alarm response procedure shsE To ensure that the action criterion is property thought out 0
be outlined by the designer, defining the required operator ac- when the alarm is initially chosen, and to assist in develop-
tion and giving other information needed to ensure an ade- ment of needed alarm response procedures, it is good prac-

j quate response. tice to outline the rtp procedure at the time the alarm
i condaion is identified.

4.3.2.4 Temporary, Operator-Defined Alarms Temporary, Operator-Defined Alorses 0

Tbe capabtity shall be provided for temporary, operator- Capabtity for the operator to define temporary alarms and 0
defined alarms and operator 4efined set points on specific con- set points to support specihc evolutions or monitoring tasks
ditions where such alarms are determmed to be of assistance abows him to trse tira alarm system to greater advantage,
to the operators in selected evolutions (e.g , temporary alarms ta50 ring it when issy to suit his needs. Gmng tie
to support increased monitoring of a problem component, or operator more control over the alarm set would be expected

| at other times when the operator wants to know of drift or ap- to lead to greater acceptance and use of the alarm system.
! proach to a limit for a specihc variable). These temporary and better capability to detect and correct problems in opera.

operator-defined alarms would be in addition to the set of re- tion before they lead to a plant trip. (It is expected that strict
quired alarms determined to be necessary per Section 4.3.2.2 admwwstrative controls would be put in place to insure
above. agamst the proliferation of such alarms so that tiey would be

limited to specific needs and wotAd be ehmmated when re,

'

longer necessary.)
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4.3.2.5 Documentation of Basis for Alarm Selection Documentation of Beste for Alarm Selection 0

The designer shen document, as part of the formal design Experience in reviemng existing plant alarm systems has 0.
basis of the alarm system, the bases for selection of each shown the beneft of hovmg a documented desgn basis for.
alarm condition, includmg definition of the action required, - each alarm and its r,et point, to support modNications that
basis for the chosen set point, etc. The guidance given in may be required over the operating 15e of the plant.,

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

4.3.3 Alarm Processing Alarm Processing 0

4.3.3.1 Nuisance Alarms Nuisance Alarms 0

The alarm system shah be desgned to mineze the potential Nuesance alarms have been a common problem in existing 0
for nuisance alarms. To support elimmation of poternial plant alarm systems. Often, the alarm system design does

i nuisance alarms, the alarm system shaN incorporate the follow- not provide easy capability to treet these problems The
ing features- ALWR alarm system should include features itet prevent-

'

nuisance alarms in the initial design, and Sexibility to treat
Capabtity to apply time futerkg and/or time delay to the nuisance alarm prottems that may develop later in plars hie..

1 alarm inputs to allow fatering of noise or ehmmete unneeded
momentary alarms;,

Capabuity 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 condaloned" to

,

prevent unnecessary alarm occurrences

i

!
,
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'

4.3.3.2 Evaluation for Potentiel Nuisance Alarms Evaluation for Potential Nuesence Alarme 0
;

; Each Individual alarm shaN be evaluated to examine its poten- To ensure that nuisance alarms are prevented in the initial 0
'

tial for nuisance alarming - that is, the potential for the alarm desegn, it is important for the designer to look for possible
to occur unnecessarily, when no operator action is required. russance alarm problems early in the syntheses of the alarm

j The evaluation shad cv..i4b. conditions. A specshc evaluation of nuisance potential for
each chosen alarm condition wel help ensure this. The eie-

All modes of operation of the plant and the associated ments of the evaluation specified here are based on ex-. .
'

system. perience with nuisance alarms in existing plants.

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

the poteenial for .Teny alarms to come in due to a component
being shutdown for extensive maintenance);'

i Posssble momentary alarm occurrences due to equipment 0.

startup (e.g., a 8 w descharge pressure alarm on a pump0;

; that is enabled when the breaker is closed but pressure
j takes some time to bued).

System dynamic response to plant transients or upsets 0i .

which induce temporary physical disturbances capable of
! setting off the alarm but which are not indicative of an ac-
| tual alarm condition (e.g., pressure oscillations in steam

lines following turbme trip of MSIV closure picked up by
steam generator level instruments as spurious level

i swings, feedheater or tank level oscillations induced by
plant power changes, etc.).

t
'

Potential sources of noise (electromagnetic, contact 0.

bounce, etc.) at the alann input.4

j Unusual (but plausible) lineups for the associated system 0.

; or component.

|
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Other conditions that might lead to in .acessiny occurren- O
-

.

ces of the alarm.

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

4.3.3.3 Capebluty for ReGesh CapetWilly for ReGesh 0

For any alarm that is formed from the combination of more Multiple-input alarms have proven to be a major source of 0
than one input alarm conditien through "OR* logic (e.g., a problems and costly fixes in existing plants. Avatab54ty of
TROUBLE alarm combining several potential problems with a the reflash feature for at multiple-input alarms will ensure the
piece of equipment or system, or a bearing temperature alarm ultity has the necessary Nexib5ity to treat this issue in a cost-
covering many bearings on one or more components), the effective manner in the ALWR plant
alarm logic system shaN provide the capability to "renash" -
reactivate the visual and audible indication for the alarm -
when subsequent conditions occur after a first has come in
and been acknc..'@. ' The need to implement this reGash
capability for multiple-input alarms shaN 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 reRash is apphed unnecessarl-
ly. For any multiple-input alarm, the operator shaR 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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4.3.3.4 Reduction in Number of Alarms During Upsets Reduction in Number of Alarms During Upeets 0

The alarm system shall be desegned to menemize the number Teshng of alarm systems under samdated upset and emer- 0
of alarms that occur in plant upsets and emergencies, consis- gency conditions has shown a dennite reistionslip between
tent with providing the operators with the information they operator errors (in terms of alarms missed) and the number
need to formulate correct responses The number of alarms of alarms occumng, and an even stronger re'ationship be-
and the rate at which alarms occur shall be reduced as com- tween errors and the rate at which alarms occur (see EPRI
pared to present plants, through use of f#tering. condenoning NP-5693P). These resdts and experience fror" operating
logic, and other processing to eitmmate unnecessary alarms plants in actual upsets indicate the importance of reducing
and make alarms that do occur as informative as possible the number and rate of alarm occurrences. Careful selection

of alarm conditions initially should provide improvemerd in
Reduction in the number and rate of alarm occurrences in up- this area. Also, use of natural, process-based relationships to
sets shau be achieved primarty through use of system- and condition alarms and make them less susceptible to occur-
component-based logic apphed to individual alarms to make ring unnecessaray should provide consideratie reduction in
them more intelhgent and less likely to occur unnecessarty the alarm avalanche presently experienced. Going further to
(see 4.3.3.1 and 4.3.3.2 above). Other, more " global or piara- prnvid wppression of large blocks of alarms on the basis of
wide alarm suppression schemes such as mode suppression priorky, plant mode, or event segnals has proven more dif-
(preventmg sets of alarms from activating when the plant is in ficult to define and implement successfuBy. The diffeculty
a particular operating mode) or evert suppression (p.,.. .a;,,, (and the danger) of such schemes lies in the fact that they
sets of alarms from activating when segnals such as reactor tend to be more artificial, not rooted in natural process
trip or safety injechon occur) may be used. However, the relationships, and the difraculty of foreseeing aN possible situa-
Designer shall provide justification for all darms suppressed in tions in which the suppressed alarms may be needed
this manner, ensuring that the operators are not deprived of in-
formation under any circumstances in wtich they may need R.
Also, where such global suppression schemes are used, the
capabHity shall be provided for the operator to access the sup-

.

pressed alarm information through a manually-iritiated request.
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4.3.4 Alarm Presentation Alarm Presentation 0 .

4.3.4.1 Location and Type Location and Type 0 '

.

The locations and types of alarm displays, and the specilic EPRI research has shown that dillerent members of the 0>

alarms displayed on each, shaN tm based on ensuring that: operating crew may use alarms for d1Nerent purposes. Some
alarms require short-term response by the control board

Each operator has the alarm information he needs to operators to take action on specific off-normal conditioas in.

perform his assigned tasks, recognizing that different the systems and cuisivuiseids for which they are responsible.
operating crew members may use alarm information for The response to other alarms is longer term, ard may require
different purposes. assembling other information to formulate the appropnate ac-

j tion. Alarms also support diagnosis and response to plant
'

The characterbiics of each display used to present alarm upsets or emergencies and can be used by au menbers of.

j information are consistent with the intended use of the the crew, particularly supervisors and advisors, in gettiry the
i information (e.g., in the short term for prompt response to * big picture * and maintaining an awareness of the plant and
| off-normal conditions, for longer-term diagnosis of system states. The research further shows that charac- :
| equipment problems, for post-event analysis, etc.). teristics of the alarm display affect the crew members' atAity '

; to use alarm information eiectively. See EPRI report NP-
j The alarm displays s@ port the entire crew's needs in 5693P..

i maintaining an awareness of the state of the plant and Its
! ma|or 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

:

|

!

, ,

L
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i 4.3.4.2 Presentatire:Charac crist!ce Presentation Characterishes O

Alarms that require short-term response by the operators, and Testing of attemate types of alarm displays has shown that 0
the main process alarms used by the opera: ors in diagnoseng desplays having the listed characteristics are more e#ective in
and responding to plant upsets or other everts involving many transiemng alarm information and aBowing use of alarm infor-
alarms, or to rnmentain an overview of plant and system status, motion by operators in the short term in mtAttple-alarm

; shall be presented on displays having the icitowing charac- everts. See NP-5693P.
; teristics-

Spatial dedication - the alarm messages always appear 0.
;

: in the same position on the display so that the operator
i can make use of positten and pattem recognition and al-

{ ways find the alarm when he wants to check its status.
;

i Continuous, parallel presentation - the alarm information 0.

; is always avatable to the operator, as opposed to a serial
presentation in which the operator must select the informa-
tion he wants to see.

| Co-location with controls and displays - alarms are 0.

; presented near the related controls and thsplays, helping
| the operator to quicidy .clate the alarms to the aNected

system or functional area of the plari.

Presentation of both normal and alarm state - the display This is not intended to imply creation of alarms on nor- 0. .

is such that the operator can quickly determine whether a mai conditions, but rather refers to the characteristic of
given alarm is *in" (in the alarm state) or the condition is conventional wmdow-type annunciators that allows the
normal, so he can determine (based on which alarms are operators to easiy glance up and determene whether a
not "in") where he does not have problems, he can use particular alarm is present, whether an entire system is

,

alarms to test hypotheses about what is wrong, etc. free of alarms, etc. '

:

I
I

i
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|
| 4.3.4.3 Alarm Grouping Alarm Grouping 0

The spatiaNy4xficated display of alarms shaN organize the Research has shown that organizing elarms by system or 0
alarms in groups by plant system or function. System #unc- function is benehcoal in improving the operators' abgay to use
tional groups shed be clearty delineated and labeled such that the alarm irdormation, particularly during upset corwimons.
any member of the operating crew located anywhere within (See EPRI NP-569~,: and NP-3448.) Many utilities are rear-
the primary operating area can easay detemune which sys- rangmg their ex: sting alarms to obtain this benefit.
tems have standing alarms and wtsch system is affected by
an h,un#,g alarm.

4.3.4.4 Prioritization of Alerms Prioritization of Alorms O

Aiarms shaN be presented in a manner wtuch pnoritizes them As used here, prioritizatior: refers to a act eme for ident ying. 0d

so that the operator's respome can be based on their relative coding or ordering alarms based on their relative importance,

! importance or urgency and the time within wtuch the operator or urgency to help the operator determine wtuch alarms to
'

must take action. act on first in a multipieidarm everd. This is typecany done
by assignmg each alarm to one of two or more discrete
"pnonty levels." For spatiaRy dedicated displays, ordenng
alarms by importance may be accompleshed through the post-
tion in the display. The need for prioritization and the extent

I to which priontization should be applied wEl depend on the
type of alarm desplay and other coding or ordenng schemes
that may be used.

4.3.4.4.1 Criterie tor A::' ......; of Priorities - Criteria for A- '.. . ..; of Priorities 0-

The assignment ci pnorities shall be based on docur,ented Documentation of the criteria for prioritization is necessary to O
criteria which shaN become part of the defined design prac- assure adequate review and consistency. In addition, tte
tices required by 4.1.5. documentation provvies a basis for evaluation of future plant

moddications 'molving alarms.
2
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Paragraph No. Rentirement

4.3.4.4.2 Number ofliigh Priority Alarms Number of High Priority Alarms 0

The number of alarms assigned to the highest priority level The effecteveness of the prioritization becomes degraded as O

shall be limited so that in credible upsets or accidents which the number of alarms displayed of a given priority levei in-

result in multiple alarms, the operators are no presented with creases. To ensure that the most importard (hsghest priority)e

an excessive number of highest priority alarms. alarms are identified easty by the operators, the number of
these that occur in a given event must be strictly limited.

,

4.3.4.4.3 Prioritization of Display Lists Pnoritization of Display Lists 0.

Where alarms are displayed in the forrr of a list on a CRT or For a message list display in which only a limited number of 0

simEar device, the M-MIS Designer st-J demonstrate that the alarms can remam vissbie to the operator, the irnb5ity to iden-

number of highest priorty alarms does not exceed the thy all of the highest pnority alarms wahout action on tie part

capacity of the display for credible accident scenarios. That of the operator degrades the system's usefulness.

is, paging shall not be required to view all the highest priorty
alarms.

4.3.4.4.4 The prioritization and method of codog shall be evaluated by The evaluation under real-time condtions is needed to con- O

real-time simulation wtuch specifically conhrms their effective- firm that tte prioritization scheme does, in fact, telp tie
ness in reahstic upset and acciderd scenarios. operator order or prioritize his response to alarms, allows

him to eas5y pick out and as ,im5 ate 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 irafvertently distort the plant situation for tte
operator by overemphasis of some alarms while others are
resegated to a moor status.
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!

4.3.4.5 Alarm System Controis
~

1
-

Alorne System Controts 0

: Alarm displays and the controls provided for the operators to Alarm desplays and control stations shondd be located to 0
! irderact with the alarms (acimowledge, silence, reset, etc.) eluvunate unnecessary operator bunten to read and acknow-

sher be ammged and located such that: ledge the alarms, and the pnademy that the operator ac-
knowledges an alarm that he has not read. With computer-

The operating crew member who must respond to an based alarm systems it is expeded that acknoededgment of.

. alarm can access the alarm information in sufficient time alarms can be mr.de more ethcsont - for example, by allow-
! to respond adequately. Ing alarms to be called up at more than one workstation to

allow reading and acknowledging the alarms.
The need for one person to read an alarm message ordy.

to recite k to another person, who wiR then respond, is ,

i avoided.

The alarm messages are readable by the operator when he.

| is at the station from which they win be acknowledged.

'

The need for an operator to leave a station at which he is.,

i woridng, in order to acknowledge an alarm, is avoided to the ,

extent practical. |

! i
|

i
'

!

, t

!

! *
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'

4.3.4.6 Auditdo Tones Auditde Tones 0,

The alarm system shall be capable of driving multiple audtilo Nuisance associated with audible devices has been a prob- O
'

tones or signals to annuriciate alarm conditions. The types lem with existing plant alarm systems, particulady dunnq
and volumes of audible tones or segnals provided chall be plant upsets. This can be alleviated to a degree through
chosen such that: proper choece of audible tones and volumes, by rrunimuing

the number of ui mc.w ary alarms, and by good desagn of i

The operator is alerted to the presence of the alarm the silence / acknowledge scheme..
! condition.
1 .

The operator can, from the specific tone and/or the direction.
,

of the sound, quicidy determme where the alarm originated
(which functional area of the plant, or which workstation)

; and therefore where he should direct h!s attention.

{ The amount of distraction and added stress on the.

i operators owing to the audible alarm signals is minimized.
. through choece of the alarms, desegn of the audible

;
I arrunciation scheme, and provision for silencing audible ,

tones.

The tones used for incommg alarms are separate and. .

distinct from tones used to signefy "cleanng" alarms, and
the latter are rnomentary or "self-silencing."

4.3.4.7 Integration with Control Station Design integration with Control Statson Doolgn 0

. The alarms provided at a control station shall be treated as an The alarms at a control station are an important part of the 0
| Integral part of the panel design of that control station, e.g., operator's field of attention. Adequate evaluation of the
j they shall be included in any mockup or simulation. design of the station requires consideration of the alarms

with tha other displays and controls at the control statiori.

l
.
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' ~

4.3.4.8 Time t ;- - -of Alarms Time Segesence of Alames 0--

; As part of alarm processing, the alarm rystem shaE tag each The sequence of alarm occurrences has proven to be cruceal O
; alarm with the time of its oc.currence so that information on to understanding and diagnosang major plant upsets.
! the time sequence of alarms is ot:tained, resolved to within 2.0 Problems exponenced in existing plants wEh loss of informa-

seconds or less. For alarms that are designated as sequence- tion in upsets, insufficient coverage of the alarms in the so-4

of-events points, the timo resoluhon shat be 4 mEDeeconds or quence, and lack of suNicient time resciulion to obtaen a cor-,

! less, except in specific cases where the M-MIS Designer rect sequence, should be prevented in the ALWR.
j demonstrates that coarser time resolution is adequale haemd
; on the operator's needs for time sequence information.

i 4.3.4.8.1 The operators shau be provided with canabEity to access at See rationale for 4.3.4.8 above. O
any time, via an on-line desplay and in printed form, the time
sequence of alarms that have occurred over a pre-defined his-,

! torical time period, cove ing at least four hours. The alarm
system hardware and software shall have sufficient ccmputa-

i tional speed and caoacity, buNer capacity, etc., to be sure that
no alarm information is lost from this historical record for the

! worst-case upset or emergency the plant may suNor, including
events involving losses of power and others that bring in many-

; alarms. This aerm sequence information shau also be avaE-
,

'

able at superAsors' and engineers' workstations, and in the
technical support center (TSC). [,

{ 4.3.4.8.2 The time sequence of as alarms shall be included as part of See rahonale for 4.3.4.8 above. O !

I the permanent historical records of plant operation.

|

1 |
I :
i

!

.
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'

4.4 DISPLAYS DISPLAYS O

The M-MIS Designer shas develop specifications for the dis- EPRI ND4659 identifies the attnbute W have to be con- O
plays at control stations wtuch are consistent with the sidered when selecting the types ott&,11eys; im, it
guidance in EPR: NP-3659, Human Factors Guide ibr Nuclear does not presenbe the design detab The M-MIS Desegner

i Power Plant Control Room Development (particularly Chapter wili have to make specdic choeces and thereby develop tie
6). EPRI NP-3701. Computer-Generated Disp!ay Gunfelines specnic design practices (See Section 4.1.5).
(Volumes 7 and 2), and the requirements of this section.;

4.4.1 Consistent Presentations Consistent Presentations 0

it shaN be an objective of the M-MIS design to nunimize the in addition to the obvious practical advantages in main- O
number of different types of displays which are used to tenance and repair of minmuzing the number of types of in-

; present information to the operators. Differences in display struments, it is also important that the display not imply dd-
type should be clea*fy related to differences in the character ferences or sunilarities when that is not intended

i or use of the information by the operators. The Design Prac-
tices for the control stations should describe fuIy the logic for

j the selection of the display types _
_

4.4.2 Demand Indications Demand indecations 0<

i Position or status indications provided to the operator shaN be - A so-called " demand * indication figured in the Three Mile Is- 0
'

the actual component status or position. A " demand * indica- land. Unit 2. event. Unless these are considered early in tie
' tion, e.g., power to a solenoid valve or pressure to an air ac- design, they may be very difficult to bacidit. In some cases,

tuator, shaI be supplied only if it provides the operator with both an actual and the demanded postoon or status may
needed information. need to be desplayed. It is not the intent of this requirement

to substitute component status for process variables, e g , an
I open valve signal is not a substitute for a flow signal

i

,

t

I

,
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_
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4.4.3 Indications of Disabled Display indications of Desetded Dispiny 0

A desplay should provide a means to identify to the operator Some types of desplays may stel provide an apparertly sen- 0 ?

! when its indication is properly erroneous, e.g., when it has no sible indication to the operator even though there has been a
power or when the signal to it has been lost. fature in the system. A common escample is the use of a

mechanscal meter to monitor a quantity with + at:d - voltage
output which then "laas" to the center of the scale on loss of
power or segnal This can result in conssderable confusion
for the operator.

4.4.4 Position Indication for Valves Position indscation for Valves O

Position indication, i.e., open or closed, shall be provided for in addition to the obvious need to show the valve's status, O
all valves at the location where they are controlled. Position in- valve position indication provides an essential, immediate
dication shall be provided at other control stations where re- feedback of operator action; consequertly, it must be
quired by the analysis of functions and tasks. For control or provided at tto same location as the control This status
throttling valve,s, a continuous indecation shah be provided, may also be necessary for proper action at other stations.

' i.e., open-closed is not sufficient. This continuous indication Control and throttle valves need rnore than open<:fosed in-
; shaN be located so that the operator has an immedete feed- dication to provide adequate immediate leedback. The feed-

| back of a control action. back from the system response to a valve change, e g , a ,

; change in level or temperature, may be relatively slow. This
delay makes it difficult for the operator to detect promptly a,

i
nordunctioning. e.g., stuck, valve. >

;

I 4.4.5 Current Indication for Motors Currentind6 cation for Rectors 0

The operator should be provided with an indication of current Mator currerd gives the operator immedete feedback of his 0
| draw for any trajor motor for rotating equipmerd (pumps and control action as weR as providmg an immediate indication of
; fans, for example) which can be started from the control sta- abnormal operation of the motor and the component it is ddy-
'

tion and for which motor current provides a meaningful indica- ing.
tion of proper starting and runnmg This cuners indication
shall identify to the operator the expected range of starting

i and running currents. Motors which operate only briefly, e.g., !

,

valve motor operators or breaker positioning activator motors,;

need not be provided with cunent draw instrumerWation.
;
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i 4.4.6 Indicator Lights indicator LJghts 0

j indicator lights which depend on a single light element (incan- The la5ure of indicator lights can result in erroreous informa- 0
descent bulb, LED, etc.) shall not be used, i.e., the tature of a tion being supphed to the operators. Incendescent lights, in,

i single light producing element shall not result in loss of infor- particular, are a maintenance burden, increase the heat load
mation. Furthermore, any fature shaN be eviders ard the re- in the control room, and can result in shorts or shocks to pet-

) placement shaB be eas5y performed by the operators themsed- sonnel dunng replacement.
ves. In general. short-lived (less than 10.000 hour) light ele-
ments should be avoided

4.4.7 Strip Chart Recorders Strip Chart Re neders 0 :

Cperational trend information shaN be provided by displays Strip chart recorders have been a chronic maintenance prob- 0
which do not require paper, ink, etc., i.e., conventional strip lem in current plants. They have low tellebelty, take the
chari recudwis shall not be used. Sunilarly, multipoint chart operators' attenhon to change pens and paper, the chart
recorders shaN not be used to provide operational information. time rehabihty is often poor, and their ramrtshaty is usuaEy

<

not good. Multipoint recorders shore the some problems as
other chart recorders but have even worse readab5ity it is

! often necessary for the operator to wands the recorder go
1 through the series of poents or to manua8y select one of the
i points in order to rehably read its value. It is expixted that
| the advanced technology of the ALWR M-MIS wel provide
} operational trend information on dieveys such as CRTs or
1 semilar devices. The data rew.6 f% unction of chart
j recorders is expected to be provided by the plant data sys-
j tem.

i
;

!

;
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,
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4.4.8 Integrating DW and Mimics integrating Displays and NAimics 0

Where several individual control or work stations are provided Providing key parameters and status int 2 cations independent 0
in a room or work area, the M-MS Designer shan evaluate the of c9:er displays provides informesion which wotdd immedi-
need for and, where Om.e==aiy. provide integrated Mis ately be available to au operators and any supportog ob-'

-

and rmmics to coordinate the tasks at the vanous stations. servers wahout burdening the normal display faceittes and
wahout any direct action by personnel other than to look up L

>

| at the display.

,

incorporation of Integrating Despioys in the Design Process incorporation of integratsng Desplays in the Desegn Process 04.4.8.1
i

| Any display shall be explicitly included in the process of Any display needs to be an integral part of the design of the 0
; developing the M-MS design. especially the design of the work stations which it serves; otherwee, the displays may dis-

work or control stations which it services. This shen include. . tract or confuse the operators and degrade their performance.

The specific identification of the functions and tasks as- 0.

signed to the overview displays;,

. ,

| The incorporation of the displays into simulators and O. |.

; mockups;
,

.

| The specification of the use of the overview displays in the 0 [.

| genene operatirqi procedures.

|
i

.

i
1

i
i

!

!

!

!
'
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e CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Rentarement Rahonale Rev.

4.4.8.2 Main Control Room Integrating Dispiny and Minsic Mein Control Room integrateng Display esed Mimic -0

) The M-MIS design shall include a desplay for the main control This display is intended to support the " teem" approach to .~ .O
j room which incorporates the following features: control actuties trf providing a = pani =8by dedicated, con-
! tinuously available reference to the status of essential equip-
! ment controlled in the main control room.
"

Displays shall be provided of the values of a limited num- 0.

ber of key operating parameters which are indicattve of,

i the state of the plant, for example
- Powerlevel; O

: - Reactor coolant system pressure; O-
, - Reactor coolant system temperatures; O

- Margin to saturation (PWR); O

| - Reactor coolant flow rates;
~

'

0
| - Reactorvessellevel; O

- Sta in generatorlevel(PWR): 0
- Pressurizerlevel(PWR); O
- Steam pressure; O
- Steam flow. ~

0

i

i
t

4

!
'

;
,

i
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An irtegrated mimic and display shall be provided of the . The displays and m'mic wiu provide a spatiaNy dedecated, O.

operational status, e.g., flow or rollow, energized-de- continuously viewable, irdegrated presentation of tie
energized, ondf or open-closed, of essential components plant status in a direct manner to a level of detaN beyond
controNed or monitored from the control room, for ex- that of summary information to enable the operators to
ample: rwirideviity assess the status of essential equipmerd

operated from the MCR. These spatiaNy dedicated dis-
- Reactor coolant pumps (PWR); plays win supplement and complemert the serial presen-
- Recirculation pumps (BWR); tations of subsets of this information at the workstation.
- Feedwater and condensate system pumps; Thus, these displays will eistia irir coordination ornong
- Isolation valves (e g-, main steam and feedwaterp persormel during normal, abnormal and emergency
- Safety injection pumps and valves, situations, and provide a clear, concise and continuous
- Decay heat removal pumps and valves, point of reference for operators to frequeraly and quickly
- Power supply breakers; assess plant status while performing tasks at tie worksta-
- AuxNiary power generators; - tion. They win also be a useful aid during stift turnover,
- Safety and relief valves, for assessing plant mairnenance activities, and for train-
- Circulating water pumps. ing activities in tic enain control room.

Displays of higher level derived quantities, such as 0.

avaNabNity of functions or systems, shall be considered by
the M-MIS Designer and included if they can be shown to
improve the operators' performance and to be unam-,

! biguous.

. These displays si'all be visible and usable from the 0,

workstations in the main control room as wed as from the ,

probable locations of observers or support personnel

!
i

!

<
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4.4.9 Aud!o-Visual Monitoring Audio-Visual Monitanng 0;

| The M-MIS design shau provide for audio-visual monitoring of Monitoring of activities through audio-visual observation 0
conditions in areas which are not normally accessible to the (closed circuit television) can reduce the personnel accumu-

'

operators because of high radiation or other hazards. The dis- lated dose.
plays shall be provided at the control or work station where

| specific functions and tasks are identified which depend on
j the audio-visual monitoring.

| 4.5 CONTROLS CONTROLS 0

The M-MIS Designer shall develop specifications for it'e con- EPRI NP-3659 identifies the attributes which have to be con- O
trols at control stations which are consistent with the guedance sidered when selecting types of controls; however, it does
in EPRI NP-3669, Human Factors Guide for Nuclear Power not presenbe the design details. The M-MIS Desigrer w la

Plant Control Room Development (particularly Chapter 6) and have to make specific choices and thereby develop tim
' the requiremert.s of this section. specific deeign practices (see 4.1.5).

4.5.1 Consistent Types of Controls Consistent Types of Controls o i

it shall be an objective of the M-MIS design to menemize the in addition to the advantages of maintenance and reducibns O
number of different types of controls which are provided for in spares and trainenq of having a minimum number of dif-
the operators' use. However, differences in types of controls ferent control types, controls need to have different appearan-
shall be provided to distinguish controls which have different ces when they pedorm different functions. This helps the
characteristics or use. For example, the control for a motor operators avoid confusing controls.
should be different in appearance from the control for a valve,
even though the basic requirements for control hardware are
the same. The Design Practices (see 4.1.5) for the control sta-
tions should describe fully the logic and conventions for the
selection of control types.

J
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4.5.2 Identification of Power Sources identification of Power Sources 0;

The M-MIS design shaN provide a consistent and effective Although desup requirements on the electric power systems 0
'

method to provide, as part of each contrel, information as to and air systems are intended to = " ^ ^ ' _ -i reduce the in-
the source of power for each controNed device. This method stances of power loss and their potential eflects, k is con-

'

shaN be specdically designed to support the operators in sidered that there win stiN be situations under which the
copmg with losses of electric power, control power, or instru- operator win need to know the source of a control's power
ment air or other upsets wtuch affect the power to a controNed and wnether a control is functional.
device.

4.5.3 Identification of Normal Control Position identification of Normel Control Pooltion 0

The M-MIS design sha'l provide a consistent method to iden- Although a " green board" scheme may not be feasible, the O
! tify a defined normal poskion(s) for each control, where this is provision of features for operators to identify unusual kneups

appropriate. This need not be an active system wfuch covers is valuable to the operators in reviewing the plant condition
i various plant operating modes; however, such a system as they assume their station.
j should be considered if adequate hardware and software can
j be devised

4.5.4 Inedvertent Actuation and Locking of Coedrols Inedvertent Actuation and Lot kirq of Controls 0;

The prevention of inadvertent actuation of controls shall be The use of keys for emergency controls introduces another 0
acfweved by selection of the type and location of controls or way for a component to be out-of-service or delayed in actua-
simple guards. The use of key locked controls shaN be tion. It requires space for key lockers as wen as the need to
eliminated, if practical. In particular, key locked coterols shall review access and traffic pattems and inevitably takes the
not be used when a control must be actuated on a timely time and a*tention of an operator, and probably the super-
basis in the course of an emergency event. visor, to physicaNy get the key and pedorm the control actua-

tion..
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4.6 VOICE COMMUNICATION SYSTEMS VOICE COMMUNICATION SYSTEMS 0-

4.6.1 Scope Scope o

This section covers requirements related to systems and equip- O
ment for-

Voice communications within the plant to support opera- O.

tions and maintenance;

Voice commurwcations with outside organizations includ- 0.

ing the utBity loed dispatcher as well as other agencies for
which commurucation is needed to support emergency
operations.

4.6.2 Regthed Capabilities P@ d Capabilities 0

Voice commisucation systems and equipment shall be Existing plants have expenenced numerous problems with 0
provided to support all phases of operations and main- commurucations among operating and maintenance person-
tenance, including emergency operations. The voice com- nel. In many plants, the plant paging system has been relied
munications capab54 ties shall include as a minimum: upon to support this commurwcation and it has proven to be

over-used and insufficient for this purpose. The ALWR
Portable , Wireless Communication Capability. Capabgity should have communications cap-tA iy that is dedicated tos

| shaR be provided for commurwcation among operators and operations and maintenance personnel and designed to sup-
j maintenance technscians using portable, wireless port their needs. Since they need to be able to commurucate !

,

communication equipment supported by app up.i ie base from any part of tie plant, not just near fixed teleptow sta-
stations, antennas, amplifiers arvJ/or repeaters. This shas tions, this system should support portable, wireless com-
be designed as the primary, dedicated means of munication devices
communication among control room operators, equipment !

I operators,

j and maintenance technicians for routine and emergency
operations, including surveBlanca tests, startup and shutdovm
operations, refuelina, and emergency or accident conditions.

'
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Plant-wide Pagung andic-plent Telephone Syssam. A It is expected that general plant-wide paging and telephone o.

page system shaN be provided to give capability of plant- communication win be needed, although it is the intent in tfe
wide paging uipersonnel. This pagog system shaN reach ALWR to reduce the burden on this system and to support
aN areas of the plant, i.e., no dead areas cre permitted. operations and maintenance without relying directly on the
Also, fixed telephone stations shaN be provided and lo- page system. "

cated strategicaNy throughout the plant to support general
communications. The combmation of the page and the in-
plant telephone system shaN support general communica-
tion needs and shaN supplement and back up the dedi-
cated wireless communication system for operations and
maintenance The in-plant telephone system shaN have
conferencing capability.

I
Dedicated Extemal Communication Links. Dedicated com- Dedicated emergency communication links are required by 0.

munication links shaN be provided for communication with regulation. Dedicated communscation with the utBity load dis-
extemal organizations and facilities, including NRC, local patcher is required to support coordination of the plant with
fire and law enforcement agencies, off-site emergency the grid, including load following, aveNabNity of off-site power,
facNities, and the utNity load dispatcher. etc.

. These systems or capabilities may be supplemented with addi- 0-

| !!onal communication systems such as sound powered
phones, two-way radios, etc., provided that these additional

;
'

systems are properly integrated into the overaN communica-
; tions system design as outlined in the requirements below

5

:

!

!

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationale Rev.

4.6.2.2 Communications Analysis and Definition of Specille Needs Communecations Analysis and Dellnllion of Specific Needs 0

The functions and tasks wnsch wwolve commumcation among Problems experienced with present communication systems 0
the operators or with other members of the plant staff or in many cases would have been prevented il specnic needs
public will be identified, analyzed and documented per Sec- for commumcations had been defined and these had been
tion 3.1.3.3. Using the identified overall communication tasks, used in the communications system design. Voice com--

the communication system designer shall determine the murucation is an integral part of the tasks that the operators
specdic communication needs and the specific design requwe- and maintenance technicians most perform. The purpose of

,

ments for the various communscation systems. This shall be this requirement is to ensure that these identified commurwca-
included as part of the design basis documentation of the tion needs give rise to specific evaluations by the commuruca-
M4AIS and shall include the following as a mwwmum- tion system designers to define design requwements for the

communication systems.

Detaled evaluation of the specific communication tasks 0-.

that must be performed by operations and maintenance
personnel (including specdic locations, ambient noise
levels, etc.) to determme the specdic commurucation
equipment and systems needed and the characteristics
and features required of the equipment.

,

Oystem analyses to define overall system design - num- O.
,

bers of channels. lacations of communication stations, in-
j terfaces betweernrarious systems, dynamic range and fre-

quency response characteristics, noise suppression, etc.,

The guidance given in EPRI NP-3659 sha9 im applied.

Development of a communications frequency a18 cation 00.

plan - definog the frequencies to be used by all wireless,

j transmission systems, insuring that there is no inter-
;

~
ference between M4AIS communication systems and

; other transmission / communication systems on or off site,
insuring compatibility with EMI/RFI protection measures
taken by electronic / computer equiptrent designers for
M-MIS and other on-site equipment, etc.
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;

Paragraph No. Regnarernent Ra.bnek Nov.

Human factors e6Juahons d the designs of int #widual 0.

i communscation devices and stahons, induding use of
'

mockups to walk throups or talk through &,...._. 4;us*

: toeks. verW adig,ecy or aquement corerob. iebenng.
f and m pacedures. In the actuel environmers

(neise. prosective meeks or clothing. etc.).
, ___

_

; 4.6.3 spacelle RW ente - Dedicated Wirelese SpeedIlc Requireseente - Dodscoted Wireleoe G
conamunicesion syonem Communicosion syneem

4.6.3.1 Poins4o-Poirit t.*.at C; _.- i_ " Communicealen Capahmly Poiset-to. Point and OposH:hennel Comununicaeloss O
Cepeepimy

j lt lv preferred that th3 dedscated wireless communicehon sy - T,.' ,A=,4 type communication is beneficial in asowing con 0-

| teen be based pimorty on telephone-type, point-to-point com- versehons to take piece without interlensnm Irom openline
mun!cesions DimEar to cenular ^ ". .i aw=3). so that any fined noise and distraction such as have been espnenced withd,

' or remoto (portable) unit can be * dialed up* and a converse- page syssems and radios However, open channed corn-
j tion intissed between two points. However, the system shes murwCohon wGl be needed for Certain sllueltons ar.J should
| also pronde she cag=hEary for open channel. or *perty line* be pronded in the ALWR.
'

ccmmurdcohon in which up to 1s?) at dinerent stations can
maintain continuous communicaHon on an open line in situs-
tions that require this (e.g., a fire bngede or other emergency';
response taem)

i

~

I

!
,

k

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Regravement Rationale Rev

4.6.3.2 Adequate Tc-- z:': .t::in; Og 1 ' ^y Adegenate Troner - _~:C:, _ _ em o
-

-

-

Adequale antennee. ., C.s. repeaters, etc., shall be Ex" sting plants have expenenced prottes.w with two-way G.

provided to ensure that clear, intellegible conwnunscation can radio sysvems lacking the power to penetrate thick concrete
be achieved from any locations at whsch operations and snain- walls, preventing communication from areas insde contaen-
tenance personnel may need to communicate, including loca- ment or in ard out of the control room. This should be

= tions insede the containment prevented in tie ALWR comnonicatiors system dessgn by
providing appropriate aniewiae, repeaters, etc., and the as-

| The Designer shall carry out an experience review with # sociated contawwnent penetrations.
ing systems and assure that problem areas identified will not
recur in the ALWR. Verification of adequate transms-
siorVreception capab5 sty shall be included as part of the plant
start-up program.

,

] 4.6.3.3 Communicatione Ellocemenese in High Moose Areas Communications Elleceeveness in High 90eise Arees 0

The commumcahon system designer shall consder potential ineffecteveness of communications in areas of isp ambient 0
ambient noise levels in its analyses of task requirements and noise has been a problem wvth existing systems. Tie Desag
the commumcation system design, and shall psovide suitable ner should ensure stet the ALWR communications systems
equipment that allows communecation from high-noese areas do not exhibit these problems
(e g., at the deesel generators or turbire hall) consistent with
performiry other tasks in those areas. Tie desegner shall also
provide adequate means of alerting personnel to use ccm-
enunication equipment - for example, provision of vesual

; and/or vibra-tactie alerting as well as audiide signals for hand-
! held communicators.

i 4.6.3.4 M ^': ; with Personnel Protective Equepment Integration with Personnel Protective Egesipment 0 [m

The desegn of portable communication equipment and person- Inability to conwnumcate while wearing protecDve gear fias 0 |

nel protective equipmerd, including respirators. shall be such been a problem in existing plants. EPRI has been developing
that personnel wearing protective gear can adequately com- guidance for utilities on integrating communications equip- !

municate. The gudance developed by EPRI on voice com- ment wah protective equipmerd, which should be applied by
munication systems compatible with respiratory p;otection the M MIS designer in the ALWR.
(RP-2705-7) shall be apphed

Page 10.4-41
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2 CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requnrement Ratinnale Rev '

4.6.3.5 Adequate rapacay/Chennelo Adequate Capocsty/Chennelo O

An ample number of communecatson ciermels shaE be Lack of sufficient communication channels to harxile mes- O
provided, sulliceent to accommodate the expected message sage loads has been a problem in emeteng piarWs. There
load based on the network analyses including task require- have been too few phone lines and too lew page ci . ids
ments in critical or emergency situations, plus allowing margin By dedicating a wire 4ess conwnunication system to opera-
for expansion and conthgency The wireless system shall be lions and maarWenance, so that the page system need net be
dedicated to operations and maintenance, and use by relied upon for most communications, and ensuring ade-

! operators and maintenance techrwclans in critical situations guste capacity /clennels d the dedicated wireless system,
shall take precedence of any other functions or uses of the problems with irwiequs:e capacdy should no occur in the
system ALWR.

4.6.3.6 Inter 9erence with Electronic E*=_4 2.2 Interference with Electronic Equipneent 0

The design of the communications equipmert and all MMS Existing piants have exponenced problems with irdesference. O
electronic, computer and instrumentation equipment shall be including spurious trip segnals, resulting from use of twu way
such that there is no interference between the commurucation radios. Since the ALWR M-MIS we include even more !

i

systems and the M-MIS equipment. The communication sys- electronics, including computers and data h . on equip.
tem designers and the M44tS monitoring. control and protec- ment that could be sesceptible to EMI,TIFI and at the same

i tion system designers must work together to ensure this.in- time the wireless voice communications systems wel be i

ciuding the fosowing specsfic requiremerns: designed to be used enore extensevely, from more locahons,
and with stronger transtmssion capahaky (addressing

The communication system designers shal! define problems with pool communicateon in present plants). 3t as im-j .
*

worst-case emissions from the commurwcotion equipment- perative itet stringert measures be taken to protect against
type and magnitude, frequency conterW. aval locahons sneerference between these systems This wel require close

,

based on the task analyses and consideration of all potential coordination among the communications system designers
| uses of the communications gear. and the M MIS electronic equpment designers

,

t !

I
I

,

!
1
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The M44tS equipment a ,. s shall evaluate all M-MIS - O.

eqtapme.4 for susceptibtity to interference from use d the
w. .--i-ika, systems. Adequate protechon shen be
provided for electronics, computers. Instruments, and data
transmission equipment to ensure that they are uneNected
by the voice communicahon systems. Tiss sher include
consideration d maintenance and troubleshooting ac-

~

tuvities which may involve ted..;d .s working at M44tS
equipment cabinets or instruments, with access panels or
doors open, communicating with operators or other tech-
rucsons usiig hand. held commurucation equipms it. N ade-
quote prosechon is allorded only when cabinet or
enclosure doors or perw4s are closed, the designer shaR
specNy this and provide appropriate cautions on use d
hand-held communicators when working on the equip-
ment. In such cases, any indicators needed to visup#y
check status d the equipment, determine fault locations. '

etc., shes be provided extemal to the cabnet or enclosure
so that they may be inspected without opening doors.

. The communicateons equipment shaN be designed such 0
that it is not susceptible to interference or noise wom the
M4GIS electronics or data transmessson systems, or other,

'! electrical or electronic equipmer near which communim-
tion equipment must be used. Intelligibuity d voice com-
munications must be memlained at all locahons from
which operators or ted..;da = need to communicate.

;

4

?
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Paragraph No. Requirement Rationoke Rev

4.6.3.7 ReNetplNIy and Analysis of FsNure Modes ReNeteilny and Analyses of FaNuse Modes 0
J Credible communications system failures shall be considered S4nce voice communcat:on is an integral part of the tasks O

. In the design. The system shaN be desegned to be hsghly reN- that operators and in.;..;c; 4 must perform it is crucial that
able and resistani to faRures. No single failure shaN prevent the communscation systems and sqQ, ..; be isghty reliable
communications from more than one device or location and resistart to failures, applying the same care and atten-

,

tion as for ottwr M-MIS equipment.

4.6.3.8 Reliebte Power Sources ReNetsie Power Sources c
All electrical power sequired to niaintain fun functionng of the 1.oss of power to portiores of communication systems has O
wireless system, indudog mantammg clear and intenegible resulted in a lack of needed communications or degraded,

voice transmission to aN areas normaNy covured, shan be commurwcations dunng events at some existing piarts, par .
provided from renable, backed-up sources d on-site power ticularly in * ass of df-site power events Communcarions sys-
such that the commurucation system win function properfy tems have been powered from busees that have lost power

| dunng all credible abnormal, wide.1 and emergency situa- in situations when good communicafion is %=,s.di
tiorra, includog loss of off-site power needed This must be prevented in the ALWR. This means

i that the central communications equipment, arid all
regC.s 6/L.s. etc., must be provided with robusti

scurces of power that ensure the entire system wNI remaan
functionalin credible scenarios.

''4.6.4 Mc. 7 - . ' ;.- _ /. - Cosnmunication Steelons and Spec 4Nc T- ._ ...- T;- Conununicaelen Sessions asuf 0
Devices Devices

4.6.4.1 Communication Station M;. ;:x.- ^ Communication Stoeion t..:- ; _ 1. 0

Commartication stations provided in the main control room Use of multiple phones has been dNIicult in some existing 0,

'

shaN be such that the operator can use more than one com- plant corWrol rooms Modem cornmunication equipment
municatio system charmel or line eNectively, without requir- should allow provision for a communication station that grves
ing awkward marupulations - for example, use of multiple access to more than one system /channelAme in an eMective
handsets, tangled cords, etc. Also, the commurwcation equip. manner. Also, use by mora than one individual should be
ment and stations shaN be designed to acco.i=#4.s simul- facNitated.
taneous use by more than one operator or supervisor, based

,

on needs dehned by anal)s of contros room tasks.

i Page 10.4-44
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Paragraph No. Requwement Rationale Rev

4.6.4.2 Commeenser, tion Consistent ulIh Other Ongoeng Tasks Communeeseson Coneeseent wise Osser Ongoms Teoks O

Commumcation stations and equpment shall be desegned te freederence with cther tasks has been a problem in ussng 0
be consistent with ongomg tasks that need to be performed present commumcation equpment The design should tse
by the user of the cs. . wiun equipment and by others such that tnis is preverwed in the ALWR.
nearby Use of commurncation equipment shall not inledere
with monitoring or access to controls and indicators, or cause
personnel hazards - for example. due to long cords. Mock-
ups, walkthroughs, and simulations shall be used as net es-
sary to venty design adequacy both for local control stdions
and the main control room.

4.6.4.3 Alerteng Devices Alesiong Dew 6ces O

Alerting devices, e.g;, tones. rings, lights. etc., assocsided with Confusion resulting from mixtures of delerent insertanents has o
multiple communecahon systems or devices at a station shall been a problem in existing main coretel rooms. This st.ot Al
be selected such that the operator or other user can deter- be prevented by proper selection of audElle tones or rings.
mine easty which communscations Mstrument is to be
answered. These devices shall be easily distirguishable trom
other signals and alarms at the corarol/comemwwcation station. '

4.6.4.4 Bdentifica3on of Communication Lines, Locatoons end ideadleicatiose et Conieh Usees, Locasions and 0
Devices Devices

Clear, unambeguous and eas5y readable identification shaP be Poor identification of phone lines has been reported as a O f
provided for as communecation devices, selectable lines or problem in existing plants.
channels, and locatians or stations so as to avoid confuseon
and errors by users ennng to initiate commurncation in a hurry.

| The labeing and color coding shall be consistent with the
;

overas scheme adopted for the entire plant. See Sechon 4.1.5.

.

4

>
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Paragraph No. Requwement Rerkranne Rev. -

4.s.4.5 Communicotten Behseen C; _- ^-:-. and Technicione in Coe Behseen Operatore and Tecendcione he O
Control Room ControlRoom

The design of the cortrol room and the communications Some exissing control rooms howe enhahhad poor verbal com- O
,

equipment shed be such that there is adequate means for murdcasion behneen operekrs at she boeudu and techrucians
voice communscation behseen operators at the conarcis and doing maintenance beland the boomis or at other locahons in
techniciens working on equipment anywhere in the cortrol the control room. Operasors must messair, conhrmous

,

! room. This empahaty sheB be ensured even for maintenance awareness of any ongomg work that may dect the M4CS.

| tasks that would not normeBy require the maintenance tech- and be able to communicate with anyorr, perfomwng such

i necian to communicate with an operator in order to complete wor'.'.
' the task - it is important that the operator be able to com-
; municate with anyone who at any time is working on M481S

! equipment. Indudog work that may go on bet *xt or inside
control panels.,

!
-'

}

|

I

;

i

i

!

l
:

Page 10.44

I

i.

i O O O
1

_ _ _ _ _ _ _ _ _ _ . _ . _ _ _ - . _ _ _ . _ . _ . _ _ . . _ . _ . . . . . _ _ - _ _ _ . . ~ . . . . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ , _-

_



-

-

m g
L.)
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Paragraph No. Rentirement Rationele Rev'

| 4.7 ARRANGERRENT, ENVIRONRIENT, AND EOUIPRAENT ARRANGERSENT, ENVIRONARENT, AND EQUIP 90ENT 0

| The M-MIS Designer shat develop designs and arrangements EPRI NP-3669 identfies the items which need to be con- O
and provide environment and equipment for corarol stanons sidered in selecang the arr*w..=. erwironment. and eque
which are consistent with the guidance in EPRI-3669. Homen ment at a control statiorr hc..=, it does not prescribe the
Factors Gusde for Nuclear Power Plant Control Room Dew #op- desagn detasis. The M44fS Designer wEl have to enskei

ment (particularly Chapter 3), and the requirements of this sec- specshe choeces and thereby develop the design practice
tiort (see Section 4.1.5).

. 4.7.1 C- .-g _~' , with Functions and Tasks Os- -;2^_ , with Functions and Tasks 0-

! All control stations shed be arranged and have an environment The control stations need to be specificaBy designed to say- O
and equipment which are suitable for the functions and tasks port all activities which must be pedormed at the cordrol sta-
which have been assigned to that control station. This in- tiort.

ciudes specific consideration of traffic pattems, access to sup-
i port material. communicanons among the operators at the sta-

tion and commin Adin4 to personnel at other locations, and-

potentially degraded environmental conditions, such as the
use of emergency lighting. These tasks also include any peri-

: odic testing which must be performed at er supported by the
i control statiort

!

:

1 1

|

|

s
'

!
.I

4

Page 10.4-47
i

}

. - _ . _ - ._ . . _ . . _ . . _ _ _ _ .__-s . . _ . - . . . _ . _ _ _ _ . . . _ - , . . . . _ _ . . _ _ - _ , . . . _ _ _ . . . . _ _ _ _ _ , - _ . _ , . . . . _ . _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ . . _ .-



7- . - __ -

-.

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
1

Paragraph No. Requerement Rasonale Rev

j 4.7.2 % opasseerTaste and ouwee W opersoorTaste and comme o

) Each control station doesgn shen specilicag provido Scr :Se A segnficant tracmon of an operator's time may be immeved in 0y
'

operators to perform those functions and tasks of a largely ad- achweses which usel not appear in the tasks ideredhed to
miniestashe neeure votuch are not dwecay irmwed in operaung operage we pient equipmers. n wisse asier dunes are dr.

; the plant equirenent, but vehsch are essential to their dukes. ficdt, they can distract the operator frone the plant's operat-
Evfi control session desegn sher specifically idenNfy those ing cond# ion and adversely aflect the opesesor's performance.
1 asks and the feelures in the control station design vshech<

,

factitate their performance. F~or example,

Susisching ard tagging involved in taking equipment out of 0.

i service and resuming it to service.

i Completion oflogs; o.

Propenstion of reports: 0 '

. .
i

! Shut tumower activities: 0.

Specule requirements related to access for these kinds of 0:

tasks for tie MCR are covered in Sections 4.9.12.1 and
| 4.9.1.22.
.

!

!
1

|

|

!
!

!
!
!
!

i
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4.7.3 Test and h Test and RAemeenence e

Each conard session design shek specihcagy provide for the Urdess provost;ns are made for test and maireenance ac- 0
'

test and ensintenance operations which may have to be per- teveses and space is reserved for these apodel uses. lests,
lormed at the stabort The tasks involved in these opershons repers. or tr:odihcations may be ddlicdt or may so crowd or
shsE be identihed and included in the function and task derupt the operations at a control stetson that operator pertor.,

j analysis of the statioet This sheE include mance is substantially degraded and there is a substarsial
risk of operator error. Note that this requwemere is stJaled to,

Access to the components cn the panels for repeer, removal, the need to have ttm desegned-in capab5ity for modshcation.;

! or repiecement; and upgra6ng (see Section 3.9).

sepershon of corords and displays used ordy sor test andj .

| meentenance from those used for operations;

condngency space sor speciai test equpnent or rep.,

The design documentation for the control station sher ident5y
any special lectors or assumptions used to arrange the con-

! trol station to meet this requirement.
!

i

;

i

I

i
4
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4/r.4 Ughting Ughting 0

i Contrd stations shmE be provkhd with lighting which can be EPRI is currently engaged in resensch to define hghhng feweis 0
adjussed by the operators to provide undorm illumenasion in appropnate to control station tasks. Intimi results (EPRI-
the range of 10 to 50 foot-candles 5989. EAlects d CorWrof-Roorn Upheng are O srafor Perfor-,

mance, A Pifor Empiricat Study) evancma reimhvely low lighte,

levels (10 foot-candles) may be coniplessly adequate aext
, may be pre * erred by some creasors. Ad ustatday we pro-i
| vide the operators the abiitty to adgust the lighting levels to ,

the values which provide the best belancs bctween brigis-
ness and glare.

4.7.5 RAstorialStorage RAmeonel Storage 0;

| Each contrd station desegn shall include a detailed nst of the The operators use a great number of items at a cordrol sta- O
malertal which will be stored at the control station or in the sur- tion whsch are not controls or desp69ys in the usual sense
rounding area for use at the control statiott This includes: Storage anr1 access to this material is a deonic problem at

; many plants. The lack of planning in this reakn leads to ,

Reference meterials, e.g. procedures, manuals, and makeshift and often awkward schemes to score the matenal i; .

drawings; and then later find it and use it. Advanced infornetion fun-
,

dhng techniques may reduce the burden in hanxthng *1urd
Spore ports, e.g., bulbs or fuses; copy'..

Operators personal equipnient;.
,

4

| Emergency equipment, !.

i
'

Logs and records.

'.

!
>

,

i i
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Paragraph No. Requnrement Rationale Rev

The space required to use these matenais, e g, laydoum 0i

' space for procedures or di bys, and tie personnel move-
ment to and from storage locations shall be identified as part

; of the control station design. The control station design shaE
also include definition of the methods to be used to identify
the stored material. e.g., the labehng of reference materials.

| spare ports, and stored emergency equipment

4.7.6 Nesse Levels ploise Levels O

AR control stahons which are continuously manned on a Lour ambeent noise levels wHI factitute communication at the 0
rouhne bases, e g., the main control room, the technical sup- control stahons it wal also allour audible alarms to be at low
port center, aruf the emergency operations facility. shen have sound levels so that they have less potensimi to allect com-
an ambeent naise level no greater than 60 dB(A) from instaged murucations. The currert practice (see EPRI NPE9. pagei

equipment in the immediale neeghborhood of the control sea- 73) is to accept noise levels as high as 65 db(A). however, as
tion and plant equipment which may operate for long penods. Indicated by E::hibit 3-15 of NP-3859, this results its " easy"
This limit sheE be met for a5 normal or emergency HVAC sys- communicahon only at face-tolace (2 to 3 feet) destances

i tem lineups in aN areas of those control stations where com- and vosce commurucahon across more than about 25 feet
munication between operators is nc,mwry. would be dillicult Expenence indlcates that noise levels

; under 60 db(A) are M.m.We. This level would assure
~ easy" communicahon at a distana of up to about 8 feet as
wes as practical vosce commurucation up to 50 feet i e., com-
plc:6:y across tne main controNing area of the control room.
It is ireded that brief plant transsents. such as sa8ety vah,es
leting, could be a50wed to raise the amblerd noise level.

4.7.7 Surface Finishes Surface Finsehes O

AN control stahons which are continuously manned on a Proper selection ci surface finishes can rnerkedly improve 0
routine basis, e.g., the main control room, the tecimecal sup- the environment at cortrol stations. This, in tum, wHI restAt in'

port center , and the emergency operations facility, shed be less operator fatigue and increased vegilance in addition to kn-
provided with c.po;;..g and sound absorbing walls and ce5- proving communication among the operators.

! ings. These tri,ie.Ws shall be selected for fire resestance,
ease of upkeep, durability, and appearance in addition to ifwir
sound absorption.
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4.8 CONTMOL PANELS CONTROL PANELS O

The M-MIS Designer sher develop dew;;is for the ponds at EPHI NP-3rE>9 identshes the attributes d panel arrangenerds C
,

coreral stahons wtuch are consistent with the giadance in wtuch need to "ce conssdered. however, it does not prescribe
EPRl-3659. Numer Facsors Gusda for Nuclear Power Pieni specif c arrangements. The M-MIS Designer we have toi

Coritrol Room C .;.'wse (gtseticularly Ct apter 4) and the re- make specific choeces and thereby deveico the design arran-
quirements of this section. gement practices (see 4.1.5).

4.3.1 Reistoons Asotong PareW RAounted Components Rotessons Assiong Panel Mounted C_ -. J-._ :. O

The M-MIS Desapar shes base the locations of controls and Although hardware and software may permit the Remible loca- O
displays ca the panels at control stations on the fundions and tion of controis and desplays, i e., the operator may be able
tasks ident&d for the control station (see 3.1.3.3). In par- to cas up a particular control, displey, or set of controls or
ticular, tfie design simE determine wtuch controls and desplays desplays; ttus may not be the most edlective way to present
must teve a definite and consessent location and which need some critical or frequently used information or control. Ac-
be avatable only at the operator's request. Arrangements cordingly, the M-MIS Dessgner we be requeed to make a
shall be assessert as required ire 4.1.3 by reviews in mockups decisson based on a.$ of the actuut tasks under realistic
which uttize widk-throughs and talk-throughs Final arrange- condihons to pick a workable arrangemert.

; menEs of the MCR shen be selected a8ter review in a ftAl-scope
i simulator.

4.s.2 IdentlIIcetion of Penets and their CL-A.C IdN of Penets and their Components O

; The M-MIS Designer shaR estat4:sh a coinprw;.e..J.; and con- Expenence has shown that special ellcrt is necessary to get 0
-

; sistent method to identify the functional divisions of the con- consistent and sensable identihcahon of systems and com-
! trol panels and the indevidual components. This method shaR ponents. This consistency reduces the tmsden on the
| be completely described as part of the Design Practices for operator's memory, simpl#ies the preparation of procedures,
! the control stations. In this connection, the M-MIS Designer and reduces the potential for errors by operators and other
i shaR establish a list of abb;eviations, syminis, and acronyms plant personnel.
] which shas be used at control stations. Tins list, as weg as

other nomenclature used on the panels at tie control stations,;

shaR be consisient with that used in tfwa Configuration Manage.
ment System (Chapter 1, Section 2.2.c).

i
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4.s.3 Prowsolone for - Prowleions fornaa m aic mia=i 0

| The panels in the control areas shan be designed to facasale Modfecations of the plant hardware often irwolve changes at 0
their fqAure modulcathn as required by 3 9. The features in. conhol staesons. Unless the panels are Hamble and can readi- '

ciudad " i the designs to meet this requirement sher be iden- ly accept changes, the moddicat6on can degrade the emistirigs
tilled in the conceptual designs of the stations aruf sum- arrangements and resoft in operator confuesort The locathm,

marized in the Design Practices document and character of the feassbee changes need to be specihcaBy
edentdeed to assist piarming for picnt modiEcations which m-
pioit the Rexibility.

4.s.4 Space for Posted Operator Aids Space for Poeted Operecor Aists 0,

Tho panels shes have dehned space for the incorporation d The operators often add informasson, e.g, cautues, special in- O
nosted operator aids. These areas shall be dehned on the structions lists, figures, diagrams, etc., so the panets so that
design configuratson drawings. The M44iS Desegner shaR iden- they have quick access to reference informatot This

i t#y any specific posted operator aius that are assumed and reduces the burden on the operator's memory and can
i they shes be considered part of the control station desigrt reduce his respon3e time or the pcAentaal for estors. P!annirwJ _

for such posted operator aids we maasme they are compatible
with the tasks performed at the control siamon and assures
they wel be evaluated as part of the review process

!

i j
t

4

i

i
i
i

!

|
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f 4.9 REQUIRERAENTS FOR SPECIFIC CONTROL STATIONS REQUIRERAENTS FOR SPECIFIC CONTROL STATIONS 0
'

| 4.9.1 RAsin Control Roone RAsin Control Roone 0

The mein control room (AfCR) desegn shall be consistent with EPRI NP-3659 indudes deta4ed checktests of 8ssues wik,h 0 !
the guidance in EPRI NP4659. Human Factors Gumle for need to be addressed in the MCR desegn. It is expected tfiat
Nuclear Poever Plant Control Room Development (particularly the specshc ALWR implementation wel te defined in the
Chapter 3) and the requirements of this section. Design Practices document and the detated design cordigura-

tion of the MCR. ;

4.9.1.1 Utilization of Functione and Tasks UtHimeion of Functions and Tasks 0

The control stations in the MCR shall provide for the perfor- Unnecessary information provided to the operators or con- ;
; mance of the tasks assigned to them. Controls and desplays trois which are not used can distract them frorn their essen-
'

which are not necessary to perform the dehned tasks shall not tial tasks.
i be induded in the MCR.
t

4.9.1.2 RAsin Control Roone Location and Access RAsin Control Roont Locatoon and Accoes 0
<

The generallocation of the MCR is addressed in Chapter 6 The MCR is the focus for essentia5y all plant activities Ac- 0
i 4.6.5. The analyses of functions and tasks shall specifica5y in- cess to and from the MCR plays an important part in many
; ciude evaluation of the traNic pattems from the MCR to other nomial and emergency operations.
| ports of the plant. Additoonal requirements ori MCR access

are given below. Figures 10.a.1 and 10.4-2 illustrate layout ar-
,

rangements which address many of tisese requirements., ;

Figures 10.4-3 and 10.4-4 show how the particular Riustrative '
+

sample layouts address personnel access to c xt frorn the
|

MCR. These layouts are not requirements, but are proveded
only to Ilustrate potential approaches to satistyng access re-

t

quirements. !

!
;

i

1

1
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requwement Ratior, ale Rev

4.9.1.2.1 Access by Opereeing Stow Access by Opevaelug SesN O

; The M4AIS desi n shen spec 5icaNy ident#y the access paths it is d8hcult for the operators to get access to other parts d 00
j to arvj Irom the MCR by the operators for specdic tasks. In the plant or for the operators to come to the control room,

addason, the NCR shen provide for the foRowing more general the control room may become oscisted and get od of touch
access requirements: wth the plant. It should be recognized that the control room

personnel tend to be more twghly empenenced than the equip-
Access from various parts of the plant to the MCR by ment operators who are out in the plant at equipment or.

equipment operators so that they may consult dwectly local stations. Isolation of the operators in the control room
with the control room operalors. makes it dellicult to une their expenonce and experkse.

Access from the MCR to locations in the plant where local Some activthes, consulhng drawings, for eeuwnple, and in-.

operator actions may be needed because of abnormal structing equipment opera 6 ors may best be accomplished by
conditions. oneenone discussion between the EO and the RO or SRO.

! The access to the control room shodd support such descus-
This access sheE not disrupt the actions of the operating team sion and consultatiort
in the train co Wroging area of the MCR unless it is necessary

j for ellicient communication. Spectically, in addition to ade- IdeeBy, it should not be necessary for contrG room operators
I quote space in the mein cc:itruLe ares for visiting plant stalt, to 90 to a locei station or equipmers. However, the

space for consultation shaR be provided outside the mein con- operators, particularly the SROs, tend to have more ex-
, trolling area and access to that space shaR not requwe pas- ponence than the equipment operators and fuE assessment
i sage through the main controlling area. of a local condition may need their direct observation.

i*
'

,

t
;'

i |

|
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS -

Paragraph No. Renunrement Rarao,aade Rear
.

4.9.1.2.2 a, go 00CR by NeoOperating Plant Sten and OWeers Access to ABCR Ipy 90enoperating Plant SesN and Olhers 0

The locmalari, arrangement and equipment in the AACR shed The BACR is in + ^* ; conthuones use and is the focus of 0
l tacutete the necessary interaction between the operators in the maportly of plant actMises; A z ,- 2,, it has conted

the controi room and other personnel, even though these con- with more then the ope.ators. These other riseds may riot,

tacts do not appear explicely in the tasks assegned to the adequetely be covered by the M-ntIS design unless they are
. operators in the h4CR. The A4CR desegn shes idenelly as sudi defined.

interactions or contacts which have been consedered in the,

design haain The obgective of the RACR arrangement shen be
to limit the contacts of these normperating personnel so that

i normally they do not destract the operators at the controls in
the mein controging area of the AACR. In particular, rouhne
contads wth the Shilt Supervisor, the Shilt Supo.h's Clerk,

t the RO assigned to sweching and taggmg. or the Shut Techni-
cal Advisor shen not require personnel te pess itwough rs

j mein controBing area of the RACR.

Some specific Aims which shell be indoded are the followmg- 0i

Access by NRC inspectors and provisions for them to O.

communicate with their headquarters, with the Shut Super-
;

visor, or wth the Utsity management without disrupting *

j n4CR acownies;
'

Access by maintenance personnel related to operators ac- 0 |.

tions and taggmg needed to Esccui.spuJi maintenance.
.

! Access by plant staff such as engineenng or ra# ogical 0.

| protecsson when the operators request ash cc,
i

j Access for rnaintenance ci control room equipment, O i
.

t >

,
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requwemerg Rationale Rev

Access to the ShNt Supervisor for admirdstration functions; O.

Access by fire brigades; O.

Access by administratrve support personnel, e.g., to dis- O.

tribute mai and update reference material.

4.9.1.2.'s Meiro Control Room Evocustoon RAsin Control Room Ewecuatoon C

The main control room shaE have at least two independent Although control room evacuation is very unlikely, it is .also O
exits wisch can be used in case the control room must be unpredictable arx1 more than one choice for emaing the con.
evacuated. The remnte shuldown station (s) shall be acces- trol room is needed to have assurance that evacuation can
sible to the operators from ether exit without tie use of be eflected. The operator may have emited the control room
security devices such as keys or key cards or electric power. very suddenly and may not have been able to pick up keys

j or may have lost tus keycard or other security device

4.9.1.3 Operator ReNet Aree Operator Relief Aree 0
'

The layout d the heCR shen include an area of at least 600 Studies in operator alertwas may show that brief periods of 0
square feet, which is desegnated as an operator relief area. relief away from tte me.g. art d the control room in an area
This area should be adpacent to the kitchen and restroom where an operator may relax. mowe around and even ergage
factities as well as being imrnedsetely accessible to the main in physecal activity, are desirable.
controllir.g area of the MCR.

4.9.1.4 Restroom Restroom 0

A restroom adequate for both men and women shaR be A shared restroom increases the trallic irWo Ile cordrol room O
provided. This restroom shaR not be shared with areas out.
side the main control room.

4.9.1.5 Kitchen Fac41111es Kitchen Facieities O

i Convenient ktchen fac5ities with provtssons for beating foot , it is impractical for the operators to leave Ine cordrol room to 0t

| e.g., mecrowave oven, hot water arut drinkirg water, and eat. Adequate kitchen factities are important to (4mrators'
I refngeration. shall be provided comfort.
i
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Paragraph No. Requrrement Rationate kw

4.9.1.6 ShNt Tumower Aree Shift Turnosor Ares 0

The layout of the MCR shes specihcally provide for the opera- Proper transfer of information from ore shdt to arxAher is es- 0
tions irwolved in shiR tumower in particular, a locanon where sereial to plant operahon. Specsal provenions to make its4

the personnel for a shlR may meet without disturbing the ac- tumower converment can reduce the potentisi for operator er-
tivities in the main port of the control room shall be proveded. tors.

This area may be combened with cperators relief ares (see .
4.9.1.4)

* 4.9.1.7 Emergency ~~; '; 1-^ Eneergency Equipment 0-

The MCR sher include defined storage space for emergency Storage space in the MCR is prenuum space and equipenerW 0
equipment, e.g breattung apparatus or protectrve clothmg. should not be stored there unless a need for ate equipmers
which could be needed by personnel in the control room. The inside the rooms is established Furthermore, tie upkeep of
MCR design shaE identify all such equipment and the assump- such equipmera leads to trafhe to check and maintain it. It
tions upon which their need is based. may not be agpropriate to store some emergency eqtipment

; in the control room, for example, fire protection equipmest
used to enter tie control room.

i

!

I
i

!

!

!
i
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4.9.2 Local Control Stations Local Control Stetsons 0

The local control stations shan be part of the M441S design Many emportant operator actions in both normal and abnor- O
process and shaR meet the same requirements as the MCR ex- mal condnions wtl take place at local control stations Con-
capt as required by this section. sistent high standards of design wlR assure the overall ALWR

requirements are met.

4.9.2.1 Local Override of Mein Control Room Local Overnde of Mein Control Room 0

ft should normeRy not be possible to override the controls in Since the MCR is the focus of plant activity, the loss d con- O
the MCR from a local control station or to take actions which trol capabuity or the display of status can significandy compli-
generate a false desgiay signal Mcn=, where it is impracti- case the operator's resonnse to an emergency cond# ion,
cal to design the M-MIS on this basis, because of the need for especiaRy if the operator is not aware of the condition.
maintenance or testing the M-MIS Designer shall specifically
provide for these operations. In those cases. the control room
operators sher either have a control which permits the over-
ride or have a positive means to inform them that they do not
have control or that they have an inoperative display.

4.9.2.2 E.,.:s-a _ ^. Equipment, and Access Environment, E-71n.-.", and Access 0-_

For iocai control stations which are r.ot used routinely and wE At soms local control stations, which are used infrequently, it 0'

not be manned for more than a few hours at a time, some- may be impractical to provide all the attributes of a control
what less stringent environmental requirements. more limned station which is used continuously
equipment, and more limited access are acceptable; however,
in no case shaR the conditions be predicted to prevent the
operators from canWg out the assigned tasks under accident

'

as well as normal operating conditions. For example, lighting
must be sufficient to support task performance, noise levels

; shaR permit adequate communication, and access shall not in-

| volve personnel or equipment hazard. Tim M-MIS design shsE
specshcally identify the relaxed requirements and documenti

the basis for their acceptab5ity.
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4.9.2.3 Stemng of Local ControlScotions Stemng of Local Cont.W Stelions O

Local control stations shall be designed to be operated by A sanctly one-person control station can result in undesirable 0
one person. L;;. the space shaN not be so limbed that hmitations There are instances where the performwx:e of an
two persons are precluded from the station. operation may requwe ttm presence of a checker, an asses-

tant, or a supervisor For example on-the@b tranung or spe-
ciel tests which require a data recorder or observer.

4.9.2.4 Inedvertent Ack.astion Snedvertent Actuation 0

Local control stations shall be desegned to elemenate inadver- Because local control stahons may not be continuously 0
tent actuation of any controls in so far as practical. This shes menned, operating personnel may not be immediately ava5-
consider the potenhal for plant pe.sonnel to be in the area of able to recover from an inadvertent actuosion. A higher level
the local control panels. of concem for inadvertent actuotton should be applied to

'

local control stations than in the mein cordrol room or a con-
tinuously manned station.

.
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! CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requererrumt Rationale Rev..

4.9.2.5 Uneugeorimod Use Unsulhortand Use 0

The MMS Dessgner sheE identify those controis at normagy Although secur6iy agaunt unauthortred use is prudent. such 0
unmanned local conted stations which have serious conse- measures can eas5y impede the operators' actions in an

| quences 11 activated by unauthenzed persons. Senous conse. emergency. The M-MIS desegn must belance these con-
quences are: sederations.

! Violation of plant technscal specshcations; O.

Immedeste trip of the plant. O.

Actuation of safety systems. 0.

Demoge of expenssve equipment or repairs that require an 0.

i extended outage.

| For such controis, the MMS Dessgner shall provide posaswo 0
means 10 prevent unauthorized actuation, except where such4

means would interfere with emergency use of the control.
Where no posikve means is practical. the M4AIS Designer
shaN assure that the condihons caused by the unauthorized

; action wEl be adequately annunciated in the main control
j room.
;

! 4.9.3 Remote Shutdoum Control Steelons Reuseee Shutdoum ControlSestions 0

The MMS design shou provide for control stations outside it is the intent that the ALWR have a t apaheity to meet ap- O
the main control roorn which have the capability to bring the plicable regulations with regard to control room evacuation.

, reactor to hot standby and mamtain it in that condition in-
i dehnitely. The M448S design shaR also allow the plant to be

brought to cold shutdown within 72 hours using these control
i stations as weH as local controls.
:

I

i
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Rationele Rev

4.9.3.1 Use of Funcelons and Tasks Use of Functions and Tasks 0

The M-MIS Designer shas identdy ad the functions and tasks in- It is generauy not praesecal to indude ss controis or dnplays 0
volved in the remote shutdown operations Tasks at any other at the remote shutdoum stations G '1' ' those needed toi
local control stations as we8 as those at dedicated remote cool down the plant). However, in outer to assure that the
shutdown control stations shas be included The funchons remote shutdown capabMy is avaEable, a5 these olier local
and tasks defined for the remote shutdown station shen be controls and displays must be evaluated
used in selecting the specific controls arxf displays to be
provided at that station.

4.9.3.2 Conditions of Evocueelon Conditions of Evocussion 0-

The design of the M44|S lor remote shutdown sheE be based The condesons under which evacustoon is required are unpre- O
on evacuation of the main control room wthout an oppor- dictable The remote shutdown stations should not have to
tunity to cany out any tasks irwolved in the slusdown. How- assiane a particular scenario for the evacuation.
ever, k shell also establish that the remote shutdown control
stations are wivi- ~_4 with the operators perfornung a few
tasks e.g., reactor trip or initiation of emergency lord, prior to
evacuating the control room. Anylimitations or assumptions
on these tasks sher be defined and documented in the design
basis for the remote shutdown control stations.

Paoe 10.446
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'

4.9.3.3 Simuist8sn of Remote Shutdoum Stetsons Simuishon of Remote Shukknen Statione 0

The p? art semulator shaN include any remote simidown control Although the arrangement d the remeta shuHovm station 0:

! stations and pomut shutdown ushig the remote shutdown wSI be functionally identical to the main control room, training
! factities to be reehstically simulated. on the operation trsing only the normel control room stations

may not properly prepare the operators. The use of the
; remote shutdown station will rieh; _- f rwolve a great deali

of stress and a high level of traensng wM be needed to over-
f come this stress and achieve adequate operator perfor.

mance. It is also essential that the operators have sufficient
confidence in their capability to use the remote shutdown sta-
tion that they will not delay their evacuation and risk in.
capocaating all avaEable personnel. Simulator training wC

; help to estabhsh that conhdence.

Staning of Reme e Shutdown Stations Stening of Remote Shutdown Stations 0S.9.3.4 a

' The remote shutdovm operations shall be based on a redixed it is prudent to assume that the same event widch makes R 0
number of operators, specWicany, only two hcensed operators necersary to evacuate the control room may result in in-,

! (SHO or RO) and two EOs shaR be assumed to be avatable in capacsation or unava5ab5ity d some of the control room
| the short term, Le., for bnngmg the reactor to hot standby crew. In the first few rrunutes the personnel may have to
: For the subsequent operahon, a normal crew shall be as- work short handed it is orf remf that this crew getf
j sumed to be ava5able. the reactor to a stabse, controt!ed condhion, i.e., hot sts.ndby
'

The cooldown can ease wait unti a new shift or off-she re-f
placements are available

4.9.3.Li Panel Arrangement and Design Practices Panet t ,;. _ -.;.1. and Desegn Practices o,

i The design of the remote shutdown station shau locate the dis- The similatay of arrargw.mi,i wal reduce the potential of er- 0
-

! play and control elements in an arrangement which is function- rors and rmnmze the training tmien of the remote stud-
ally identical to the arrangement of the similar elements in the down stations.
main control room. Other design practices, e.g., labels,
nomenclature, color codes, etc., shall be identi ,al to the main
control room.

Page 10.44i7
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CHAPTER 10: MAN-miACHINE INTERFACE SYSTEMS - -

Paragraph No. Raquirement Rationale Redd

4.9.3.6 Use of Rernote Shuldew Stations for Normet Opera 86ons Use of Remote Shutdoum Sta"ons for Normet Ope.atsoom 0
3

The M-MIS Designer shall eraluate the possside rouune um of The use of this station for sorew acshntis c trg avoid disrup- O
the remote shutdown station kr testing, surveElance, or other tion in the main control room, provkiee % check o? the opera-
operations. The routine ope.ations ast'aned to tha remote . tional readiness of the station, end keeps the operators
shutdown station as a result of this enluation shen be def2 tad famiser with the station and its layout.
and documented as part of the design bisk for the remote
shutdown station and the overaN ALWR M-MIS.

'

4.9.3.7 Reference Meterial Reference *Jeterial 0-

i The analysis of the funcilor s and tasks assi jneu to a remote The use of the remote shutdewn station wNE involve opera- 0
shutdown station shaN be used to identify the reference ~ ions which are cherently diriaret!' rem those normaNy en-

<

t
;

material which wNI be needed at the station. T*= remote shut- countered. The avaEathty of up-t<>date asference material
; denn station design shall specifica!!y provide L .he storage win be importar* for the operators to cope with the situation. '

and use of these items. Mach may be complex. The av BatNity of other mierence ic

material. e.g., from the TSC. may be Hmited in the shon term.;

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationele Rev

4.9.3.8 EnstWng of a Remote Shutdown Station EnstWng of a Remote Shutdoum Section 0

No operator action or equpment falures in the main control Because of the unpredictable nature of the evacaation, the 0
room shall prevent a remote shutdown station from carrying operation from the remote shutdown stagion should leve
out its function to shutdown the reactor. That is, the method precubice; however, the operators in the main control room
used to enable a remote shutdown station shall use transfer need to be alerted 3 they have been deprived of control of
devices which allow the remote shutdown station to exercise some parts of ttus plant or some components may be under
control irrespective of the faaures winch may have occurred in the cortrol of others.
the main control room. In addition, these transfer devices
shall not introduce points of co ntren vulnerability which
could lead to loss of both the mam control room and remote
shutdown station operab8ity. However, any action taken to
enable a remote shutdown station or trans'er of control to it
shall be annunciated in the main control room. The opera-
tions required to enable a remote shutdown station shall re-
quire a minimum of operator steps, consistent with the
reliability (e.g., separation) requirements and the prevention of
inadvertent or unauthorized use (see 4.9.2.5).

4.9.3.9 Location of Remote Shutdown Stations Location of Remote Shutdown Stations 0

The remote shutdown stations shall not be located in the This degree of separation anpeert to be practical and 0
same bulding as the main control room nor shall it be pos- provides added assurance that events which disable the rnein
sible to open a sogle door and connect a room contaimng a control room wSt not also disable a rerrde sfuAdown station.
remote shutdown station with the main control room complex
(e.g., the main control area, operators area, shift supervisor *s
office, shift techmcal advisor's office, etc., see Figures 10.4-1
and 10.4-2).

,

1
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationele Rev.

4.9.4 Emergency Response Support Facihties Emergency Response Support FaclBites 0

} Tim M-MIS design shaN include those portions of tie emergen- it is intended that the ALWR design meet the currercly ap- - 0'
cy support factities wtuch interface with personnel in the plicable regulations. Althoegh many amparea of these
course of supporting emergency operations. The design d fac5ities ' wolve issues other then the marwnactwne interface,w

! these facilities shal be consistent with the requirement stand- they are fundamentaNy an extensson of the MCR and past of
; ards of 10CFR Part 50,50.47(b) as elaborated in 10CFR Part tte overall control of the plant dunng an emergency. Accord-
| 50, Appendix E(IV); the criteria of NUREG4696 Funcsonal ingly, it is appropriate to include them within the purdew d
; Criteria for Emergency Response Facilities; the requwements ste M-MIS Designer.
'

on these facilities in NUREG-0737 Supplement 1 Section 8,
" Emergency Response Factities"; and the additional require-
ments of this section.

4.9.4.1 Technical Support Center Technscal Support Center 0
4.9.4.1.1 Access Between MCR and TSC Access Between MCR and TSC 0

The TSC shall be located so that the time for personnel to tran- In an energency, good access between the TSC and the o
i sit from the MCR to the TSC and vice versa win be less than MCR will put less burden on voice communications and wBl
j two nunutes. In an emergency, it shall be possible to modNy tend to discourage people from congregating in tie MCR
| normal security boundaries (using dehned procedures) so that and disrupting operations. Easy access between the TSC
: persuiwW can move between the two fac5ities without cross- and the MCR raises concems that this capahility wel be

ing a security boundary. Access to ths MCR from the TSC abused by personnel from the TSC and result in disruption d
shall be by a roule which can be eas5y controlled administra- the MCR. However, easy access between the two spaces
tively by the MCR staff and the plant mar.agement to avoid dis- facilitates tte support of tie operators and the " team" ap-:

; ruption of ti.e MCR operations by personnel from the TSC. proach to coping with emergencies. DeNberately making the
| access difficult between tie mer and the TSC to relieve some
: of the need to exercise admerwstrative disciphne in an emer-
'

gency is not prudent.
.

.
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4.9.4.1.2 Viewing of MCR Activities from TSC Viewing of MCH Activities front TSC 0

The capablity shall be provided to monitor visuaNy the general The capability to estabhsh the generallevel of activity and per- O
activities in the MCR from the TSC. This may be ac- sonnel presern in tie MCR from the TSC wel redace the need
complished by bullet resisting wirdows or by closed <ircuit for persorwwl in the TSC to contact the MCR amt reduce the
television. potential to disrupt the work in progress in the MCR. It wel

not replace normal voice communication or the need to have
ready access between the ISC and MCR.

4.9.4.1.3 TSC NorHwnergency Utilization TSC Non-emergency Utilization 0

The M-MIS Designer shaN evaluate the routine use of the TSC Because of tie extensive data hardhng capabddies and refer- 0
to support plant operations as long as it can be shown that ence material available in tie TSC, as wee as the physical
these uses wotAd not reasonably be expected to impeer its use space convenierd to the MCR. the TSC may be corwerknt
in an emergency The routine uses assigned to the TSC as a for test data collection, shift or test crew meetings, etc.,
result of this evaluation shall be defined ard documented as which would dismpt normal control room operatiott its
part of the design basis of the TSC ard the overaE ALWR M- regular use also helps to assure that its eqtmpmers is function-
MIS. al and tiet personnel are famaiar with its facilities.

4.9.4.2 Emergency Operations Facility (EOF) Emergency Operations Fac31ty (EOF) - 0

The responsebasty of the M-MIS Designer for the off-site emer- The actual simcture, layout, or location of the EOF is con- O
gency operations facility (EOF) is limited to tha design of sidered to be outside the scope of the ALWR.
equipment intended to duplicate or to link the EOF to the
plant process data base used to support tie MCR, the TSC,
or other plant control stations (remote shutdown stations, for

| example).

!
,
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Paragraph No. Requirement Rationale Rev.

4.9.4.3 Data Handling and Computer Facilities Data Handhng and Computer Facilities 0

4.9.4.3.1 Avselsbliity of Data Availabilsty of Data O

Personnel in the TSC and EOF shall have access to au To perform their support role, the personnel in tie TSC and 0
monitoring data accessible to the control room operators on EOF simuld tave access to the same data as the control
CRTs or sim5ar r omputer interface devices and information on room opesators. By maintaining similar, or identical display
the MCR overview display. These personnel shall tra able to systems in the coritrol room. TSC and EOF, communication
display the data in a form which is the same, insofar as practi- between personnel wil be factitated when referencinxj dis-
cal, as the displays used in the MCR. play data.

4.9.4.3.2 Data Transmission Reliebility Data Transmession Reliability 0

The TSC and EOF data transmission paths shall be designed Robustness of liv, commwication interface design is neces- 0
so that a single failure shall not eliminate a communication sary to assure reliatAe operation of emergency facFities.

,'
pattway.

4.9.4.3.3 Processing Capabilities Processing Capabilities 0

Data storage, processing, and display capability shaN be Tins requirement is based on the following- O
provided for personnel in tte TSC and EOF to recaN from
storage, marnpulate, and display data. t. During an emergency, it is imperative that neitter tie plant

process computer, nor the data links are bogged down with
data, computational and display requests from tie

These functions shaN be performed without burdening the energency response faclities, and
plant computer or data communication links between the con-

'

trol room and these factities.
!

2. Technical arulysis involving heavy usage of tretxting. O>

computing and calculating based on previous (t htorical)
! data, as well as real line data, is expected in the TSC arxl
.| EOF dunny an emergency situation. These would

potentially place a heavy burden on the riant conputer at a
tirne when it is most netxhx! to perform its intesKled
functions

'
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4.9.4.3.4 Access to Deta by Other Users Access to Data by Other Users 0

The design shaN be compatible with the use of data by others, Although the other uses of these data are not within the O
such as the utBity management and groups both on and off scope of the ALWR Requirements Document, the design
the plant site. should not preclude such use. OLtaining the data through,

the TSC/ EOF should provide a reliable source and one which*

'
is separate from tte control room. That is, it should reduce

'

the potential for these other users to impact control room
operations and use of the data.
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!5- DATA GATHERING, TRANSMISSION, AND PROCESSING 0
REQUIREMENTS

, . 5.1 DEFINITION 0

5.1.1 Purpose 0

This section provides requirements that are needed to asc n 4 foper ac. O

quisition, processing, and distribution of the large amount of vata used for
plant control, monitoring, and protection. The scope of this section is !

p' from the outputs of sensors and other devices connected to the plant {
. wide data highways to the presentation of data to the various utilizing

'

devices and functions. Requirements for various systems that are primari-
ly data processing functions are also included in this section. Figure
10.51 Illustrates the scope and interfaces of this section.

5.1.2 Functions 0>

The functions covered in this section are those required to: 0 ;

Provide adequate data quality; O.
c

Provide sufficient data handling capacity; O. ,

ff Provide a data system that meets overall plant requirements without 0.

't/ unduly restricting the designers selection of equipment to meet the.

,

L- needs of a specific function;
1 e

Provide guidelines for malntaining a balance between too much and 0 :.

too little data;

Provide data requirements for various support functions (TSC, EOF) 0 i.

and operator aids.

!5.t.3 Interfaces 0

The data gathering, tre.nsmission, and processing functions Interface to vir- O

tually every control, monitoring, and protection system in the plant. The
data gathering function Interfaces with sources of data (e.g., sensors,'

operator switches, controller outputs) and sinks of data (e.g., actuators,
operator displays). The data transmission function interfaces with data
multiplexers, controllers, control stations, etc. The data processing func-

!

L tions described in this section are those processing functions needed to

| provide consistent data formats and usage In tha plant.

t

'
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5.2 GENEPAL REQUIREMEhTS GENERAL REQUIREMENTS 0

5.2.1 Architecture Architecture 0,

5.2.1.1 Data System Structure Data System Structure 0
1

The Plant Designer shall establish the data systan structure. The data system structure shad incorporate several * layers" 0
The data system design shall: of data acquisition and data distribution. The layers shan be

structured so that the number of transmission paths between
1. Mansmize the .nlant vnring, different areas of the plant decrease for each higher layer. *

The Plant Dessgner shall establish the number of layers and
2. Consider the vtAierability of the plant control and the number of paths required to minimize plant wiring whee

monitoring to L single component failure which can mairtaining adequate redurxiancy, segmentation, and separa-
affect more than one system or function; tion. There may be cases where point-to-point cunnecdons

, ~
over long distances are required to meet separation, redun-

3. Support tiie maintenance and test requirements; and dancy, and segmentation requirements so this type of coa-
'

i nection must be permitted.
4. Minemize the disruption to the plant data base when a

component, equipment, subsystem or system fature
occurs.

The requirement for layering does not preclude point-to-point
hardwired or serial data transmission over long distances
when needed to meet other requirements such as speed,
diversity, etc.

5.2.1.2 Signalinterfaces Signalinterfaces o

in addhion to providing for analog and discrete I/O, the struc- There are many devices (e.g., " smart" sensors, program- 0
; ture shaN provide for data acquisition and distribution using mable controllers, digital panel meters) avaBable that have

serial and para #el I/O. the capability to provide data or accept set points etc. using
serial (e.g., RS232, R3422) or para'lel (e g., Binary Coded,

Decimal (BCD), IEEE 488) connections. The plant data sys-
tem must accommodate the use of these devices.

; ."uge 10.5-3
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5.2.1.3 I+f-- ^ -;y and Diversity Redundancy and Diversity 0

The data system shah meet the diversity requirements given in The independence of redundant systems must not be com- 0
Sections 3 and 6. The data system shaN provide redundancy promised by the data system. - *

commenstrate with the redundancy of the systems and func-
tions that interface with it. The several divisions of safety re-
lated systems must use data paths that meet the redundancy
and separation requirements cf the systems as described in
other sections of this chapter.

5.2.2 Design Process Requirements ['e:.ign Process Requerements 0-

The design process for the data system shaR meet the desegn Wah the application of multiplexing, a signal nuy be used in 0
process requirements of Section 3 and shag include: several places. Tie specdications for a signal must tterefore;

support all of its intended applications. In some cases, the
listed specihc items wil impose tighter specihcations on a sig- ,

nal than the process monitoring and control requirements.

Features to assure that the characteristics of a signal wE O t.

! support an of its intended uses. Each characteristic of a
j signal (e.g., accuracy, resolution, data rate) shen meet the

most restrictive requirement of au systems or functions
that use the signal Signal characteristics to support spe-

.

1

cial applications such as operator desplays, operator aids, |
-

mamtenance aids, and the initial startup test program shoe
be included.

,
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Paragraph No. Requirsment Rationale Rev.

A method of identifying cases where the supal charac- High performance devices may have undesirable clarac- 0-. .

te istics required by special applications (e g , initial star- teristics, such as lower reliab5ity, tugher susceptibility to
top test equipment) causes the selection of a sensor or noise and environmental ci.-.gn, higher drift, etc.
Other device that has performance characteristics which These characteristics are immpiai4. for the specia! ap-

1 are much tighter than those required by process control plications that are not critical to plant operation or safety,
'

and monitoring. Separate special purpose sensors shes but may not be acceptable for plant control and monnor-
; be provided if the high performance requirements restAt in ing. particularly under abnormal conditions

the selection of a device with lower reliabRity, higher drift,
higher sensitivity to its environments, etc.

i Guidelines for determinmg the method of transmission of The data system application must be consistent on a 0. .

a specihc signal, extent of segmentation and/or redunden- plant-wide basis. Therefore, the design process must pro-
cy, extent of distribution of a sgnal, acceptable transmis- vide guidelines to assure that a reasonably consistert
sion path loadmg and other data system characteristics basis is used try the many designers.
that require judgment on the part of the desgners.

5.2.3 Performance Requirements Performance Requirements O

! 5.2.3.1 Multiplexer System Capacity Multiplexer System Capecity 0

The multiplexer system shall be designed with sullicient perfor- The multiplexer system should have enough capacity to per- 0,

! mance margin to perform its designed function under condi- form its intended functions wahout skipping a function be-
tions of maximum stress. Conditions of maximum stress shall cause there is insufficsent idle time allotment. It is good on-
be based on plart events that cause the heghest data acquisi- gineenng practice to have appiG lic / ; 40 percent addnion-"

tion, data processing, and data transmession loading Con- al performance capacity wtwan the system is fuuy stressed. !

sideration of failures, operator actions. automatic test features,
etc. shan be evaluated.

t
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5.2.3.2 Multiplexer System Expansion Capacity Multipiexer System Expension CapocRy 0

The mul6plexer system shaN be dessgned with reasonable ex- There should be suiicient capacity to permit tie Owner to ex- 0 :
pansion capability wtuch would permit an Owner to add func- pand tie system. System expansion can be acideved by ad-
tions in the future. The system shan have, as a minimum, a 25 ding modules for most designs. Sometimes expansion by
percent expansion capability. the addition of modules may require the addition of com-,

munication links which can be costly. Therefore, expansion
!

capability within a common chassis is desirable Require-
ment 5.2.3.1 should insure sufficient margin to accom-
modate the performance capacity impacts of expanding the
system.

I 5.2.3.3 Data Transmission Capacity Data Transmession Capacity 0

Data communcation links and network links shaR be designed it is good engineering practice to have approximately 40 per- 0
with sufficient performance margin to perform under condi- cent additional capacity. Ten percent is for the uncertainty of
tions of maximum s ress. The loading shah be based on plant stressing the hardware to its limit, and 30 percent is for sys-.

transients and events that cause the highest transmession. tem expansion accommodation.,

; Pfard data fatures, operator actions, automatic test features,
i etc. shen be considered by the Plant Designer

; 5.2.4 Reliability and Avelletcity Rellatuhty and Availability 0 i

; 5.2.4.1 The reliablity and availab5ity of a particular data path shall in effect, the reliability and avalab5|ty N the data system 0
meet the A: tion 3 requirements that are apphcable to the sys- must be included in the analysis performed for a specdic sys-
tems and functions that use it. tem or function.

5.2.4.2 When redundant data paths and signal selection are used, the The failure rate of the selector may be a signdicant con- O
reliab81ty model of the data path shaN include consideration of !Nor to overall data path rehab5ity. Coverage is an indica-
the fatore rate and coverage provided by the selection device lion of tie effectiveness of tie selection device or algorithm.
or algorithm. The coverage term as well as the rehabilty must The reliability analysis must include consideration of cases
be justified, particularly when complete coverage is used. where tie selection algorittun or devce wEl not detect aN

faaures or data anomalies. This is of spechsl corcem wteni

! analytic redundancy is used because the effectiveness of the 6

] selector depends on the capabilities of the model used.
i
'
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Ra:ionale Rev.

Paragraoh No. Requirement
0

5.2.5 SignalTraneport Deley Signal Transport Delay

5.2.5.1 The propagatiori time for multiplexed data shall be analyzed to A multiplexed data system creates a finile deadtime in a con- O

demonstrate the prevention of significard degradation in perfor- trolloop.
mance of plant control and monitoring systems.

5.2.5.1.1 For closed loop controls, the combined propagation delay For closed loop controls deadtimes reduce system statAity. 0
,

'

from a change in a signal to the results of the change being so tfe control system design must adequately account for

received at an actuator shall be considered in the analysis of this deadtime.
' the control loop to show stable operation.

5.2.3.1.2 For discrete control functions (reactor trips, ESF initiation. For discrete corarol actions. the delay could be a significard 0

equipment protection, etc.) the signal transport delay shall be portion of the tine allowed to implement the actiott

analyzed to show that tie actions occur within the allocated
time when tne signal transport time is added to other delays.

5.2.5.1.3 The propagation time shall include resoonse degradation due Various aspects of the data system which could cordribute to o

to taters, the samphng rate of ti,a signal, analog to digital (A/D) the effective delay must be considered.

conversion time, signal processing time (if apphcable), resam-
pling rates (if applicable), data transmission time, and digital
to analog (D/A) conversion times.

5.2.5.1.4 Operator control (e g , joystick, trackbas, etc.) feedback With the operator in the control loop, care must be taken tiet 0

response to operation of the mananachine interface device the display system does not introduce deisys which sig-

shall be determined from human factors analysis. The rWicantly destabilize the system. In addition to this functional

process response delay time shaR he established by the sys- requirement, flere is an imgdied requirement that the operator

tem requirements. When an operator control device causes a percettion of the delay be negligible

parameter to ramp, the display t.Wate must not be significant-
ly greater than the operators perception time in order to
prewnt overshooting or undershooting the desired value.

5.2.5.2 The system design shall provide the operator acknow- The operators are accustomed to and expect a prongs feed- O

ledgment of a requested action within 0.25-second of the back that their requests tuve been received This require-
ment is analogous to the snap action of a switch wtsch is per-operator request.
ceived as an acknowledgmerd.

Page 10.5-7
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The system de ,ign shaN not introduce more than a 1.5-second The equepment which is expected to be used in tie M. MIS, in o
additional delay to the change of state of a desplay than is cur- many cases, WM add time delays to the acquisition, transport,

;
~

rent experienced in a " hand-wired * system. and display of information. From the standpois,t of operator
perception, a maximum tiere limit needs to be estatAisted.

i 5.2.6 Standerthzation Standardization 0

The plard data system sha81 meet the standardization requee- Standardization requirements given in other sections apply to o
ments given in Sections 3 and 6. Tie modules and algorithms tie plant data system
for fBlering, data corwersion, data processing, error checking,
etc. shall be standardized to the extent practical.

5.2.7 Communication Protocols Communication Protocols O

Plant-wide data highway protocols and interfaces to control- Tie irgerfaces to and commurucation between the plant data 0
4 lers, sensors, actuators, etc. shaR be based on widely used in- system and otter gAard equipment must be based on widely '

dustry standards. Interfaces that are propnetary or have a supported standards in order to achieve the Rexibihty, lon-
smaN installed base shall not be used. Locahzed proprietary gevity, aruf starxiardization ermeloned for ttw ALWR. Some
data higtmays, such as those in some programmable control- control devices-in particular, programmable cortrollers-
!ers, may be used if a clear benefit can be derived from their use prepnetary buses Use of these devices sixxdd rx>t be
use; however, their interface to the plant-wide data highway precluded il ttey can interface to the plant data Ingimay.,

; must be of a starxfard type.

!

i

1
i

1

?
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!
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j 5.3 DATA GATHERING REQtMREMENTS DATA GATHERING REQUIREGAENTS 0 '

! 5.3.1 Signal SpeciIcations Signal Specifications 'O

i 5.3.1.1 The data gathering hardware and software for analog inpet sig- The data provided must meet aR of the wnditional signal 0
nals nmst assure that the segnal provided meets the require- quality requirements.
ments of all the assegned uses of the signe. The signal cher-
acteris:ics to be considered shaN include.;

Accuracy; O'.

Hesolution; O
'

.

Sample Rate; O
, .

Repeatab5Ny; O.

Response rate; O*.

Safety Classilwion; O-.
.

Range; O.

5.3.1.2 For descrete and pulse input skyials, the data gathering This requirement is to preclude the system from recesving 0,

| process shall provide; fake of spurious signais.
; Immunity W noise causing a false signal indication; O.

1

; Sullicient respunse and sample rates to capture aR transi- O.

tions of the input signal,

| Voltage supply for dry contact signals; o. -

i Switch debourice, where applicable. 0.

All falure modes to be identifiable as soon as practical. 0
'

.
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5.3.1.3 The signal provided shall meet the rnost restrictive value of Because each signal may be used in several places, each 03

each requirement from all of the systems that utilize the signal specshcalbn for tie signal must meet the rnost restrHive of
-

'

! all the uses.

5.3.2 Signal Filtering Signel Filtering 0,

5.3.2.1 Each data acquisition channe! shall contain appropriate fIter- Any residual noise on sensor outputs shot &l be reduced by . 0 -
ing of the sensor output to reduce any noese on the signal to fRering to a level that will ed cause operational or main-,

axeptable levels. The residual noise shall be small enough to tenance problems. FRering should not remove segnal c%rac-
i prevent spunous trips and equipment actuation due to noise teristics that could be used for sensor health monitoring.

and to prevent excessive equipment wear due to " dithering".
FRering shall be held to a minimum in order to eliminate noise
spikes or isolations. A capacitance circuit or simEar approach
should be used so as not to affect ttm general segnal charac-.

1 teristics.

; 5.3.2.2 When A to D conversion is used, ti.e fRers shall also reduce in sampled data processes, high frequency noise can appear 0'

any signal noise aliased into the pass band to acceptable as a lower frequency signal. This is knoum as aliasing. Ap-
. levels. Whenever a signal is resampled at a rate lower than propriate signal filtering must be used to reduce the aliasing.i

the sample rate used in the A/D conversion process, ap- Resampling a previously sampled signal at a lower rate can
j propnate digital fRers shaN be used to reduce aliasing and also cause aliasing.
j noise to an acceotable level.

:
4

4

,

i

f
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5.4 DAl'A ~IRANSMISSION DATA TRANSMISSION O

5.4.1 Data SignalTagging Data Signal Tagging o

'
All data on the plant-wide data buses shall have signal iden- Some method of identifying the source of a sgna"is needed 0

5.4.1.1,

tification information associated with them. When a signal is to assure that the correct data is used. Precise timing infor-
to be used for post event analysis or other apphcotions where mation 4 needed for some applicaticns of data. Multiplexing
precise timing information is required and the transport delay data can cause some time slewing of the data, so timing infor.
could be a significard portion of the time resolution, then time mation may be needed in some cases.
tagging shall be attached to the signal.

5.4.1.2 All data shall have a signal quality tag associated with it. The Ti e multiplexing system can detect dh and equipment er- 0,

!

signal qual!!y tag along with other troubleshooting aids must tors and must flag the data when its quality is suspect. The
, provide sufficient information to direct the troubleshooting data errors can occur at severallevels in the syste n. so the> process. tag r Jst indicate where tim problem has occurred. Other

troubleshooting aids may be used to supplement the irdorma-
tion provided by ate tag.

,

)

|
1

i

a

1
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5.4.2 Multiplexed Da'2 Transmission Fidelity Multiplexed Data Transtmssion FidetNy 0

The data tia.winem process shaN provide sufficient inherent Multiplexed data consists of a large amount of data that can 0
integrity and error checking to assure that rardom errors in be corrupted by the line drivers, line receivers, and possibly
the process wil not degrade the availablity and releb51ty of the signal transmission corductor. The avaEability and
the systems and functions that ut2!ze the data. The intent of reliabdity of data transmission is an integral part of the
this requirement is distinct from "had* equipment fagures. It is atalability and reliability of the systems ultiang the data _ If a
meant to address soft errors that result in one or more bits in plant contains 2000 multiplexed signals with an average
a data stream to be in error for a single transaniJon. sample rate of 3 per second, the total number of signals

transmitted in a day is approximately 500 mEhort Note that
As a nurumurn, the data transnnssion process shaR assure that the signals that must be considered are sim from sensors,
the transient errors do not cause significant errors in the operator controls. switcies, etc., and those to actuators,

8operator displays more frequently than once for every 10 sig- relays, displays, etc. Also, note that plant sensitivity to errors
nel traischidous. In discrete signals can be much higher than plant sensitivity

j to errors in analog signals because a sinWe error can cause
The data transmission process shaN assure that spurious trips, unwanted equipment actuation or shusdown. Errors in
spurious actuation, equipment misoperation, etc., due to tran- device addressing and signal identifiers are perhapi more
sient errors does not significantly degrade plant avatab5ity critical than errors in the data because they can cause sig-
and capacity factor. nals to go to the wrong destinations.

These error evaluations must include consideration of errors in
the devee addressing data, handshaking data, segnal data,
er or checking data, signal quality data, and signal identifier
data. The effect of filters or switch debounce at the receiver
that cause short term errors to be ignored and any signal
rcduncancy used may be included as methods to reduce the
effective error rate.

.
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5.5 SIGNAL PROCESSING SIGNAL PROCESSING 0

Any signal processing, such as scaling, amphhcation, lineeriza- Processang of signals can change the characteristics of a sig- ' O
; tion, rate of change calculations, etc.. shaN assure that- nal. The requirements are intended to assure tiet adequale

consideration is given trs the changes. The integrity d the
The accuracy, resolution, precision, and rate of response parameters used in signal processmg must be insured and.

of the results of the processing are consistent with thoes conferned in order to retain the desired signal charactesistics.
of the signal being processed and the apphcations of the Special consideration must be used when rate is deter-
signal. mened-as might be used in some sic isi validay checking al-

gorithms.
Any coefficients or other factors used in the processing.

must retain their values for p&.ver interruptions and
other events tini could potentially corrupt them. In
addition, provisions for periodically verifying them shaE

.
be incorporated.

If signal rate of change is determened, the rate of change.

method shaN assure that noise in the signal does not
unduly influence the rate.

; 5.5.1 Signal Validity Checks SignalValidity Checks 9

The data system signal processing chvi provide appropriale Signal validity checks are an important aspect of assunng re.4i- O
signal validty checks. The validity checks shall assure that able data.
the data meets the reliability reouirements of Section 52.3.

|
;

i
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_

5.6 OPERATOR AIDS OPERATOR AIDS O

The operator aids are intended 'o provide ire.mation to the Operator aids are processing functions, so the regiirements 0
operator to help in monitoring and controlling the plant. AE of Section 5.5. are apphcable. The operator must be made
operator aid functions shall meet the requirements of Section aware whenever the aid is unavagable so that attemative
5.5 and provide the self diagnostics, signal fault detection, etc. means may be used.,

to wam the operator whenever the system or specNic sub-func-
tions are unavalable. 1

5.6.1 Technical Specification Monitorhg Function Technscal Specification Monstoring Function 0
.

The technical speckotion monitoring function shaR have the Technical specification monitoring can aid the operator in 0
following capabdities to wam the operator when a limiting con- mairwaining plant operation and thereby impro,e plard

; dition of operation (LCO) is being approached or an LCO is avaEabEdy.
being violated:

The system shaN use appropriate infomation on equip- In order to provide maximum aid to the operator, an in- O. .

ment status, core simits and margins, and other ap- dication of the approach to an LCO and irdormation on
propriate data to detemine the approach to an LCO. To Ivm to avoid the LCO is required.
the extent practical, the system shaR also indicate ap-
propriate action to avoid violating the LCO.

Provide for acquisition and processing of the information Fagures. maintenance activities, and test operations are O. .

needed to determme the approach to and existence of an unportant data for estatitshing LCOs. Automatic acquisi-
LCO. To the extent practical, the information shaR be tion of the information will relieve the burden on tie
automaticaNy acquired by the system. Any automatic test- operator and is required when the activity is rmt initiated
ing that could impact LCOs shall be automatically ac- tr/ the operator.
quired by the system.

Wam the operator when an LCO has been violated and A violation of an LCO must be indicated since tids is a o. .

identify the LCO. To the exterd practical, the system shall primary function of ttm system.
also indicate the action needed to recover from the LCO.,

The system shaN automatically log all LCO violations.
,
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Pedorm calculations to establish reactor and core Various co.e and plant parameters are needed to estab-! .

parameters required for monitoring LCOs, such as thermal fish approach to or existence of an LCO. The results of
_

-O.

margins, power distributions, heat generation rates, etc. these ca8culations are useful for normal plant moritoring
The results of these calculations shan be made avalable by the operator.i

on operator displays.

. The system shall have manual input capabdity for limiting . Operator administrative burden for logging and tracking 0
-

conditions of operation that cannot be monitored automat- limiting conditions of operation is greelly reduced
: ically by the system. An acknowledgment function for through tie use of a computerized system for all linating

alarm conditions shaN be includal. conditions of operation. Acknowledgment of alarm condi-
tions will ensure operator awareness and verification of
identified operational problems.

,

I

.

l
i
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'

5.6.2 Emergency Safety Features Availatility Morntoring Emergency Safety Features AM Monitoring 0
Function ' Function

The M-MIS shah provide the operator with the status of both The status of the ESF functions is an important part of deter- O
!

the long term and short term ava8 ability of the ESF functions. nwung the plant status with respect to LCOs. The short term
: If appropriate, this function may be considered a sub-function availabiiny of the ESF functions is ta*muy the abany of the

of the technical specification monitoring function. The M-MIS functions to initiate properly. The long term availabNity of an
shall: ESF function is its ability to continue operation for extended

1 periods using the available sources of water, power, etc. The
Monitor supgxxt serwces (e.g. voltages, coohng water, status of support services, plant conditions, and the results of.

oil pressura and levels, etc.) that can affect the avatab81ty various test and maintenance operations are inyxxtard for es-
of the ESF functions. The avaiab5ity of both the initiating tablishiruj ESF ava3 ability.,

equipment (sensors, control systems, etc.) and the
implementing equepment (pumps, valves, etc.) shaR be

i monitored. The avaNability of both primary and backup
sources of services shan be monitored.

Monitor process parameters (reactor pressure, water..

storage tank levels, environment, etc.) that can impact
the successful operation of an ESF.

,

Have provisions for acquiring the maintenance,; .

calibration, and test data needed to establish ESF
| operab8ity.

1

!

!
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5.6.3 Computer Aided Plant Diagnostics, Maintenance, and Computer Aided Plant Diagnostics, RAelntononce, and 0
Testing Testing

The plant shall contaen features to aid in penodic survellance Because the ALWR is expected to utsize a large amount of 0
testing, special testing, maintenance and inspection plannin0 multiplexed data, this provides the opportunity to use the
and identifying potential equipment degradation. The func- data to aid in plant operations. Because many problems in'

tions shall provide for the data acquesition, data analysis, data operating LWRs can be attributed to inadequete maintenance
base management, and operator interface to acumip;.J. the and testing, the ALWR must capitehze on these opportunities.
followmg

Provide logs, historical information, logistics aids, etc., to Surveillance tests to implement plant Technical Spet.ilica- 0.; .

; support the periodic st.sveillance testing required or im- tion requirements is a significant plant activity. The
i plied by the plant technical specifications. Provisions for ALWR should use the plant data base and other aids to
i tracking instruments used in the tests, procedures used in enhance the performance, tracking, utgity, and data

the tests, verifying pre-test and post-test conditions, and storage for these tests.
collecting and storing the results of the tests shall be

j provided

Provide appropriate inspection planning aids. The inspec- Both site specific and industry wide data can be very use- O. .

tion planning aids shall use information such as com- ful in guiding special irspections (e.g., steam generator i4

ponent design, results of previous inspections, repair his- tubes, welds).
tory, operating history, regulatory guides, and service infor-
mation to guide the plant inspections.

Provide temperature monitoring and loggog of equipment 0.

; for equipment qualification lifetime extension

I

i
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1

. . Monitor plant performance to identify possible "+;-- ' "_-. The overaN plant efficiency can be an ind6cator of G.

in plant equipment. The overall plant efficiency shaN be degradation in performance of some plant equepment
periodically evaluated usmg NSSS and BOP data, such as
reactor power level, feedwater temperatures and flows, tur-
bine rteam Hows and steam conditions, condenser
vacuum, energy consumed by auxiliaries, etc. The evalua-
tions shaN be compared against expected performance far
the current plant cond;tions. These evaluations shaN be,

used as an aid in determining degradations in overaN plant
performance and identify the parameters that are respon-

j sible for the degradation.

Provide features for monitoring and managing water . Water chem!stry k an important factor in the lifetime of 0. .

chemestry. This feature shaN provide appropriate sensors, some components. Close monitoring and control of
data acquisition, data storage, and analysis tools to aid water chemistry can prevert premature failure of tie com-
the plant chemist in the analysis, diagnosis, and correc- ponents.
tion of chemistry anomalies. Analysis tools to perform cor-,

rosion prediction shall also be provided.

. Provide for data acquisition and analysis to be used for . In the past, various parameter meesuremerWs, such as 0 '
,

: identifying degradation in or faRure of selected critical relief valve discharge temperature, have been used to
equipment. The system shall use both straightforward idertify degradation of selected critical components. The *

'

techniques (e.g., leek rate measurement) and special continued app'ication of some of these tecimiques may
analysis techniques to identify potential equipment be appropriate. Various efforts by EPRI and otters have
degradation. The special analysis techniques shaN include used various analysis techniques [e.g., acoustical noise

'

noise analysis, analysis of the results of surveElance tests, analysis, Fast Fourier Transforms (FFTs) on sensor sig-
and other techmques to identify degradation in the equip- nals] to both identify and predict component wear out.
ment, failure of equepment or the existence of foreign ob- The ALWR should take advantage of these techniques.

'

ject inside of assemblies (e.g. vessel loose parts monitor-
*

ing).

:
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*

Prodde for sensors, data acquisition, data analysis, data The initial plant startup tests require the acquisition and 0. .

storage, and data displays required to support initial plant analysis of large amourus of data. In addnion, tie test -
sta; tup testing. Loystics support, such as identifying and cond4ioen must be carefully contro5ed to assure useful
tracking special test equpment used, establishing pre- test results. Data available in the plant data base wel, in
and post-test conditbns and test initiation and termination many cases, be adequate for initial startup testing; how-
shall also be provided. Special care must be used to as- ever, test results must not be compromised in order to
sare that the data provided has sufficient accuracy, resolu- utilize existing sensors. Connecting and disconnecting
tiort and response rate to satisfy the initial startup test re- leads always introduces the possibNity of ownaging
quirements. The initial startup testir.g shall utgize per- equipment or causing improper ressoration following the
manent plant sensors and instruments to the maximum ex- tests.
tern practical. The use of special connections shall be,

minimized, and disconnecting of plant wiring is not per-
'

mit'ed unless there is a compelling reason to do so.,

! 5.6.4 Technical Support Center (TSC) Techmcal Support Center (TSC) ^

! A TSC for operator support personnel during a site emergen- A TSC is a regulatory requirement for LWRs. Tie require- L
cy is provided near ;be control room. The data system for the ments for the TSC are given in NRC regulations. The listed re-
TSC shaN meet aN applicable regulatory guides and standards. quirements are highlights of the regiAations.,

i

; 5.6.5 Emergency Operations Facility (EOF) Emergency Operations Facility (EOF) o

An EOF to provide coordination and communication between An EOF is a regulatory requirement for LWRs. The require- 0
; on-site and off-site emergency management personnel shen ments for tie EOF are given in NRC regulations.
) be provided near the plant site. The EOF shaN meet all ap-

plicsbie regulatory guides and standards.
:
.
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5.7 HARDWARE HARDWARE O,

| The hardware used in the data system shad meet the ap- The general hardware requirernents are apphcatAe to aR 0
plicable general hardware requirements given in Sections 3 ALWR hardware. The quality and classulcohon ci tie data
and 6 and the app =4Ae hardware requirements for aR sys- system hardware must meet the requirements of aN systems
tems that interface to a partictAar portion of the data system. that utilize data from a particular portion of the data system.
The hardware shall also contain the features needed to nwa Some data system capabilities may be needed v neet tes-
various key requirements for connected systems. tabihty, maintainability, etc. key requirements.

5.7.1 Module Configuration Moduee Configuratian 0

The use of switches or other configuration selection Module addressing. signal range selection, etc. are some- O
mechc=6u6 on the data system modules shaN be minimized. times set using devices intemal to the modtAe Provali:q
Module configuration by back plane wwing is preferred. When configuration selection on the backplane wdl eliminate tie

i on card configuration is used, the installation instructions shaN need for cordiguring replacement modules, but is not always
provide clear instructions on cordguration and appropriate practical.
post installation tests to ass'.sre proper configuration.,

5.7.2 Analog to Digital (A/D) Convertors Analog to Digital (A/D) Convestors 0 i

The A/D convertors used in the plant, including those incor- These are the basic specifications of any A/D cotwertor. Mini- 0
, porated as part of purchased equipment shall; mum periomence requirements should be apolied, regard- ;
! less of the application. The given minimum requwements are

sornewhat arbitrary but are eas5y met by most A/D conver-
tors.

Provide accuracy, resolution, and speed suitable for the o.

application.

Have a drift sman ervaugh so that a calibration interval of 0
.

.

18 months or more can be used. Automatic self-calibra- !

tion may be used to achieve the 18-month ir?erval, but
provisions for checking and adjustieg tie reference used
for self catibration shall be provided.

Page 10.5-20
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i
'

5.7.3 Digitalto Analog (D/A) Corwertors Digital to Apolog (D/A) Comerters 0
.

The D/A convertors used in tte plant, including those incor- ' These are the basic specihcations of any D/A convertor. Mire- 0-
porated as part d purchased equipment shall; mum requiremer.ts should be used regenSees of tie applica-

. tion. The given minimums are eenly r.,et by most D/A corwer-
! tors.
1

Provide accuracy, resolution, distortion, and speed 0.

suitable for the applicattort

Have a drift smaN enough so that a calibration interval of 0i .

18 months or more can be used.

Any output glitches from the convertors shall not be per- 0; .

i mitted. -

-

,

;

;

|

I -

I

<

t

i

!.i
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6 COMMON SOFTWARE, HARDWARE AND CONTROL REQUIREMENTS 0
' !

,

'

This section provides the common software, hardware, and control re- 0,

quirements for design, implementation, and installation of the M-MIS. The
requirements, along with the requirements specified in Sections 3 and 4,

f and Sections 7 through 10, comprise the requirements necessary to :
design the M. MIS. The purpose of th's section is to specify those require-
n,ents which are applicable to all systems contained in Chapter 10 to ;
avoid repeating requirements in other sections. '

6.1 COMMON SOFTWARE REQUlHEMENTS 0
t

6.1.1 Definit!on 0

| 6.1.1.1 Purpose 0

| 4' IThe purpose of this subsection is to define common requirements for 0
| design, selection, and installation of specific M. MIS software. This subsec.

,

tien does not repeat any requirements specified in Chapter 1 or other sec. |

tions of this chapter, but complements those requirements by specific re-
quirements.

'

'6.1.1.2 Scope 0

The M-MIS software includes all software and firmware required for opera- O

tion and maintenance of the plant. The requirements do not necessarily
apply to softwarn utNized by the Plant Designer in the design of the plant. i

L lt includes both software prepared by the Plant Design organization, pur-
chased software, and software supplied with the purchased system and ;

equipment as part of the plant. Software means coniputer programs. 2

L

P

'

|
-

|
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6.1.2 Design Precces Design Process o

; 6.1.2.1 So'huere preJucts prepared by tfie Plasd Desegn orgentzaelon, There are four types of software cononcedy used. appiscation. O
pu.dweed software, and software supplied with the purchased support, test and maentenance, and training software. Ap-

t

sysIem and equipment n past of the plard sheE be covered by plication *<dtware indudes computer codes used for ,Amt
a Software Ouelity Assurance Program (SOAP). Fct safetyw- desegn ,,alculation and plaed operasing sofhuere.
lated software, the SOAP shall comply with the re.3uirements
specified in 10CFR50. Appendix B. The intent c', this requ re. Support software includes mooe softma's llems such as
me d con be met N NUREG/CR-4G:'J. HandbryA of Solheere operating systems, compilers, assemblers, developmert sta-
QuaWy Assurance Techrugues, amaabie to the nucteer in- tions, debuggers editors. data bones, rneshomatical sub-
dustry, is foBowed routines, system Isbraries, and usautos.

Test and mairdenance software is used to carry out testing. ,

operation and maintenance func$ sons.
t

i

Trasnina software includes computer aided instruction.
simulators, etc. which are used for training plats persorinal. ;

| 6.f.2.2 For as solhuere Jeweioped by tha M44tS Desegner as a Strict adoption and use of a life cyde ensures that i,oftwen 0 ;

| delowcrable product, the M441S Dee sher establish a dewinpment wil progress in a tracomble, pismed, and osder- i

j software IEe cyde whicf. pre a systematic approach to ly manner. Quality nuest be designed inte ;fe software.
the development, usa, and operation of any software system.
Strict adophon ard use of a software life cyde shen be re-

,

qui -M.
I

:
I

!

.

t
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6.1.2.4 The M-MIS Designer sheE develop a software requirement Tfw software requirement spec 51cetion is the most sgrufant 0
specdecation whch cleasty desenbes each software requee- phase of the overaR project in terms of ts eSect on quality of
ment (function, performance, design constraints, and at- the final product. Critical errors need to be caugl* during afe
tributes of the software and extemalinterfaces). Each require- requirements analysis to avoid coedy rework. This document
ment shnu be de8ined such that its achievemerd can be is a ted-kJ description of how the sonumere will meet the re-
venfied and valsdated objectively bf a presenbed method quirements set forth. It describes the major functions of the

' (e.g., inspection, demonstration, analysis, or testing). software such as data bases, diagnnenen external and irWer-
nal interfaces, and the overas structure. The software design
desenption involves detailed descriptions of tfe operating en--
vironment, monitors, timing, system Ifirou0hput, tables,
sizirg. modeling. etc.

6.1.2.5 Tle M-MIS Designer shaE speedy the detal desgn wnich shed The detat software dessgn provides a conceptual solution or 0
include the definaion of algorithms and equations, the detated blueprird for tie implemerdation phase that lonows AN in-
controllogc, and data operations that are to be performed gredsents that vnil ultimately nele up final impitmentation are

'

within the software. conssdered. Some of the spedic consideressons are dehned
at this time, inckxting (t) the computer, (2) the computer
resources to be used and tie extent of use (3) tie compimer
language, (4) the modules, (5) the sequence of functions, (6)
the data structures, and (7) other hems specihc to the
software product.

The primary output of this r*mse is a detaBed desgn o
specihcation which may consist of words, Bow cierts.
decisson tables, program desegn language, or ottwr choices.-
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6.1.2.6 A Software Vertication and Validation Plan (SVVP) shes be The software qualty assurance plan (SOAP) idertdies the 0
developed to describe each phase of the software ble cyde: documerwation to be prepared dunng the developmerw.,

the vertication and vahdation tasks; tools, tectwuques, verificarico and vahdation, use, and maireenance of a
methods and creene; inputs and outputs; schedule tesour- software system. The SOAP shondd doscste ate fotowing
ces; risks and assumptions; and roles and responsibEties for for each phase of the software 15e cyde: VSV tasks; tools,
accompteshing verihcation and valedation of the sofheore techmques. methods, and creene; input and outptA.

schedule; resources; risks and assumpeons; etc. The
The plan shen meet the requirements of ANSI /IEEE Sed. 730 software qdakty assurance plan sher demonstrate slut the
and ANSI /IEEE 829 project has been thought out and that the OA activdies are

well defmed before execution of the project. f 44 ' REG!CH-
4640 is an acceptable SOA appeooch.

6.1.2.7 A Software VenEcation and Validation Report shaR be The Owner can review the report anri ama== the quainy of 0
developed wtuch desenbe the results of the execution of the the software product. The Software Verstcenon and Valide-

i
software venhcation and vahdation. This inckxtes the restAts tion Reports sixxAf sumnorize the anatus of the sdtware as
of aR reviews, audits, and tests required by the SVVP. a result of the execution of the sofimers verthcation and;

validation plan. It describes any mejor deAciencies fc nd;.
* provides the results of reviews. audes, and tests; and recom-

mends whether the software is ready for operational use.

6.1.2.s The M-MIS Designer shall estabhsh a design standard to be The oss of coding standards in the C; ' -, .m 4 of sof: mere 0
<

used d .! ring the design phase. The standard sher descree permits reviewers to be on commaa yound wien they are
coding c6... .a;06 color convention, code format, code ventymg a software module. Il each sofheore nxxtule
documentation format and all other standwds which wel er,. throughout tie project is formened IBie every other, a
sure uniformity in the software design Consideration shrsa be reviewer will always be in farJea;:W. A similar format
given to the use of graphocal techniques, and structured expedites the revew process arv' aids in the identihcation of
analysis and design methodology errors and deficiencies in formet.

4

i

!

,
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6.1.2.9 The sofhuere sher be designed with descriptowe statements or Documentation intemal to the proqpem mehes the verthcation 0
commeres incorporased into the source program. and testmg easier, and is a pousestid ine for proper

,

mamtenance and an assurance that docesseerdation wel be ac-
cesssbie to tie user. In the case of scienIEc software com-
metery which references the source of the equations, the
models and the logic are of great help to reviewers and users
in ver#ying and validating the sofhuere or in establestung the
adequacy or appiscabihty of the sofhnere.

e.1.2.10 The M44tS Designer shaR perform code analysis to verty that Code analysts should examine the progern's source lan- O
the computer program, as coded, correctly implements the guage and its compiled or assembled object code, using a
specdied de:,igrt variety of techrnques The equations and logic of the source

language program should be reconstructed, eelter manueBy,

or usirx; automated aids, and compared to those specdeed in
the dessgn to iderdfy errors made in tranelehng tie design

<

into programmmg language.

i 6.1.2.11 The M-MIS Desegr m shall develop user documentation (e.g., SuNicient documentation of the M44tS sofhuare is required 0
| operahons and maintenance manuals, or guides) which by the Owner prior to final acceptance.
j spec #y suf describe the required data, input sequentas, op-
; tions, program hmsations, and other activities / Noms necmamary

for the execution of the software. AR error messages sher be
iderwilied in text meanmghd to the user, and posstie correc-
tive actions sher be described

,

6.1.2.12 The pu J i#q organization procuring "off 4he-shelf * sofhuere The purchasing organization must be held (secountable for 0
shaR perform acceptance tests (or venfication and/or valida- commercially available software products in the same men-
tion) on tha computer configuration which the soihuere is to ner as for ferdware components.

i be applied. The purchasing organization shall plan, desigri,
and carry out the test in accordance with the software require-
ments specihcatiort

6.1.2.13 The purchase testing plan specdscation report and analysis This requiremers provides a document traR to pemat tie O
shall be maintained and available for examination by the Owner to evaluate the qualdy of the sofhiere peat;tused
Owners if reqrcsted.

Page 10.64
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6.1.2.14 Aher the code has been teased and/or verJied on the purchas- AR users and designers wNI be using the assent versson of .0 4
ing organization's system, the software shoe be pieced undet software. 1

corJiguration management. From this point fonmord, #ie code '

! shed be hent9ed and treeled as software c' . "+.d by the or-
'

genization, and the software life cycle is implemented.
i6.1.2.15 For purchaser. made fru * software c'earinghouses," for Seifexplanatory. O

which the purchaser has renardy access to the sofhmere on
'

a contractual bases, the purchaser must rely on the doorin-
ghouse to provide connguration control of the software. How-
ever, the purchaser shen be responsible for the accuracy d
calculational results, identification of sothware errors, and as-

i

, sessment of impacts caused by software errors ;denlmed by
I other users and controlhng use of the software.

6.1.2.16 The software designer shaN maintain records of all commercial- This is specihed in order to merA the conhguratiosi ccterol re- O
ly purchased software, the version numbers of the sofhuere quirement i
used to perform ceiculohons, the dates they were run, etc. In
addition, the purchasing organization shaN have a ;,1. %

; means of informing aR pes; code users of updates, of bugs !

that have been identsled and fixed, and of pionned changes to
'

the software.
!

6.1.2.17 Software which li, developed specdicauy for the purchasing or- The quahty level of software delivered by the software 0 i
genization (8444tS Designer) and is a new type of solhuere deweioper should be comparable to the sofhware dehvered by

j shall be subjecied to aN the software requirements spececi in the h64ES Dessgner for new app 5h
; this subsectiort Apphcobie requirements speclIied in this sub-

sechon shen be required of the software developer. As a rnini-
|

mum, the requirements fo' documentation, standards, prac- j;

| tices and corwentions; review, a.xlits, and controls; softwas ;

i configuration i.=.-geneni, testing and verdication sher be re-
l quired of the software supplier.

i

1 i

I !
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Paragraph No. RegtArement Ratiornnie Rev '

6.1.3.6 Software shnu be port-ble and upward compatible to ensure o
that updates and riew releases can be incorporatedL

'
6.1.3.7 The software design siell use a hierarchecal design structure The use of these desgn methodologes are known to reset O

and pnnciples of modular design with coherent, cohesive in high quahty software bect.use it is an esefy verdeble
modules. product. The ob ective d tfese 6.;-V: is to reduce thet

complexity d the desgn and wenTecahon d the software by
dmdeng the sysicm into intellectusty manageable cum-
ponents.

6.1.3.s The software design phase shaN exphcstly identify ====np- Fault-tolerant desgn enables sottware to contanoe to function 0
tions, the violations d which woued be crit cal. The c::'ja successfuNy in spite d fafures when laults occur.i

shar speedy how the program shall beimve E any of these as-
sumptions are dolated. These assumptions shJI indude boeh

!

hardware and software violations.

6.1.3.9 A minimum wJmber of different compilers, operating systems, Mensm.zang the number d ddlerent programmirg languages O
programming languages, and other support software pock- and progwnming environments supports standardization
ages shas be used. A specdic programming applicatirn and transportability, and faciitates testing and moddication of
shodd be restricted to cae programming language and one software.
operating system, wherever possible

6.1.3.10 Comp 5ers, operating systems, and other support sofhuare Wh5e the cim.paeis and operating system ware wE be o
-

shaN be chosen from comme,cMy eva5able proven software tested functionaNy as part of verifying the apphcation tousnes
packages. New or untried compilers and operating systems that use them, to achieve the highest telleb5ity and minernize
shall be avoeded. problems uncovered in testing, new soihuere packages

should be avoeded (TraddionaNy, it has taken some pened
of usage before all the " bugs" are worked out of even tie

- best co u.mid software packages.)
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6.1.3.11 Programming she'l be done in a commonly accepted high Use of a high level language facNeates rewfei, testing. debug- 0
level language (e g., FORTRAN or *C') appropriate for the algo- ging. and moddication of if e software This does rot .

,

'

nthms to te programmed AssemlAy language sheE be used preclude tfe use d low level programming wfere perfor.
only wnere suNicient performance cannot be acheewed through mance requiremeids dictate it for a pornreder design (s.g ,
use of a high levellanguage or where it is justihed based on programmity at the micsoprocessor level for a customized
other requirements of this chapter. In any event, the use of as- board), but tids adds to ite burden on the desJner to proper-
sembly language shotAd be restricted to low level roulines. ly test and docunent the software in accosdance with time re.

quirements of tids section.

6.1.3.12 Machine specEic programmmg deperubicies shaE be Restricting macisne specific routines to low level functiocs O
restricted to loer sevel modular retaires unless W by per- supports transportabeity of software by reducing the
fori. iw requeeenents. MMS sohware shaE De* machine reproya.m.i .g effort required to transport apphcations from
independent as possible one machine to another

6.1.3.13 The M441S Designer shall provide a plan for provedmg support The Owner must be provided with assurance slut the vendor o
of all software, including application programs as wee as com- will support the software in as sense of flming problems dis-
pilers, operating systems, and other support software; the covered after the plant 8s delivered, a.; wee as supporting the

i plan sheE indicate the time periods over which such support On in mal.ing later changes for the purpose of improving ;

; wil be provided. or addog additional features. |
t

6.1.3.1a The M-MIS functions of protection, control, alarm, and display 0
shaE be based on degital technology (instrument display for-

~

mats and sensor signal condittomng exempted). This
;

technology shes have the foRowng ctwacteristics. '

i Software shes be capable of being vetified and validated. Prescription for robust software design. O. .

The final source program shaE be reAable from start to This aids in the verification of the soAvere. 0. .;

: end.
!

| The software design shaE include seE-supenision of con- Self-exptanatory. O. .

trol Scw and data.
'

A single high level language shall be used throughout the TIE te,e of a comnwin software language nisinizes the O. .

entire system to the extent feasible. poternial for errors.
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Assembly languages should not be used for protection An assemt** larguage code is dNRcult to versfy. O. .

; and control systems programs except in those cases
! where they are required in order to meet timing or

hardware inledace constraints.

A standard software structure shaN be used in as proces- The use of a common software languagp n*nmizes the O. .

sors which provide protection functions. potential for errors.

A continuous 4oop, non interruptible software structure is A continuous 4oop. nose-enterruptible software structure is O. .

prefered. very determinish

The use of pubhc or global variables (those known to The use of pubhc or global variables scattered 0. .

more than one software snodule) shaR t>e located in a com- ttwoughout makes it difficult to foEow the software logic.
mon region and de8ined

6.1.3.15 Comprehensive diagnostic routines shaN be perfonaed dunng The computer and its peripterals are stressed following shut- O
initialization. The d' agnostic routines shall have provisions to down and power-up, and failures can occur. For this reason,.

,

be bypassed during maintenan&. cutomatic diagnostic testing snould be conducteti before the
system is put in service

6.1.3.16 Pwgrams sheE be developed as a set of program modules There is less chance of errors occurring in the hnking of 0
and linked together into an absolute code module to be in- programs if a8 of the programs are comp 5ed and linked

.

staped into the processor memory. together.
1

: 6.1.3.17 Constants which are used to tune the system or parameters Operational paraneters should be r = pane of beiry changed 0
which can be changed for a specific set of plant condesons without having to recompie the source program, thereby per-
shaN not be hardcoded into the code. mitting quahhcation of the basic code to remain ir tact when

, operational paramelers are changed. Changes to operational
| parameter do not require qualdicaties of the complete pro-

gram, only verification of tie inputs.
; 6.1.3.18 The software desig ser shall consider dehning a summation This i:JmpMas the wGration of the modules. In addnion, the 0

widely used in other parts of the software as " utilities * which amount of code is reduced because sharing of logic can be
can be shared by several other software modules resized.

Page 10.6-11
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6.1.3.19 Steps sheE be taken 40 protect against software additions The problem of peverWing and curing a "wirus" infection in 0
Onruses") which are dessgr?ed to popagete in the sonwara software been recognized fairly recently. Countermeasures
systems. Specific steps to limit the opportur7 for insertiori, are developog rapidly but have not yet samhmbed. 3t is there.
such as physicany hrnting accesa to input devices and inde. fore premature to specify deta5ed requbements.
pendent verification of the valedity of input, shaR be empkW
in addition, frequent checks of the software I,y checksum tech-
niques and, when necessary, bit-by-bit comparisons with
secure copies of the software, or similar technieues wE be
used to limit unauthorize:1 software additions.

6.1.3.20 Data Base REenegement Data Base Management 0
:

! The M-!JIS Designer shall provide the data base managemerg The large amount of data in an ALWR requires organization 0
tools needed to support the various functions desenbed in tids to assure appopriate storage, dissemination and utlization
and other sections. The data base management shah provide- of the data. Data base managemord as used leve inaudesi

the transient data storage used by on line systems as we5 as
long-term storage for a variety of purposes.

Storage and cetrinval on :M data in an organized, easty In order to be useful, well orgeneed data base.s are re- O. .

caiakyd fasnion using standardized and completaly quired with all the information needed to access ard
described formets. store the data readly available lo users and potential;

j use s-
'

Sufficient redundancy and diversity c! data storage so tiet Some of the data is critical to continued plard operation. O. .

a single event or failure cannot cause the loss of critical plant safety ard plant marw 29. The availabihty and !
data. Critical data is any data needed to maentain plant integrity of such data must be preserved
P'*T Operation, maint**n plant safety, permet plant

; maneuvering, or establish operating limits and mergin.
,

! Provide appropriate tirne tags data quaHty tags, and da.a AB of these elements are needed in order to italy utfize 0. '.

ideedification tags. the data.

Uttities for extracting storing, sorting and copyirs the Some general housekeeping utelties are needed for 0. .
I data. managog the data tuses.
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6.1.3.20.1 Storage and Retrievel Storage and Retrieval 0

Vanous types of storage media and environmeras sukable for Process data that is updated perindbrusy must have fast 0.

the date and use d the data shau be provided access time and the integrty of the memory must be as-
sured, tie executable code must be prdected. ard infor-

Process control and monitoring data that is updated : nation on the existence d updesed dass may be needed.

frequently shaN be stored in menrwy.such as RAM, with a to assure adequate coiurol and monNuing Also, a
fast access time. Tim integrity of the memory shen be fa5ure to receive updated data is art indication of a fault.
periodicady checked facilities slull be provided to prevent
the data from overwriting exectir/u*c code portions d the
memory, and faceities stull be provided to indicate that
the data has been updated.

~

Data that is used to define the plant, define operator di - Some data, such as coelhcients that describe a plant o. .

plays, or is infrequently changed shall be stored in a ren- (e g , piard dimenssons), operaging data generated dusing<
,

able, long term non-volat 5e storcge medea with sufficient initial start up testing (e g , tuning parameters) disgday fur-4

'

data irWegrity checks and redundancy to assure that the mat and text etc., is irdrequerWy changed but must be '

MTBF for corruption of the data is greater than 60 years, loaded to tie utfizing devices at power up or loaded in
The data shsE not be corrupted due to power inter up- for defined conditions. The integrey of this data must be4

tions and rSaN be automaticaNy acquired on power-up, N very high and redundant safety related devices must not
'

needed When the same data is used in redundant safety used tie same data base.
related systems, the redundant systems shaR acquire the
data from different physical devices. ;

'

Data that defines tto operating state of the plant, such as Data that deh.. %e state of the plant must be stored in 0.
; .

set points, shall be stored in a non-volatte media with sidil- non-volatile media so that the correct values are avadable ,

i cient redunW and error checking to assure that the on power restoration foi!owing a momentary loss of {
. plant avaEabany, rehabilty, and capacity factor are not sig- power For extended power maages, the plard state may |

|
~

ruhcantly degraded Charges in the data shaR be placed not be consistent vith the sei poirds.
! in the non-volatie medea wittun 0.1 seconL after the

change is made On power-up, the data shaN be automst- '

ically loaded and consiste Ey checks shall be made on
the data to assure that it is compatible with the current
state of the piard and equipmera.
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Historical data that is used for post event evalueelon. Suel Some @ta must be archived lor a verkty of purposes. O. .

calculations, mesitenance history, equipmert degradsmir=i Typecal mass storage nwdie such as tapes. disks. and
monilothg. and simdar apphcations, shall be sected on rail- compact disks (e g., wrde once read many) provide ade-
able, non-volette storage media. The data sheE inrjude quale rehabihty. However, care must be tral to prevent
appronnese time and date tags. The data shah be stored corruption of a smas amount of dele from causing a loss
in a fashion that wel prevent damaos to a smeE portion of of the ability to retrievs the remaining valid data. Long |

i c media - induding portions that contain fee directortoe . term storage tacAdies to protect 'he media arn! Ws con-
- frorn causmg a loss of the abihty to retrieve oef er data teras are nee &d.

from the media. ApproprLite storage faciNties sheE be
provided to prevent da.nage to tim media or loss of date,

when the media is stored for the useful life of the data _

i . The use of rotating storage of data shaN be discouraged . The use of rotary buffers or equivalent can be russending 0
! unless competsig reasons for its use is demonstrated. to the plant operators because data car, ba overwnteen
| The M-MIS Desgner shaN be responsitde for sucesantiet. without his/her knowkwh,c. Data can be lost wlum the

ing the application. operator is expecting the historical data to be avasabhr

)
i

1

1

4

I
i

e

.
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6.1.4 Performance 7 ' _.- _ J- Performance Req.ssrements 0m

6.1.4.1 The computer system shaR be desgned with a sullicient per- The certral processing unit and peripherais should have 0
formance mergin to perform as desgned under condihons of wough capacty to perform their treended functions wahout,

'

maximum stress. Conditions of maximum stress indude data t4ippeng a function tecause there is insedlicsent idle time a5nt.
scart. data communication, data processing. algorthms n,ent. There should be a sutficsent mergin in capacity to per-
processang. analytical coropotation, control request servicing. mit the Owner to expand the system. It is good ergineering
desplay proceassng operator request processing. and data practtes to have approxinutely 40 percent idle capacty
storage and retricval, as a rmnemum however, they are not when the sys.em is fuHy stressed.
limited to these iuactions. In addition. the computer system
shall be desagned with reasonable extension capab81ty which
woud perrait an Owner to add some functions !n the future.

6.1.4.2 The System or h8-MIS Designer shall measore the perfor- This measuremers generany k cart d the lectory acceptance 0
mance of the system to demonstrate the excess capacity of test program.
the system.

'

6.1.4.3 The computer system shall have as much on4ene diagnostics Diagnostic messages alert the plant staN the status of tie 0
as practical to de ect fatal fatores. Failures shall be armun- equepments

clated to the plant operating staff. All diagnostic errors shed
be recorded on the online printer with date and time tags.

6.1.4.4 The computer system shen have the capability of performing La is a verification tool net.ded to detect any s mauthorized 0
! penodec testing to check the status of the hardware as wet as d c..ges or errors whsch the online diagnostic test was un-

perforri.ing ccmperative measurement of the software for mal- able to detect.
] func+ ion or txeuthorized changes to the software.

4

I

i

4

-
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4.1.5 VerNicosion. Testing, and rhm.aiaat VerNicolson, Teeesng, and Ouri .'. Son 0

6.1.5.1 The A4 44*S Des.v..er shes develop tools and techniques to be The following tools can be used to develop software or used 0
used to developforerate the software system or used in in software Ok

'
software queGy assur.ince functions to improve the quelty
and relieb51ty of the software.

Interrupt analyzers; O.

Debuggers; O'

. ,

Data base analyzers; O.

Language procecsors; O.

Dynamic simulators; O.

i Text editors; O.

Requiren ;1s tracers. 0.

1
'

Decision tables; O.

l

Hardware monitors; O.

Structural test analyzers; o.

| Logic analyzers; o.

!

Library handlers. 0 |.
,

Cross re erence genecators; o.

Test drivers. O !. .

l .

Timing analyzers; O.

Source comparitors; O.

. Instruction trecers. O
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Eddors; O.

Dynamic analyzers; O.

Consistency checkers; O.

Test txds; O.

Standards analyzers; O.

Test result procestors: 0.

Flow charters; O5

Irderface cimckers: 0.

Automated test generators; O.

Sta'ic analyze.s; O.

Software montors. 0.

Management information systems 0.

6.1.5.2 The design, d- W testing. and documentasson of tools ihis is to ensure that the quaNty level of tw, control or 0
and techniques shall entai the same rigor and level of datat sontw'.oring softwars/ hardware is tot deguided by using un-
as other deliverable software. qualfied tools.

6.1.5.3 Tools and techniques shaR be placed under configuration Quality of the prodoct must be preserved. O
management conhol, and maintenance and documentshon
shat be required.

6.1.5.4 Tools shaE be coded in hign level languages so that portabEEy As with the computer hardware, large inweetmeats can be O
from one computer to another does not entat mapor r, eark- made in software tools; Gwreeore, the tools, as wet as 'he ap-
unless, due to the nature of the test, a lower level language is ofication software, should te portable.
required to achieve the spec #ic test obgective.
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6.1.5.5 The test program shou uteize both human based testing Software qualty assurance relies hoevey on the venhcation 0
(e.g source code walk-ti: rough team audsts) and computer- process. Source code walk-throupts, design torviews, etc.;'

based testing. are essential parts of designing quality arco the product.

| 6.1.5.6 The test program shaE be des'v=f and carriest out, first, wth The classical testing of hardware is to test 1.ie system, equip O
i the objective of finding programming errors arid, second, wth mert, or componert in accortbnce wish ste desig i basis

the intent to valedate that the so'tware performs correctly. which is less than its faGure point. Sollumere ddfers from
Changes to the software shall be handled in accc darice wth hardware because fa5ures can occur badh within tie desegn

; the software configuration management program. basis as wen as beyond tie design basis. Both coexjisions
! must t;e tested. It is impractical to test all d time combir-%n

of conditions which can occur, hopelidev, a reasonable
amount of testing is conducted to provide a sufficierd degree
of conhdence that lie software is correct.

6.1.5.7 The indsvidual or group responsable for development of the it has been found that verificattors and validation performed o
software to be tested shaN not perform the testing of that by an independent poup or indsvidual, not responsible for
software. the development of the software, was more obgective. Inde-

pendence is essential for a quality product.

6.1.5.8 For each test, the expected results shaR be predefined in The NRG also provides general guidance for developing and 0
order to avoid interpreting errors as correct results (e.g., the testing safety < elated software in HegtAssory Goede 1.152,
pr igram executes successfully but the results or output data which endorso ANSI /IEEE Std ANS-7.4.3.2. These docu-
are incor ect). ments renpfcsize an orderly, struched,6 " , .m.it ap-

proach and the use of verification and validation to confirm
the desbj't. Independent verification must losow the qualty

I assurance requirements of 10CFR50, Appendix B. An iride-
pendent team of verifiers shah perform the checking process,

i the individuals rmist be other than those who performed the
onginal desagn. Va%Iation must verty a predictable and sale
response to abnormal as wes es normal test cases.
NUREG/CR-4640 is another source of NRC guidelines for
software devesq-nent.
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6.1.5.9 The testat*;y, callhrasion, and bypass requirenet of IEEE- Testatsey, cahbration, and bypeos m " _ uds a.e depend- 0
-

, -

279 sheE be supported in n software-based design. Periosc ent upon the software and hardnero deoiyt The M4AIS
; testing sheE everase the hardware and sollware suMcioney to Designer must specNy the requiremones for the utelty/cwners
' confirm operabEgy of the system. Some level cd cone d to rewew and evaluate.
'

test capahany (such as monitoring watchdog tiners) should
; reside in the software to venly computer operation. The M-
| rIIS Designer shnB be responsit'le for ident#ying total errors
| and for Chaq continuour, tests to detect the errors, to the
! extent practical. '

!

.

|

|
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6.1.6 AwousedI% and R, ainhaney Awegetutsty and Rehetdiny 0

i 6.1.6.1 Verthcotion and h shaN be planned and sher include Verfession provdes assurance that the desegn is proceeding 0
I systematic quelty assurarce activities. correctly from ore stage to atx#er, wMe validation assures

that Ele design e,pecnications lor boeh hardware and softworS
are t'ecessary to provide confidence that the sol. ware and
tie assocsated hardware meet the fundlonel requiremerds
and will perform satisfactorfy in normel service

6.1.6.2 The M441S Designer shaR evaluate the diversity and redondon- There is a concern that software hamari safety systems may 0
cy requirements of each computer-tssed syWem and specNy contam sut;tle fa8ure modes that occur only under an
the degree of redundancy and diversity it shen have. The M- ooscure set of cuditions. These condIhons may irxlude en-
MIS Designer shaR consider tie need for a hardwwed backup vworwnental factws as weR as intemet hardware or software
system to the computer-based system, thereby chminating the taikm rs. If these corditions were not considesed during
need for deversey in the soetware. Design requirements and software ard testuxj. then sa8ety<:reticed signal turciore
vahdation testing acceptance criteria of the diverse ap- inight ba affected at some unprararemede future time. If the
proaches shaN be the same. software failures were rarwkwn, e entill49Heeon safety syrJem

rrught be esrpected to provide the required redurdancy to
back up such fatures; however, N standgedized sdtware is
used to perform semiar functbc ka simger congnaer
hardware irntailed ttweaghotm.o system, then onmmon-
mode fatures could degrade overad selety system operasson.

| This concern may require various forms of hardware ard
I softwarc diversity to be incorporM into the composite

nuclear system design. A possible arragemide means of
diversdymg software is to use two dBleront program lan-
guages and diderent programmers. Validation testing would
be conducted against tie same design regiirenwyd docu-
ments.

!

'

;
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.

6.1.6.3 A relinhany evoluelion sher be required to provide assurance OuaMy must be desegned into #w spdesut. Upon coesipleeing n
' that the Snel system desegn, including aR modules, per60nns design, valedation Ic:teng agasnst the design specdication is

together wish the hardware in accordance with system requise. essential to relebety
ments. Software change procedures following instaAstion
shaR require a rigorous set of review, testing, and am

~

requirements before modifications can be appromf. Solhuere.

securty, relieb5ty, ard maintenance are issues impostent to
i safety-reisted systems. The design shall incorporate solhusse
; a.x1 hardnere interlocks to prevers unauthonzed tempering
. with the computer codes, which may not be read 8y detec-
i

table. Software relisbuity chaN fosow a modular approach for
6Mg an independent and cohesive code that performs
only its prescribed task.

,

\

6.1.6.4 The level of security protection shc3 be established in accoed- It is importard the unauthorized or inadverterd clerges to 0
ance with the appiscatiort Prevention of uneuthorized samper- schware and data be preverted. Inadvertent or unauthorized
ing with the code, which may not be readfy detectable in software changes have. led to fatuse and corruption of data.
software, sher be incorporated in the desagn by hardware or
software, or both. As a muumum, these shaN be two levels of
prosection for plant operators, software engineers, and,

au:horized soihuere engineers.

|

i

1

4
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6.6.6.5 Software-based safty systems shall satesfy basic nudeer piore The NRC fes been concemed that esdesirig regulatory creeria O
design princsples, such as defense-indepth, redundancy, do not address the special Wsigrt . , " _.ds of stored pro.
separation, independestce, and deversity. The means of core gram comptmers. Salety system herchesse design has foi-

4 forming to these principles shall be carefully examined, since lowed IEEE Std 603 for 4. 2.,, funcetonal and design
the associated hardware shall also meet all design principles, criteria. Following a review of an Ireepeted protection sys-
but with inherently different fa3ure modes tem, the NRC produced NUREG4493, which imposed stand-

*

ard evaluation procedures c'1 this selety systern design,
J which uses software to perform saleey system functions.

NUREG 0493 provides guidelines for periornweg a defense-ird
depth analysis, separation. ir4. f 2, and stressed A
proceuure is presented for postulseing common mode i

failures for the worst case among simEar hardware ard
software componerds and analyzing the aflects on salety.criti.

#

cal inputs ard outputs.

| The use of extensive diversity to mitigets the effects of com- 0
'

mon-mode falutes may be evoeded ty carefuHy allocating ;

diverse system input segnals and pix _ ' q functions to
software modules distributed among separated processing

'
hardware. If the modules are simple enough, they can be

! validated with great cui.Tidkn.ce. The separated hardware- -

j demonstrates independence among systems.

| 6.1.7 Mainteinetsulty and Serwceability 7":' J- :" " ^i and SerwrooIIN'ty 0-

! 6.1.7.1 The M-Mia Designer sfrc l pass on the computer and The Owner is the end user of the equipment and must main- Oi

penpheral equipment manuals provided by the vendor. tain the system.

6.1.7.2 The M-MIS Designer shall provide aN the required documerta- The Owner is the end user of the equipment and must mairv 0
tion (manuals and drawings), diagnostic tools, calibration tain the system.
tools, development stations, etc. required to maintain and
moddy the system.

;
.
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!
6.2 COMMON HARDWARE REQUIREMENTS 0 j

4.1.1 Dennition 0 {
4.2.1.1 Purpose 0

The purpose of this subsection is to define common requirements for 0
design, selection and installation of specific M MIS hardware. This sub.
section does not repeat any requirements specified in Chapter 1 or other i

sections of this chapter, but complements those requirements by specific
requirements. t

6.2.1.2 Scope 0

The requirements in this subsection apply to all M. MIS hardware and have 0
been organized as follows: '

Genemi requirements. 0.

Requirements for design and selection of spectf!c M-MIS hardware for 0 !.

the following components:

Computer Sy:,tems; O-

Switches; Op -
;

Sensors; O [-

Isolation devices. 0-

.

Valve requirements for design and selection of specific vawe control 0.

' and instrumentation features and requirements for valve operational i

surveillance.

Instrumentation and control (l&C) power supply requirements for con- 0.

. ditioning of power supplies to M MIS instrumentation. i

!

Grounding requirements applicable to M MIS equipment. 0 *

j .

( l&C penetrations and seats. O.

l M-MIS equipment cables, fiber optics, and raceway requirements for 0.

design, selection, and installation.

l |
|

l

i

e 10.&M
,

,
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6.2.2 General General 0

6.2.2.1 The control system shen meet the common systems and RequiremerWs are common to au sections which specify con- 0
| equipment requirements specdied in Section 7. trol functions.
'

6.2.2.2 The control system design shaN be integrated wth the reecsor Strong interactions between rencsor and power generation o
systems control (Section 7) to provide for smooth overaN plant control require an overaN integ aled approach (i e., use of an
control to meet aN design basis condations. overaN plant dynamic model for system analyses).

1

; 6222 The control system monitoring function shaN provide the Up-to4 ate infortnation on systesa process parameters and 0
operator sufficient information on systems and equipment equipment status and condition b essential for the operator
operation to monitor pedormance trerwis and take appropriate to take corrective action in a timely fashion.
action in the event of system and/or equipment misoperation
or malfur'ction.

6.2.2.4 The system control design shall be integrated with the power Stros.g interactions between reactor and power generation 0
generation control to provide for smooth oestaN piant control co Wrol require on overall irdegrated approach (i e. use of an,

to meet all design basis conditions. overaN plant dynamic model for system analyses).

] The margins, as specified in Chapter 4, wAl be meantained for Chapter 4 states that a merumum 15 percent nurgin stelt be o
i aN design basis conditions. masniained.
; >

6.2.2.5 AN l&C required for opemtion shall "self-start" without human Microprocessor and cr'enputer hmearf systems should be self- !o
interaction upon reinstatement of power Pumps, motors, vol- starting; however, the actions to be taken tequire operator ac-

'

ves, support systems and safety systems should not be aido- tion or authorization.
matically restarted or inappropriately initiated withotA the
operator's action or atAhorization.

i
s.2.2.6 Free-standmg or wall-mounted instrumerd racks shaN be 0 ,

provided for mounting process sensors, process signal trans-
mitters, solenoid vahms, whan opp;.cotAe, and associssed
wiring 4,6,c;= possible to facilitate niaireenance and feeling

; of this type of equepment AN instrument tubing and electrical
i wiring on instrument racks shaN be procured along with 1:e '

rack.
t

'
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6.2.2.7 All rack electrical wiring requering extemal connections shaN This requiremert psovides a corwenient location for 0
be brought to a rack mounted terminal bo.4 or connector sup- troubleshooting and maintenance
plied by the vendor.

6.2.2.8 Process instrument sensing lines shall not be run an excessive GeneraRy. they stell be run not more then 100 feet to mini- O
distance, thereby allecting the accuracy, rasponse and son- mize the degradation in res;xmse time of the kistrumesd.
sitivity of the measured parameter.

6.2.2.9 The instrumentation and corurol tr mpmeni and componards Polential hazards include, for example. Sature of otier gap- Oe
shaR be protected from potentiat nazards by their design, loco- ment (e g , transformers, seals, pressurtred pipes and ves-
tion, and the use of protective tnrriers or enclosures. The sels), equipment and personnel associated with nearby main-
Plant Designes shaR demonstrate tiet this equipment is tenance activnies. Fore and flooding. The instruir.esdation and

; protected against potential hazards by performeng hazard control equipment is compact and relottwely vidnerable to
'

analyses hazards Therefore, th?s equipment must be located to mini-
mize damage from fezards and protected as regiired to en-
sure its availability.

6.2.2.10 instrument ranges shall ahways cover the range of the variebte Expenence shows that improper specNicasions of instrument 0
'

over which the system utenzing the information is operable ranges has led to ircreased delays and costs due to field4

with reasonable margins. The estabhshed range shen con- changes and retrofits. The desegn basis shsE be avalable for
j sider the normal. transsent, and accident operating conditions. review by the plard owner An example of inadegasts <lesign

The M-MIS Dessgner shaR be responsible for establishing the sp6.caiion is the requirement of Regidatory Guide 127 in-
margins. strumentation.

6.2.2.11 Normal operating conditions shall be mairtained at the mid- This is good practice in order to obtain the optimum readott 0 ;
scale of the instrument range as much as possible when the in- of the desplayed kdormation. >

strument scale is undorm Use of the lower and upper ranges
should be avoided, where possible

6.2.2.12 AR analog signals sheE be either currert inputs or differenteel Reduces the potential for ground loops and other noese 0 .

voltage. Single-ended voltage (zero base systems) signals problems. Use of instruments whidi indude zero in the spani

! shaN not be used unless there is a compeNing reason to do 30. of the readog is discouraged because signal qualty cannot
j be tested. Downscale faaure cannot be distingisshed from a
| true zero reading.

Page 10.6-25
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6.2.2.13 Set point drift in instruments shall not cause violation of techni- (The EPHI Corurarior shall reweew the (Nift Regulabry Guide o
cal speGk,rstion limits. ard Valuellmpact Statement. Task IC 010-5. ~ Proposed

Revision 2 to Regulatory Guide 1.105 U.S. NHC 12/8| and
NUREG 0993. pages 3.3-1 and 3.3-2. and ISA 67.15 recom-
mended practice for set points and set poet dsWt in in-
strumerdation ]

l 6.2.2.14 All equipment and devices shaN be inheternly free from EMI can affect tie ugnal to produce enoneous inpds. O
electroin gCO inlederence or shall be instaNed with ap-
propriate shielding and isolahon to reduce susceptib51ty to ac-
cepable levels. The broadcasting of EMI shen be minimized.

6.2.2.15 M441S equipment desegn, materials, ard construction sheE be Electrostatic discharDe is a maqor problem for digital equip- o
chosen to reduce the potential for electrostatic discharge por ment. Dasign requiremerds are needeu to ensure ttm prof >-
DOD-HDBK-263. Electrostatic Discharge CurWrol Handbook lem is adequately addressed
for Protechon of Electricaland Electronic Parts, Assembhos
and Equipment. !

6.2.2.16 M441S equipment outside contaiiwnerd shall be desegned to These are nomenal values for M441S equipmert. A require- 0
operate between 40*F and 120PF. I&C equipment shall ment has been placed on the HVAC system to provide a not.
operate with 10 to 95 percent (normondensing) humidRy and mal environment oi 60*F to 105'F and 10 to 95 percent (non-
95 F maximum wet beAb temperature. Operation between condensmg) humdity ano 95*F mesdmum wet bulb tempera-
60 F and 105'F shall be used for releabihty and avaEab5ty as- ture. The M441S equipment needs to be designed to operate
sessment. M441S equipment in the control room is spedied withm the indecated limits to insure its functionality under
in Gection 4. The HVAC (Sechon 9) servicing the equipment favorable as wed as a5 defined adverse conditions.
areas shaN be designed to provide the required erwirormental
control to assure the equipment condtions are maintained

i
during all plant operatiort

!

! ,

|

,

Page 10.6-26

i

O O O
t

-. , , . . _ . __-- __ a_ .--,___- _ -_-- .---________m____.m____.____._ _._m. _.m.____.______m_.. -. . _ _ . _ _ . _ - - _ _ _ _ . _ _ _ -- -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _ ._.

O O, U
m

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. RegrArement Ratiorwoo Rev

6.2.2.17 The M-MIS equipment shan be capable of operating within per- Tie equemerd may be comrnercioSy aveEnbie equipment 0
formance limits when expowf to the expected vanstions of which cannot withstard the conditions specihed for plant
input voltage and frequency. including the margins of IEEE- design 11 wis be the M-MIS Designer's decision ether to pro.
323-1974. Use of power condaioners is an acceptable vide equipment that wal withstand the plant cordstion or pro-

'
method of feiering the input voltage and frequency so that the vide equipment to limit the input to the commercially avail-
equipment can perform over its design range. The M-MIS able equipment.
Desgner shall evaluate the requirements for (ower con-
ditioners.

6.2.2.13 The M-MIS Designer shaN provide features in the M-MIS This is req. sired in order for 18C equipment to hmetion cor- O
design to protect the system against failure resulting from tran- rectly during adverse conditions such as eiersrical storms
sients, sags, surges, and noise inputs (such as EMI) which and switchgear-induced electrical transients. This require-
may occur on the power input cabhng from the extemal ment enhances availability.
power system. M-MIS equipment shaN withstand electrical
surge (field winng and power feeds) per IEEE-472-1974.

,

6.2.2.19 The desagn of the M-MIS equipment shat nunsmsze the require- The M-MIS Dessgewr simuld cor: sider solid-state devices 0
; ments placed on support systems such as power supphes and which require low power arx1 minimum heet dissipassort This

HVAC. minimizes t;e power requirements as wee as HVAC loads.
The required amount of M MIS equipment, scch as vdeo,
workstations, printers, etc sheE be kept to a miriimunt

6.2.2.20 Those control and instrument devices for which it is not praal. Refer to the rationale provded in Chapter 1. O
cal to achieve a 60-year design life shall be idantified by the M-
MIS Designer, and pronsson shaN be mada for their replace-
ment or repaW. as appropriate, to actweve the overall plant
availah81ty and desegn life.

I

t 6.2.2.21 1.arge and imgxstant control and instrumentation systems shaR Integrated system testing atd validotion is required to ensure o
!

be pre-assembled to the maximum extent practical ano tested system reliability. This testieg must be exhaustive ard, there-
in their final conEguration. Testing shau include debuggeg fore, it must be wen planned.

; and venfication of performance iaquirements.
1

.
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a 2 2 ?? Hazardous areas. such as high voltage areas, shaR be lehmierf Protection of personnel is required by Federal. State, arid 0
and shielded in accordance to the Federal State and Locad Local safety codes
electrical codes.

6.2.?.23 If tne M-MIS Designer uses circuit cards or modules in the The mamtenance features must help ensure tiet avadaber 0
1 dem the circuit cards and modules shall be replaceable goals are met.
; dunny channel bypass without affecting system safety or
i relebility.
I 6.2.2.24 Sgnal validation sher be performed on all critical salsty, con- Signal validation is a process by which signals are checked 0

trol, and plant avaEmb5dy systems. The complexity of the sig- for accuracy, ensunny that the operator or process using this
nel validation sher be la accordance to the critical functions sgnal can actweve its goals and functions. Some of the
the signal serves. Sanpler cost-effective validation technitpos rtmismentary teciwuques being used today are.
can and shodd be used for non<,ritical systems The M-MIS
Designer shall establesh the level of complexity of segnal valida. Limit checking..

tion to be used for each apphcation.4

Auctioneenng..
'

|

Instrumentloop-integrity G J.;..y..

Like sensor wowiin.-;i,ons and ceNbration checking..

New more complex methods of signal vsfidelion twe been d
and are bemg developed These indude pedy-space repre-i

; sentation and analytic redundancy. Signal vahdation can be ,

used to actneve highly rehable automatic control systems.

6.2.2.25 AN I&C equipment shall have desgn provisions to perform This nunimizes repair time so that system ava3 ability is not im- 0
i diagnoshes and troubleshooting down to the circuit board or pacted.

,

module level. '

,

62226 The M-MIS Designer shau include provisions for testing circut Test and diagnostic provisions i.e.;...;a, system downiime. O
cards or modules whae they are in the chassis. Extender
boards, test points, or other suitable means shall be provided
to permit diagnostics and testing. i
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6.2.2.27 Standard three-connector 110VAC service power ouslets shaf Corwenient service outiets should be prowded for main- 0
| be prowded within cabmets, tmys, and otler equipment loca. tenance activities; otherwise, extension coros would be used

tions to factitale mantenance activities in non-safety cabinets. wtuch can cause personnaJ salsty hazasds.
For safety-reisted cabinets, service power outlets sher be
prowded close by. The M44tS Designer shaR consider person
nel sdety. impairment of plant operations. motmy,

. electromagnetic interference effects, and other hazards to
operation when specifyng the location. These service oudets
fac5 state the use of aux 5iary lights and electricaNy powered
equipment to perform the maintenance

6.2.2.2s Permanent intemal lighting shan be instaHed in cabinets to Plant persormel have used flashlights and drop lights to main 0
j facilitate maintenance. In order to preclude the potential for tain and service equipment wehen the cabinet This practice
; leaving the service light on, the light shall be designed to be results la a safety hazard to personnel and increased chance

tumed off when the cabinet is secured or, in the allemative, of disturbance to tte equipmert
the cabmet sher not be secured untR tie light is extinguished.

6 7 ? 79 The instrumentation and control equipenent and components Nearby hazards include transformers in the next room (poten- O
shad be protected from nearby hazards. The Plant Designer tial fire hazard beneath bottom entry ambios for tie 18C
shan perfom hazard analyses to deincastrate that the in- cabme.s), steam ines on the olleer side of the wa5 (potential

,

strumentation and control equipment desegn, location of the impact, steam leal (, etc. hazards). These types of hazards
; equipment and protectwo enclosure have csidiwed the can be reduced or avoided by carefullocation of room con-

,

| safeguards against consequences of nearby hazards taening the I&C equipment

,

i
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6.2.3 Computer Systems Computer systems 0

6.2.'3.1 The diferent types of hardware and software used throughout This requirement supports ti.e goal of standardization 0
the plant shaN be standardized as much as p'actical. tfuoughout the plant.

6.2.32 The M-MIS Desagner sfr4 .apecify the design life of the com- The design life of the computer system is considerably G
puter system asd its peripf.eral equipment. Provisions shen shorter tien the plant design life, and awsNebihty of spare :
be made to facNitate replacemerd of obsolete equipment. parts from the manufacturer is a limiting factor. Therefore, a '

space ard enclosure envelope sufficient to accosmuodate the
'

replacement equipmera must be provided M MIS Des 6gner
must make some assumptions to estabush the envelope

6.1.3.3 All equipment, including commercially purchased computer The configuration and archdecture of computer atx3 0
and penpheral equipment, shau meet the configuration peripheral eqtroment must be rniisniained by the Platt

'
management control requiremerWs of Chapter 1. Configura- Designer if the servace contract is to remain in effect. Chan-
tion management control at the equipment, subassembly, and ges and modifications to the system configuration, equip-
board level shaN be required to mairdsin service contracts con- ment, or boards can invahdate service contracts. For this
drJons. roeson, strict confs::.ation control of the key equipmert and

subassemblies is aquired.

| 6.2.3.4 System testing and vahdation she84 be performed with both The software and hardware interaction must be tested. O
software and hardware totally integrated. Validation testing must demonstrate the integrated system

performance as designed
.

Comp ehans've integrated testing and validation is required to The interaction of software and henbare must be tested to 06.2.3.5 c

ensure that interactive tasks are tested. AN vahdation and test- ensure that the software is robeet and correct arx1 that the.

: ing shaN be documented and ree ined for histoncal records. hardwsre is able to respond to the operator's requests. Thiss
provides a benchmark measurement of the system which can
be used for comparison if modifications are made to tfe sys- !

I tem.

6.2.3.6 The M-MIS Designer shaN evaluate and establish the need for The M-MIS Designer can perfarm a reisahany analysis of the 0
redundancy and diversity of computer and peripheral equipment arx3 establish tfe need for redundancy and diver- -

inrdware. sity. Diversity may not be practical becassaa standardization '
,

arxl diversity are sometimes mutuaNy exclusive.3
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~

6.2.3.7 All developms.**f. diagnostk mamtenance, and servicing The Owner shall have the capetAity to perform or obtain as- 0
brdware shai ta provided to the Owner along with instruc- sistance in performing modifications, adding new functions,
tions for, documer.tation of, and training in its use. AN of the troubleshooting, and maintaining the delivered systems. -

equipment speedied above shaN be demonstrated to be identi-
cal to the suppliers' equipment which is used in d .4T i.:.
verWication, and testing.

6.2.3.8 AM software and hardware licences and warrantees from the These updates and serwces are part of the system pur- Ot

computer or ;wigheral equipment manufacturer shen be chased from the manufacturer, which is required to maintain
paked on to the C.vner. and service the system. Therefore, they should be deliveredi

as part of the system.

6.2.3.9 Ah equipment documentation a x1 training credits from the These documents and training are part of the system pur- 0'

computes or peripheral equipment ma' scturer shaN be chased from the manufacturer, which is required to neintain
passed on to the Owner. and service the system. Tierefore. * hey should be delivered

as part of the system.

' 110 All computer-bated systems required for operation shsN heve in the event of a power interrupt, the clock time and calendar o
a ba:tery-backed calendar clock. is preserved. Otherwise, the operator must input data to es-

tablish the correct time and date.

6.2.3.11 Maintenance and replacement of an auctioneered power supp- Assures menemization of system downtime o
ly system shaN not disrupt operation ni the system.

.
t

4

t
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6.2.4 Switches Switches 0- |

The requirements pecified in trds subsechon are applicable O
to, but not limked to tim following types of switches:

Proximity; O.

Contet 0.

Level; Oi .

' Pressure; O.

Position. O !j .

'

8.2.4.1 The M-MIS Designer shall specify the accuracy and Self-explanatory. 0-
repeatability requirements for eat h type of switch in accord-

I ance to its application and operation.

8.2.4.2 The M-MIS Designer should encourage the use of integrated The added information may be helphd to diagnose problems 0
logic for switches to simplify M-MIS operator information. If in- in the event of equipment faBures.
tegrated logic is used, the designer shall make provisions for
the readout of individual switch positions in addition to the,

| logic output.
' s.2.4.3 Tha M-MIS Designer shaN determne whether a ' wet" or " dry The type of contact would depend on whether high current 0
| contact shaN be used in accordance with its application, would be experienced in the design applicaticn.
i

; 6.2.4.4 The M. MIS Designer shaN specify the design life cycle end Self-explanatory. O
j qualified life (margin for qualification) for each type of switch
'

in accordai.ce with its application and operation. The
switches shaR be qualified for the qualified life cycle, accuracy i

,

'
and repeatab52y.

i4
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6.2.4.5 The M-MIS Designer shaE covJder intelhgent logic design to Equipment failtare detection and alarmin0 improves the equip- O

detect la5ure of switches. Software algorithm (local . ment reliabihty.

microprocessor or central processor logic) or hardware logic .
are acceptable methods for perform:ng the logic.

.6.2.4.6 All switches shaN have provision for testing their perfomaance. Switches std be required to be tested penodically; there- 0

Test equipment connection and output signal prcwisions sheB fore, provision for testing is requwed to serwce the equipment

be provided by the M-MIS Desagrer.

6.2.4.7 Switches shall be ci ....,dular design to enabh p re- Modular design permits replacement of the switch and re- 0.

placement placement of the logic module wth minime! disturbance to
the system.

O
6.2.4.8 Switches shaB be designed to permit position adjustment. N re- Self-explanatory.

quired.
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| ~ Paragraph No. Requirement - Rationele Rev
'

6.2.5 Sensors Sensors 0

The requirements r,pecdied in this subsection are applicable 0 ,

to, but W limi;9d to the following types of sensors:

Terr.perature; O
'

.

Pressure; o.

: Acoustic.- o.

:

.| Optical; O.

j. Vibration; O.

4

Flow; O.

Neutros:; O! .

r

adI8 tion; O; .

Is

| Level; O<

i ;

Currert; O- ~~ '.

Voltage.

i

!

,

5

P

e

.
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationale Rev.

6.2.5.1 Reactor coolant system temperature sensors shall utfize Use of thermowells facii'ates replacement of temperature sen- 0
AbME Code thermowells welded into it.e piping or tempora- sors without requiring that the reactor coobnt system be

- ture probes (or RTDs) strapped to the piping Where te:npera- drained. However, the plant control and protection system
ture sanso.s are strapped to peping, insulation may be re- must be designed to accept the response twne of the
quired to obtain accurate measuremer:t and deswable temperature sensor /thermoweN combenation. It is not the in-
response time. Direct immersion temperature sensors shen tent to require close-titting temperature sensors .ith gold plat-

' - not be utfized. The temperatore probe (or RTD) and ther- ing in order to minimize response times.
mowaN combination shall be designxj to allow easy removal
and insertion, while menemizing response times. The plant con-,

trul and protection systems shall be designed to accept the'

slower response time which is expected for temperature
probe /thermoweN combinations.

6.2.5.2 The M-MIS Designer shaN select the temperature measuring RTD and IR devices, etc. are sterwierd devices presently used 0 '

device in accordance with its applicat'on, characteristics, and in industry. This does not preclude the M-MIS Designer
service The M-MIS Designer shall be responsible to using other devices, such as fiber optic sensors if is
demonstrate that the selected device meets these require- chooses as long as the requirements are tret.
ments.,

6.2.5.3 For temperature measurements in locations where tempera. Two or more thermoweNs leve been required to avoid tie . 0
. ture str:lification may result in measurement uncattainty, a sul- mal stratification prothms in the hot leg of some PWRs.
| ficient number of thermoweNs shaN be provided and located to
j reduce maasurement uncertainty to an acceptable level. The
; specific orientation of the thermoweNs shaN be identified. In

addition, an appropriate method of combining the temperature !

meradrements Wall be defined tr/ the M-MIS Designer.

6.2.5.4 The M-MIS Designer shaN speedy the accuracy and Self-explanatory. O
repeatability requirements of sensors in accordance with their
application, design, and operation.

:

!
J
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-

Paragraph No. Requirmnent Retionele R,,e,,v,,.,

6.2.5.5 The M-MIS Desegner shaN specdy the cahbration accuracy re- Review of current plant caibration history indecates there is 5-
quirements for the sensors. an over-correction in calibration. There have been observa-

tions that the same sensor, from ceNbration to (Webration, os-
; cillated about the "true' value. This waia caused by insufn.

cient sensitiv.ty in the cahbration to preclude over-correction.

6.2.5.6 Flow nozzles, averaging pitot tubes, and vortex shedding may These devices have signal output capabNity. O ;

i be used as required. If remote kidication or recording is re- '

' quired, linear scales er charts shall be used.

; 6.2.5.7 The M-MIS Designer shall consider the use of temperature TraditionaNy, there have been numerous pmblems with refer- 0
measuring devices other than thermocouples or RTDs. in- ence junctions which are required with thermocoupies and.

tegratad circuit temperature devices are avdat9e with current RTDs. These problems can be minimized by using ICTDs. In,

j outputs that do not require any reference junctions and pro- addition, ICTDs do rc require any signal conditioners.
vide voltage or mNiiamp outputs which can be used directly
with data acquisition systems.

,

< ~ AN sensors shaN be qualified for the full range of operation, in- Qualif'. cation testing is the most desirable method of qua:ifica- O
c''iding normal, transient and abnormal operation. If it is not tion. Tie M-MIS Desegner can chooes to perform by
l .x:tical to perform qualification tests, the M-MIS Designer analysis; however, the M-MIS Designer t responsible for

i shall demonstrate by analysis the qualification of the sensors. quahiying the senscr. A finite amount of risk is associated
with the analysis approach.

6.2.5.e AR sensors shaN hava povisions for test equipment to receive A direct output reading would reduce potential errors in han- 0
! a direct output to iccNitate performing calibration using a diing the cahbration data. In addition, it would expedite the
; isk;iupiucessus based system. cahbration procedures to obtain direct data without having to

-

hand record data.

i 6.2.5.10 The M-MIS Designer shaN provide means to minimize im- There have been numerous field reports of improper valve 0
proper arrangement of sensor isolation valves or leavkig the ahgnment and incorrect posMions. It has been proven tiet ;,

valves in the incorrect position following cahbration. procedures alone are not sufficient; design provisions must '

be considered.

6.2.5.11 if the sensor requires local logic, the logic module shall be Self-explanatory. :

replaceable without having to replace the complete sensor.
'
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationale Rev.

6.2.5.12 AN sensors shaN have provisions to perform bench cahbrallon Self-explanatory. O ;
ds wen as tield calibration. They stell have direct output
provisions to perform testing and diagnostics.

6.2.5.13 Sensors shall have no undetectable failure mode. Falures must be detectatAe to aNow the picnt staff to take 0
mitigating act'an on the basis of present infomution.

6.2.5.14 Diversity shall include principle of operation as well as function. To mirnmize common mode fatures. 0

6.2.6 Isolation Devices isolation Devices 0

6.2.6.1 The engineered safety signal isolation devices shall provide This requirement is based on regulatory requirements for 0
Class 1E to non-Class 1E digital and analog signal isolation electrical separation end successful experience.
wh5e maintaining Cass 1E integrity in accordance with
Regulatory Guide 1.75.

6.2.6.2 Fiber optic cable is an acceptable isolator. Fiber optic isola- 11 would be good engineestry pradice to provide isolation be- O
tion between multiplexers and other data acquisition equip- tween multiplexers and other data acquisition equipmert,

,

ment is an acceptable design.

6.2.6.3 The MJAIS Designer shall select the type of isolators to be - The M-MIS Designer is responsible to demonstrate tiet input 0
used in acwido-(,a with the design application and erviron- voltage protection considers hot shorts.

-

mental requirements. Optically-coupled, transformer-coupled,
or other suitable types, such as solid-state isolators, are ac-
ceptable types. The M-MIS Designer shen be responsible for '

demonstrating that the isolation device chosen for an appilca-
tion meets the input voltage protection requirements. Hot
starts in the power distribution and interconnects on wire runs
shaN be considered.

6.2.6.4 Use of analog isolators shall not degrade the accuracy of the Self-explanatory. O
safety-related portion of the instrument loop below that re-
quired for the safety arsalysis.

6.2.6.5 Analog isolators'linearity and stabaity shall not decrease sig- This requirement ensures high quality against forg term o
nifl: catty as a function of time and temperature. degradation.
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requiremerot Rationele Rev.,

6.2.6.6 G.ound Protection Ground Protection 0

The M-MIS Designer shaR select the type of isolator to be Required to minimize the ground loop noise. O
'

used for common mode rejection in accordance with !ts ap-
; plication. The M-MIS Des gner sten demosatrate that the

device selected meets the requirements for its apphcation. As
j a mwumum, the device shall provide 80 d3 common mode

rejection.'

6.2.7 Valves (ISC Features) Valves (l&C) Features 0

6.2.7.1 Motor operated valves shall have the valve operational logic Separation of the logic and position iMication nxxhies per- 0'
module separate from the position indicator module. . nits replacement of one without the other.

6.2.7.2 If practical, aR logic and position indication modules shall be This requirenent standardizes the stocking of spare pas:s 0,

interchangeable with all motor operated valves and inventory control.

6.2.7.3 Valve ope ators shall have the following characteristics: 0

For motor operated vakes, valve close and valve open An acceptable design is two torque switcles, one in the 0. .

positions shas be detected. The valves shaE be protected open and ore in the close valve poellion. Tfe open<

against mechanical overload during fun open or fun cioes to.que switch provides protection against raechanical,

operation. The M-MIS Designer shall speedy the type, ac- overload during operung operation. The closmg torquei
;' curacy, and repeatability, the number of indicators, etc. re- switch provules protection agalr.st mechanical ovedoed '

quired for design in order to meet the rehab5ity, service- during tie closing ogwration.
; abuity, and maintainabeity requirements. :

Air operated valves in safety-rdated systems shall always Air operated modulating valves should also fai safe on 0. .

be fa8-safe with respect to loss of air supply or control sig- loss of air supply or control tJgnal; however, the valve !
I nal. should be provided with timed steps || a ital open post-

tion causes excessive flow. Valves that fat as-is should
be provided with motor operators.

4
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CHAP . to: MAN-MACHINE INTERFACE SYSTEMS '

Paragraph No. Requirement Ratinente Rec.
,

If functional task analyses show that intermediate valve - 0_.

postion indication is required, four Jets of geared limit
switches (or other acceptable devices), each having four
independent contacts, shaN be incorporated. Two sets
shaN be fac*ory adjusted, one for close and one for open;
and two sets shaN be field adjustable to operate at any
posidon between the limits of valve travel (except valves
for special application, e.g., floor valves).

Class 1E motor operated valves shaN have their thermal Self-explanatory. O. .

ovedoads tr/ passed continually per Regulatory Guide
1.106. The only time the overload bypass shaN be
removed is dtring maintenance and testing of the valves.

AN non-modulating valves used as shut-off or bypass val- Erroneous valve control cannot be tolerated. A valve o. .

ves shaN have their control circuits designed to prevent shcN continue in the direction it has been commanded
reversal of tin valve at any intermed! ate valve position un- without reversing.
less the valva operator is de-energized in an intermediate
position d*w to loss of power or operation of a torque
swNch. An exception to this criterion vmuld be tfm situa-
tion where the valve opening is limited to 10 or 20 percent
travel to limit water hammer during pump starting or
pump loading, as specified by the M-MIS engineer. Safety-
related valve control circuits st'aN be designed to ansure
that the safety-related automat:0 signal overrides aN other
process control signals.

,

The use of non-modulating type vatees which may require
'

The main feedwater IAock valves in current plant designs 0. .

tt.e capabNity to reverse direction in mid-stroke shaN be have long stroke times. If the valve inadvertently or er-
discouraged The Plant Designer shaN justify the need for roneously recetves a close sgaal, the cteam generator
such valves end take appropriate safety precautions to could boa dry before tie valve is reopened Such
prevent inadvertent override of tr.e valve dunng mirt stroke. designs should be avoided || posstile
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: CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS .

- Paragraph No. - RentJrement Rational: Rev;
-

i
Where an air operated valve is required to move from its The design needs to ensure that wifves are moved to 0'. .

| poSihon after a loss of air supply, the valve sheE be sup- their required position oaspite loss of air.
; plied with an air accumulator.' The air accumulator sher

be sized with sufficient capacity to permit moving the
valve over the required range. The design shen preclude '

the division of the accumulator air preventing the moving
; of the valve during a loss of air supply event.

. Air accumulators are only il continued cychng or. !
t moddation after loss of air is required. |

Solenoids for pneumatic valves loc sted in irwted or high| Seit explanatory. 0-. .

radiation cells shall be locat3d extemal to the ceE to allow
wmdMy for svice and rnaintenance.

Air operated vedves, whether of a modulating or rion- Local position indication is i'ecessary for plant operation 0, . .

| modulatmg type, shaN be pro.ided with limit switches and and maintenance.
i a lod terminal box. In the case of non-modulating AOVs, - -

t the solenoid valve shaN also be wired to the local te.minal
box unless the solenoid valve is rack mounted.

'

. The position limit switches for an air operated valve sheE . NAMCO Type EA170 is an example of en acceptable limit 0-

La of the double pole, double ttwow type or of other ac- switch..

'
<=tahia types.

| These types of po-Jtion switches have been 0 |If valve position indication is required, the solenoid valve. .
'

shsE be provided with integral reed type position switcho. Gnnistrated to be reliable.
-

or ott'er acceptable devices.

;

.

i ;
; .

4 i
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Paragraph No. Requirement Ra:ionele Rev.

For open ioop Huid systam, trie pump dischag,, valve - Good design practice to protect the equipment from 0. .

shaN be interlocked with tM pump to previait pump damage.
runout. The valve sequenc.ng with the pump start and
stop is an acceptable means of controlling the pump
runout. The valve position indication shaN be otitained
directly from the valve shaft (stem) not from the control
loop signal or pilot valve. This requirement is not needed
if mechanecal means such as cavitating venturis to pseuent
pump runout are provided.

The control and motive power for an electrically onwated The faiure mode for this t sent is unanalyzalle. If power C. .

valve shaN be supplied from the same Class IE division is supplied by several sources, the consequences of
for Class 1E loads. The electrically operated valves shen pov er fadure can be complex.
be supphed from the same non-class 1E system for non-

,

class 1E loads. ^

Cratact pairs that have a common vnper shaN not be Certain considerations must be given when assigniig 0 [
. .

usd in circuits of different phase, type, or voltage level. contact usage to avoid contact areb10 problems. To t

avcid contact arcing, either contacts frocri the other con-
tact pair or an auxiliary relay should be used. To ensure
that polarity is observed, the termir.ais that are suffixed
with *C" shaN alwsyr be connected to the " phase" side .

; of an sc circuit aid tiis " positive" side of a dc circuit.

| 6.2.7.6 A81 operatea valves shall h.se local position Indication This requirements allows plant personnel to visua#y verify the o
provisions. AN manually operated valves, if the apolication re- valve position. Local or remote control is perniissible. -

quires, shall have security locking devices.

6.2.7.7 All valve designs shall have provisions for detecting extemal Self-explanatory. O
and intemal leakage. Extemal leakage shall be detected whNe

! the plant is operaeional Intemal leakage can bc detected in-
place and/or at the shop.

6.2.7.8 Diagnostic, calibration, and any special tools required for Required to maintain and service the valves 0
| trouble , hooting shall be provida, m; G,...c.-
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS "

Paragraph No. Requirement Rationale Rev.

6.2.7.9 On loss of motive power, valves associated with reactor pierd if safety considerations do not require a specshc faaure O
fluid system controls shall fat in a position such that the pierd mod 6, consideration should be 5,iven to a faaure mode that al -
safety system is not challenged Consideration should also be laws tie p8 ant to remain at power.
given to posteccident recovery actions required of the valve.
If the plant safety system is not challenged and a speedic

i ~

valve position is not required t;y post-accident recovery oc-,

tions, actuation devices shall fail in a position such as to allow
the plant to remain at power and remain centrollable

! 6.2.8 l&C Power Supplies 1&C I'ower Supphes 0
5 I6.2.8.1 The M-MIS equipment shall be capable of operating within per- Many of the power supplies can be powered from inverters 0

formance limits when exposed to the expected variations of or diesel generators so their input voltage and frequency may
input voltage and frequency, including the margins of IEEE vary over a larger range. The M-MIS power supplies must

; 323-1974. operate properly over the expected variations.

6.2.8.2 The M-MIS shall be desegned to operate within performance The battery charging voltage wtl be higher than the nommal 0
limits when the dc input is at the level required to charge the . battery voltage whae the battery voltage wgl be lower tien

. batteries. Low de voltage when baneries are fully loaded and nommad when the batteries are fully loaded and the charge is
{ charge is depleted. The battery charging level shall not causo depleted.

,

'

damage to equipment connected to this de source.
,

| 6.2.8.3 Surge protect'on features on the power inputs shen be Modern electronic eq.spment is vulnerable to voltage surges. O
j designed and tested to withstand the worst case surge limits The power supplies must contain iestures to prevent surges
'

of appropriate standards. Surgs within the limits of the ANSI in ac power from damagrg equipment.
! standard shall not cause damage to t% power supply or to
, equipment connected to the power supply After the surge is
I removed, the equipment shall perform all functions and urat

,

i all performance limits without repair or racalibration by plant
personnel. The surge withstand requirements on powe-inputs
on!y applies to power supply cabling which penetrates the
cabinet assemtny boundary.,

,
i 6.2.8.4 Overcurrent protec' ion shall be provided within the potection To prevent shorts within a cabinet from causing a distribution 0
| ' unction cabinet assenCles for the ac input feeders. brealser to trip and causing loss of power to several cabinets.
' ,
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS,

_

Paragraph No. Requirement Ratione_le Rev.

f6.2.8.5 Cabinet subsystem de power scpplies shaN be provided with Overvosuge protection is .equired to prevent damage to com- O
cvervoltago and overcurrent protection. Operation of tne ponent receiving power from sne supply. Overcurrent protec-

; power supply protective features shan not cause equipm 'en tion !s required to protect the power supply agust shorts in
damage. Once the fault condition has been removed, oc the driven equepment.

'

; power restored, and the sysiem has cunpleted instealization,
the equipment shall fenction properly within perfonnancei

( limits. Ns may require plant personnel to manually reset the
subsystem power supply protective devices prior to restoririg
the subsystem to an operating conditiort

|

6.2 S.6 The ac and dc (i.e., batteries) power distribution from the ac Power souce input ccnnection pointe must be within an 0
input feeder termination point to the cabinet bays shall be in- enclosure and readily accessible.
temal to the cabinet assembly.

6.2.8.7 All dc power used by the eqtmpment wahen a cabinet bey shen Required ta reduce vulnerab5ity to shorts and power supply 0
4

t,a supplied by dc power supplies mounted within the same fature.
. bay. DC power buses shall not be routed between bays

within a cabir.at assembly. Exceptions are permitted where
justified.

; 6.2.8.8 Cables from the power supply urits to the loads shaN be Tne power supply output distrtution must use cables that do 0
'

specified according to the projected loads within eacia cabinet not create excessive voltage d. ,p or overheating of the con-
bay. doctors.

t

6.2.8.9 Non-class if system instrumentation and controls and aN the '.iust not mix Class 1E power from two divisions in a single 0 ;,

' equipment required to make them function, wh.ch is powered non-1E function in order to maintain a high level of separa- '

from a Clan IE division, shall be powered from the same tion.,

division or system..

6.2.8.10 if an instrument loop is powered from an ursinterrunted power The state and status of an instmment loop should be ava5- O
'

supply bus, thee, its entire function (indication, alarm, etc.) able whenever it is operable. ;

shaN be powered from a UPS bus.

i

!
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_ CHAPTER 10: MAN-MACHINE INTF.RFACE SYSTEMS
~

Paragraph No. RequVement Ratione" Rev.

| 6.2.8.1 I The 'oss of power to an indicator and/or ta equW in the An indicator should be provided to show a loss of power. -0
'

'

instrumert loop requesd to funcalon shall cause the indicator
to read its lowest readina or read off-scale to distincey indi-

| cate a loss of power.
|

6.2.8.12 Where specific instruments require power suppless other then This requirement is intended to cover cases where equapr..est 0
those specified, the subsystem requinng the pw,er shan proJ from a specific vendor needs a voltage level different than
vMe it'.* power .pply. that supplied by the M-MIS Der'oner.

| 6.2.9 Grounding Grounding 0

6.2.9.1 Protective and Power Grounding Protective and Po ver Grounding 0

| 6.2.9.1.1 Protective power outlet ground wires shall be routed to the To protect ground loops and excessive yourx.1 currests in 0-
| rabinet groundhg point separately from sspnel ground. segnal ground wises.

6.2.9.1.2 Suitable means shaN be provided for the grounding of all For personnel safety a,xt EM! reductian. 0.
equipment, cabinet bays, and theli doors to a cabinet yound

- - .

-

'point.

| 6.2.9.1.3 Metal enclosed equipment aru modules, where the operating For pctsonnel safety. O
i voKag3 is 50 volts or greater or where ANSI C37.90a-1974
;

surge withstand te4 is a requirernent, shall be provided with a

i protective ground.

6.2.9.1.4 Protective and power grounds shall be connected so that dis- To maintain protec:ive grounds during maintenam:e. 0.'

connection of any equipment from the ground shaN not discon-
nect any other equipmc:$

'
6.2.9.1.5 All electrical equipment shan have provisions of groundhg Ilwe To assure persorned fafety during maintenance 0"

j parts when the equipment is out-of-servbe. This mcaria shen
consist of portabb ground cables of sufficient length to reach

|' from the furthest level part to the nearest ground grid tap or '

the equipment ground bus.

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS-

-.

Paragraph No. Requirement Rationale Rev. ~

6.2.9.1.6 The cabinet ground bus twtwork shall be desagned to mini- ' Commor' modo voltages must be m5imized to mahtain sig- 0
mize common mode voltage between subsystems in a nal accuracy,

cabinet. The co.nmon ground bus shall be connected to an
adequately sized earthing stud on tim plant grotmd bus. It is

'

preferred that the ground bus within the cabinet be connected
dwectly to the main plant ground grid using a dedicated, ade-
q jately sized ground mble. A minimum of #4/0 AWG is
preferred.

6.2.9.1.7 A power supply common shall be supplied to provide a paA To prevert ground loops O
for low vol: age wrents tr.*rning from the load to the power
supply common- The power supply common shall be con-
nected to the cabinet ground bus at one point.

'

6.2.9.2 Instrument Grounding inshument Grounding 0

,

The grounding of wiring shields shall be independent from To maintain shielding vith a module removed to prevent 0~.2.9.2.1;

modules so that removal of a module from the circuit shall not potential disruption of other modules.
disturb tt e shield contsM, ion.

6.2.9.2.2 Sheelded cables used within the cabinet assemblees shau ,nro- Required to assure adequate shielding 0
vide for a minimun of 95 percent effective coverage by the
shield

6.2.9.2.3 Analog signals shall be grounded only in one place to prevent To prevent noise due to ground loops. 0
1

i circulating ground currents in the cignal :ead. "

6.2.9.2.4 Instrumentation cable shields shall be grounded only at one To prevent grot.nd loops and excessive shield currents. 0
point. ,

.

; 6.2.9.2.5 Instraientation ccble shields shall be terminated on teiminal To avoid the need for long pegtats cn slu. drain wires and 0
~

bkExs adjacent to the signal conduc* ors. to prevent confusion.
.

,
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragra,Mr No. Requirement . Rationele Rev.

6.2.9.2.6 Shields shaE be grounded so that the shield potential is as To miramize leakage between shields and signal conductors. O
close as possible to tiw ground pctential at the signal source.
Mso, shield carrents shall not Row in ether the ground refer-

,

ence or segnal conductors. In general, instrument cable,_

shields shaN be grounded at the location of the power source
fcr the instrument loop. In the case of thermocouples used to
monitor processes, the thermocouples slait be e8 the un-
grounded type an1 the sheeld shaN be grounded at the receiv-
ing device.

6.2.9.2.7 Signal transmission between devices where these is the poten- To prevent ground lo@s and maintain signal quahty. O
tic! for grotrd poterAial differences shaN be differential volt-

; age, current, optical or ac. coupled There shall be sulHelent
; isolation ground betv.een sys. tem grounds to prevent ground

loops.

C.2.9.2.s T'ia plant instrument Grounds shall be designed so that the To prevent equipment damage. O
ground potential difference between systems does not
damage the interface equipment due to excessive common
mode lev 11s. Signal connections between systems shaA have1

| isolators to protect the equipment from damage.
| . i
; 6.2.9.2.9 The signed grounding scheme for assembhes, ubassemblies To prevent ground loops 0

and suusystems shall tra a " branching" sclu ne a ranged so<

[ that ground cummts do not tend to llow between the various
. elements.
!

6.2.9.2.10 Connections to the instrument ground bus shaR use materials Corrosion wGl degrade the integrity and re8%bility of the 0
and techniques that are designed to prevent corrosion. ground conrO

: i
' 6.2.9.2.11 Communication systems shall not share the instrument To reduce coupling between l&C systems and cornnunsca- O

grounds. tion systems.
,

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. RegtArement Rationele 'Rev.
i

6.2.10 Electrical Penetrations and Setis Electrical nenetrations and Seels 0

6.2.10.1 if barrier penetration connectors are used, the 18C signals Self explanatory. O
shall not be degraded Sp' ices are permitted providwig they
do not degrade the sigrial. Splices in fiber optic cables are,

; discouraged.

6.2.10.2 A: barrier penetration connectors shall have spare connec- Field modifications are costly. Spare connectors for replace- 0
inrs. The M-MIS Designer shall determine the number of mern in the event of a faiiure or for expenssor. capabasty is
spare connectors to be provided good engineerir.g practice.

6.2.10.3 The design of the I&C penetra' inns shall consider the e6ects Otter electrical wiring can elegrade the l&C sigtels if the 0
j of EMl/RFI inteeference from other electrical wiring penetra- penetrations are placed too close to one another. +

tions.;

6.2.11 Cables, Fiber Optics, and Raceways Cables, Fiber Optics, and Raceways 0

6.2.11.1 Equipment Cables Equipment Cables 0-

6.2.11.1.1 The M-MIS Designer shall determire the requirements for There is m exmomic tradeoff of field installation cost and 0
spare conductors, conssdering cable replacement cost, com- spare conduc iors in the event of a conductor faGute.

; plexity, plant down time, etc.

6.2.11.1.2 All control and instrumentation caoles shall be colcr coded Color coding and numenc iderdification permits serviceab50ty 0
I

and identification numbenng ass!gned to them. The Designer of the withy if required.
i shall es:ablish standa-ds for color coding and identification
'

numbering industry standard color coding and identification
;i

numbering shall be followed as closely as possible.
t

j s.2.11.1.3 Conductors for multi-conductor control cables shall be iden. Same as above. O
tified as per IPCEA S-61-402.; '

,

| 6.2.11.1.4 Shield twisted pair cables shall be in one sheath; each pair The wires can easily be identifiable. To raduce the potential 0
j shall contain conductors v.hich are color coded in acundagu,e for errorieous insta;'ation.

with ANSI C96.1.
|
;
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Paragraph No. RentArement Rationale Rev.v-

'

The M-MIS Designer shaE establish panel irnemel wiring stand- The standard pernts the rJiers to service the requwement 06.2.11.1.5
ards in accordance to the color and identification numbering rapidly.

s

standerds established for the entire plant design. ~

6.r 11.1.6 AN instrur:'ent and control cables shall be prcassembled Prea W. cables reduce the poet'Jfity of fie8d instaEs- O
4

cables to the maximum extent practical. tion and maintenance errors in misconnectog the wires.

6.2.11.2 Raceways Raceways 0,

: 6.2 11.2.1 Racemey Shielding Racewey Shielding 0
i

Low level control end instrurnentation cable tray system shes Self-exgknatory. 0-
'

be separated from the power cable tray systems to minimize
any interferenca of signal Grounded metal trays and air

'

space separation are acceptabie means of providmg r.rewsy
shieldirg

) 6.2.11.2.2 Power Cable Shielding Power Cable Shielding 0
i Power cables M be shielded to mmimize the potential for Self-explanatory. O
i emtting EMI/RFl. The shield shall be grounded to minimize

the ground noise.;

;

6.2.11.2.3 Loading of Wiring Raceways Leading of Winng Recomeye O,

Loading of winng trougin insida panels shau not exceed 40 - Self-explanatory. O
percent capacity as per NEMA Standard PBt 1977, Paragraph

: PBi " 20.
!

<

;

|

!

i

!
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CHAFTER 10: MAN-MACHINE INTERFACE SYSTEMS
;

Paragraph No. Reqtirement Rationele Rev

6.2.11.2.4 The following separation criteria shall be used for infomal These requiremest are speedied to meet the intert of Ganoral - O
panel wiring: Design Criteria (GDC) 22.

AC and DC circuits shall be kept separated. 0:.

Instrumentation signal wenng shah be run separate from 0.

power et control wiring This separttion shall be ac-
; comphshed by the use of separate wireway runs. Lacing ;

of inst'umentation signal wires with power and corerol -,

| wiring is not permitted.
!Separahon between Class 1E circuits and Non-class IE o!. .

circuts ar.d redundant Class 1E circuts shaN be in accord-
; ance with IEEE Std. 384- 1974, NRC Branch Technical

Position CMEB 9.5-1 and NRC Regulatory Guide 1.75. !

The minimum separation distance between redundant Required to neet the GDC physical separation criteria. 0. .

Class 1E equipment and winng ir.!emal to cortrol
,

t

switchboards shaE be a minimum of six inches or that
which can be estabhshed by analysis of the proposed in-,

! stallation. This analysis shall be based on tJ!s p,,;u,zj
: to deternne the Rame retardant charactenstics of the
i_ 1

wiring, wiring raaterials, equipment, and any other meterial
assoc:ated with the dee'an. In the event that the separa-;

| tion distance cannot te +:hieved, bemers shaR be in-

i staNed between redundant Class 1E equipment and wiring.

; Non-class 1E wiring shaN not be hamessed with Class 1E O.

or associated Class IE winng

! Con 6At openmg in Class 1E panel boards shaR be sealed. O

!a
;

t
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Rationele Rev.

6.2.11.3 instrumentation CarAes Instrumentation CatWes 0

instrumergation (signal) cable consisting of two or more This is to provide a method of reducing or eliminating 0
twisted conductors shall require indkidual twisted conductor electrostatically induced noisa ~wn low level electronic type sig-
shieldmg and overall shielding with a drain wire (attached to nal ckcuits.
shielding).

6.2.11.4 Fiber Optics Fiber Optics 0
i

Cable supports, raceways and penetrations which accom- Fiber optic catAe specification requires a mininum turn 0
modate fiber optic cables shall consider the mmemum bend rWius to prevent the breaking of the bdtde ther optic cable
radius for the fiber optic cable.

[ 6.2.12 Field Termination and Splices Field Termenation sad Sphces 0

6.2.12.1 The method of field wire termination arx1 splices shaN have the 0 .

following characteristics:

Have a positive securing feature to withstand the design There is a tradeoff of assuring security wisch ring lugs 0. .

basis seiscWe everd and plare equipment vibrations provide; however, ring lugs have the disadvantage of
without inadvertently disconnecting. time-consuming field wire termination labor and added

space. This requirement permits the Plard Desigrer
other methods of temeination.

F .,rmit work space for improved mairdainability. This is a cat 9 net requirement; however, it is worth specify- 0
. . .

ing because consideration for maintainability has been an,

i
issue on previous plard doesgns. DWierent field wire ter-

j minatk>n metixxis could have improved tfe nein-
tainability.

Be easy to disconnect for service. maintenance, and re- The requirement reduces the labor cost. 0.

. .

) placement.

Include provisions for terminal identic~.ation. Self-explanatory. O. .

t

4
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,

liwpnaie material tfwd is compatible with the swwiron--

Environmental conditions con coues degradation of 0. .

merr.al 4 Jnditions so that the signal is not degraded. materials, thereby leading to h;-- " ~~fi of signals.
-

Material compatibility can abio degrade the signals.

[- Incorporate a straightforward and swnple field term: nation Major cause of field tenninetion la8ures has beea im- 0-. .-

and sphcing procedure for use by utiity personnel that proper instaNation due to lack of training, poor traising.
does not require excessive or frequent traming or special- or useng the wrong tools to perform work. Soecial tools
ly designed tools. are often expensive and require long lead times to obtairti

i

!

i

.

#

4

!

<

h

b

i

j

4

|

>
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

O
Paragraoh No. Reauirement Rev.

6.3 COMMON CONTROL SYSTEM REQUIREMENTS 0

4.3.1 Definition 0

e.3.1.1 Purpose 0 I

The purpose of this subsection is to define common requirements for the 0
~

design, selection, and installation of a specific M MIS control system.,
,

This subsection does not repeat any requirements specified in Sections 7
through 11 of this Chapter.,

,,
,

6.3.1.2 Scope 0

The common requirements in this section cover all control systems re- 0
,

quired for oparation and maintenance of the piant. The requirements
have been organized as follows:

Design Requirements: 0.

Performance Requirements: 0.

Avaliability/ Operability; O.

,

Testability and Qualification; O-.

Maintainability and Serviceability. 0 .;.

,

I
|

'
t
t

t

|

l

|

|

| i

|
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS -

Paragraph No. Requirement Renonale Rev

1 6.3.2 Design Requirements Design Requirements 0

; 6.3.2.1 AN safety-related control system software snaN be retained on The loss of control system software would not inhits the auto- O
power interrupts. Storage of piograms on PROMS (Program- matic startup of the control system. The reloadsng of the
mable Read Only Memory) is the preferred method of meeting programs may increase the dwmtime of the system or re- .

| this requirement. If bettery-backed Read Only Memory (ROM) quire special sk8ls to pedorm the roloed operation. '

; is used the Designer shau demonstrate that there is sufficier.t
; battery capacity that the probab8ity of loss of program is low

enough to consider it an improbable event.

6.3.2.2 Software interface of a safety-related system with a non-Safety- Hardware and software separation and isolation criteria are 0
related system is discouraged if the designer chocca to do not identical although the intent may be the same (e.g., six-.

so, the designer shall demonstrate that isolation is provided to inch separation and use of barriers make little sense for
preclude the propagation of errors from a non-safety-related software).

! system to a safety-related system.

! 6.3.2.3 When evaluating stab 5ity and response rates, the Plant Desig- O
ner shaN consider the following

Plant and equipment non4inearities. The characteristics of Typecal characteristics that affect closed loop system 0. .

i the turbine valves, feedwater valves, plant processes, etc. response and stab 50ty.
{ change with the operating point. The control systems
! must curyensaie for these non-linearities to provide the

required response and stab 5ity for all expected cu,G -
,

tions of operating points. !

I

Time delays caused by backlash, wind-up, dead times, O
j .

transport delays, etc. In plant equipment and processes,
2 The effect of sample rate and resolution when sampled To assure adequate cu=Uc aike c4 the characteristics 0. .

-

data systems are used. The potential effect on limit caused by sampled data systems that can degrade sys-
cycles as wen as transient response and stab 5ity shaN be tem performance.
considered.

I

i
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:

1 Paragraph No. Requirement Ratoonale Rev. .

j Potential effects of sensing subsystem components (e.g., Components in the sensing subsystem can affect fast 0. .

sensors, instrument lines, snubbers) on system perfor- response controlloops
mance.

Pntential effects of environmental extremes and process The effect of erwironment and process conditions on 0. .

conditions on control equipment and sensing subsystem sensmg subsystem components is of particular impor-
, components. tance. For example, the effect of environment on levd
j sensing reference legs and the effect d process conde-

| tions on fluid densities can have a signdicant impact on
system accuracy.a

! 6.3.2.4 Set points, calibration constants, sensor limits, and any other Having the current values such as set points and calibration 0
required process constants shaN be maintained in non-volatte constants stored in non-volatte memory enables the M441S

: memory to prevent their loss on a power interruption. to mamtam this information during and after a power failure.
| Otherwise it would be necessary for the cperator to re-enter
4

this information upon restart, which is a time-consummg
process that is prone to error. Furthermore, automating the

: restart of the M-MIS upon restoration of power is necessary
| for all portions of a distributed M-MIS to start in a coor-
; dinated fashion.
,

i 6.3.2.5 The Plant Designer shaN define and design plant systems and industry experience has shown thet previous plant designs 0
1 component controls that wEl remain in the known safe state have exhibited uncontrolled restoration of control or motive
| followmg restoration of power (control or motive) from a loss power which have driven the system away from the known

| of power event. safe state.

!
!

!
!

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
' Paragraph No. Requirement Rationale Rev.

6.3.3 Poiformance Requirements Performance .T .. _.e. 0

6.3.3.1 Control algorithms which use reset action shaN provide an anti- Anti-windup is required for a wen behaved control system. 11 0
windup feature. The anti-windup shall operate so that the ab- is usually implemented in analog controllers, but it also must
solute value d the integrator is equal to the proportional part be used for dgtal control algorithms.
subtracted from the limit value.

6.3.3.2 Transfers between manual and automatic control shaN be To prevent undesired transients 0
bumpless.

6.3.3.3 The settings of all control parameters (proportional band, Setability of control parameiers should be consistert with the 0,
'

reset rate, limits, etc.) shaN provide a resolution and accuracy specdied range to ease pre-op and startup testing.
of t percent or better of the full-scaie adjustmerd range
specdied for the parameter.

.; 6.3.3.4 If sampled data is used in the control systems, then: Dogstal control introduces sampled data concerns. 0

Analog data acquisition modules shall provide fetering so To address aliasing problem for sampled data systems. O. .

that noise aliased into tie segnal frequency band con-
; tributes less than one tenth of the allowable signal error.
!

If digitized input signals are used at a lower rate than Aliasing can also occur when resamping a prev 60usly 3. .

; provided by the Interfacing system, the data rate shaN be digitized signal
digitally fitered to the same requirements as above.

The designer shall establish the signal reconstruction re- Signal reconstruction hardware (i e., digital to analog con- 0. .

; quirements for the control system. The signal reconstruc- vertors) can introduce noise and other errors. [EPRI Con-
| tion shaN be zero order hold type. As a minemum, the re- tractor should review or establish satisfactory require-
) quirements for droop between refresh, output glitches in ments for signal reconstruction. Zers onier hold should
: amplitude, frequency of occurrence, and distortion shaN be used because most avaNable modules use it. Dif-
! be specified. ferert classes of reconstruction rmyi.e provided if ap-'

propriate.].

' 6.3.3.5 Interrupts shall not be used in the main functional processors The protection or control function should be the top priority 0
I which have direct protection or control function. activity. Interruptions to its functions should not be pemuted.

:
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
i

Paragraph No. Requirement Rationele 'Rev.
.

6.3.3.6 The protection function shall be the highest priority fouowed Self-explanatory. 0.:
by the control function. The lowest priority is the monitoring;

'
function. Therefore, if a protection or control function is en-
countered, it shall interrupt the nxmitoring function.

;. 6.3.3.7 The design of the control and instrumentation systems shaN in. Requirements for special startup test instrumentation in- 0
ciude pre-operational considerations of initial plant startup test creases expense and time for startup testing-

requirements. The systems shall be designed to minimize the
i need for special sensors, intercontwctions, etc. for startup test
. data calibration.
;

I
:

i
l
i
i
t

e

,

,

;

!
:
i

!
;

!

i

I
f

|

.
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS.

Paragraph No. Requirement Rationale Rev.

6.3.4 AveiletWilty/ Operability AvailstWiltyr-;--r,- 0

6.3.4.1 For non-Class 1E systems, availability shall be achieved to the Minimum use of redundancy is required to trsknize piart 0;
'

extent practical by the use of inherently reliable components. equipment. Implementing contrci algernhms in software, the
The use of redundancy to achieve hegn availab8 sty shall be use of distributed control, and a data transmission system
minimized. that provides wide accessab5ity of process signals may be

; used to enhance avatability without providmg system unique
i redundant equipment.

6.3.4.2 Where possible, signals from other systems shan be used in Self-explanatory. 0

| the control systems to enhance avaNab51ty. (For example, the
use of wide range level sensors for checking the validity of the

; narrow range level sensors for feedwater control. The wide '

! range sensors could also be usedto temporarily control feed-
water if repairs to the narrow range sensor could be achieved

,

j in a short time.)
;

i 6.3.4.3 Where feasible, redistribution of control tasks among control There may be cases where operating computers can assume 0
i computers on detection of falures shall be used to enhance some or aN of the tasks of a fated computer. Tfis provides
i reliab8ity. partial redundancy for functions that do not have redundancy
i designed into them.

[ 6.3.4.4 The control and instrumentation system shaN be a distributed A destributive control system reduces the field wiring cost as 0
system. Local control shaN be performed. Onfy monitoring well as reducing the potential for common mode fatores in-
data shan be transmitted to a central host. herent h central control system.

;

| The loss of the communication link would only affect the 0
) monitoring data that is being trrgesmitted through the com-
; munication link.

!
4

;

(
!

!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Req:Arement Rationale Rev.

6.3.5 Testately and Quellfication Testabelity and Quellfication 0

For redundant systems, the designer shan establish the criteria Disagreements in redundant systems must be resolved, espe- O
for determinmg system desagreements and the methodology cially for distributive, redurir*. systems.
to be used for selection of the correct control systems.

6.3.6 Maintainability / Serviceability Maintainability / Serviceability 0-

6.3.6.1 The maintenance interface shall pr, ovide the capetAlty to ac- O
cess the diagnostic, calibration, and other maintenance sids.
Design consideration shall meet the following requirements: .

Hardware or software control shaN be provided to control Aids in preventing unauthorized access to the systems. O. .

access to critical system parameters.

The maintenance interface functions shall not be placed in This requirement is to prevent interference between mam- O. .

any location that interferes with plant operations. tenance and operations personnel.

System connection shall be via electricaNy isolated test To prevent disturbance to the signals Demg measured so O. .

points and/or a suitably isolated data l;nk. that plant operstion is not disturbed and measured segnal
level correctly Indecates the state of the parameter.

6.3.6.2 Design provision shall be avalable to access aN of the system Minimum required for any mair6m activity. Additional 0
inputs and outouts. Additiona! capabPtr shaN be provided as access helps to penpoint problems.
required for the various systems.

6.3.6.3 Control syctem design shall provide an indication in the main Self-explanatory. O
control room that maintenance activities are in progress.

~ Page 10.6-58
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7 OVERALL Pl. ANT, REACTOR, AND REAUi'OR COOLANT SYSTEFAS 0 i

, M-MIS REQUIREMENTS 1

7.1 PURPOSE AND SCOPE '0 !

The reactor and reactor coolant group of systems inc!bdes those which 0
are covered by Chapters 3 and 4 of this ALWR Requirements Document.
In addition to those individual systems, this section covers the require-
monts for the M-MIS which monitors and controls the overall power
production of the plant. This includes requirements for directly as-
sociated control and instrumentation equipment, e.g., sensors, Indicators, i

control devices, data transmission and processing equipment, and
Ialarms. Only requirements which relate to use in overall plant control or

in the reactor and reactor coolant group of plant systems are covered;
general requirements on the use of these types of equipment are ad.
dressed in other sections of Chapter 10. The mechanical and electrical

i components which make up the individual systems, e.g., pumps, motors,
tanks, piping, valves, power cables, and switch-goar, are coverod in other
chapters of the ALWR Requ;rementa Document.

This section of Chapter 10 covers only a portion of the M MIS require- O

ments for these systems. Many of the requirements on the plant cystems
in other chapters, particularly Chapters 1,3, and 4, are directly applicable

,

to the M MIS for this group of systems; however these will not generally
be repeated unless they need to be expanded to clarify their applicability
to the M-MIS or need special emphasis. In particular, this section
provides requirements which cover:

The allocation of the functions of the M MIS for this group of systems 0.

among the IndMdual plant systems;

The identification of the physical boundaries and interfaces of the M. '0.
|

MIS for the purpose of defining the scope of requirements for this
! group of systems;

The strategies for control and monitoring (for example, manual or 0.

L automatic and local or remote) which shall be fol| owed for various
| operating modes of the individual plant systems, e.g., startup, normal
|| operation, shutdown or reconfiguration, and testing;

The integration of the M-MIS for the indMdual systems and overall 0.

plant M MIS with the M-MIS of other p'ar't systems and the coordina-

p tion of their operation.

O ea0ete.7.t

L
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7.2 GENERAL REQUIREMENTS FOR OVERALL PLANT, REACTOR, AND 0
REACTOR COOLANT SYSTEMS GROUP M-MIS

7.2.1 Functions 0

The M-MIS for the overall plant and this group of individual systems shall 0
provide the monitoring and control necessary to carry out their required
functions. These plant and system functions are defined in Chapters 1,3
and 4.

The M-MIS Designer shall allocate the various M-MIS functions among the 0
l overall plant power control M. MIS arni the individual plant systems M MIS

such that the required functions and tasks as determined in the design
.

process (Section 3.1.3.3) can be satisfactorily accomphahed. This section ;

provides an initial allocation of these M-MIS functions; however, it is a
primary responsibil:ty of tl',e M-MIS Designer to integrate and coordinate

,

the operation of all M MIS so that all func*lons are adequately performed.
Figure 10.71 illustrates how the major functions of the systems in this '

group have been allocated to the individual plant systems for the pur-
poses d this Requirements Document. Other allocations of the functions
may be used if they can be Wmwn to improve significantly the plant's
operability. simplicity, or reliability and if they are fully in accordance with

,

the M-MIS design process requirements in Section 3, particularly the re-
quirements for a functional design approach (3.1.1.1) and the analysis of '

functions end task 3 (11.3.3).

7.2.1,1 Overall Energy Production, Transport, and Conversion 0

The M MIS shall provide for the monitoring and control of the overall O
process of producing energy in the reactor core and eventually delivering
some part of it to the utility power grid and rejection of the remalader to
the heat sink and environment. This overall M. MIS function is ac-
complished by the integration and coordination of individual plant sys-
tems M-MIS.

7.2.1.2 Reactor Energy Product!on 0

The M-MIS shall provide for the monitoring and control of reactor core 0
energy production. This function shall be accomplished by monitoring

! the neutron flux and by adjusting the reactivity to maintain a proper mag-
| nitude and distribution of fission energy production. For PWRs, the

,

monitoring also includes reactor core outiot temperatures. This function
is accomplished largely by the control rods, soluble boron in the coolant
(normally PWRs only), and the reactor coolant temperatures and flow rate

,

l' (BWRs).

.

*
I

I'
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PURPOSE (1.I)
AND SCOPE

i

GENERAL REQUIREMENTS ~(7.2)
Functions (7.2.I)
Boundaries and Interfaces (7.2.2)
Common Control and

Monitoring Strategies (7.2.3)
Integration and Coordination (7.2.4)

|
I I I I i i

DVERALL ENERGY REACTOR ENERGY REACTOR COOLANT REACTOR COOLANT REACTOR CORE STEAM GENERATION<

PRODUCTION, TRANSPORT PRODUCTION PRESSURE INVENTORY AND HEAT REMOYAL CONTROL AND
AND CCCVERSION CONTROL AND CONTROL AND CHEMISTRY CONTROL AND MONITORING
CONTROL AND MONITORING MONITORING CONTROL AND MONITORING
MONITORING MONITORING

Overall Plant Neutron PWR Reactor Coolant PWR Reactor Ccolant FW Reactor Coolant Steas Generator
M-MIS (7.3) Monitoring (7.4) System (7.8) System (7.8) 'ystem (7.8) System (7.13).

BWR Rod Control BWR Reactor Coolant BWR Reactor Coolant BWR Reactor Coolant BWR Reactor
System (7.5) System (1.7) System (7.7) System (7.7) Coolant System (7.7)

PWR Rod Control Chemical and
System (7.6) Volume Control

PWR Chemical and System (7.9)
Volume Control Process Sampling
System (7.9) System (7.10)

BWR Reactor Coolant Baron Recycle
System (7.7) System (7.11)

Reactor Water
Cleanup System (7.12)

Reactor Coolant
Leak Detection (7.14)

FIGURE 10.7-1
ALWR M-MIS FOR OVERALL PLANT, REACTOR, AIRI REACTOR COOLANT SYSTEMS
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7.2.1.3 Reactor Coolant Pressure 0 '

The M-MIS shall provide the control and monitoring required to rnalntain 0
the Reactor Coolant System pressure within the proper range for opera-
tion and with the design limits. This function is accomplished largely by
the M-M!S for the Reactor Coolant System, particularly the pressure relief
valves and, in PWRs, the pressurizer heaters and sprays.

7.2.1.4 Reactor Coolant inventory and Chemistry 0

The M-MIS shall provide the control and monitoring required to maintain 0
an adequate inventory of coolant in the Reactor Coolant System and, in
addition, assure that the coolant chemistry is within an acceptable range.
This function is accomplished largely by the Reactor Coolant System *

M MIS In conjunction with the Chemical and Volume Control System
(PWRs) and the Reactor Water Cleanup System (BWRs). The monitoring
of the chemistry is largely accomplished by the Process Sampling System

'

M-MIS. The monitoring of reactor coolant leakage is accomplished by the
Reactor Coolant Leak Detection M-MIS.

7.2.1.5 Reactor Core Heat Removal 0
.

The M MIS shall provide the control and monitoring required to remove o
the energy produced in the reactor core, in the case of a BWR, this in- '

cludes the generation of steam and providing it at the proper conditions
to the main and extraction steam system and retuming feedwater to reac-
tor. In the case of a PWR, this includes the delivery of heated reactor

L coolant to the steam generator and the return of the cooled reactor
; coolant to the reactor. This function is accomplished largely by the Reac-
! tor Coolant System. ,

7.2.1.6 Steam Generation 0

The M-MIS shall provide for the monitoring and control of the process of 0
generating steam in the reactor vessel in a BWR and steam generators in
a PWR. This includes maintaining an adequate water level in the reactor
vessel or steam generators and ensuring that the reactor vessel or steam
generators are not overfilled. This function is accomplished largely by the
M-MIS for the BWR Reactor Coolant System and the PWR Steam Gener-
ator System.

.

Page 10.7-4
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7.2.2 Boundaries and interfaces 0

The physical boundaries of the individ'Jal systems which make up the ' 0
reactor and reactor coolant group of systems are defined in the ap- ,

propriate sections of Chapters 3 and 4. The boundaries of the M-MIS for
1

the group of systems shall be consistent with those physical boundaries
'

of the plant systems; however, they shall also encompass the M MIS
hardware, which includes: -

Instrument sensors: 0.

,

Data transmission equipment; O.

Data processing equipment; O.

Controllers and logic devices: 0.

Operator interface hardware (e.g., controls, indicators); O.

Software to support M-Mis hardware. O.

The interfaces of the individual systems which make up the reactor and 0
reactor coolant group of systems are defined in the appropriate sections
of Chapteis 3 and 4. The interfaces of the M-MIS for the group of sys-7

( tems shall be consistent wfth those plant system interfaces. The M-MIS In-
terfaces shall be formally defined and controlled in accordance with the M.

, MIS Design Plan (Section 3.1.2.4). The M MIS Designer shall define and
! control other Interfaces among the various M-MISs and other plant sys.

tems as may be necessary to integrate and coordinate the operation of
the plant systems even though these interfaces are not defined as physi-
cal interfaces in Chapters 3 and 4.

..
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7.2.3 Common Control and Monitoring Strategies for the Overall . Common Control and Monitoring Strategies for the OveraN O
Plant, Reactor, and Reactor Coolant Systems Plant, Reactor, and Reactor Coolant Systems

The M-MIS Designer shall use a consistent control and A consestent control strategy supports the overaN objective d 0,

monitoring strategy for aN the parts of the M-MIS for the over- a high level of standardization for the ALWR. It a!30 tends to:

| all plant and this group of systems except as moddled by in- simplNy training of operators and maintenance technicians.
; devidual systems M-MIS requirements. This common control For example, consistent control strategies tend to lead to
i strategy shaN also be consistent with that used for the simNar controls, displays, and control stations.

remainder of the M-mis.

| 7.2.3.1 Startup and Shutdoum Operations Startup and Shutdoum Operations 0
'

,

I The M-M:S for this group d systems shaN normaNy provide for The startup and shutdown of this group d systems is largely 0
the monitoring and control necessary to startup or shutdown paced by the operators and may involve a very large number,

a system to be done by the operators, i.e., the control shaN be of individual operations, particulady local operations such as
manual. SpecNic tasks involved may be automated if analyses the repostionmg of valves. Automation of these operations

, of functions and tasks (Section 3.1.3.3) show manual opera- would significantly increase the complexity of tie plant and is
! tion is a signdicant burden or distractkn for the operators. As not desirable. There may be portions of the startup or stud-

required oy 3.4.4 and 4.9.1.2, the main control room operators down which could be automated and thereby reduce the,

shaN be responsible for these operations only to the extent time to startup or the risk of errors.
that analysis of functions and tasks shows that local opera-
tions are not compatible with operabNity requirements.

!

!

!

i
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i

7.2.3.2 Normet Operations Normet Operations o

The M-MIS for this group of systems shall normally provide for The automatic, unattended operation of this group of sys- 0
: automatic or unattended operation for continuous or often tems is Intended to be consistent with tt's main control room

repeated tasks when the plant is in nominaNy steady operation stalhng in Section 4.2.4. That requirement cannot be ex-
'

above a low power level. This low power level shaN be estab- pected to be met if an operator is occupied most of tie time
'

lished by the M-MIS Designer based on a specihc tradeoff by the need to control a system in this group. It is also cur-
. evaluation which considers the functions and tasks required at rent practice for these systems to operate witixxd constard'

low power levels, the potential frcquency and duration of low - operator attention. Tasks that are done manuaNy, at relative-
power operation, and the relevant equipment and system con- ly long intervals, for example, refining a tank or reconfiguring,

straints on low power operation. This tradeoff evaluatior, shaN a system to equalize service time, probably do rxA need to
be documented and reviewed in the design process. The be autonated.
evaluation to select a power level shall be combined with the,

i simNar tradeoff evaluation required by 9.2.3.2.

7.2.3.3 Reconfiguration Operations Reconfiguration Operations 0 ,,

|
'

The M-MIS shall provide for automatic reconfiguration (.e.g. Some reconhguration actions cannot depend on the 07.2.3.3.1
shutdown) of a system when necessary to avoid personnel operators Wm_% of timing constraints or the risk or error.
hazard, major equipment damage, or to support actions by in addition, it has been the practice to automate such tasks.

; other parts of the plant M-MIS, for example, when the reactor
is automatically shutdown by the Reactor Protection System
or a safety system is actuated.,

.

i

!
t

|

!
,

;
.
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7.2.3.3.2 The return of a system to its initial configuration after an auto- 0
matic reconf:guration shall normaNy be by operator action, i.e.,

,

not automatic. Retum to the initial configuration may be auto-
| matic if the M-MIS Designer establishes that such automatic
) action would significantly-
!

Reduce the challenges to protection and safety systems; O-! .

1

Reduce hazards to personnel; O.

Improve the plant avalabuity; or 0,; .

Reduce the risk of damage to major plant equenent. 0.
,

| 7.2.3.3.3 The operators shall be notified of any such automatic retum to O
the original configuration.

7.2.3.4 Testing Operations Testing Operations 0

The M-MIS for this group of systems shaN normally provide for The testing of these systems often must be done while the 0
; on-line testing only at the direction of the operator. The test- systems are in operation. Mistakes in the testing harte often'

ing itself should be automated and assisted as required in Sec- resulted in a loss of generation or serious upsets arid plant
j tion 3.6 so that operator actions are simple anxi have little risk trips. Section 3.6 contains a number of specific requirements

,

! of causing a plant upset. to enhance the tedahairy of the ALWR. The testing strategy
; for these systems is intended to be consistent with those re-
'

quirements.

.

:
-

!
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7.2.4 Integration and Coordination integration and Coordination 0

The M-MIS desegns for the systems in this group shaN be in. Although the requirements for the indsvidual systems dehne O
,

tegrated and coordinated so that the overaN plant perfor- the functions and interfaces, it is the basic responsibility of
mance and functional requirements as well as those of in- the M-MIS Designer to connect the various systems and their

'

dividual systems are met. Those requirements are found in requirements in a sensible and ethcient rnanner. The specific
] Chapter 1 and in other chapters of the ALWR Requirements methods used to connect the operation of the various sys-

Document, particularly Chapters 3 and 4. In addition, the M- tems and the logic are to be selected by the M-MIS Designer.
MIS Designer shaN coordinate th9 design features with other The ALWR Requirements Document has specificany avoeded
parts of the M-MIS, espedWiy those portions of the M-MIS defining how this is to be a-iipibi=d. It is irgended that

i which control the energy transfer and electrical generation the M-MIS Designer not be constrained to current practice
(e.g.. Section 9 of Chapter 10). and be encouraged to develop strategies for cordrol arxl

monitoring which consider the many interactions among the
various systems.

,
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'

7.3 OVERALL PLANT M-adIS OVERALL PLANT AS-SSIS .0

] 7.3.1 Functions Functions .0--~

! The function of the overall plant M441S is to ensure that aR This henction is consistent with the goal to make the ALWR 0.

| parts of the main eneigy transport process operate in an elli- an act!we part of the ultity electric supply grid.
; cient and effective manner and deliver the required energy to

: the extemal electric grid. "

7.3.2 Control and Monitoring Strategies Control snel RSonitoring Strategies -0

. Above the power level specified in Chapter 1, the M441S shes Ahhough W of the ALWR as part of a untity grid is a 0
' provide for the adjustment cA plant power level directly by the fundamental requirement, the load depescher can never have
* ut5ity load dispatcher. Under these conditions the M-MIS shan the knowledge about the actual pient conditions wtach is

ensure that rates and magnitudes are limited to those accept- avaEable to the main control room operators. They must
able to the plant. If all systems are operating normally, the have the ab51ty to quickly intercede if they detect unusual
load dispatchar =hau ant tw able to take any action - acciden- conditions.

,

| tal or deliberate - which wEl cause the plant to trip or chel-
*lenge the protection and safety systems.i

5

| In addition, the M-MIS Designer shen provide the capahalty to 0

| adjust the limits on the remcAe maneuvering to account for
' systems or components out of service or to lock out power
i level control by the dispatcher. AE power changes required
i by the load dispatcher shaN be immediately identuled to the
j operators in the main control room without any action on their

part. Furthermore, controls shaN be provided for the control .

'

| room operators to immediately and simply take the plant cen-
! trol away from the load dispaid=,. The communication be- ;

tween the operators and the utgity dispatcher shaA be explicit- :,

1 iy included in the ineyses of function and tasks.-

,

,
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; 7.3.3 Integration and Coordination integration and Coonfination 0
1

| The M-MIS for the overaN plant shaN be integrated and coor- The major part of the Owendl Plant M4AIS design is the in- 0
dinated with the M-MIS of other plant systems as required in tegration and coordination of other plant systems.

' .

| 7.2.4. This shall include particular corsideration of:
;

The energy production in the reactor; O.
'

i

The corwersion of energy in the steam to electdcity in the 0! .

| main turbinegmerator.
,

! 7.3.4 Performance Monitoring Performance RSonitoring 0;

| The Overall Plant M-MIS shall provide the capab5ky for the This operator aid wouM a50w the selechon of optimum 0
j operator to call up a monitoring display which provides a heat operating conditions and anow the operators to assess the el-

balance of the plant and which shows whether all major com- fect of maintenance operations. It could potertiasy provide a
'

'

ponents are operating efficiently and e#ectively. This operator woming for condihons which wated lead to tecinical
aid shaR provide the operator with the capab8ity to test spedr.c.iion violations.
whether other equipment alignments, set points, etc. (within

j technical specification limits) would provide more eNicient
j operation or to determine the penalty for an allemate align-
t ment.

.
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; 7.4 NEUTRON MONITORING SYSTEM M-MIS NEUTRON MONITORING SYSTEM M-aAIS 0
.

7.4.1 Functione Functions 0-
!

j The Neutron Monitoring M-MIS shall provide the monlioring re- This function aNocation is consistent with current pradice 0
i quired to determne whether the amount, rate of change, and
j distribution of fission energy production in the core is within

m .:22.- values.

[ 7.4.2 Monitoring Strategy ISontor% Strategy 0

The M-MIS Designer shaN establish by analysis the functions Although the Neutron Monitoring M-MIS does not involve in- 0'

and tasks which invdve knowledge of the neutron level or dis- direct =r* - ^':- , it wEl be the source of signals for automatic
'

tribution and thereby establish: actions in other systems and wE be the source of inkymation
on which the oper. dors wil take action.'

'

The monitoring which must be done automahcally and 0.

that which can be done in response to operator demand;
'

The data which must be presented to the operators, in- 0-.

| ciuding special prMg or reduction of the individual
; readings, so that tte information is immediately useful to

the operators;
;

} The condihons which need to be alarmed or otherwise 0.

| brought to the operators' attention. i

!

'

!
; '

,

5
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1

7.4.3 Integration and CoonfinsWon integration and CoonNnaden 0

The Neutron Monitorir g M-MIS shaR be integrated and coor- These other plant systems as take action based on the .O,

i dinated with the M-MIS of other plant systems as required in Neidron Monitoring System.
j_ 7.2.4. This shen include particular consideration of: '

The operation of the cor. trol rods;. . O

The operation of the Reactor. Coolant *>ystem (BWR) 0.
,

| 6 affects reactivity; - i-

Tho operation of the Chemical and Volume Control Sys- -. 0: .

| tem (PWR);

The operation of the Reactor Protection System; O.

; The monitoring of core outlet temperatures (PWR). 0-.

i

!
1

;

I
!

1

.

|
.
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4

7.5 BWR ROD CONTROL SYSTEM M-RAIS BWR ROD CONTROL SYSTEM GP4AIS 0'
~'

: 7.5.1 Functions Functions 0 -

! The M44tS for the BWR Rod Control System shaN provide the This is consistent with current practice 0
I monitaing and control necessary to poskion the control rods
; so that the magnitude and distribution of the fission energy
j production in the core is within acceptable limits for the time

in core life and the plant condkions.,

7.5.2 Controland Monitoring Strategies Controland Mondoring Strategies 0
,

| 7.5.2.1 Shutdown or Startup Shutdown or Startup 0

j Normal shutdown or startup shall be under direct manual con- Reactor shutdown or startup also involves substantial ac- 0
i trol; however, the M-MIS Designer shen evaluate the automat. tivities throughout the plant. The loss of the services d a ,

i ion d portions of the operations which the ana8ysis of the func- control room operator because of operation of the control
'

tions and tasks shows will require continuous operator atten- rods may not be consistent with ellica t ultization of thec
'

tion for significant periods plant staff and may impact avaliabaity.

7.5.2.2 Testing Operations Testing Operations 0- i
'

The design process for the BWR Rod Control system M441S Scram time testing provides information to identify system 0,

| shaN include an analysis of the functions and tasks involved in performance degradation; however, k can be time consuming |the periodic testing of scram time. Special provisions to as-
{), sure this testing can be accuii pu:Jied accurately, reliably, and-

i

expedklously shaR be provided ircluding automation of some ]
; parts of the control action and automatic data collection and
! reduction.
l

! 1

!

i

:
i
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS'
; Paragraph No. Requirement Reelona6e Rev.'
' 7.5.3 Integration and CoonfineHon integration and Coonienellen 0

The M-MIS for the BWR Rod Control System shall be in- These systems provide the ers(or inputs to determine rod 0,

tegrated and coordinated with the M-MIS of other plant sys- control automenc action.,

tems as required in 7.2.4. This shaN include partictdar con-,

; sideration of:

The operation of the Reactor Protection System; o.

.

The information from the Neutron MMiviirs System. 0, .

.

<

|

I
'

i
;

.

,
. )

!

!

>
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'
Paragraph No. ^ Requirement Rahonale Rev.

'

7.6 . PWR ROD CONTROL SYSTEM RHAIS PWR ROD CONTROL SYSTEM M-aAIS O
'

: 7.6.1 Functions Functions 01 -
F

{ The M-MIS for the PWR Rod Control System shen provide the This is consistent with current practice _ 'O-
monitoring and control necessary to posinon the control rods ' j,

'

so that the magnitude and distribution of the fission energy
| production in the core is within acceptable limits for the time

,

in core life and the plant conditions. '

j 7.6.2 Controland Monitoring Strategies Control and Monitoring Strategies 0

| Normal Shutdown and startup shaN be under direct manuel Reactor shutdown and startup also involves substantial ac- O e

i control; however, the M-MIS Designer shaN evaluate the auto- tMties throughout the plant. The loss d the services d an
, mation of portions of the operations which analysis of the func. operator because of operation of the Rod Control System

,

I tions and tasks shows wIl require continuous operator atten- may not be consistent with efilcient and ellective ultization of '

|
tion for significant periods. the plant staff and may impact avaEabElty.

i 7.6.3 Integration and Coordination integration and Coontinellon 0

i The M-MIS for the PWR Rod Contrrd System shen be in- These systems provide the major inputs to determine rod 0
.

tegrated and coordinated with the M-MIS of other plant sys- control automatic action.
tems as required in 7.2.4. This shen include particular con-

,

j side ation of: i
i t

j The operation of the Reactor Protection System; O :
.

1

j The operation of the Chemical and Volume Control Sys- 0.

; tem;
i ,

| The information from the Neutron Monitoring System. O L.

!

i

i

|
: Page 10.7-16
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS
s

J

| Paragraph No. Gaqtirement Ra8ponale Rev
!

7.7 BWR REACTOR COOLANT SYSTEM M-RAIS BWR REACTOR COOUWIT SYSTEM M-GAIS 0,

1

7.7.1 Functions Functions 0

The M MIS for the BWR Reactor Coolant System shaA provide This allocation at functions is consistent wth current pradice. O

; the monitoring and control necessary.

i To adjust the reactivity effect of boteng in the core so that 0.

; reactor power level and distribution are wthin limits;

i To maintain the pressure in the Reactor Coolvt System 0.
'

within limits;

To maintain the reactor coolant Irwwwory in the Reactor 0
: .

Coolant System wthin appropriate limits;

To remove energy produced in the reactor core both 0.

j during normal power operation and when the reactor is
shutdown;

i

To produce adequate quantities of steam at the proper o.

i pmssure and moisture content and to provide it to the
main steam lines.,

:

| To avoid operation at conditions of flow and power which 0.

may be unstable.

To avoid overfming the reactor vessaA 0
'

.

i
1

$

i

|

:
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Para 0raph No. Recuirement Realonele Rev.

7.7.2 Controland Monitoring Stratogles Controland R0 entering Strategies 0.j

| The M-MIS for the BWR Reactor Coolant System shat provide it is inconsistent with the stalHng of the main control room to
'

'I

; for the necessary functions to be accomplished without direct have an operator normally devoted to the BWR Reactor
'

operator attention. However, adequate monitoring means and Coolert System operation. Practical meurJal backup is
! controls shaN be provided so that R is practical for the needed to assure a minimum impact on avaEabilty of auto-
; operators to manually control the functions if problems matic control system problems.
; develop in the atsomatic control.
t

', 7.7.3 Integration and Coordinetton integration and Coordination 0

The M-MIS for the BWR Reactor Coolant System fall be in- The Reactor Coolant System forms a major liti in the energy - O;

tegrated and coordinated with the M-MIS of other plant sys- transport process. Its operation must be fully integrated so
, tems as required in 7.2A. This shaN include particular con- that a mismatch of energy Saw and a serious plant upset
| sideration of: rioes not result.i

The operation of the Rod Control system; O.,

!

The operation of the Main and Extraction Steam System; Oj .

{ The operation of the Feedwater and Condensate System; O.

'
The operation of the Main Turbine 0-.

!
4

.

.,

[

i !
,

f
4
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7.8 PWR REACTOR COOL. ANT SYSTEM M-MIS PWR REACTOR COOUUfT SYSTEM M4AIS 0.

t 7.8.1 Functions Functions 0
!

The M-MIS for the PWR Reactor Coolant System shall provide This allocation of functions is consistent with currett practice. 04

| the monitoring and control necessary- These functions include specialized monitoring such as PWR
| reactor pressure vessel instruments (Chapter 4. Section 6)
! and PWR core ot.tlet instrumentaticn (Chapter 4. Section 7).
i

To maintain the pressure in the Reactor Coolard System o, .

! within appropriate limits;
1

To maintain an adequate inventory of reactor . coolant in 0.

the Reactor Coolant System;

To remove the heat produced in the reactor core without 0.

exceeding appropriate limits, including operation at power
and when shutdown

.,

7.8.2 Contrc! and Monitoring Strategies Control and Monitoring Strategies 0

; The M-MIS for the PWR Reactor Coolant System shall provide it is inconsistent with the stalling of the main cordrol room to 0
| for the necessary functions to be accomplished without direct have an operator normeNy devuted to the PWR Reactor
{ operator attention. Mc..;;= adequate monitoring means and Coolant System operation. Practical manual backup is
; controls shall be provided so that it is practical for the needed to assure a minimum impact on avaEability of autn-
'

operators to manually control the functions il problems matic control problems.
develop in the automatic control.

;

,

I

i

i

|

,

Y

Page 10.7-19,

;

,'

1

..____ ___ _ _ . . --- . . _ . - . _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ = .



_ __ .__ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.

_ _ _ _ _ _ _ _ _ _ _ _

.

p .

- ?s - ! c
' -

4 :p-
.

'

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS m

Paragraph No. Rentirement Rahonale Rev.
4

7.8.3 Integration and Coonlinodon integration and Coonfinadon 0

j The M-MIS for the PWR Reactor Coolant system shall be in- The Reactor Coolant System forms a rnahr link in the energy 0
tegrated and coorsneted with the M-MIS of other plant sys- . transpo t process. Its operahon must be fury integrated so

j . tems as required in 7.2.4. This shall inc ude particular con - that a mismatch d energy Row and a sedous plant upset
i sideration of: does not result.
t
'

The operation of the Rod Control System; - O.

The operation of the Chemical and Volume Control Sys- 0t .

i tem;
1

The operation of the Steam Generator System. 0.;

:|

) -

I

4

4

f
a

|
1

i
!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS ~
\
l

; Paragraph No. Requirement Redonnie ' Rev.
,'

|- 7.9 PWR CHEMICAL AND VOLUME CONTROL SYSTEM PWR CHERAICAL AND WOLUGAE CONTROL SYSTEed 0
; (CVCS) M-MIS (CVCS) AS4AIS

f 7.9.1 Functions Functions 0
:

| The M-MIS for the CVCS shau provide the monitodng and con- This abocation of functions is consistent wth current practce. O
trol necessary:i

To maintain the boron concentration in the reactor coolant 0.

at the value necessary to ensure that the core reactivity;

; and, consequently, its energy production, can be ade-

| quately controNed; -
.

To maintain an adequate inventory of reactor coolant in 0; .

| the Reactor Coolant System;
!
i To maintaan the chemistry of the reactor coolant within an 0.

; acceptable range.

j 7.9.2 Control and Monitoring Strategies Conerniand RAonitoring Strategies 0
1

! The CVCS M44tS shaN speedicaRy provide for the dotated re- The speclRc requirements unique to tie control and monitor- 0
; quirements on operating modes for the volume control tank ing for the CVCS are covered in Chapter 3 and need not be
; (VCT) and pressurizer level controis in Section 6.5 of Chapter repeated in Chapter 10.

3. This includes-
,

i

Automatic VCT level control in normal operation; O.

:

? Semi-automate boronation and dfution on operator initia- O.

tion;

j Manual backup capability; O.

'

Automatic realignment of charging pump suction on low 0.

j vCT ievel;

Automatic letdown and charging flow control in normal .O; .

j operation.
: Page 10.7-21
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;- 7.9.3 Integration and Coonlinellon integration and Coonlinselon 0 -

The M-MIS for the CVCS shaR be integrated and coordinated The CVCS provides a mejor link between the Reactor 0
'| with the M-MIS d other plant systems as required in 7.2.4. Coolant System and a number of other rnagor plant systems

This shall include porticular consideration of: The irW and coordination d its M4dlS with those d
other systems is an important part d the M-MIS Designer 5 -
responsiblNty.

The control d reactor power level by the control rods;
,

j 0.

The control of the Reector Coolant System pressure in- 0, .

I ciuding operation of relief valves;

; The control of the Boron Recycle System; O.

The monitoring provided by the Process Sampling Sys*em. O.

_

.

k
i

!
, - ._a-

!
1

i

t

i

i
!
i

i
i

Page 10.7-22

,

9 O O
- - ._ - . . . . - - - - . -



_

_

if \

M
--

,
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_

Paragraph No. Rentirement Ramonele nov
!

7.10 PROCESS SAAAPUNG SYSTEM AS-8AIS PROCESS SAAAPUNG SYSTEGE A8-4015 0
:

7.10.1 Functions Fadictions 0

The M-MIS for the Process Sampiang System shaR provide the This function a50 cation is consistent wth Chapter 3. Secsson 0
control and monitoring necessary- 7.

To remove representative r .A from various selected 0.
,

'
; plant Ruid and gas systems,

J To determine the condtions in the process streams from 0.

; vanous selected plant Ruid and gas systems.

; 7.10.2 Co.Wrol end R4onitoring Strategies Control anal RAonitoring Strategies 0
1

7.10.2.1 Sempting Sampling 0
'

! SampNng from systems shaN be manuaWy initiated locaNv; how. Many samples must be performed on a regular basis, omis- 0
| ever, to factitate regular or pericdic monsonng, an operator sion of samples or irregaderty can reduce the quality and
i aid shen be provided to ensure that times and penodicky of timeliness of the informesson. Sampiang is a service function,

the samples are met. Sultable interlocks shaN be provided or it would be inconsistent with the overall avstab5ity goals of
i automatic sequencing of sampung activity sheE be provided to the ALWR to permit sempling errors to lead direcsly to a loss !
I ensure that operator errors in taking semples do not reetAt in of plant output.

ioss of:: ~ Aj.

] 7.10.2.2 Process Stroom tecnitoring Process Streene RAonIbering 0

The continuous or highly i4:::;; monlioring of process It wotAd be inconsistent with the monning to be provided for 0
; streams shall not require operator initiation or actions. The the main control room, to require operator schon to carry otA
; data shaE be made avagable in a form which is immediatelf the continuous or tugMy repettwwe monitoring of process
' usable to the operators or plant staN, i.e., manual data reduc- st eams. However, process streams which do not meet re-
. tion shaN not be required if the operators are expected to act quirements must be brought to the operators' anention, par-
: on the information in the short tenn. When a process sam- ticularly il an automatic action has, or should have resulted i

j pling result requires automatic action which results in the shut-

| down or recorWiguration of a system, this shall be annunciated {
to the operators.

t
'
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7.10.3 Integrellon ensi Coesdinetton lutogration and Ph 0

i The M4AIS for the Process Samphng System sheE be in- Although the process Sampling System services most of We 0
| tegrated and coordneled with the M44tS for the systems in plant systems, dired treogration would be intended to be

which the process streams are monitored and those systems limned to those which lead to an automesic adsort. In most -
from which samples are obtamed as required in 7.2.4 other cases the integraleon and coordinselon would be largely

aHected by deliberase operator adirni

i

7.11 PWR BORON RECYCt E SYSTEM M-8AIS P4WI 80ROff RECYCLE SYSTERA R8-8815 0 '

. 7.11.1 Functione Fasactione 0
!

The M44|S shen provide the monitoring and control necessary This MidlS function is consisters with Chapter 3. O i
,

: to process liquid from the reactor cooient and provide recyde <

recyded makeup water and boric acid of adequate chemistry i

for reuse in the Reactor Coolant System. ;

7.11.2 Integraelon and Coonsination Integration ansi Coesdinselon 0 !
|

The M-MIS lor the Boron Recycle System sher be irWegrated Although the Baron Recyde System fiAlgis a service function. 0 [and coordneted with the M4AIS for other plant systems as re- i.e It is rut part of the main energy transport process,it !
,

[ quired in 7.2.4. This shen indude pe.'ticular consideration of: must de in egrated to the eweent necessary to support the !
e

1 asher sysserra The direct ireograsion weh osher pient sys. !
I tems should be a minimum. i

The operation of the Chemical and Volume Control Sys- O.

tem to control Reactor Coolant System wwentory.
i

! The operation of the Radioactive Waste % stem. O
{!

.

,

The operation of the auxdiary steam system and com- 0j .
}! ponent cochng water system for the operation of
|

degesifiers and evaporators.
|

3

Page 10.7-24
:

i

:
!

9 9 9 ;
;

. . . - . . .. - _- __ _- -



_ _ _ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

_ _ _ .

o,

( l iV
.

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Regravement Rahonele Rev

7.12 BWR REACTOR WATER Ct.EAN UP (RWCU) SYSTEM BWR REACTOR WATER rs raaf UP (URUCl4 SYSTERS 0
M-RAIS RS-astS

7.12.1 Functions Ftenctions 0

j The M-MIS for the RWCU System shaR provide the monitoring The M40tS functions are consisters wth Chapter 3 and cur- O
and control necessary: rent practice.

| To remove reactor coolart and thereby manntain the 0.

] proper inventory in the reactor vessel primarty during star.
; tup and shutdown;

To memtain the chemistry d the reactor coolant within an 0, .

! acv iable range.v

7.42.2 Control and RSonitoring Strategies Control and RSonitoring Strategies 0 .

7.12.2.1 Startup and Shutdoum Startup and Shutdown 0

f The RWCU System M441S shaR provide to the startup and This is consastent with Section 9 d Chapter 3. O
shutdown of the system from the main control room. Opera-
tions associated with the feier/demineralizers sher be from a

| local station outside the main control room.
I

i 7.12.2.2 Norneel C - - --- peorneal Operations 0
.

--

I

When the plant and the RWCU System are operating normany. The RWCU System is used for discharge of reactor coolant 0 i

the main control room operators sher be able to monitor the to the condenser hotweR or to redwaste during normal plats ;
<

j proper operation of the RWCU. however their continuous at. startup and shutdown. These operations are reauor vesses
tention shaR not be required. The operation of the RWCU Sys- level control functions and, hence, must be pertorned by the
tem filter /demmeralizers shaR normaRy be from a local control reactor operator from the main cortol room, not from a local
station. Precoating and resin discharge operations shaR be control station Dunng accident cond# ions, the RWCU sys-
automated to the degrea necessary to provide adequate water tem can be used to supplement reactor pressure coreal and
chemistry control. Other system operation shaR be from the level control. SignNicant ellort by the operator is not regidred .

main control room. Controls necessary in the main control during normal plant operation. Automation of some opera-
,

room for the RWCU M-MIS shall be detemuned by the tions has been found to improve water chemestry contro:. i

analysis required in Section 3.1.3.3.

Page 10.7-25
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7.12.2.3 ReconNguradon RosenAguramon e
! The la.*mainn of the system shed be andca ^* i eNeded ty Atmomesion of the innamason is needed to avoid large diedier- 0

the M-MIS in the event of conseinment isoiseson if assommesc ges of roedor moient ceaside the conseinment and to awcef.

montoring detects a signuicant leek in the RWCU System nogesmg the esed of the Standty Uguid Constol System.
piping or N the Standty Ugud Control Systen (8.7) is in-

'
meted Operations associesed wth the sEier/densneranzers.

; such as changing of resin, fwex _ ' .v Isolation, etc., sher^

! ordy be accomplished from the locei control station.

7.12.3 Integration and Coonfineelen Integration and Coordinamen 0

The M-MIS for the RWCU System shsE be integrated and coor- Athough the RWCU System kdWis a service funcsion, i e, t is 0
; donated wth the M-MIS of other plant systems as required in not part of the main energy transport process, a must be in-
| 7.2.4. This sheE include partiendar consideration of: lograted to the enters rearmanary to support the oeher sys-

tems. The direct integraelon usth other pierd systems should
be a minsmum.

The control of h _.an y in the reactor ty the Foodweser 0
-

.

; and Condensate System,

! The mor.itonng prowded by the Process Sampling System; O.

:

| The monitonnq frv leaks by the Reactor Coolerd Leek 0.

|
Detection System.

|
-

The operation of the Standby Liquid control Syseem. O.

i

i
:

I
i

!

:
,
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7.t3 PWR STEAAA GEDIERATOR SYSTEM AS4AIS PWR STEAAA GENERATOR SYSTERA 384015 0

7.13.1 Funcetons Funcelens 0
'

The M4AIS for the Steam Generator System shut provide the The steem generasor in a PWR lonns a major part d the O,

; monitonng and control necessary; process chain whidi transports the core energy. This Iunc-
! sion a50cohon is consissent with curreed Me;

To generate adrquete quaninees d steem to support the 0; .

transfer of the energy produced in the reactor core to the*

'

Main Steem and Turbine-Generasor Systems. In per-
ticular, this involves maintaining an adequate irwensory
(and level) in the steem generator so that the host is

! removed from the reactor corJent, so that steem of the
j proper condihons (pressure aext moiseuro) can be
; provided to the main turbene-generasor, sul so that overftl-
j ing a sleem gerierator can be prevented.
'

To remove reactor decay hast under some shutdowm con- 0.

; ditions. In this inesance steem wE be generated as for
power operation; however, the quonsity we be much less

'

and it wel not be used in the mein turbine. Under these
| condtions the major (tencetm W the M4dlS sheE be to en-
'

sure that reactor core decay Icet is adequately
transpotted to a heat sink, i.e., the condenser or 'o the at-,

: mosphere.
;

I

|
.

I
e

:
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7.13.2 Control and Monitoring Strategies Controland RSonnering Strategies 0

7.13.2.1 Startup Operation Stortup Operation O

The Steam Generator Syster., M-MIS shall provide for rnenual Manuel memtenance of proper esem generator level at low 0,

operation largely from the main control room for the early power lewds hos been a burden on plant operators. It takest

stages of plant startup; however, as soon as sulhciers steem meir attention from other startup operations which cannut be
is being generated to require substantial operator attention to pi.GkJy automated Operator ar ars from tids source have
maentain an adequate inventory (level) in the steam generator, occurred.

i level control shaN be automatic. This shau apply to operation

{ on both startup feed pumps or the main feed pumps.

! 7.13.2.2 Normet Operation Nonnel Operation 0

! When the plant is operating normaNy at power the Steam Gen- The control of neesm generator irwentory (Isvel) . manually at 0
erator System M-MIS shaN provide for automatic operation of power wodd r.xtuire essartioBy fuA time anerdion of an
the inventory (level) control. However, the M-MIS sher also operator. This would not be consistent wah the stalhng for
provide adequate monitoring information and control stations the main control room. The backup of manual control would

; so that manual operation from the main control room is also be used to avoed unnecessary plant shutdown and loss of
practical. avaEab51ty N there were problems in the automatec system.

1 7.13.2.3 ShJedown or Reconfiguration Shutdoum or Flecenflyaramon 0

Normal shutdown of the steam generators both planned and Many of the other responsib8bies of the control room 0
unplanned, e.g., kom a rnactor and turbane trip, inventnry operators during a shutdown, ps.%:u avly N unplanned, can-,

; (level) shsN be automatic in the sense that at no tirne sher lt not be practicaNy automated Unless level control is
j be required that a mein control room operator devote con- automated at least one cperator wodd have to de% hdi
; tinuous attention to steem generator control. Adegaste time and attention to the level control This wodd not be
i monitoring shaR be provided for the operator to be aware of compettble with the control room statling and woWd impeer
'

the progress of the shutdown and it shaR be ensured that the the operators' ab51ty to cope with problems

) operator has adequate information and controls to take over
;

; the manual control of w' wentory if the automade cortrolis not
i

i adequately maintaineng the steam generator corditions. !
I

|

1 !
,

| Page 10.7-28.
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7.13.3 Integration and Coorgpination integration and Coosdinguest 0
i

The M-MIS for the Steam Generator System shd! be in- As an essenhol port d the main energy transport process. 0
tegrated and coordsnated with the M-MIS for other plant sys- both at power and when shtsdowrt the steem generator con-'

tems as required in 7.2.4. This shall inclode particular con- trol has a significant ellect on other mejor r,.";.-2 A mejor
siderahon of: part of the wccess d the M4AIS desiyt depends on how

j wee the steem generator conard is ineegrated and coor-
dneted with the other pient syWems '

| The operation of the Emergency Feed System; O.

The operation of the F9ed and Corninoste System; O
--

.

The operation of the Reactor ard the Reactor Coolant Sys- 0.
,

tem;
,

} The operation of the Main and Extraction Steam System. 0.
1
i

7.14 REACTOR COOLANT SYSTEM LEAK DETECTION M-aftS REACTOR COOUWIT SYSTEM LEAK DETECTION M-ASIS 0
i

7.14.1 Functions Funceons 0,

i

The M4AIS for Reactor Coolant Leak Detect on shaR provide The detection of Reector Cocient System Leekage is essen- 0 !

; the monitoring necessary to assure that the Reactor Coolant tial to the justdication d " leek-before-breelt"
i System leakage is wehen acceptable limits.
1

i .

|
'

: )

i

i !
4

\ .

;
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7.14.2 80cohoring Septegies tseekering Strategime -0

i The Reactor Cuolent Leak Detection M4AIS shed snonitor the Laelege from the reactor coolest system euhh:h cannot tse lo- O
quentases and parameters necessary to detennine the sneg- creed and proved to not be through c acks in the roedor

; naude and, to the degree practical. #m locallon d roedor cociert boundary we seguire stumer==s even though the
! codont leakage. including steem genermor lookage. TNs leakage is we5 wthin the mehme abERy R is intended that t
'

monitoring shaR be automanc and the data sorted as a per- the M4AS Demoner provide a .w _"_ : system wh:di
menent record. The M4AIS shes provide for the reduction of has arterymen diocnmmetton to detect real leeks but 305 avond I
these data and the presentahon to operators on essereeBy a unnermenaryloss of plant awmanhosy

'

<:ontinuous u using an operator aid (dispiey) which sum- -.

merizes the cupent estmated leek rate and other indicahons
'

wtuch indecote possible reactor cooient lookage, for example
i

Reacsor coolant irwentory benance reeuka (induding such 0. .
;

j reisted quantines as makeup Sour and volume control tank
! lexels); t

Results of radiation monsonng or process streams and 0.
,

arees;
i

Flour to sumps and drain tanks; O i.

'

Conseinment cooler condensate liouws; o !.

Safety /Rehef valve leakage indications; O {i .
<

r

Indications of leakage into other system (e.g high surge O, .

tank levels in coolmg water systems);

| Acoustic moniPoring. O F
.

! '

I i

l.

! .

'

'

!
!

!4
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7.14.3 Integration and Coerglineteen Integraden and Coesdneten 0
;

The M4AIS for Reacsor Coolant Leak Decodion shes be in- The cesection of leakage from the Reector Coolant Syssern is 0
; segrated and coordnesed wth the M4AIS of other plant sys- a sonous concem and can lead to shutdouun d the plert To
i tems as required in 7.2.4. This integration and coordination avoid 1% imped of leise irwermalons on plant aveEsbERy, the
( sheE be such that the seekege results presented to the M4dlS for leek deteceson nu et provide higMy tellebte informe-
! operators are appropriately corrected for plant events so shot don to the operasors
'

there is IIIsle potential for misleading results bemg provided to
; the operators, e.g., the impact d plant snd system transients
j on inventories must be property considered in the M4dlS

;

j design.
,

;
^,

!

l +

i
;

;

|
!

,1 :

I 1

;
1

,!l

}
*

1

1
i

; ;
' ;

i

!

!
!

i

r

2 I
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8 REACTOR PROTECTION AND SAFLTY SYSTEMS 0
M-MIS REQUIREMENTS

8,1 PURPOSE AND SCOPE O

The reactor protection and safety group of systems includes the safety 0
systems which are covered by Chapter 5 of the ALWR Moquirements
Document in addition to the M-MIS for those Individual systems, this sec.
tion covers the requirements for the M-MIS which provides reactor protec-
tion. This section includes requirements for directly associated control
and instrumentation equipment, e.g., sensors, Indicators, control devices,
data transmission and processing equipment, and alarms. Only require.
ments which relate to use in the reactor protection and safety systems are
covered, general requirements on the use of these types of equipment are
addressed in other sections of Chapter 10. The mechanical and electrical
components which make up the individual systems, e g., pumps, motors,
tanks, piping, valves, power cables, and swlich-goar, are covered in other
chapters of the ALWR Requirements Document.

This section of Chapter 10 covers only a portion of the M MIS require- O

monts for these systems. Many of the requirements on the plant systems
in other chapters, particularly Chapters 1 and 5, are directly applicable to
the M MIS for this group of systems; however, these will not generally be,

'
repeated unless they need to be expanded to clarify their applicability to
the M MIS or need special emphasis. In particular, this section provides
requirements which cover:

The allocation of the M MIS functions for this group of systems 0.

among the M MIS for the individual pisnt systems;

The identification of the physical boundaries and interfaces of the O.

M MIS for the purpose of defining the scor.e of tequirements for this
group of systems;

l The strategies for control and monttreing (for example, manual or 0.

automatic and local or remote) which shall be followed for various
operating modes of the Individual plant systems, e.g., system startup,
normal operation, shutdown or reconfouration, and testing;

The integration of the M MIS for the Individual systems and overall O.

plant M MIS with the M-MIS of other plant systems and the coordina.
tion of their operation.

O Page 10.8-1
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s.: GENERAL REQUIREMENTS FOR REACTOR PROTECTION AND 0
SAFETY SYSTEMS GROUP M Mf8 :

!
8.2.1 Funct6 ens 0 |

!The M MIS for mu reactor protection and safety group of systems shall 0
provide the monitoring and control necessary to carry out the required I

plant and system functions defined in Chapters 1 and 5. |
The M MIS Designer shall allocate the various M MIS functions among the o i

!Reactor Protection System and the indMdual safety systems M MIS such
that the rec.uired functions and tasks as determined in the design process ,

(sections 3.1.3.3) can be satisfactorily accomplished. This section !

provides an initial allocation of these M. MIS functions; however, it is a !

primary responsibility of the M-MIS Designer to integrate and coordinate I
the operation of all M-MIS so that all functions are adequately performed.

,

Figure 10.81 Illustrates how the major functions of the systems in this !

group have been allocated to the individual plant systems for the pur- |
poses of this Requirements Document. Other allocations of the functions
may be used, if they can be shown to improve sl0nificantly the plant's
operability, simplicity, or reliabatty and if they are fully in accordance with
the M-MIS design process requirements in Section 3, particularly the re-
quirements for a functional design approach (3.1.1.1) and the analysis of >

functions and tasks (3.1.3.3). j

The M MIS functions for the reactor protection and safety systems are 0 ;

dMded into two major categories (see Chapter 5): ,

Functions related to preventing core damage; O ;.

Functions related to mitigating the effects if core damage were to 0.

occur. , , '
Events may occur which result in some core damage despite the preven- 0 !
tion functions being accomplishea and as a result the mitigation functions
will be implemented. For such events the M MIS shall still address the
damage-prevention functions to the maximum practical degree to limit the

'

amount of core damage.

8.2.1.1 Control and Moaltoring to Umit Reactor Power Level 0 !

As part of the General function to prevent core damage, the M MIS design 0
'

shall provide the control and monitoring necessary to limit the reactor
energy production to a rate which does not result in core damage. This
function is accomplished largely by the Reactor Protection System which i

monitors the power level and other plant parameters and initiates rod mo. I

tion (e.g., trip) to reduce the core reactMty. For very long term condi-
'tions, means are provided to introduce soluble poisons into the reactor to

reduce the reactMty and the energy production.
,

Page 10.8 2 1
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PURPOSE (8.8)
AND SCOPE

I

GENtRAL RtqUIREMLN15 (8.2)
Functions (8.2.1)
Boundaries afd Interfaces (8.2.2)
Common Control and

Monitoring Strategies (8.2.3)
Integration and Coordination (8.2.4)

I
i 1

PREVENTION OF MITIGATION OF THE EFFECTS
CORE DAMAGE OF CORE DAMAGE

I
| | | _1 1 I

CCITROL AND CONTROL AND CONTROL AND CONTROL AND CONTROL AND 00hiROL AND CONTROL AHD
MC2ITORING MONITORING MONITORING MONITORING MONITORING MONITORING TO MONITORING TO
10 LIMIT REACTOR TO REDUCE REACTOR TO MAINTAIN TO REMOVE TO ISOLATE MAINTAIN LINIT THE
POWER LEVEL COOLANT PRESSURE REACTOR COOLANT REACTOR DECAY CONTAINMENT CONTAINMENT RELEASE OF

INVENTORY HEAT INTEGRITY RADIDACTIVIIT,

Racter PWR Safety BWR High Pressure 8WR Reactor Core Containment Containment Fission ProductProtection Depressurization Injection System Isolation Cooling Isolation System (8.13) teakage Control
System (8.3) and Vent System (8.5) System (8.4) System (8.12) PWR Containment Spray System (8.16)

BWR Standby Liquid (8.11) PWR Safety Injection BWR Decay Heat System (8.14) FWR Containment Spray
Control System (8.7) System (8.10) Removal System (8.6) Combustible Gas System (8.14)

BWR Decay Heat PWR Emergency Feedwater Control
Removal System System (8.9) System (8.15)
(8.6) FWR Residual Heat 8WR Decay Heat Removal

Removal System (8.8) System (8.6)
PWR Safety Depressurization

and Vent System (8.11)

FIGURE 10.8-1

ALWR M-MIS FOR REACTOR PROTECTION Als SAFETY SYSTDIS
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l

8.2,1.2 Reactor Coolant Pressure Reduct6on 0

As part of the general function to prevent core damage, the M MIS design 0
shall provide the control and monitoring necessary to reduce the pressure
in the Reactor (and Reactor Coolant System) to a value appropriate for :

the plant conditions. For most conditions, pressure control and monitor-
,

ing is provided by the Reactor Coolant System M-MIS (see Section 7). '!
For the safety-related function of appropriately reducing the Reactor 1

Coolant System pressure, an M-MIS shall be provided which is inde-
pendent of the Reactor Coolant System M-MIS.

8.2.1.3 Maintain Reactor Coolant inventory 0 |
,

As part of the general function to prevent core damage, the M-MIS shall 0 J

provide the control and monitoring necessary to maintain an adequate in. |
ventory of reactor coolant in the Reactor and Reactor Coolant System. |

For most conditions, the reactor coolant inventory shall be controlled ano |

monitored by the Reactor Coolant System M MIS and the Reactor !

Coolant System Leak Detection M-MIS. For the safety-rolated function of ,

maintaining reactor coolant inventory, a separate M-MIS shall be provided
to assure that the separate safety features and systems included to main- t

tain inventory will function satisfactorily. !

8.2.1,4 Remove Reactor Decay Heat 0

As part of the general function to prevent core damage, the M-MIS shall 0
provide the control and monitoring to assure that the decay heat
produced in the reactor core is removed without exceeding temperatures -

at which core damage would occur. This function can be accomplished ;

by several diverse, independent systems; the M#lS shall maintain the in-
dependence of these systems by appropriate segmentation and separa-
tion.

8.2.1.5 Isolate Containment 0

As part of the general function to mitigate the effects of core damage, the 0 ;

M MIS design shall provide the monitoring necessary to establish that con- p

tainment isolation should be initiated, provide the control to accomplish
the isolation, and provide the monitoring to confirm the completion and
maintenance of the isolation.

,

a

e
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8.2.1.4 Maintain Containment integrity 0 !
t

At part of the general function to mitigate the effects of core damage, the 0 i

M-MIS shall provide the contrd and monitoring necessary to maintain the !
integrity of the boundary of the containment. This includes providing cool- !
ing of the containment and preventing excessive pressures which would t

fel the structure or increase the leakage. The M-MIS shall also provide a '

means to monitor parameters which affect the integrity of the contain- ;
ment, e.g., suppression pool level and temperature, when no core -

damage has occurred so that the containment could perform its safety i
function || It were called upon. r

8.2.1.7 Limit the Release of Radioactivity 0

As part of the general function to mitigate the effects of core damage, the 0
M MIS desigrt shall provide the monitoring necessary to identify the poten. !

tial for release of radioactivity and the control necessary to limit the |
release to an acceptably small amount.

,

8.2.2 Boundaries and Interfaces 0 i

The physical boundaries of the indMdual systems which make up the 0 }

p safety systems are defined in the appropriate sections of Chapter 5. The
|!

i

boundaries of the M MIS for the group of systems shall be consistent with
those physical boundaries of the plant systems; however, they shall also |
encompass the M-MIS hardware, which includes:

[

Instrument sensors; O. ,

Data transmission equipment; O |.

Data processing equipment; O >
.

Controllers and logic devices; O j.

| Operator interface hardware (e.g., controls, indicators); O |
.

Software to support M MIS hardware. 0 |.

! The interfaces of the individual systems which make up the safety sys. O
l tems are defined in the appropriate sections of Chapter 5. The Interfaces

( of the M MIS for the group of systems shall be consistent with those plant :

system interfaces. The M MIS Interfaces shall be formally defined and
controlled in accordance with the M MIS Design Plan (Section 2.1.2.4).
The M MIS Designer shall define and control other interfaces among the i

various M-MISs and other plant systems as may be necessary to integrate
and coordinate the operation of the plant systems even though these inter.
faces are not defined as physical interfaces in Chapter 5.

| ~

l

Page 10.8 5

|
|

: - - _ - _- - _ - _ . _ _ - . _ . _ _ -. ___ . .-



.-. -- __ - _. - .. . .

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement Renonele Rev.

s.z.s conwnon coneros and asonnerine Sarasegie ser no cear common ceneros and mennerens Sarassebe ser no.cear 0
Protection and Safety Systems Protoceson and Safety System.

The M-MIS Designer shall use a consistent control and A conssstent control strategy supports the overaR objective of 0
monitoring strategy for all the parts of the M441S for this a high level of standardization for the ALWR. It also tends to i

group of systems except as modshed by indsvidual system simpilfy trasning of operators and meintenance technicians.
M441S requwements. This common control strategy shes also For example, consisters control strategies tend to lead to !

be consistent with that used for the remainder d the M-MIS. samsar controls, despieys, and control stations.

s.2.2.1 Seertup and h% Operaeton Seereup and hh Operation 0 '

The M-MIS for the protection and safety systems shall normal- The protedeon and selety systems wel not be cded upon to O,

{ ly provide for automatic startup or actuation. Tiet is, the con- function utdess the normal plant systens are no longer
'

dition which requires the protection or safety adion shall in- capable of carrying out their functions. This may be a result
,

itiate the appropriate system action without operator actiort of equipment failure or human error. Under these conditions, i,

The operators, however, shall also be able to manually initiate it is inconsistent to rely on the operators to provide the actus- [
the system actiort The initiation of a protection or salety sys- tiort There are, however, a number of systems for which [

,

tem shaN be alarmed in the main control room and the main deliberate, operator directed initiation is cu wp:#dp adequate !

control room operators shall be provided with adequale infor- In those cases automatic actuation would increase piard com-
mation to confirm that: piendry and raises the polonnel of inedvertent actuation and

I the disruption of plant operatiort
The actuation was necessary, Le., was in response to an.

actual plant need; The me1omatic actuation of one of these safety systems is a
major change in piers condihons and the operators must be

The actuation resulted in the expected system adion, made italy aware of the acteort in these cases, the operators.
,

e.g., pumps started, valves opened, etc. provide a valuable backup to the automalec ineiatiort Tte
.

operators also need the capabelly to initiate tfe selety sys- '

tems when they deled a need for such action, i e, they
; should not have to wolt for the automatic initiatiort it is ex-

peded that operator aids (see Section 3.4.5) wlR be provided
j to faciltate the operator's contirmation tasks.
!

i
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8.2.3.2 Normal Operation 80ermalOperation 0

i The M-MIS for the protection and safety systems shall normal- The time before manuel action can be assumed is based on 0
! ly provide lor the systern to continue to operate auicr _^ Mi Chapeer 1 and Chapeer 5. R is the intent of this requirement

alter actuspen for at least 20 nunutes. After that time some that the operators not be occupied fiA time running the
i manuel ad6ons may be pw.s.13; i>ca.=, n f, con- safety systems after an actuation so that they wel hows time

tinuous menrung to cany ots a protection or salety fundson to adequesesy assess the overaN sleushon and cope with the
for extended periods of time, e g., hours or days, shen not be ir.sweable complicating feelures wfuch almost always accom-
required. pony a real event.

' s.2.3.3 Shutdown or Reconfiguration Operation h or Recenagesrasion Operation o

The M-MIS for these prosectwo and safety systems shes nor- The shusdown or reconfiguration (retum to scandby or reset) O
'

melly provede for the shutdown (or return to standby) to be ac- of a procedwe system is a delberate action wtuch should be
; complished menusily by the opera ers. The M MIS shes pro. under operator control. Ireerlocks are required, however, ifs

] vide the nunsmum interlocks necessary to assure that the cu $v.=, they can prevent sonstie adeons and make
i manuel shutdown or reconfigurahon of protection or salety recovery very dlNicut. The design ph50eophy applied to nor-

systems takes piece ordy when essenhol to prevent txressang mal plant systems often results ire equipment shutdown on a
the senousness of an event. Automenc shusdown or recon. conservasive basis which emphooizes equipment damage
figurahon of systems to prevent equipment damage should be However, for safety systems, demoge to componeres must
minimized. Le., pnority shall be given to maintaming the safety be secondary to maintaining the safety funesion. For eu.
functiort a% operaleon of a pump wth some covetahon may well be

! preferable to trippmg the pump and losing a5 flow.

|

!

!

)

:
'

4
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3.2.3.4 TesNng Opereelon Testing Operamon 0

! The M44tS for the protection and safety systems shen normal- The techng d these sysic4ns chen must be done weh the 0
ly provHe for lessing to be instated at the direcsson d the ptert at power. Ermrs in tesang can have esects on plant
operator, but the testing itsell to be largely autommeic. For por- opershon and loss d n" "A;,. Early desocsion d p'oblems
tions of the M44fS cf these systems which can be tested in these systems is also essensist to mesnessung the plant in

' without actwatson of system components, the incorporation of operacion. Secsson 3.6 contauns a number of specaic require-
automatic testng shall be eweluesed by the M-MIS Designer ments to enhance the testabeny d the ALWR. It is particular-
Where automatic tesung is impractical, the M441S Desegner ly importart that the testing of the protecstve and salety sys-
shall provide operator aids or other leesures to nunimize the tems is consisseret wNh those 8est requwements N is in-
potential for operator errors. In no case shes the testing im- tended It=A advanced, seII4essing M4AIS designs be used to
pair the ab5ty to carry out the protectkin or safety funcsson. reduce the need for menuel tesesng operahons and aBow en-

| Where practical, the system shen automatecaNy reelegn Aself henced reedwiese of these systems to be achnewed without
j when its action is cased sor whee on test. tudening the o,3ersoors or heressing the risk e operasor
I error.
I

S.2.4 Integraelen anel Coordinselon Inespeelen and e- 0,

j The M-MIS designs lor the syssems in this group shaR be in- Akhough the requwements for the indivedusi systems dehne O
tegrated and coordinated so that the overall plant perfor- the funceeons and intedeces, it is the basic responeN)ety of

; mance and Snctiones requwements as we8 as those of in- the M-MIS Designer to conned the vertous systems and their
'

dedual systems are met. Those requwements are found in requirements in a sensible and eencient menner The spec 5ic
Chapter 1 and in other chapters of the ALWR Ng! emeras rnsehods used to connect the operation of the various sys-
document, particuledy Chapter 5. In addition, the M44tS tems and the logic are to be selected by the M MIS Designer.
Desegner shaN coordinate the design features with other parts The ALWR Requirements Documert hos specihcaBy avoided,

;

of the M4MS, especisNy those portions of the M4MS which derwung how this is to be accompNehed. R is insended that '

corerol the energy producnon (e g., Section 7 of Chapter io). :he M-mis Des gner not be conserained to current pracace
.

The M-MIS Desegner sheE explicilly coordenote the M44tS for and be encouraged to develop stranegnes for control which
! the protection and safety systems wth stu M44tS for the consider the many interadions arrong the vanous sys. ems !

electric power supply systems (Chapter 11) so that electnc i

; power supply appropnose to the importance of the sunchons is
assured, particularly where systems such as the RCIC and fEFW Systems are required to perform functions wehout ac
power.

,.
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8.3 REACTOR PROTICTION SYSTEM (RPS) 0
'

8.3.1 System Definition 0

8.3.1.1 Scope 0

This section together with the other appliceble sections of this chapter. O
provides the requirements for the RPS for the ALWR plant.

The RPS Includes the following control and instrumentation equipment: 0

The sensors which generate the signals used by the RPS; O.

The processing equipment for the signals used by the RPS: 0.

The data transmission equipment for the signals used by the RPS: 0.

The equipment (and software) used to effect the protection logic and 0.

generate the signals necessary to carry out the protection action:

The equipment including cables, trip breakers, and relays used to o.

produce the protectNe action;

The test or diagnostic equipment needed to maintain the RPS in a 0.

' ,e state of readinese, confirm its operational status, or determine the
type and locailon of faults,

The mechanical and electrical components which effect the protective ac. 0 |
tion, primarily the motion of control rods, are covered in Chapter 4 of the :
ALWR Requirements Document. I

fThe RPS is an integral part of the systems provided to prevent core 0
damage The other systems Pcified in Chapter 5 for prevention of core

,

damage depend heavily on it.4 RPS to shutdown the reactor and thereby r

reduce the amount of heat produced to more manageable levels. !

8.3.1.2 Functions 0
i

The RPS shall monitor key plant parameters and, based on those 0 i
paiameters, determine whether the reactor must be shutdown to prevent !

'

core damage, if the RPS determines the reactor must be shutdown, the
RPS shall provide control signals to the reactor Rod Control Drive System
to reduce the reactMty (and power production ) by inwrting control rods.

These functions are all safety-grade. 0 -

1
*

i

I

! ,

|
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CHAPTER 10: MAN MACHINE INTERFACE SYSTEMS

O
l

Paragraph No. Reovirement Rev.
|
1

|8.3.1.3 Interfaces 0

{The RPS interfaces with the following systems: 0

The Neutron Monitoring System provides information on the mag. 0 ).

nitude and distribution of neutron power in the reactor core which is !

used as input to the RPS logic and used to confirm its effectiveness, if j
lt acts. ;

The Reactor and Reactor Coolant System provides for sensors which 0 !.

generate the signals used as input to the RPS logic.

|The Main Steam, the Main Turbine 4enerato.' Systems, and other 0.

plant systems may provide for sensors which generate the signals
used as input to the RPS logic. |

The Control Rod Drfve System provides control rod motion in 0.

response to the commands generated by the RPS logic and provides
signals to confirm its effectiveness, if it acts.

The Electric Power Distribution System provides the electric power 0. j
necessary to operate the RPS from suitably vital, redundant, and -

diverse sources. i

The Heating, Ventilating, and Air Conditioning System provides en- 0 *
.

vironmental control for the RPS equipment. :
i

!

;

!
t

:

l
,

! '

I

i

.

9Page,0 ,0

. ___ . . ._ _ - _ -



_

_
z

(~) f- bO
. V
:

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requirement statoonele Rev.

S.3.2 Performance Perforsnence O

S.J 1 1 inieletion Sagnols inleiselon Signals 0
i

The M44|S Designer shall select the mwwmum set of plant The use of a large number d trip signals has been found to o
process variables necessary to provide adequele protection of inueese the number of tolse trips wohout meterially increas-
the reactor core from damage. That is, vanables should not Ing the procedeon provided The irsent of this requirement is

, be used in the RPS logic to provide areicipatory or deverse that the M44t3 Designer jusefy the set of RPS signals chosen.
!

trips beyond those needed by the requirements for reiseb51ty
of the RPS.

' s.3.2.2 C - - f " r'_ of Action Completion of Action 0

Once the RPS logic initiates action to shusdown the reactor, This is to assure a defined endpowit and is consessent with 0
{ that schon shall proceed to completion. the practace f ar protection systems.
.

! 8.3.2.3 Roset Neest 0
|

Once the RPS action hos resulted in reactor shutdown, A reactor trip by the RPS is always an indication of some ab- 0
! manuel action with suitable provisions for admineerative con- normel condeion and inveshgesson of the cause must be com-
| trol shell be required to reset the RPS logic and permit corsrol pleted be60re sods con be wthdrawrt.
j rod withdrawal

s.3.2.4 Ellect of Failures in RPS on Protection Acelin Ellect of Failures in RPS on Preescalon Acelen 0

j No single feaure in the RPS shell prevent or cause the initie- The protechon action needs to have priorsy; however, plant 0
tion d prosection schort A second feture in the RPS shes not shutdown for a single RPS teBure would not be consessert,

! prevent the protection action; hc cca, it may sesult ir. reactor weh the ALWR reliebEty goals. Edension d the double
shutdown. The scope of this double le5ure requwement is leEure requwement to the reactor trip devices would requiree

! limited to the sensors and actuation portion of the RPS and odddhonal electro-medianical equipment. Limiteng the ap-
! does not include the reactor trip devices. Furthermore, the ap- piscabeity of the doutse leEure requirement to the non-test

phcabihty of the double failure requirement is limited to the conditions recognizes that addhional redundancy is not jus-,

i non-test condition of the RPS. tified to provide the RPS with double tieaure capabety dunng
| brief periods that the actuation logic is undergoeng test.
)
l
i
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Paragraph No. Regrarement Ramonale Rev

j s.3.2.5 Coincidence of Signals Coincidence of Signets 0

The logic for RPS shes be such that it requires cosncedence of This requwement reduces the potenhol for leise actors, and 0
'

two or more channels of the same variable or the some cxwn- with adequate d ; ey of channels for a san @e vanable it
benshon of variables to iniNase protection action. That is, the should not afled the ab81ty to protect the plant when there is
coincidence of dillerent variables shen not resuk in protection art acsual need..

action.

) s.3.2.6 Independence of Stenuel and h inesistion Independence of RAenesef and h inlaission 0
i
i The manuoi initietton of the protection action shall be inde- Sence menuel inisekon of protection is inherenlly a beckap to 0 I

pendent of the automenc initiohon equipment or its protection the automesic protection, manusf inlNesion should not depend
'

logc. The scope of this requwemert does not indude the cn the functioning of the automehc ingineson equipment or its |
j reactor trip devices. loge, since they may not be funcssonal. !

s.3.2.7 SWR sockup RPS Action SWR Bocemp RPS Acelen 0;
,

; For BWRs. part d the RPS shall provide the control angnels for This backup scrcen ::ystem is currently required for BWRs be- 0 |
! electric motors which can drive the coreral rods into the reec- cause of ATWS concems (10CFR5062).

tor core I the primary scram is not ef'ective. This fundion<

I sheE be provided by a portion of the 8WR RPS separate from
i the portion of the RPS which inlNuees normal reecsor scram. !
j This backup portion of the system shes not use the some sen-
'

sors as the normel RPS. The backup system need not meet '

the single tedure criterion (8.3.2.4).

.

;

! !
!4

I

i i

!, .

|
'

|
'

l ;

I |
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requwomsmt Renonele Rev.

i 3.3.2.3 PM Beckasp RPS Action PW an,* amp RPS Acelen 0

For PWRs. the M4GS shaE provide a diverse, beckup reactor Becimp roedor trip systems are currendy requesd by regule- 0
'

I trip system which is independers of the normal reec?or trip sys- hans (10CFR50.62) ori ordy some PWRs. N such backup trip
tem (from the sensor output to the interrupelon d power to the systems increase the complewity of the piert they may in-

i control rod drive mecharusms). In lieu of a backup reactor crease the potenhal for false trips and M;i, impact
! trip system for PWRs. the Plant and M4elS Designers may pro- avaEabeity; i c;~ c. a backup reactor trip system may be a.

j vide desegn mergins and design features, such as divers #y bener approech 5 R avoeds templicating other plant systems.
4 and redundancy of the normal RPS so that no backup reactor

trip function is requred. Irrespective of the approoch adopted
by the Plant Deseg ter, the basis for this ci As shen be
documented and reviewed in the design process This review
shaN specificaBy evaluate the impct on rehabihty and

'

avauabuity of an addesonal system compared to the posentieEy
increased complexity of altemuhve dew which do not re-
quire a backup reactor trip system.

s.3.2.s Testing Tessing 0 ;j

i The RPS shen provide for automatic seN-testing of as much of M is porticularly emportant that the RPS be kept irt a high state 0
the system as is practical That is, the RPS sher require initio- of reediriess and that condalons which reduce Ns resestance

i

i tion of teshng by the operators only where automesic testing is to false trips are prompely idenssied and correcsed i
not practical.

I 8.3.2.10 Erevironmentet Enoces on Equipment Environmental Ellecto ese Egesipment 0

| The RPS shaN pedorm its safety function at the extremes of en- The RPS protechon functions cannot be comprommed N O
vironmental conditions whech may be encountered including- any of the environment conditions were to jeopardize the4

| RPS functeons R could lead to plant outages

Normal operahon.. 0

Maintenance.-. 0

Postulated accidents, e.g.. LOCA and design basis acci- o.

dents;
i
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Reqvwement Rahonale llev.1

| Losses of electric power, boeh oc and dc; O.

} Operat60n of fire suppression systems such as weser o.

spnniders Halon, or carbon doomide systems (this ec-
'dudes operation with a direct spray of high or four pres-,

! sure manuel fire hoses on RPS equipment).
1|I 5.3.3 ConAgurselon CenAgesagion 0 I

s.3.3.1 Locoelen I acessa= 0

The RPS equipment sheE be located suct that local events, The RPS is sesenhol to plant safety, and access by un- 0
; e g , sabotage, would not be able to prevent the RPS from car- authorized personnel shotAd be prevented. Separation of the !

rying out Rs prosecolon function. The RPS sheE be located on- segments enskes R more dlNicult to atismens the system rapid-
| tirely wishm the protected area. Where practical, the segments ly and wilhout detection.
'

of the system sher be locesed so that no more then one seg-
i ment can be allected by a single event.
I !

! 8.3.3.2 ConIhmetion of RPS action and SEstus ConEnneelose of RPS acelon and Statess 0 |

4 The mein control room operators sher be provided with Although the RPS normrey operates without operator asien- 0 1

; gerator aids (displays) which provide the t'apahalty to deser- tion, its =res=sion needs the haremap of the operaeor. How-
i mine rapidly and une% that- ever, RPS actushon and seector shutdown wE invahe a num- i
) bor of didies for ahe operators. The operator's concem with

The RPS action has been initiated; the condklon of the RPS cannot be eNminated, but R shotad.;

i have a trunimurn impact on the operator who must also be i
! The RPS achon hos been completed a:41, il not complete, concemed wish the osher maparea of the shutdown. That is, R.

s

what schon remains to be acr:omplished, shotAd riot requee a signEcont time for the operaeor to as- i

; sess the RPS slaeus. |
The RPS action was based on actual conditions, i.e., R was !, .

I not a tolse trip;
'

I

! The RPS is in a condition of reduced resistance to false.

: actuaison. :

i
:
!
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMSi

i Paragraph No. Reqrirement Raebnele Rev.
i
I 3.3.3.3 Changes in Set points Changes in Set peines 0
!

The svstem conhguration sheB provee safeguards agewist improper set point adpustment can render the RPS ineSecieve 0
both inadvertent and unauthorized changes in RPS set points. in provideng protection agemet core demoge or can ressJt in
This shou indude features to assure that a set point change false trips even I aN the equipmert and logic is Rawless-
has proper .eproval and cannot be made wahout generating
adequate records of the change

s.3.4 Equipment .t_ * _- c .^- Equipment Requiremments 0

| The equipment used in the RPS shaR generaNy be the same 0
as that used in safety sysiems and other systems which re-
quire 12ghly rehable components. Requirements for these
components are speedied in Section 6 and below '

,

s.3.4.1 Reactor Trip Breakers Reactor Trty Breshers O

s.3.4.1.1 Reviewof abig srience Reelow of Emportonce o

As part of the Rewsw of Experience required in Section Metaklad air circuit breakers used as reactor trip dewces in 0
i

3.1.3.1 the M-MIS Designer shot ident#y problems associated existing LWRs have emperienced a number of problems, in- I
j with the design, operation, meshw:e and testing of exist. ciudmg deficiencies in underwaltage trip attachmerts.

ing reactor trip breakers. The M-MIS Desegner sher estabush lubricarts, manufacturing tolerances. etc. A specdRc rewsw,

I
functional and design requwements. manufactunng specnica- of these problems shouw - that they am not repeated

;
vions. and a factory testing plan for the ALWR reactor trip inthe ALWR

|
devices which spec 5ica5y address the problems associated '

with existing reactor trip breakers.,

!

i'

!
<

4
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: CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Rentsnwnent Reaionein Raw

S.3.4.1.2 Operating Duty Cycle Operating Duty Cycle 0

The M-MIS Designer shau select a reactor trip device which is The metal <$ad air circuit brechers used as reactor trip 0
specihcaRy designed to withstand wahout degradesion the ex- deweces in exissiry UNRs were designed pnmarily as ladt in-,

pected number d operations associated with memtenance terrupsers and not as swedoing devices. Reactor trip devices
and testing, as wen as actual trips, over the life of the plant. are subpect to a large number of operacions due to the strin-4

gent meineenance and lessing requwements placed on these
saiety-related components throughout their installed life. In

i order to meet the functional and serwece requirements, the M-
'

MIS Designer rney need to supply swechmg dewsces for reec- '

tor trip which are capable of withelandmg a large number of
operations and which are seperase from the inserrupeing4

i devices for procedion from circuit ledts.

S.3.4.2 Manuel Reactor Trip Controis RAenuel Reector Trip Controls 0
I

Manual cont.ols to initiate the reactor trip shall meet the fosow- The manual trip controls provide the back.sp to the RPS auto- 0
ing requwements: metic functeons. If these controis are ever used, tte situasson I

wel be higNy seressful and simplicity of operahon is essenseel !
They shall be readey accessibe to the operators and shas Although actsdental trips need to be precluded, the operasore.

j be capable of operahon by a single operator. must not be prevented frorn ellecting a trip when it is !,

i needed. These requiremeres may produde the use of scwne
They shaR be protected agamst inadvertent actuation, types of socaBed " soft" cordrois for menud reactor trip..

N Ja . key-locked controls or controls which require an
active system or special devices to actuele sher not be used.

1

Although multiple controls may be provided to maintain 0.

separation and segmentation, an operator shall be able to
initiate an effective reactor trip by a simple control action. |

| e.g., a trip shaN not require more then a few simple
! manual actions; it shaN not require these manual actions
; to be done in a complicated sequence or conGwion; |

) and special trammg shall nnt be necessary.
|

'
. I
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

Paragraph No. Requerement Rehonale llev

The controls shall be located so that the operator is 0'.
.

provided with immedete feedback that he has been suc-

] cessful in initiating the reactor trip.
'

s.4 BWR REACTOR CORE ISOLATION COOUNG (RCIC) BWR REACTOR CORE ISOLATION COOUNG (RCIC) O
SYSTEM M-astS SYSTEM RS4AIS.

i ;

j s.4.1 Functions Fesactions o

f The M4elS for the RCIC System stadt provide the monitoring This function a50 cation is consistent wth Section 4 3 of Chap- 0 |'

and control necessary to assure that the inventory of reactor ter 5.
coolant in the reactor vessel is maintamed at a safe level even I

though normal feedwater is not ava5able. The M441S shsE
i support the performance of this function with a complete loss !
; c4 ac power

; s.4.2 Coneros and Monitoring Serseegies Ceneros and esonnering screassies o j

| After automatic initiation, the mein control room operators This is consessent with Sedian 4.3 of Chapeer 5. It provides a o
shaN be provided with control and monitoring necessary to capab54ty which exponence shows is dessrable !

manuouy adjust the RCIC flow rate to match decay heat,

;

s.4.3 Integreelon and Coonlineelon integraelen anet Ceesdenselon 0

| The M44|S for the RCIC System shun be integrated and coor- It is ireended that the signals from other M4AIS to initiale and O
,

'
dinated with the M-MIS of other plant systems as required in congral the RCIC System be kept to a muumum to enhance
8.2.4. This shaR include porticular consaderation of: the seperation of the RCIC System operation from problems

j in other systems. The RCIC system is doesgned so that it i
i The sognats for initiation and control from the Reador does not depend on ac power and the M4NS must be conses..
! Coolant System; tent with that requeement.
4

The emergency electric power systems (for the conditions*

of complete loss of ac power).

! i

|
1
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.

8.5 BWR HIGH PRESSURE INJECTipN (HIM SYSTERI M-GAIS SWR HIGH PRESSURE INJECTION M SYSTERI IS4AIS 9
,

8.5.1 FuncAlons Fesecelens 0
'

The M4AIS for the HPI System shes provide the monitoring This eBocasion of funcsions is consissent wth Sedian 4.4 of e
j and control necessary to inject water into the reactor to main- Chapter 5.
j tain the inventory of reactor coolant even though normal feed-
I weles is not aveEsbie and the RCIC has not been effecsive in

maintaesg the h _. Axi.

S.5.2 Controland SAonitoring Strategies Centreiand SAenitoring SIsotegies 0

After the automatic initission of the HPt System, the M4AIS This is consistent with Sedian 4.4 of Chapter 5. Since the ac- 0
I sheE provide automatic, unestended operacion to maintain the tuation of the HPI wel 15:ely be a result of problems with osher

level in the reactor vessel between predetermined high and sims, it is not prudent to tie up an operator for a lowel con-<

! low levels. trol tak.

s.5.3 Integration and Coonlinealen Integraelon and c% 0
:

The M4AIS for the HPI System sheE be integrated and coor- It is expeceed that oIher i-_ ,_" _.a. for separasion and seg- 0;

I dinated with the M4AIS of osher plant systems as required in mentation we see At in very Inde direct connocelon between
8.2.4. This sher include particider coordineison of: the HPI System M4AIS and the M-talS for other plant systems.,

1

The signals for initiation and control from the Roedor o| .

Coolant System.a

The sognels for ininselon trem the Conseinment Syceem. 0.

:

|
4

)
|
1
i
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1
'

8.6 BWR DECAY HEAT ret 00 VAL M SYSTEt$ BWR DECAY HEAT RERBOWAL $3HR) SYSTERS 0
i
! 8.6.1 Functions Functions 0

j The M-MIS for the DHR System shsE prowde the montoring These funcsions are consistent with Secsson 4 5 of Chapter 5. O
and control necessary to:

Remove decay and sensible heat from the reactor aber 0.
.

I shutdown, and aber the reactor has been cooled to 135
psig saturated conditions by other systems;

Maentain the inventory d reactor coolant in the reactor ves- 0.

sel N other inwerdory maintenence systems are not avet-,

4 able;

: Remove heat from the suppression pool to control the O.

temperature and pressure in the containment,

j Remove heat from containment by diverting water from 0.

| the DHR System through the heet exchanger to spray
headers in the wet wee a-7d dry wee;

! Remove heet from the fuel pool, if supplemental cooling is 0.

) required.

j S.6.2 Controland R8onitoring Strategies Controland 00 entering Strategies 0

The inventory maintenance function shaN be automaticaNy in- When the plant is shutdown, p 1.,/ i N k were forced to 0f
itiated. The other functions sheE be initiated and controlled by shutdown, it may not be unsetert with proper utSizahon of
the operators; hc ;; . the M-MIS Designer shsE specNictJiy the staff to occupy one of them with routine and iC;;
evaluate the need for automatic initiation of the suppreseson operations needed to control the DHR System and mentaen
pool cooling function. The M-MIS Designer shall spec 5ically control over reactor or pool temperatures.
evaluate the degree of automehon necessary for long term ac-
tivities of the system to awood unnecessarty burdening the
operators with maintaining control over reactor or pool
temperatures.

.
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Paragraoh No. Requirement Radonale Rev.

8.7 BWR STANDBY UQUID CONTROL (SLC) SYSTEM BWR STANDBY UQUID CONTROL (SLC) SYSTEM 0

! 8.7.1 Functions Functions 0

The M-MIS for the SLC System shaN provide the monitoring This aHocation of functions is consistent wth Section 4.6 of 0
and control necessary to inject a solution containing a neutron Chapter 5.

j absorber into the reactor coolant so that there is sufficient
negative reactivity to bring the re&ctor to a cold subcritical

i condition without the control rods.

8.7.2 Controland Monitoring Strategies Controland Monitoring Strategies 0

| The SLC system shaN be initiated only by direct operator sic- This is consistent with Section 4.6 of Chapter S. The inadver- 0
| tion in the main control room. This operator action shaN in- tent injection into the system would require stbstantial
i volve protective features which effectively preclude lascivertent cleanup effort.
: actuation and assure that the Shift Supervisor concurs in the

system actuation.

8.7.3 Integration and Coordination Integration and Coonfinotion 0

The M44tS shaN be integrated with the M44|S design of other it is expected that there wul be no direct connection between 0
plant systems ordy as necessary to assure that adequate infor- the SLC System M-MIS and other plant M-MIS except for the
mation is avaHable frorr the Neutron Monitoring and Rod Con- RWCU System M-MIS.

i trol Systems for the operator to decide to use the SLC System
| and to isolate the RWCU System to ensure it does not remove
j the neutron absorber front the reactor coolant.
|

|

|

|

I
i
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8.8 PWR RESIDUAL HEAT REMOVAL (RHR) SYSTEM PWR RES8 DUAL HEAT RE000 VAL (RHR) SYSTEM 0-
|

; 8.8.1 Functions Functions 0.
:
! The M-MIS for the RHR System shaN provide the monitoring This aNocation of funchons is consisterd with Section 5.2. of 0-

and control necessary to remove core decay heat and sen- Chapter 5.
sible heat when the Reactor Coolard System is at a reduced,

pressure. This includes normal cooldown and safe cold shut-
down by directly cochng the reactor coolant and indirectly by
cochng the in-containment refuehng water storage tank during

; feed and bleed cochng it also includes use of a core spray .
pump as a backup to an RHR pump during RHR system
operation. ~

i

8.8.2 Controls id Monitoring Strategies Controland Monitoring Strategies 0,

The RHR System shall be manually initiated from the main con. Shutdown periods and use ci the RHR System may extend 0
j trol room. When in normal operation, e.g., rnamtaming a over long periods. It wotdd be inconsistent with the staffing
! steady cold shutdown, the RHR M-MIS shaN not require con- and other demands on the operators to require them to

tinuous operator attention. devote constant attention to the removal of decay heat.

8.8.3 Integration and Coordination Integration and Coonfinotion 0

! The M-MIS for the RHR System shall be integrated and coor- This is consistent with cummt practice and Ciepter 5. O
!

dinated with the M-MIS for other plant systems as required in
8.2.4. This inckxfes particular consideration of:

The operation of the Reactor Coolant System; O.
;

j The operation of the Containment Spray System; O.

The operation of the CVCS, which prowdes reactor 0.

| coolard purification when the Reactor Conlant System is
,

at low pressure.

i
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8.9 PWR EMERGENCY FEEDWATER (EFW) SYSTEM M-MIS PWR EMERGENCY FEEDWATER (EFW) SYSTEM M-MIS 0 -t

i

! 8.9.1 Functions Famctions 0
|
'

The M-MIS for the EFW System shaN provide the monitoring This aNocation of functions is consistent with Section 5.2 of 0
and control necessary to remove reactor decay heat through Chapter 5-
the steam generators when the main and startup feedwater,

'

systems are not available.

8.9.2 Controland MonNoring Strategies Control and Monitoring Strategies 0

j The M-MIS shaN provide adequate monitoring capabMy (e.g., This strategy is consastent with Chapter 5. Section 5.2. 0
,

; alarms) so that the EFW System can be manuaNy initiated by
: the operators for most events which involve the loss of main
! or startup feedwater before tie automatic initiation takes place.

8.9.3 Integration and Coordination Ir#3gration and Coordination 0.

| The M-MIS for the EFW System shaN be integrated and coor- it is intended that the signals from other M44tS to initiate and 0
l dinated with the M-MIS of other plant systems as required in control the EFW System be kept to a minimum to enhance

8.2.4. This shaN include particular corokhailon of: the separation of EFW System operation from problems in
other systems The EFW System is designed so that it does,

i The signals for initiation and control from the Steam not depend on ac power and the M-MIS must be consistent.

generator S', stem, the Main Feedwater System, and the with that requirement.
Reactor Coolant System;

The emergency electric power systems (for the vnnikwo.

of a complete loss of ac power).

i

1

!

!
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8.10 PWR SAFETY INJECTION (SI) SYSTEM M-MIS PWR SAFETY INJECTION (SI) SYSTEM RS-GAIS -0

8.10.1 Functions Fs N ~0
i

The M-MIS for the SI System shall provide the monitoring and This allocation of funchon is consistent with Chapter 5 Sec- - 0
i control necessary to: tion 5.4.

Maintain the inventory in the Reacter Coolant System; O-.

Control excess reactivity of the reactor core by the injec- 0.

i tion of water with a high cor. centration of neutron absor-
| ber;

Remove reactor decay heat by feedmg cool water from 0.

the in-contamment refueling water storage tank and bleed-
i ing high temperature water from the Reactor Coolant Sys-
| tem using the Safety Depressurization and Vent System.

8.10.2 Control and Monitoring Strategy Controland teonitoring Strategy 0,

After the automatic initiation of the SI System and the action This is consistent with Section 5.4 of Chapter 5. 0
has restored inventory to a safe level, the M-MIS for the SI Sys-,

! tem shaE provide the ablity to control the injection How rate
j manually from the main control room. The M-MIS for SI Sys-
| tem shaR provide for manual initiation and operation feed-and-

| bleed cooling.

;

i
i

i
e
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8.10.3 Integration and CoonNneGon integration and CoonNnotion 0]

| The M-MIS for the St System shaN be integrated and coor- it is intended that direct conrections among these systems 0
dinated with the M44tS for other plant systems as required in wAl be mimmized by the regurements on separation and seg-

t

'
8.2.4. This shaN include particular consideration of: mentation.

The signals for initiation and control from the Reactor 0.

i Coolant System, the Chemical and Volume Control Sys-
; tem, and the Contammert System.
; '

The operation of the Safety Depressurization and Vent Sys- O
'

.

tem during feed-and-bleed cooling
|

|

1

.

I

i

:
t

,

"

i
,
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8.11 PWR SAFETY DEPRESSURIZATION AND VENT (SDV) PWR SAFETY DEPRESSURIZATION AND VENT (SDV) O
SYSTEM M-MIS SYSTEM M-MIS

8.11.1 Functions Functions 0

| The M-MIS for the SDV System sha|| provide the monitoring This allocation of functions is consistent with Section 5.5 of 0

| and control necessary to: Chapter 5.

) Achieve and keep the Reactor Coolant System pressure at 0.

! a value which permits the proper operation of other sys-
i tems when normal means to reduce pressure are unavaN

able;
;

Vent nortcondensible gases from high points in the Reac- 0i .

j tor Coolant Syeem;
'

Bleed reactor coolant from the Reactor Coolant System as 0.

| part of a feed-and-iMeed method to remove core decay
heat.

8.11.2 Control and Monitoring Strategies Controland Monitoring Strategies 0

The M-MIS for the SOV System shen provide for direct manual This is consistent with Chapter 5. Inadvedent actuation of 0
control by the operaters. The system shen not ultiate auto- this system would, in effect, be a :oas of coolant accident *

; matically and, in addition, the M-MIS Designer shaN provide ef- and would challenge other safety systems. '

fective protection against inadvertent actuation by an operator.

| m w.
i

-

!
,

t

|
t

:
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,
.

8.11.3 Integration and Coontination integration and Coordination 0-

The M-MIS for the SDV System shall be integrated and coor- It is expected that other requirements on separation and seg- O
dinated with the M-MIS for other plant systems as required by mentation wGl result in very few dwect connections between
8.2.4. In particular, this includes c6rhakn of; the SDV System M-MIS and other plant M-MIS.,

The conditions in the Reactor Coolant System; O.

The status of other safety syvem which may be unavas- O.

able.

!

0

.

t

I

i

!

l,

k

:
,

,

!

!
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| 8.12 CONTAINMENTISOLATION M-MIS CONTAINMENTISOLATION M-MIS --O q
8.12.1 Funcetons Functions 0

The Containment isolation M-MIS provides the control and This aRocation of functions is consisters with Section 6.2 of -0~-

monitoring necessary to isolate the contamment to minimize Chapter 5.,

I the release of radioactivity to the environment.
i

j 8.12.2 Controland Monitoring Strategies Controt and RSonitoring Strategies 0

8.12.2.1 Confirmation of isoletion Action Continnetion oflooktion Action 0

The contamment isolation shaN be initiated and accomplished Although the isolation is automatic the operator provides valu- 0,

; without operator action. The operators shall be provided with able backup. There are, however, many components in--
! a comprehensive operator aid (display) and appropriate con- volved in an isolation. Urdess special steps are taken to aid
; trols which wil allow them expeditiously and efficiently to: ' the operator, they wel not provide an ellective backup.

Confirm that the required isolation has been completed 0-.

and to take manual action, if necessary, to complete the

.

Confirm that the initiation of the isolation was based on 0.

valid information;

Take manual control to retum isolated systems to service 0.,
'

when conditions permit.
;

f

|
r

1

t

4
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: 8.12.2.2 Protection Against Inadvertent isolation Protection Against inadvertent isolation 0

The Containment isolation M-MIS shall provide effective protec- The system transients involved in an inadvertent containment 0
| tion against inadvertent manual or automatic initiation of con- Isolation are severe, and loss of generation would undoubted-
., tainment isolation. ly restA. An inadvertent containment isolation is not consis-
| tent with ALWR goals for ava5 ability.

8.12.3 Integration and Coordmation Integration and Coordination 0

i The M-MIS for Contaenment Isolation shall be integrated and The containment isolation involves a large number of plant 0'
coordinated with the M44|S for other pant systems as re- systems and therefore extensive direct connections among
quired in 8.2.4. This includes particular considaaiion of: the various M-MIS. Integration and coordination will be a

major part of the M-MIS Design for Containmere isolation.

The systems which provide the signals which are the 0.

basis for the initiation of isolation;

The systems which have components which are automat- 0.

ically controlled as part of the containment isolation.

t

;

:

|

| i

i
!
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8.13 CONTAINMENT SYSTEM M-MIS CONTAINMENT SYSTEM M-MIS 0

1 8.13.1 Functions Functions 0

The M-MIS for the Containment system provides the monitor- This function allocation is consistent with Sections 7 and 8 of 0
Ing and control necessary to contaen potentially radeoective Chapter 5.
materials in the containment vessel

i 8.13.2 Control and Monitoring Strategies Control and Monitoring Strategies 0
i

j The monitoring d conditions in the containment shall not re- The containment must be kept in a state of readeness to per- 0
: quire direct operator action. The main control room operators mit operation of the plant. Violations of Technical Specifica-
! shall be provided with aids (displays) which coi=26;y show-. tions and plant shutdowns can result in the stress of an acci-

dent situation, the large amount of data from the contanwnent
The state of readeness of the contatnment system; has the potential to overwhelm the operators uedess assis-.

: tance is provided in its interpretation.
; The status of the containment in the course of an accident,.

I includmg appropriate algorithms to process the data, such
as coinpensating level indications for actual temperatures

i of the sensing lines.

! 8.13.3 Integration and Coordination integration ami Coordination 0
:

The Containment system M-MIS should not require sigrficant The containment system operates without activc control; how- 0 ,

j integration and covidiviation with other plant M-MIS. ever, some coordination of the monitoring wil! be needed to '

support the status displays for the operators.
2

4

:

;

|

;
;

f I
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8.14 PWR CONTAINMENT SPRAY SYSTEM M-MfS PWR CONTAINMENT SPRAY SYSTEM M-MOS 0

8.14.1 Functions Functions 0

The M-MIS fer the Contamment Spray System shall provide This allocation of functions is consistent with Section 8 2. of 0
the control and monitoring necessary to: Chapter 5.

Remove heat from the containment atmosphere after an 0.

accident to control the temperature and pressure in the
containment and thereby maintain the structural integrity4

of the containment,

Reduce the concentration of fission products within the 0.

containment atmosphere after an accident;
,

Remove ieactor decay heat which is transferred to the in- 0.
' contamment refueling water storage tank dunng post-

| LOCA operation.

8.* 4.2 Controland Monitoring Strategies Control and Monitoring Strategies 0,

:

} 8.14.2.1 The initiation of the containment spray system shall be auto- This is consistent with Chapter 5, Section 8.2. Special em- 0
! matic with manual actuation on a system and component level phasis is placed on avoiding inadvertent actuation of the sys-

as a backup. The M-MIS Designer shall incorporete features tem because of the severe impact on plant availability wfM
which assure that inadvertent automatic or manual initiation would probably result from such an event.
and actual spraying of the containment (e.g., by improper test
operations) is extremely unlikely.

8.14 2.2 The operations necessary to realign the systems to use an It is intended that the decision and action to interconnect the O
RHR pump for core spray or to use a core spray pump in the systems be made directly by the operators, but once a pump
RHR system shall be manual; however, once that is com- is allocated to a different system, then that system should
pieted, the system operation shat! be equivalent to before the operate in essentially the same marwer as before the substitu-

; pump realignment. tion.

|
|
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8.14.3 Integration and Coordination Integration and Coordination 0

The M-MIS for the Containment Spray System shall be in. These requirements are consistent with Section 8.2 of Clap- 0
tegrated and coordinated with other plant M-MIS as required ter 5.

i by 8.2.4. In particular this shall include consideration of:
1

i The information on containment conditions from the Con- 0.

! tainment System;

The backup use of an RHR pump to provide the spray 0. .

| function, and the backup use of a containment spray
pump in the RHR System.

. 8.15 COMBUSTIBLE GAS CONTROL SYSTEM M-MIS COMBUSTIBLE GAS CONTROL SYSTEM M-MIS 0
t

8.15.1 Functions Functions 0

The M-MIS for the Cembustible Gas M-MIS shall provkle the This aNocation of functions is consistent with Section 6.5 of 0
monitoring and control necessary to maintain the integrity of Chapter 5.,

the containment even though combustible gas has been
released in an accident.j

3.15.2 Control and Monitoring Strategies Controland Monitoring Strategias 0

The M-MIS shall provide monitoring of the combustible gas The production of combustible gas would be the result of 0
content of the containment atmosphere including local areas serious falures in other safety systems, consequently, the'

and appropriate annunciation of conditions without direct overall plant conditions at the time combustion gas control is
operator action. Actuation of system components shall be needed are relatively unpredictable and automatic operation
manual. may not be practical. By the time this system is needed,

direct operator control is not expected to be a burden.

8.15.3 Integration and Coordination integration and Coordination 0

The M-MIS Designer shall minimize the need for integration The Combustible Gas Control System is only a factor after o
and coordination of the Combustible Gas IA. MIS with other other serious failures. Because tie nature of the problem is
plant M-MIS. unpredictable, it is prudent to keep tie system as separate

as pos9ble from other plant M. MIS.

Page 10.842
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8.16 FISSION PRODUCT LEAKAGE CONTROL (FPLC) SYSTEM FISSION PRODUCT LEAKAGE CONTROL (FPLC) SYSTEM 0
M-MIS M-MIS

8.16.1 Functions - Functions 0

; The M-MIS for the FPLC System shall provide the control and Trh function allocation is consistent with Section 6.4 of Chap- 0
monitoring necessary to limit potentially radioactive leakage to ter 5.

,

| the environment.
1

8.16.2 Control and Monitoring Strategies Control and Monitoring Strategies 0

: The M-MIS for the FPLC System shall provide for the automat- Tne presence of radioactive material in an efeuent stream in 0
| ic monitoring of any potentially radioactive efSuents and shaN excess of requirements is not a normal condition. It would
i provide automatic interlocks which prevent inadvertent release . not be prudent to count on the operators to prevent release

to the environment wtuch exceed aNowable values. under these conditions.
i
'

8.16.3 integration and Coordination Integration and Coordination 0.

)l The M-MIS for the FPLC System shaN be integrated and coor- A major part of the M-MIS design for the FPLC wul be the in- O
dinated with the M-MIS for other plant systems as required by tegration and coordination with other plant M-MIS.
8.2.4. In particular, this shaN include consideration of:

| The monitoring of radiation levels by the Environmental 0.

i Monitoring System;
,

! The operation of the Containment Isolation M-MIS: 0.

1
The Heating. Ventiating, and Air Conditionmg System. O.

i

I

4

i

i
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| 9 POWER GENERATION AND MAIN TURBINE-GENERATOR SYSTEMS 0
1 M-MIS REQUIREMENTS
t- ,

9.1 PURPOSE AND SCOPG 0i

1
'

The power generation and main turbine-generator group of plant systems 0
includes those individual plant systems which are covered by Chapters 2
and 13 of the ALWR Requirements Document. The requirements of this
section are limited to those which relate to the M-MIS for the power - ,

generation and main turbine generator systems group including its direct-'

ly associated control and instrumentation equipment, e.g., sensors, in.
dicators, control devices, data transmission and processing equipment,
and alarms. Only requirements which relate to use In the systems group

| are covered, general requirements on the use of this type of equipment
are addressed in other sections of Chapter 10. The mechanical and
electrical components which make up the individual systems, e.g.,
pumps, motors, tanks, piping, valves, power cables, and switch-gear, are
covered in othar chapters of the ALWR Requirements Document.

This section of Chapter 10 covers only a portion of the M-MIS require- O

ments for these systems. Many of the requirements on the plant systems
in other ALWR chapters, particularly Chapters 2 and 13 are directly ap-
psicable to the M-MIS for this group of systems; however, these will not

(, generally be repeated unless they need to be expanded to clarify their ap-
plicability to the M-MIS or need special emphasis, in particular, this sec.
tion provides requirements which cover the following:

The allocation of the functions of the M-MIS for the power generation 0.
,

ard main turbine-generator systems group among the Individual plant''

systems;

The identification of physical boundaries and interfaces of the M MIS 0.

for the purpose of defining the scope of requirements for the M-MIS
of the power generation and main turbine generator systems group:

The strategies for control and monitoring (for example, automatic or 0.
,

l manual and local or remote) which shall be followed for various nor-
mal and abnt nmal operating modes and transients of the Individual
plant systems, e.g., startup, normal operation, shutdown, and testing;

The integration of the M MIS for the individual plant system with other 0.

; plant M-MIS and the coordination of their operation.
|-
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9.2 GENERAL REQUIREMENTS FOR POWER GENERATION AND MAIN 0
TURBINE-GENERATOR SYSTEMS GROUP M-MIS

9.2.1 Functions 0

The M-MIS for this systems group shall provide the monitoring and con- O
trol necessary for the individual power generation and main turbine-gener-
ator systems to carry out their required functions. These plant system
functions are defined in Chapters 2 and 13.

The M-MIS Designer shall allocate the various M-MIS functions among the 0
individual plant systems M-MIS such that the required functions and tasks j

as determined in the design process (Section 3.1.3.3) can be satisfactorily
accomplished. This section provides an initial allocation of these M MIS
functions; however, it is a primary responsibility of the M-MIS Designer to
integrate and coordinate the operation of all plant M-MIS so". hat all func-
tions are adequately performed. Figure 10.9-1 illustrates how the major
functions of this group of systems have been allocated to the individual
plant systems for the purposes of this Requirements Document. Other al-
locations of the functions may be used if they can be shown to improve
significantly the plant's operability, simplicity, or reliabuity and if they are '

fully in accordance with the M-MIS design process requirements In Sec-
tion 3, particularly the requirements for a functional design approach
(3.1.1.1) and the analysis of functions and tasks (3.1.3.3).

9.2.1.1 Energy Flow and Conversion 0 :

The power generation and main turbine-generator systems group M-MIS 0
L shall monitor and control the transport of energy as steam from the steam
L generator (PWR) or reactor vessel (BWR) to the main turbine. This ener.
| gy transport function will be accomplished largely by the main and extrac.
| tion steam systems. The conversion of the energy in the steam to electri-
! cal energy wHl be accomplished by the main turbine and generator sys-

tems. The M MIS Designer shall integrate the operation of these systems
as well as coordinate their operation with the M-MIS for the reactor
coolant system and electrical distribution system. The M MIS shall also
control and monitor the operation of steam bypass or relief devices to pro-
vide for the flow of energy when the conversion in the main turbine-gener-
ator is limited or out of-balance with the energy production.

Page 10.9-2
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PURPOSE Ale SCOPE (9.1)

4

GENERAL REQUIREMENTS (9.2):
Functions (9.2.1)
Boundaries and Interfaces (9.2.2)

.
Commen Control and

I Monitoring Strategies (9.2.3)
Integration and Coordination (9.2.4)=

4

i

ENERGY FLOW STEAM CONDITIONS FEED AND AUXILIARY>

AND CONVERSION CONTROL AND CONDENSATE STEAM
,

; CONTROL AND MONITORING CONTROL AND CONTROL AND

MONITORING MONITORING MONITORIE
i

Main and Extraction Main and Extraction Feedwater and Condensate Auxiliary Steam
Steam System (9.3) Steam System (9.3) System (9.6) System (9.9)

i Main Turbine System (9.4) Chemical Addition
System (9.7)t

: Main Generator System (9.5)
Condensate Makeup and

'

Feedwater and Condensate Purification System (9.8)
Systec (9.6)

I

FIGURE 10.9-1
,

ALWR M-MIS FOR POWER GENERATION AW MAIN TUR8INE-GENERATOR SYSTEMSi
4
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9.2.1.2 Steam Conditions 0 |
The power generation and main turbine-generator systems group M MIS 0
shall maintain the steam conditions, e.g., its properties of pressure or |o

moisture content, within acceptable ranges. The M MIS shall monitor and !

control these conditions largely by the operation of the main and extrac. I
,

tion steam system. This furstion requires the M-MIS Designer to integrate j

main and extraction steam system's operation with the control of energy,

flow since the control of energy flow will directly impact the steam condi-
,

'

tions. ,

9.2.1.3 Feed and Condensate Supply 0

The M-MIS for the power generation and main turbine generator systems 0 ,

group shall monitor and control the feed and condensate system opera-
tion so that feedwater at the proper conditions, e.g., temperature and pres-
sure, is avaliable for the plant systems wh6ch control the inventory In the
steam generator (PWR) or reactor vessel (BWR). The M-MIS for the feed,

and condensate system shall coordinate its operation with the M MIS for
#

the level control as well as integrate its operation with the M-MIS for main
steam and turbine-generator systems. In addition to the control and
monitoring of the conditions of pressure and temperature, the M MIS for -

this group of systems shall also monitor and control the chemical condl.
tions of the feedwater. This function shall be largely accomplished by the-

operation of chemical addition and the condensate makeup purification
'

systems and the M MIS for those plant systems.
,

9.2.1.4 Auxiliary Steam Supply 0

The M-MIS for the power generation and main turbine-generator systems O

group shall monitor and control the conditions of the auxiliary steam so '

that the systems which use the steam can perform their functions. This
monitoring and control of the auxillary steam shall be carried out by the

l auxiliary steam system; however, its M MIS shall be coordinated with the
M M!S of the user systems and integrated with the main and extraction
steam M MIS when main steam is the source of auxiliary steam.

l
o
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Paragraph No. Requirement Rev.

9.2.2 Boundaries and interfaces 0

The physical boundaries of the individual systems which make up the O
power generation and main turbine-generator group of systems are
defined in the appropriate sections of Chapters 2 and 13. The boundaries
of the M-MIS for this group of systems shall be consistent with those
physical boundaries of the plant systems; l.owever, they shall also encom-
pass the M MIS hardware, which includes:

instrument sensors: 04

Data transmission equipment; O.

Data processing equipment; O.

'

Controllers and logic devices; O.

Operator interface hardware (e.g., controls, indicators); O.

Software to support M MIS hardware. O.

The interfaces of the Individual systems which make up the power genera. O

tion and main turbine-generator group of systems are defined in the ap-
propriate sections of Chapters 2 and 13. The interfaces of the M-MIS for

(gL} the group of systems shall be consistent with those plant system Inter.
| . faces.' The M-MIS interfaces shall be formally defined and controlled in ac.

,

cordance with the M MIS Design Plan (Section 3.1.2.4). The M MIS Desl - |0
nor shall define and control other interfaces among the various M MISs
and other plant systems as may be necessary to Integrate and coordinate
the operation of the plant systems even though these interfaces are not -
defined as playsical interfaces in Chapter 2 and 13. i

c

| i

1

)
\/ Page 10.9-5 '

l

. _ - . - . . , . . . _ . _ - . , . - . . - - . . . ~ . - . - . . . . . . . - - . . . . . . . - , |



_ _ _ _ _ _ _ _ _ _ _ - ._

_
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9.2.3 Common Control and Monitoring Strategies Common Control and Monitoring Strategies 0

The M-MIS Desegner shau use a cor.sestent control and A consistent control strategy supports the overaN ob ecti'.e of 0l
monitoring strategy for aN the parts of the M MIS for this a high level of standardization for the ALWR. It also tends to
group of systems except as modihed by indevidual system simplify trainmg of operators anxi maintenance technscians.
M-MIS requirements. This common control strategy shall also For example, consistent control strategies tend to lead to

,

-

; be consistent with that used for the remamder of the M-MIS. semHar controls, desplays, and control stations !

t

9.2.3.1 Startup and Shutdown Operations Startup and ShuGdown Op _n - -;- O-

The M-MIS for this group of systems shall normally provide for The startup and shtAdown of this group of systems is largely 0'

the monitoring and control necessary to startup or shutdown paced by the operators and may involve a very large number !

a system to be done by the operators, i.e., the startup shall be of indevidual operations, particularly local operations such as
manual. Specinc tasks involved in the startup or shutdown the repositioning of valves Automation of these operations

!
may be automated if analyses of functions and tasks (Section wotAd signdicantly increase the complexity of the plant and is !

;

3.1.3.3) show manual operation is a signdicant burden or dis- not desirable. There may be pcrtions of the startup and shut-
; traction for the operators. down which could be automated and thereby reduce tie i

time to startup or the risk or errors.
,

j 9.2.3.2 Normal Operations Norn al Operations 0 !

) The M-MIS for this group of systems shaN normally provide for The automatic, unattended operation of this group of sys- O
automatic or unattended operation for continuous or often tems is intended to be consistant with the main control room
repeated tasks when the plant is in nommally steady operation staffing in Section 4.2.4. That requirement cannot be ex-
above a low power level. This low power level shaN be estab- pected to be met if an operator is occupied most of the time
lished by the M. MIS Designer based on a specdic tradeoff by the need to control a system in this group. It is also cur-

i evaluation which cciiiJdeis the functions and tasks required at rent practice for these systems to operate without constant i

-

kw power levels, the potential frequency and duration of low operator attention. Tasks that are dorn manuaNy, at relative-
power operation, and the relevant equipment and system con- ly long intervals, for example, relBling a dark or recurdigtning i

straints on low power operation. This tradeoff evaluation shall a system to equalize sennce time, prubably do not need to,

be documented and reviewed in the design process. The be automated.
evaluation to select a power level shatll be combined with the
simnar tradeoff evaluation required by 7.2.3.2.

,
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<

9.2.3.3 Reconfiguration Operations 7::-1 ,_-- A Operations 0
9.2.3.3.1 The M-MIS design shaN provede for reconhguration or automat- The recordiguration of the system may involve a large num- 0,

_ ic shutdown of a system when necessary to avoid personnel ber of individual operations in the long term. It is not practi-'

hazard, major equipment damage, or to support actions by cal to completely automate some of them without addeng ex-
other parts d the plant M-MIS. for example, when the reactor tenssve complexity Hcca=, some reconfiguration actions
is automatically shutdown or a safety system is actuated. cannot depend on the operators because of timmg con-

straints or the risk of error. In addition, it has been the prac-
tice to automate such tasks.

9.2.3.3.2 The retum of a system to its initial configuration after an auto- 0'
matic reconfiguration shall normally be by operator action, i.e.,

; not automatic. Return to the initial configuration may be auto-
i matic 11 the M-MIS Designer estabhshes that such automatic

action would sigra;c.arey-

Reduce the chaNenges to protection and safety systems; O.

Reduce hazards to pei= vin,si; O.

i Improve the plant avaRability; or 0.

.

Reduce the risk of damage to major plant equipment. 0 1
.

' 9.2.3.3.3 The operators shaR be notified of any such automatic return to 0'
the original configuration.

] 9.2.3.4 Testing Operations Testing Operations 0

. The M-MIS for this group of systems shall normally provide for The testog of these systems often must be done whfe the 0
| online testing only at the direction of the operator. The test- systems arein operatiort Mistakes in the testing have often
| ing itself should be automated and assisted as required in Sec- resulted in a loss of generahon or serious upsets and piard
'

tion 3.6 so that operator actions are simple and have lit:le risk trips. Section 3.6 contams a number of specific requirements
of causing a plant upset. to enhance the testabeity of the ALWR. The testing strategy,

'

for these systems is intended to be consestent with those re-
quirements.

Page 10.9-7,

i
:

, -- - -. .. ' _ - ~ ___. --- . . _ _ _ _ _ _ _ _ _ _ _ _ = _ ~



_. ._ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1
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Paragraph No. Requirement Radonale Rev

9.2.4 Integra60n and CoordineGon Integradon and CoordineNon 0

The M-MIS designs for the systems in this group shall be in- Although the requirements for the individual systems define 0
'

tegrated and coordinated so that the overall plant perfor- the functions and inledeces, it is the hanic responet>Bity of
mance and functional requirements as well as those of in- - the M-MIS Designer to connect the verious systems and their ~

i dividual systems are met. Those requirements are fourd in requirements in a sensible and ellicsont menner. The specific
! Chapter 1 and in other chapters of the ALWR Requirements methods used to connect the operahon of the various sys- ~ i

i Document, particularly Chapter 2 and Chapter 13. In addition, tems and the logic are to be selected by the M44fS Designer.
the M-MIS Designer shall coordinate the design features with The ALWR Requrements Document has specil.cally avoided.

other parts of the M-MIS. especially those portions of the defining how this is to be accomplished. It is intended that
j M4AIS which control the energy production (e.g., Section 7 of the M-MIS Designer not be constrained to current practice
; Chapter 10). and be encouraged to develop strategies for control which
'

conssder the many interactions among the various systems.

,

!

!

!

! :

i

h
i

h '

>

t

Page 10.9-8

|

| O O O
.

. . . _. . . __ _ _ _ . - _



_ _ _ _ - _ _ _ . _ _- _ _ _ _ _ _ _ _ _ _ _ . . -_ _ _ _ _ _ _ _ _ _ _ _ _ . .

ym

i
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, Paragraph No. Requirement Rationale Rev. '

; 9.3 MAIN AND EXTRACTION STEAM SYSTEM M-ASIS MAIN AND EXTRACTION STEAM SYSTEM M-MIS 0

9.3.1 Functions Functions 0

| The M-MIS for the main and extraction steem system shaN pro- The M441S Designer has the responsibity (Section 9.2.1) to 0
vide the monitoring and control necessary to assure that; allocate the functions among the individual portions d the

*

total M-MIS. This aNocation d functions is consistent with
current practice.

The energy received from the rector (BWR) or steam gen- O.

erator (PWR) is transported effectively and efficiently to *

the main turbine;

The conditions d the steam provided to the main turbine 0, .
'

(e.g., ks pressure or moisture) are within the acceptable |

ranges for the power output; i
1

Design conditions are not exceeded (e.g., pressure or rate 0.

d temperature change) in the system or in connected sys-
tems (e.g., the steam generator or main turbine).

9.3.2 Control and Monitoring Strategies Controland Monlioring Serstegies 0

9.3.2.1 Transfer Between Manuel and Automatic Control Transfer Between RAenuel and Autommelc P 0

The M-MIS Designer shall ensure that systems which are in There have been some problems in existing plants with 0
automatic control when the plant is operating normally, but making the transfers between automatic and manual control.

are under manual control for other common conditions (e.g., at a low enough power level.
j startup or shutdown) can be transferred between automatic

and manual control smoothly and at an appropriate and con-,

venient time in the plant evolution.
4

?

e
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CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS

| Paragraph No. Requirement Rationale Rev

9.3.2.2 Maneuvering and Load Follow "1 .. ;.., and I.oed Follow 0

The M-MIS shaN specihcally provide for the maneuvenng and in order for the requirements on the twsnber d operators in - O
load follow events dehned in Chapter 1. Tree 36 to be ac. the main control room required for norrnal operation to be
commodated without any short terre operator action to read- met (Section 4.2.4) k is necessary for the majority of the

4

just or reconfigure the system. maneuvering and load follow evolutions not to require the
operators attention to the main and extraction steam system
since his attenhon wEl be needed to monitor and control the

'
reactor and turbine-generator.

,

9.3.2.3 Automatic Reconfiguration Automatic ReconIIgurselon 0
:

! The M-MIS actions shaN be compat;ble with any concurrent Reconfigirahon of the main and extrachon steam system. O
j operations of the reactor and safety systems (whether manual like start-up, would become complex if it were totally'

or automatic) and, in particular, automatically maintainmg ener- automated. There are, however, tasks to shutdown portions
7gy flow in the main steam system to remove energy from the of the system or reconfigure it in response to protection or

' reactor when the turbinegenerator nr the main co.ido..;wr is safety systems which are under too stnngent a time con- i
-

; not available and limiting the pressure in the system. straint to count on operator action. These tasks wil have to
, be automatic. This strategy is consistent with current prac-
! tice. '

| 9.3.2.4 On.line Testing On-line Tealing 0

: The M-MIS control strategy shall be compatible with the ef- Because of the cicae relation between the conditions in main 0
| fects of on-line testing of turbine intercept valves and other steam system and the large energy flow through it, perturba-
] major components which can perturb the main steam condi- tions from testing both in the system and in other systems
i tions. can have serious disruptive effects in relatively short times.
i Accu. ... odd;. g testing is a particularly important part of the
|

M-MIS design for the main and extraction steem system.

|
|

!
;
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Paragraph No. Requirement Rationele - Rev.

9.3.3 Integration and Coordination integration and Coon 91nellon 0

The M-MIS for the rnein and extractkm steam system shes be The main steem system is the major physical link between 0-,

integrated and coordinated with the M-MIS of other plant sys- the reactor and the production d electricity. Its control al-
tems as required in 9.2.4. This shall include particador con- facts directly or indirectly a very large number of plant sys-

! sideration of: tems. Integration and coordinatson of the mein steem system
; operation with the rest of the plert systems is a maior effort
'

. The control of the reactor power production, for the M-MIS Designer.

The control of the main turtme and generator,' .

i The control of reactor vessel conditions and inventory 0.

|. (BWR);

! The control of the steem generator conditions and inven- 0.

i tory (PWR);

The cortrol of bypass and relief valves; O
' .

The control of main steem isolation valves. 0.

|
;

:
|

|

!

i

,

i

1
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- CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS .
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j 9.4 MAIN TURBINE SYSTEM M-MIS MAIN TURBINE SYSTEM 84-801S 0
,

9.4.1 Functions Functions 0

The M-MIS for the main turbine shaN provide the monitoring Main turtune MMS has typicaBy been designed as part of 0
and control i ec=s(=y to convert the steam provided by the the turbine-generator controf system. It is expected that this

j main steam system into mechanical energy wtuch drives the would be the practice for the ALWR; howevei, it is inter.ded
main generator. that the plant's MMS Designer be responsible to assure that,

the main turtune MMS is fury consistent and integrated with
; the remainder of the total MMS for the plant.

9.4.2 Integration and Coordination Integration and Coonlination 0;

i The M-MIS for the main turtune shaN be integrated and coor- The M-MIS Designer wEl be expected to integrate the main 0
i dinated with the M-MIS of other plant systems as required in turbine control system, which is normaBy provided as part d

*

9.2.4. This shallinclude particular consideration of: the main turbine, with the remainder of the plant M-MIS.

The control of steam flow to the main turbine in the main 0; .

! and extraction steem systems;
.

I

The control of the conditions in the main condenser, in 0; .

] the feed and cuinbreate and in the circulating water sys-
tems;,

I The control of the main generator; O.
'
' ,

The control of the production of energy in the reactor and 0.

} the generation of steam in the reactor (BWR) or steam
generator (PWR).*

;

i
!

1

I

.

.

|
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,

9.5 MAIN GENERATOR SYSTEM M-MIS MAIN GENERATOR SYSTEM M-MIS 0

9.8.1 Functions Functions 0

| The M-MIS for the main generator simil provide the monitoring The main generator M-MIS has typeca5y been desagned as 0
; and control necessary to convert the mechanical energy part of the turbineipeneras control system. It is expectea (

produced by the main turtme to electrical energy. that this wil be the practice for the ALWR; however, it is in- '

,

tended that the plant's M-MIS Designer be resporable to as-
sure that the main generator M-MIS is fuNy consistent and in-

; tegrated into the remainder d the total M MIS for the plant.

9.5.2 integrat50n and Coordination Irelegration and Coordiration 0

The M-MIS for the main generator shat be inte<yated and coor- it is expected that the integration d the control d the main 0
dinated with the M-MIS for other plant systems as required by generator with the main turbine wal be prowded largely byi

*
9.2.4. This shall include particular consideration d: the turbine-gewrator vendor.

'

The control d the main turbine; o.

The control d the plant electrical systems. O.
,

! '

!

i

i

1

. (
!

t

i t
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; Paragraph No. Requirement Rahonale Rev

9.6 FEEDWATER AND CONDENSATE SYSTEM M-MfS FEEDWATER AND CONDENSATE SYSTEM M-MIS 0

9.6.1 Functions Functions 0

The M-MIS for the Feedwater and Condensate System shall The M-MIS Designer has the responsibtity (Section 92.1) to 0
; provide the monitoring and control necessary to assure that allocate the functions among the indmdual portions of the

ar. adequate quantity of high quality feedwater is transported total M-MIS. This allocation of functions is consistent with
i from the condenser hotwell to valves which control the intro- current practice,
i duction of feedwater into the BWR reactor vessel or a PWR

| steam generator.
:

| 9.6.2 Control and Monitoring Strategies Controland Monitoring Sarategies 0

) 9.6.2.1 Startup and Shutdown Seestup and Shutdoum 0
<

| The M-MIS design shall provide features which ensure that: The startup and shutdown of the feed and cmfoi sate sys- 0
-

1 tem would result in excessim complexity || entirely
Operation at low power levels does not require essentially automated. ft is not the intent, however, to use manual.

continuous operator attention, e.g., as may be caused by operations when function and tesic analysis shows the poten-
! control valve leakage, tial for substantial gains in operabEity. This may include shift-
! ing some systems to automatic control earlier in the startup

Systems which wil be under automatic control when the sequence or remaining on automatic control later in a shut-.

i plant is operating normally can be transferred to automatic down. It may also include special fesNres to accommodate
] control smootNy and can be transferred at a convenient uriavoidable control valve leakage witt' cut constant operatcr
{ time in the startup. attention.

I 9.6.2.2 Normal Power Changes Normal Power CT__z;x 0
: The M-MIS for the feed and condensate system shaN provide Although the operator wRl need to be alert to upsets in the 0
| for normal power changes without short-term operator action. feed and condensate system, it would not be consistent with
4

the control room stalling (Section 4.2.4) if the operators were
; to have to man the controls on this system for normal power

changes.
3.
>

1 !

! !,
:
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9.6.3 Integreelen and Coonfinesion Integraelon and Ceesdinellen 0

The M4RIS for the leed and condensate system shou be in- The leed and condersate is a integral part d the chem of 0,

| tegrated and coordmeted wish the M4AIS for other plant sys- systems which controls the Sow of energy through the plant.'

tems as required by 9.2.4. This shall include particular con- As such, As upsets can have rapid and for reaching e9ects
sideration of; and it must respond rapsdly and correcWy to condelons in

; other systems

The control of steem generator (PWR), or rescsor water 0.

level (BWR);

The control of the removal of reactor decay host; O.

The control of the main and extraction steem system; Oi . '

The control of the main turbine.: 0 |
.

The control of condensate makeup purNication and chemi- 0.
.

cal addition systems'

' 9.7 CHERAICAl. ADDITIOI6 SYSTERA R44AIS CHEasICAI. ADDITION SYSTERI GS-RAIS 0
i

9.7.1 Functions Functions O

! The M4AIS lor the chemical addihon system shaR provide the Tim M4AIS Designer has she responebelty (Secsion 9.2.1) to O
control and monitoring necessary to assure that the condon- allocate the functions among the individual portions of the
sale, leedwater, and allges (BWR) chenustry is memtained total M44tS. This allocanon of lunctions is consastent with
within requered limits. cummt practice.

i .

J

!

'
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9.7.2 Cossered and RAose- O.;; Strategies Controland RSonitoring Serategime 0
'

9.7.2.1 Locoelen of C ,,h I % of Opereelons 0

The M-MIS Desegner shall evaluate the degree to which the The chernical addeson is a sspport funceton for the other 0'

operations are done locasy instead of in the main control plant systems and it is not diredly in the power generation
j room. In any case, the M-MIS shall provide specific capsbelty diaet; however, irmproper chemistry can have senous elsects
j for the control toom operators to conbrm that proper chemscal on the operabiley d the plant. It would not be consesserd
; additbn has taken piece and to be alerted to a need for chemi- with control roam stalling (Section 4.2.4) for the control room
; cal addnion. operators to hewn to spend signaicant enort to attend the

chemical addihon system during nanas operation, however,
they must be aware of problems with the chondcal addesort j

9.7.2.2 leispect of Autossistic Shutdoesn or Reconagesration lesipset of Asseossemele Sleutdoussi er NeconAgesregon 0 !;

Operatione Operaglens

The M-MIS Designer shall ensure that automatic actions in the Sence the chemical addhion is a support funchon, its O
chemical addition system, whether from articipated corWrol ac- problems should not rouhnelyaped plant awetabalty This
tions or component fatures. do not cause a shusdown of other suppons the overaR ALWR avasebaty goals.
plant systems.

j 9.7.3 Integreelon and Cooseinselon integruelen and Coesdinselon 0

| The M-MIS for the cherjcal addition system sheE be irt- As for the overaR control strategy, the keent would be to 0
j tegrated and coordinated with the M-MIS for other plant sys- keep the chemical addinon system connections *to the other
) tems as required in 9.2.4. This shall includc particular con- sy .. simple and to minimize the cordrol room operators'

sideration of the control of the Feed and Condensate System. Irwafwoment in its operation.d

j lt shcold be an objectwe to keep the M-MIS for the chemical I

! addition system separate from the M-MIS for other plant sys- >

te m s.

t

.

,

. t
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9.s CONDENSATE MAKEUP AND PURIFICATION SYSTEM CONDENSATE BAAKEUP AND PUUNRCATION SYSTEM 0
M-MIS M-MIS

9.s.1 Functions Functions 0

The M-MIS for the Condensate Makeup and Pur#ication Sys- The MMS Desegner has the responsibaty (Section 92.1) to O
tem shag prmide the monitoring and control necessary to as- allocate the fueamong the indudual portoons of the '

i sure that an adequate supply of makeup condensale of total M-MIS. This a50cateon is consistent wth current prac-
! sumable quaNty is ava5able for the MMS which controis the in- tice.

ventoryof condensase.
4

9.8.2 Controland RSonitoring Strategies Controland RAonitoring Strategies o i
7

9.s.2.1 Normet Operation NomialOperation a

The M-MIS shes provide for normal d -yrs in power wehout The Condensate Makeup and Purfication System pertorms a o
short term operator action. The M-MIS shaR also provide the service function and is not dwectly in the energy transfer

] capabElly for the operalor to confirm that the Condensate chem, therefore, it shcudd be able to cope wiIh normal power
Makeup and Purificahon Sys8em is operating riormally ard operation without allention by the operasors. However, the
shou alert the oparators appropriately. marigenonce of adequate condensate makeup is essential to

| the operabtity of the plant and imanediale acsson may be
,

needed il problems are detected

; 9.s.2.2 Shutdouwt or ReconAguration Sleut3osun or ReconAgeesNor. O

! The M44tS Desegner shaR ensure that automatic actions in the it is important that upsets of the Condensale Makeup and 0
Condensate Makeup and Purification System, whether from an- Purification System do not propagate into those power

j ticipated control actions or component fa5ures, do not cause generation systems whch are directly 3rwolved in the energy
'

a shutdown of other plant systems unless the shutdown is, in transfer function This wE ensure that ALWR avaEsbeity '

fact, necessary to prevent damage to other equipment or goals are met.
, hazards to personnel

i

i I

i
1

(
!
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9.8.3 Integrellon and Coonhnellon in ograllon and Coenllreglen 0e

The M441S for the Condensate Makeup and Purthcahon Sys- As for the overaR control strategy, the Condensate Makeup 0;

i tem shaR be integrated and coordinated with the M4stS for and Purthcahon Syssem provides a support furu,Jon and the
other plant systems as required by 9.2.4. This shaE include intent would be to keep the cumections to other plant sys-
particular conssderation of the control of the Feed and Conden- tems simple and to menemize the control room operator's in-

|
sate System. It should be an objective to keep the M44tS for volvement in its operatinn.
the Condensate Makeup arv.1 Purthcation System separate

|
from the M. MIS for other plant systems.

9.9 AUXIUARY STEAnd SYSTERA AUXILIARY STEAAA SYSTEM 0

9.9.1 Functions Furegions 0j

The M441S for the Auxsiary Steam Syssem shag rovide the The M44tS Designer has the responsibBty (Section 9 2.1) to Op
monsoring and control necessary to assare that an adequale a50 case the functions among the indevidual portions of l'w
supply of auxtiary (Iow pressure) steam or proper chemistry total M4eiS. This a50 cation is consissent wth current prac-
and condelions (e.g.. pressure) is provided to those plant sys- tice.
tems which uteize auxiliary steem to perform their functions.

9.9.2 Controland R$onitoring Strategies Controland teonitoring Strategies 0

9.9.2.1 Locetion of C- _ ^1.._ Location c4 Opereelons 0 ,

The M441S Designer shall not include any controls for this sys- Even *Nxagh the Auusiery Steam System may provide a ser- 0 i

tem in the main control room unless function and task vice function when other steem is unevesable. It is expecsed
analyses (3.1.3.3) shows them to be essential. that the startup and operation of an stadiary boier from the

] co wrol room wel not be necessary, and, accordingly, she con- -

trcJ room operators should raat have to altend to R in the
; short term. That is, auw5iery bo5er operahon could be left to
| a local operator. It is expected that those local controis

| would be provided as part of the bo5er package. |

'
i

!

t |

; Page 10.9-18 i
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9.9.2.2 heepect of Autossemele Shutdoesn or Reconfigurselon hnpocs of h wh er ReconAgurselon 0
l Operations Operations '

| The M-MIS Dessgner sher ensure that automatic acasons in the Sence the AuxEsery Stearn System provides a support func- 0
Auxeiery Steam System, whether from anticipated control ac- tion. As prehiems should not tousinely allect piert awatetAty
tions or component latures, do not cause a shutdowm of other This supports the overall /1WR n- "f_ igoals.
plant syster is.

9.9.3 Integration and Coonfinotion Integration and Coonfineelen 0

The M-MIS for the Atediary Steam System shaR be integrated Anhough some of the Anselhery Steem System components. O
and coordinated with the M44'S for other plant systems as re- e.g, a bo5er, wel involve its cuen coveral system which we
quired by 9.2.4. Sence the Aux 3 eery Steam System provedes probably be proweded as port of the boter package the
steem to a number of different systems (see Chapter 2. Sec- M-MIS Designer wel howe to ensure that Rs control is propedy

] tion 7.1.B) Rs M-MIS design wil howe a dose relacion to a ;.Q_LJ weih the operation of the plant systems R services
! large ruumber of systems and Rs integration and coordenstion and that As design is consissent wth the rest of the plant
i are particularly important. N should te an objective to keep M-MIS. Houwever, the M4AIS should minimize the operators'
! the M4dlS for the AuxGiary Steam System separate from the involvement in Rs operation.

M-MIS for other plant systems-
|

:
: .

!

|
'

,

,

i

i

f

i
&

I

'
!

I
t

.

| Page 10.9-19
.

1

!

I !

!
*

. _ - - - ... . - - . _ - . . - - - . - ._. - . - _ - - - - - _ - - __ _ .



_ . . - -

CHAPTER 10: MAN MACHINE INTERFACE SYSTEMS-()v
Paragraph No. Requirement Rev.

10 AUXILLARY AND PLANT SUPPORT SERVICES SYSTEMS 0
M.Mf8 REQUIREMENTS '

10,1 PURPOSE AND SCOPE O |
The auxiliary group of systems includet the following systems covered by 0

t

this AL,WR Requirements Document: !

Chapter 8, Plant Cooling Water System; O.

Chapter 9, Section 7, Compressed Air and Gas Systems; O (.

Chapter 9, Section 8, Heating, Ventilating and Air Oonditioning Sys- 0 i.

tem (HVAC); i

Chapter 11. Electric Power Systems. O.

The plant support services group of systems includes the following sys- 0
'

tems covered by this ALWR Requirements Document: !

Chapter 7 Fuel Hand!!ng Systems; O |.

Chapter 9, Section 3, Fire Protection; O.

Chapter 9, Section 4, Environmental Monitoring; O

OA
'.

.

i Chapter 9, Section 5, Site Security; O ;.

Chapter 9, Section 6, Decontamination; O.

Chapter 9, Section 9. Laboratories: 0 i.

Chapter 12, Radioactive Waste Processing. O.

This section covers the requirements for the M MIS which control and 0 i

monitor these systems. Thl6 includes requirements for directly associated .

'
control and instrumentation equipment for this group of systems, e.g., sen.
sors, Indicators, control devices, data transmission and processing equip-
ment, and alarms. Only requirements which relate to use in the auxiliary
group of plant systems are covered; general requirements on the use of
these types of equipment are addressed in other sections of Chapter 10. [
The mechar Mal and elecincal components which make up the iridividual '

.

systems, e.g., pumps, motors, tanks, piping, valves, power cablet, and (
switch-gear, are covered in other chapters of the ALWR Requirements :
Document,

i

This section of Chapter 10 covers only a portion of the M MIS require- 0 ;

monts for these systems. Many of the requirements on the plant systems -

in other chapters, particularly Chapters 7,8,9,11, and 12 are directly ap-
plicable to the M MIS for the groups of systems; however, the require-
monts will not generally be repeated unless they need to be expanded to
clarify their applicability to the M MIS or need special emphasis, in par.

O,- ticular, this section proodes requirements which cover:
Page 10.101
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I

The allocation of the functions of the M MIS for this group of systems 0 |.

among the indkidual plant systems; }

The identification of the physical boundaries and .nterfaces of the O f.

M-MIS for the purpose of defining the scope of requirements for this {
group of systems; j
The stratogles for control and monitoring (for exampio, manual or 0 |.

automatic and local or remote) which shall be followed for various not.
'

mal and abnormal operating modes and transient 6 of the indkidual !
plant systems, e.g., startup, normal ooeration, shutdown or recon- '

figuratN>n, and testing;

The integration of the M MIS for the indkidual systems with the M. MIS 0.

of other plant systerns and the coordination of their operation. |

f10.2 GENERAL REQUIREMENTS FOR AUXlLIARY AND PLANT SUPPORT 0
SERVICES SYSTEMS GROUPS M-MIS '

10..t.1 Functions 0

The M MIS for these systems groups shall provide the monitoring and 0
'
,

control necessary for the indNidual systems to carry out their required j
functions. These plant system functions are defined in the indNidual sys- j
tem chapters (7, 8. 9,11, and 12).

|

The M MIS Designer shall allocate the various M MIS functions among the 0 !
Indkidual plant systems M MIS such that the required functions and tasks |
as determined in the design process (Section 3.1.3.3) can be satisfactorily ;

accomplished. This section provides an initial allocation of these M MIS !

functions: however, it is a primary responsibility of the M MIS Designer to !

Integrate and coordinate the operation of all plant M MIS so that all fune- !
tions are adequately performed. Figure 10.101 illustrates how the major i

functions of the auxiliary group of systems have been allocated to the in- ;
dkidual plant systems for the purposes of this Requirements Document. |

Figure 10.10 2 illustrates the allocations for the plant support services
group. Other aliocations of the functions may be used if they can be ,

shown to improve significantly the plant's operability, simplicity, or :
reliability and if they are fully in accordance with the M-MIS design 4

process requirements in Section 3, particulatty the requirements for a func. i

tional design approach (3.1.1.1) and the analysis of functions and tasks .

(3.1.3.3).

!

.
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| CONTROL AND CONTROL AND CONTROL AND CONTil0L AND

MONITORING OF NONITORING OF MONITORING OF MONITORING OF

COOLING WATCR AIR AND GAS ENVIROMENTAL ELECTRIC POWER

1
- CONTROL

,

Component Cooling Compressed Air Heating, Ventilating, and Electric Power Systems
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iService Water System i,

i circulating Water System
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j Chilled Water Systems
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I !

FIGIURE 10.10-1

| ALAR N-MIS FOR AUKILIARY SYSTDES
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10.2.1.1 Cooling Water 0

The auxNiery systems group M MIS shall monitor and contrd the removal 0 I
of best from plant systems, structures, and components and the transfer i
of those heat loads to the environment. This energy transport function is

,

accomplished by the component cooling water system, service water sys- |
tems, circulating water systems, plant heat sinks, chElod water systems, *

and the fuel pond cooling and cleanup systems. M MIS shall provide I

monitoring and control during normal operation, transient, shutdown, and J

accident conditions. |

10.2.1.2 Air and Gas 0
i

The auxRiary systems group of M MIS shall monitor and contrd the supp. 0
ty and distribution of compressW air and gas. This air service function is ;

,

accomplished by plant service air, instrument air and breathing air sys. ]
terns. The compressed gas service is provided in separate, isolated sub.

i
systems from high pressure cylinders. M-MIS for these systens shall be j
appropriate to the service and provide the control and monitoring during '

all plant conditions which require the air or gas service.

10.2.1.3 Environmental Control 0 !

The auxilary systems group of M MIS shah monitor and control the ser. O !

vices which ensure the plant environment is suitable for the safety and j

comfort of plant personnel and operabuty of plant equipment during nor. j
mal operating and anticipated operational occurrences. The auxiliary sys.
tems group of M-MIS also shall monitor and control collection, f3tration i

and discharge of toxic or radioactive effluent resuhing from maintaining i

the plant environment. The environmental control service functions are ac. ,

complished by the heating, ventBation and cooling system and related [
gas treatment, cleanup and purge sub systems.

7

| 10.2.1.4 Electrical Power 0

| The auxiliary systems group of M MIS shall monitor and control the sys. 0
' - tems which supply electric power to the plant auxNiary and service loads,

including instrumentation and control system loads. The electrical power '

service functions are provided by the off tite power supply systems, the
on site standby AC power supply system, the DC and vital instrumenta. f
tion AC power supply systems and the lighting and electrical protective [
systems. M MIS shall provide monitor;ng and control to the plant electri.
cal power non-safety loads during normal plant operation, startup and nor.
mal shutdown; and to the engineered safety systems for accident initla.
tion and safe shutdown.

N

|
1
,

,

|
Page 10.10 5
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i

.

10.1.1,5 Fuel Handl6ng 0 |

|The plant support services group M MIS shall monitor and contrd fuel 0
handling activities. This fuel handling function is accomplished by the !

refueling rnachine and associated equipment. M. MIS shall provide I
monitoring and contrd during fuel handling operations, Lo., during other !
plant operating modes this system has no significant functions. ;

f10.2.1,6 Fire Protection 0

The plant support services group M-MIS shall monitor and contrd fire 0 |
dote:: tion and suppression. M. MIS shall provide monitoring and control ;

! to the plant fire protection system during normal operation, shutdown and ;

accident conditions.

!10.2.1,7 Environmental Monitoring 0

The plant support serv'cos group M MIS shall monitor and control, and 0 !,

provide data management for the environmental monitoring systems. ,

These systems provide data necessary to control plant releases and as- ;
sets the impact o plant effluent released on tra environment. Environ. ;

r

mental monkoring is accomplished by the plant meteorological system, i

water quality monitoring, and monitoring for the solid waste processing i

system and radiation monitors at and beyond the site boundary. M MIS :

Snail provide monitoring, control, and data management during normal
operation, shutdown, and accident conditions. |

10.2.1.8 Site Security 0 !

The plant support services group M MIS shall monitor, control, and pro. O t

vide data management for site securty systems which: !

Prevent unauthorizod access into vital or protected areas; O I.

Detect attempts to gain unauthorized access or introduce un- 0.

authorized materials in such areas;
}

Facilitate authorized activities and conditions within protected and 0 |.

vital areas;
,

Provide for authorized access and assure detection of unauthorized 0.

penetration of protected or vital area boundaries.

M. MIS shall provide monitoring, control, and data management during 0 i

normal operation, shutdown, and accident conditions.

.

Page 10.10 6 ;
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10.2.1.9 Decontamination 0 |

The plant support services group M M!S shall monitor and control decon- 0 I
tamination systems and facilities which remove or reduce radioactNo con-
taminants from plant equipment, protectNo clothing, and personnel. This
decontamination function is accomplished by delNory system controll6rs,
spray nozzle assemblies, chemical and/or abrasNe supply systems, collec-
tion and storage tanks, high pressure pumps, futers, domineralizers, and
piping connections to waste processors. M MIS shall provide monitoring !

and control during normal operation, shutdown, and accident conditions. i

f10.2.1.10 Laborotories O

The plant support services group M MIS shall monitor, control and pro- 0 {
vide data management for laboratories which analyze plant systems and

'

environmental samples. The plant laboratories include an analytical ;

chemistry laboratory and a radio chemistry laboratory. Also included is a
,

computer based d6ta management system capable of interfacing with the '

main plant data base computer system. M-MIS shall provide monitoring, !

control, and data management during normal operation, shutdown, and '

accident Conditions. ,

[ 10.2.1.11 Radioactive Weste Processing 0 f
'

The plant support services group M MIS shall monitor and control radioac- 0 i
tNe waste processing systems which collect, segregate, store, and

'

process the wastes for safe monitored discharge or disposal. The
radioactNe waste processing functions are provided by gaseous, liquid, '

and solid radioactNe waste processing systems. M MIS shall provide i

monitoring and control during normal operation, shutdown, and accident j
condition. +

10.2.1.12 Area Radiation Monitoring 0

The plant support services group M MIS shall monitor the radiation in 0 [
those areas of the plant which may have radiation sources (Chapter 6, i
Section 4.2.8) and which may be occupied by personnel. This monitoring
shall provide local and remote indication and alarming appropriate to the
significance and use of the measured radiation levels. The M MIS shall be
integrated and coordinated with the M MIS for the radiation monitoring of
process streams (Chapter 3, Section 7, and Section 7.10 of this chapter)
as necessary to support control of personnel exposures, provide indica-
tion of equipment malfunctions, and meet applicable regulations. The M-
MIS shall provide monitoring during normal, shutdown, and accident con.
ditions.

i

C
'
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I
10.2.2 Boundaries and interiscoe 0

]
The physical boundaries d the individual systems which make up the 0 !
auxiliary and plant support services systems groups are defined in the ap. !

propriate sections of Chapters 7,8,9,11, and 12. The boundanos of the i

M-MIS for the group of systems thall be consistent with those physical I

boundarios of the plant systems; however, they shall also encompass the i

M MIS hardware, which includes: '

Instrument sensors; O.

Data transmission equipment; O.

Data processing equipment; O.

Controllers and logic devices: 0.
;

Operator interface hardware (e.g., controls, indicators); O.

Software to support M-MIS hardware. O.

The interfaces of the individual systemt which make up the auxillary and 0
plant support services systems group are defined in the appropriate sec. ;

tions of Chapters 7,8,9,11, and 12. The interfaces of the M-MIS for the j-

group of systems shall be consistent with those plant system interfaces.
The M MIS Interfaces shall be formally defined and controlled in accord- |

ance with the M-MIS Design Plan (Section 3.1.2.4). The M-MIS Designer
,

shall define and control other interfaces among the various M MISs and ;

other plant systems as may be necessary to integrate and coordinate the
operation of the plant systems even though these interfaces are not

i
defined as physical interfaces in Chapters 7, 8, 9,11, and 12. ;

,

t

t

e

I

e

.

k
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10.2.3 Control and Monitoring Strategies for Auxiliary and Support Controf and Monitonng Stratep4es for A=delary and Sup- 0
Systems port Systems

The M-MIS Designer shaR use a corsessent control and A consistent control strategy supports the overall objective of 0
monitoring strategy for all the parts d the M-MIS for this a high level of standardization for the ALWR. It also tends to '

; group of systems, except as moddied by specihc requwe- sempefy training of operators and maintenance technec:ans
ments in other chapters. This common control strategy shall For example, consessent control strategies tend to lead to

I
also be consistent with that used for the remainder of the M- semiar controls, desplays, and control stations. These sys-

; MIS. This control and mor.itoring shaN not take place in the tems dWier from those in Suctions 7,8, and 9, in that the
main control roum or involve those operators unless analyses main control room operators are not necessar5y involved
of the functions and tasks shows their involvement to be directly. The control and monitoring strategy needs to recog-

,

necessary to the function. nize this fundamental ddlerence. It is intended that require-
* ments 4.9.1.1 be strictly adhered to, i.e., that functiors and

#

tasks involved in the operation of these aux 5iary and support
systerns not be assigned to the main control room operators,

1

i N personnel outside the main control room can adequately
j and effectively handle them.

10.2.3.1 Startup and Snuedown Operations Storeup and Shutdown Operations 0

! The M-MIS for this group of systems shaR provide for the The normal startup and shutdown of this group of systems is 0'
rnonitoring and control nocessary for a normal startup or shut- largely paced by the operators and may involve a very large j

; down of a system to be done locaNy by the operators or other number of indevedual operations, particulerty local operahons |
I qualHied members of the plant staff, i.e., the control and such as the reposihorung of valves. Automation of these
; munitoring shaR be manual and shall not be in the main con- operations would significandy increase the complexity of the
; trol room. Speedic tasks involved may be automated or per- plant and is not desirable. However, there may be opera-
i formed in the main control room if analyses of functions and tions whicie shotdd be automated and thereby reduce tie i
j tasks (Section 3.1.3.3) show manual or local operations are a time to startup or shutdown or lower the risk of errors
i sigruficant burden or distraction for the operators or may be

,

i
'

unreleable j

i

|
; i
! !
: i

; Page 10.10-9
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10.2.3.2 Normel Operations Monssel Operatione 0,

' The M-MIS for this group of systems shaR norme5y provide for The automatic, unattended operation of this group of sys- 0 ;

automatic or unattended operatior, when the plant is in tems is intended to be conoissent with the mein cor.1rol room
,

nominally steady operation, including normal power changes. stalling in Secsson 4.2.4. That requrement cannot be ex. '

This applies to continuous or often repeated tasks wh5e the pected to be met N an operator is occupied most of the time
plant is operating normally by the need to conkoi a system in this groep. It is also cur-

rent pracsice for these systems to operate without constant, , ,

: operator attention. Tasks that are done manually at relatively
;

long intervals, for example, reconAgunng a system to ecpaal-
; ize service time, probstdy do not nesd to be auiometed.

| 10.2.3.3 ReconAguration Operatione ReconAgurselon Operosions 0

The M-MIS sher provide for automatic reconhguration (e.g.. Some reconfiguration actions cannot depend on the o i

i shutdown) or a system when necessary to avoid personnel operators because of timing constraents or the risk of error.
hazard, mapor equipment damage, or to support actons by in addition, it has been the practice to automate such tasks.,

: 0;her parts of the plant M-MIS. for example, when the reactor
! is auto.. f Mi shut down or a salsty system is actuated. For i

! other changes in configuration and the operations to restore
'

the system's normel status, ti.e necessary control and monitor-
j ing shnN normally be accomphoned menuesy outside the main

i

j control room. Retum to the initial conAguration may tw auto-
{ metic N the M-MIS Designer estabEshes that such automatic ;

i action would signincaney-

Reduce the d ";..ges to protection and safety systems; O.

| Reduce hazards to personnel. 0 '.

.

Irrgrove the plant avaiabeity; or o.,
i

! Reduce the risk of damage to major plant equipment. 0.

| The operators shall be notified of any such automatic retum to O
the ongmal configuration.

;
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10.2.3.4 Teseing Operations Testing Operations 0

The M-Ml3 for this group of systems shot normeBy pronde for The testing d these systems often must be cone wh5e the 0
on4ne testing only at the direction of the operator or other systems are in operation. Mietekes in the testing have
queleied member of the plant sM. The testing itself should resdted in a loss of awagetAry of the system senous upsets,
be automeled and assisted as required in Section 3.6 so that and even plant trips. Sedian 3.6 contains a number of

i operator actions are simple and have little risk of causing a specihc requwements to enhance the testabany of the ALWR.
plant upset. As for other operations of these systems, the test. The lessing strategy for these systems is intended to be con-
ing shall normaBy be accomplished manually outside the rnein sistent with those requwements.
control room.

10.2.4 Integration and Coortlinetson integration and Coordinselon o

The M-MIS desegns for the systems in this group shes be in- Although the requwements for the individual systems define O
tegrated and coordinated so that the overaE plart perfor- the functions and interiaces, t is the basic responelbtity of
mance and functional requirements as well as those of in. the MMS Designer to connect the various systems and their,

dmdual systems are met. Those requirements are found in requirements in a sensible and eflicsont menner The speculc
Chapter 1 and in other d=pers of the ALWR Requwements methods used to connect the operasson of the vanous sys-
Document in addition, the M441S Dessgner shaR c,oordinata tems and the logic are to be soleded by the M MIS Desagner.
the design features with other parts of the M MIS. The ALWR Requirements Document has specsica#y avoeded

'

defining how this is to be accomplished it is ireended that
the MMS Designer not be constrained to currera pracsece;

and be encouraged to develop strategies for control which
consider the many inseracsions among the venous syssems.

j 10.2.5 ;.- f1. _ f1ce armJ Cf _ -- f: y Requireneents independence and W Regesirennents 0
-

i The MMS desegn shall meet the requireme ts for inde- The requwement for integration and coordinesion 6 the over. O
j pendence and redundancy which are contained in the in- au M44tS must not compromise the individual system require-
| devidual system chapters for the aux 5iery group. In particular, ments for independence and redundancy The overaR
i fa5ures b the M44|S for these systems shaR not contribute to aveEabaty goals requwe that the auwElory and support sys-
; plant availabihty or result in challenge to reactor protection or tems be very reliable. The M44tS for these systems must

{ safety systems. also meet very high standards of rereability.
!

i
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to.2.s Fire Puedecelon and So.:esty Fire Pseescuen and Seouser e

The M4AIS design shed enhance the plant capahaky for Dre The . _ f _ for adlue Are preenreng and securty are e
protection and securty. In porticular, the M4ABC for these contained in Chapter 9 and Wie seguiremores Gor pesolue Are

; auwaary systems shug provide allemale control, monitor 6q prosedton are contained in Chapter 6. The M4AIS deely
seraseges and design sessures so ther ares and are suppres- needs so nonentre concems about are and securty as was as<

i sion sprinMing sphich would not require plant shutdoum do not locGitete deoipi of these pectedlue systems. ,

result in shutdourn because of M4AIS equipment n- 12;y.-

-

The M4AIS design also sheH nondnere those foetures which;
-

would a50er a securty breech to disable a total system, cause -

; plant shutdown, or dioeble a porhon of a system needed to
i perform a sa ety functionr

,

i
i

i

!

;

! !

4

!
4

|
-

t

|
4 :

i !
! !

l
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I

APPENDIX A DEFINITIONS OF TERMS AND ACRONYMS 0 i
!

A.1 DEFINITIONS OF ACRONYMS 0 '
,

A/D Analog to Dighal 0

|A/E Archtect Engineer 0

fANSI American National Standard instRute O

AOV Air Operated Valve 0 |

!ASCll American Standard Code for Information Intere.hange 0

ATWS Anticipated Transient Without Scram 0 t

AWG American Wire Group 0 |

BCD Binary Coded Decimal 0 ,

!

BWR Bolling Water Reactor 0 ;

!
CPU Central Processing Unit 0 ;

tCRT Cathode Ray Tube 0

CVCS Chemical and Volume Control System 0'

D/A Digitalto Analog 0 [
'

DHR Decay Heat Removal 0
l

EFW Emergency Foodwater 0
'

EMI Electromagnetic Interference 0 I
i

EO Equipment Operator 0 |
EOF Emergency Operations Facility 0 !

!
ESF Emergency Safety Feature 0 i

FFTs Fast Fourier Transforms 0 !

FMEA Falute Mode and Effects Analysis 0 t
a

'

FPLC Fission Product Leakage Control 0

GDC General Design Criteria O
f

HPl High Pressure Injection 0

HVAC Heating, Ventuating and Air Conditioning 0

ICTD Integrated Circuit Temperature Devico 0

IEEE Institute of Electrical and Electronics Engineers 0

Page 10.A-1
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A.1 DEFINITIONS OF ACRug| sat (CONTINUED) 0

f1/0 input / output 0

IPCEA Insulated Power Cable Enginwrs Association 0 |

fLOCA Loss of Coolant Accident 0

fLCO Umiting Condition of Operation 0

MCR Main Control Room 0 :

MSIV Main Steam isolation Valve O

MTBF Mean Time Between Failures 0
t

iNEMA National Electr6 cal Manufacturers Association 0

INSSS Nuclear Steam Supply System 0

P&lD Piping and Instrumert Drawing 0

PROM Programmable Road Only Memory 0 f
PRA Probabilistic Risk Assessment 0 !

PWR Pressurtzed Water Reactor 0

QA Qualit/ Assurance 0 i

RAM Random Access Memory 0 [

fRCIC Reactor Core isolation Cooling 0

RFI Radio Frequency interference 0 E

.

RHR Residual Heat Removal 0 l
L

RO Reactor Operator 0
.

*

ROM Road Only Memory 0 !

RPS Reactor Protection System 0

RTD Resistance Temperature Device O

RWCU Reactor Water Cleanup 0

SCA Sneak Circuit Analysis O

SDV Safety Depressurization and Vent 0

SLC Standby Liquid Control 0

SOAP Sot * ware Quality Assurance Program 0

SRO Senior Reactor Operator 0

Page 10.A 2
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!

A.1 DErlNITIONS OF ACRONYMS (CONTINUED) 0

STA ShWtTechnical Advisor 0 ,

i

SWP Software Verification and Validation Plan 0 |

|TSC Technical Support Center 0

VAV VerWication and Validation 0 [
.

VCT Volume Control Tank 0 |
,

A.2 DEFINITIONS OF TERMS 0
,

'

Diversity: Accomplishing an objective with two o' more means which are 0
distinctly different, Diversity can refer to functional diversity or hardware ;

and software diversity.

Redundancy: Parallel repetition of hardware and software to provide con- 0 |
tinued operation in the presence of a falure.

|
Segmentation: Use W functional and physical separation to prevent 0 |
ta8ure in one control system or function from propagating to another and r

thereby reducing the chances of complex plant transients. i

|
Separation: Refers to the physical separation (by distance or tarrier) of 0

; equipment to prevent coincidental failure due to local extemal events,
i

Software: Any program or series of programs designed to aid in the ex. O

ocution of a problem program; the supervisory control programs of an
operating system; a program designed to perform special functional
operations for any other program that requires those services.

..

f

f

i

,

I

|

;

i

i

,

4
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APPENDIX B GENERIC SAFETY AND LICENSING ISSUES 0

B,1 CONTMOL SYSTEM FAILURES 0

B.1.1 RELATEDiSSUE 0
]

A 47 Safety implications of Contrd Systems 0 )
1

76 Instrumentation and Control Power Interactions 0 i
'

!B.1.2 ISSUE SUMMARY 0
:

This issue concems the potential for accidents or transients being made 0 |
more severe as a result of control system fauures, includirg control and in- ;

strumentation power supply faulta Thee. I4mos or malfunctions may
occur independently or as a result of an accident or transient and would i

be in addition to any control system falure that may have initiated the ;

event. Although it is generally boileved that control system fauures are t

not likely to result in loss of safety functions which could lead to serious
,

events or result in conditions that safety systems are not able to cope |

with, in-depth studies have tot been performed. The purpose is to define
generic criteria that may be used for plant speelfic reviews. '

B.1.3 DISCUSSION AND REGULATORY STATUS 0

| During the plant licensing process, the NRC staff performs an audit review 0
of the non safety grade cor, trol systems on a case-by-case basis to as.
sure that an adequate degree of separation and independence is

|provided between these non safety grade systems and the safety sys.
,

tems. Additionally, the audit review assures that effects of the operation i

!or faHure of these systems are bounded by the accident analysis in Chap-
ter 15 of the plant's Safety Analysis Repcit. On this basis, it is generally [
believed that control system falures are not likely to result in loss of
safety functions that could lead to serious events or result in conditions

,

that the safety systems are not able to mitigate. In depth studies for all
'

the non-safety grade systems have not been performed, however, and
there exists some potential for accidents or transients being made more '

severe than previously analyzed as a result of some of these control sys-
tem faHures or malfunctions.j

| To resolve this issue, an in depth evaluation of the control systems that 0 ;

: are typically used during normal plant operation was performed by the
NRC. Upon completion, the NRC lasued NUREGS which either verify the
adequacy of current licensing design requirements or propose additional
guidelines and criteria to assure that nuclear power plants do not pose an
unacceptable risk due to non safety grade control system failures. ;

).
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;

fThe NRC has completed part of this evaluation for typical PWRs and 0
SWRs and published the results in NUREGs CR 3968, CR-4385, CR-4386, ;
and CR 4387. Based on these results, the NRC has indicated the follow- '

Ing changes may be required or are desirable for future plant designs, jr

(1) Reduce the potential for steam generator (SG) overful in PWRs by 0 i
including an automatic high water level trip for the main (MFW) and ;,

emergency foodwater (EFW) systems. This reduces the potential for ;

spalover by the MFW or by the EFW after a normal trip. Though not i

required, the NRC fools the automatic trip should be safety grade for ;

future plants. At a minimum, it should be part of the technical ;

specifications and independent of potential event initiators such as
'

power supply faRure.

(2) Provide a safety grade high water level trip of feedwater for BWRs. 0
,

This would reduce potential for spNiover into the main steam lines
.'

'

causing a main steam line bre::k (MSLB).

(3) include the automatic actuation of PORV block valves to protect 0
against inadvertent PORV lifts. The automatic logic would close the |
upstream block valves if inadvertent opening or leakage is sensed. |
thereby decreasing the probabulty of a small break LOCA. ;

(4) Provide increased injection capabulty for the SIS to protect against 0 ,

small break LOCAs.

Additionally, the NRC has concoms regarding de power systems. The 0
main concems include: (1) a control and Instrumentation power supply '

ifault can cause a critical challenge to standby engineered safety features;
(2) the same control and instrumentation power supply fault could defeat i
some of the engineered safety features called upon to mitigate the initiat- ;

ing event; (3) the same control and instrumentation power supply fault (
could blind or partially blind the operators to the status of the plant. How- i

ever, these concems have not as yet been evaluated by the NRC. t

These and other ALWR requirements concoming this issue are addressed 0 [
in the ALWR Requirements Document as follows. A

,

i

r
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8.1,4 ELEMENTS OF RESOLUTION O

{
8,1,4,1 Introduction O

,

The design phlosophy of the ALWR is to provide highly reliable safety 0 [
grade control systems that are required to satisfy an of the current
regulatory requirements intended to prevent or mitigato transient and acci- ;
dont events. These include requirements concoming criteria for single i
faHure, separation, independence, redundancy, diversity, and physical i

protection. It is the ALWR position that all of theet requirements together '

,

assure that an ALWR plant wul not pose an unacceptable risk due to non- .

safety grade control system failures, including Cal power supply faRures. |

The key requirements that address the issues are provided below.
;

|
8.1.4.2 Requirements for All ALWRs 0

Section 2.2.F,7 of Chapter 1 requires the spatial separation of sys- 0.
;

tems and equipment to prevent adverse interaction of non-safety i

grade equipment with safety grade equipment. The Plant Designer
,

must review design documentation based on operating experience to i

identity potential system interactions to be avoided.

Section 2.2.8 of Chapter 5 requires that each dMalon of the en- 0'
.

'
gineered safety systems requiring electric power be provkied with an ;s

'
independent emergency on-site source of ac and/or de power, if one
dMslon is defeated by C&l power supply fault, there is a separate, in-

t

dependently powered dMsion to perform the safety functiores.

Section 2.2.9 of Chapter 5 requires that at least two separate and inde- 0 [.

Nmdent connections for off site ac power sources capable of starting
,

and running all Class 1E loads required for safe shutdown be
provided. This prevents a C&l power supply fault from leading to a
loss of off site power, !

Section 2.3.1 of Chapter 5 requires that the specified functions of en- 0 t.

gineered safety systems be met by use of redundant dMslons. The
redundancy is necessary to meet the single fauure criterion, vlz., the
rnost limiting single fauure in addition to those faRutes which, by as-
sumption, constitute the accident.

;

Section 2.3.2 of Chapter 5 requires each dMalon of engineered safety 0 i.
'

systems be totally independent and separated both mechanically and
electrically except for areas in which it is physicaHy impractical or less f

safe. DMsional independence and separation reduce the potential for i

failure propagation from one dMalon to another.

Section 2.3.4 of Chapter 5 requires the capability to depressurtze and 0.

| cool down the primary system using safety grade equipment, assam-
' ing a single active component faHure. This eliminates the need for or

use of non-safety grade control systems.O Page 10.B 3

- _ - - - . _ _ .



- - - - . . - . - - _._- - - .-

!
n :

1
)

CHAPTER 10: MAN MACHINE INTERFACE SYSTEMS i

9!
Paraoreph No. Rev. I

|
.

Section 2.4.1.2 of Chaper 5 requires that actNo systems used for the 0 |.

containment function be single failure proof and aatety grade. j

Section 3.2.1 of Chapter 5 requires that the core coolant inventory 0 !.

systems provide for redundant, safety grade means to supply injec. ;

tion water to the reactor vessel. ;

. Gectic A 3.3.1 of Chapter 5 requires the decay heat removal system to 0 !
be redundant and safety grade. (

1

i

Section 3.5 of Chapter 5 requires the ALWR dNorse reactkity control 0 |.

system to satisfy GDC 26. !

Section 2.1.4 of Chapter to states that an objectNo of the ALWR 0 !.

design is to achieve very high reliabulty. It requires that the M-MIS be i
designed so that faRures or problems in one function are incapable of '

propagating into other functions so that the extent of the upset is mini-
mlzad and the operator burden is not increased.

,

Section 2.2.3 of Chapter 10 states the policy that the'M-MIS design 0 |.

should possess sufficient segmentation and independence that a :
falure or upset in one plant contrd function cannot propagate to !

other plant contrd functions and thereby overburden the operators :
due to complex transient events.

Section 2.3.9 of Chapter 10 states that, as part of the policy for 0 |.

designing automatic controls, the effect of falures of automatic con. j
trol systems must also be addressed as part of the process of select. -

,

| ing automated or manual controls. Automatic control systems should ;

| employ, wherever possible, fan safe features. '

Section 3.1.3.4 of Chapter 10 requires that the M MIS design process 0
.

.

explicitly considst the potential for and the consequences of failures ;

of plant and M-M;S system components.
'Section 3.5.1.1 of Chapter 10 requires the M-MIS Designer, together 0.

with the Plant Designer, to select the appropriate failure state of the
.

plant equipment upon loss of motko power on a case-by-case basis. |
The M MIS Designer is also required to ensure that the M MIS does
not change the state of contrd components and is initialized in the i

manual mode upon restoration of power to the control systems. |

Section 3.5.1.2 of Chapter 10 requires that no singl6 failure of any M- 0.

MIS equipment or its supporting equipment (e.g., HVAC, power sup-
plies) will cause a forced plant outage.

Page 10.B-4
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!
Section 3.5.3.1 of Chapter 10 requires that no singse fauure of any M. O j.

MIS equipment or its supporting equipment (e g., HVAC, power aup. ]
plies) wul cause a forced plant outage. Section 3.5.3.1 of Chapter 10 i

requires that the functional and physical designs of the M MIS contrd i
and monitoring systems is to be segmented to protect against failures :
degrading the performance of more than one major control or i

monitoring function. In those cases where strict segmentation of the )
major control functions is not practical, the designer is to identify after. ;
natNo design approaches which WNI achieve the same functional re- ;

quirement, e.g., a combirWbn of redundancy and diversity. }
Section 3.5.3.1.1 of Chapter 10 requires that sech segmented function 0 {.

of the M MIS control and monitoring systems use different sets of sen- !
sors and transmitters, and data communication paths from sensors |
and transmitters to data processing equipment whenever practical.

}This requirement minimizes use of com'non sensing Instrumentation
for more than one major control function, reducing the poss!bility of a

,

single problem causing a large scale upset that would be difficult for |
the operators to handle or causing multiple indications to the operator i

of problems in segmented functions which are confusing to the !
operator, [
Section 3.5.3.1.2 of Chapter 10 requires that each segmented function 0 f.

use different processors and power supplies (but not necessarily dif- i

forent power foods or sources) whenever practical even if redundancy |
Is employed. That is, to the degree practical, functions of one teg- )

,

ment shall not be combined with functions of another segment in a t

single processor or set of processors, or power supply This require-
}

ment minimizes the use of common processor or power supplies for i

more than one major control function reducing the possiblity that a !
'

single problem will cause a large scale upset that would be difficult
for the operators to handle or causing multiple indications to the j

operator of problems in segmented functions which are confusing to
the operator, ;

! . Section 3.5.3.1.3 of Chapter 10 requires that data processing and 0 !

| data communication electronic equipment for the different segments
be housed in separate enclosures whenever practical. Equipment for

| segmented functions may share a common room or cubicle and be ;
subject to a common ambient environment. The cata communication

-

links for s6gments are not to share a conduit or other communication ;

pathway enclosure even if there are redundant pathways also cany.
,

ing these functions. |
|

L
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!|
Section 3.6.3.1.4 of Chapter 10 requires that for the different seg- 0. ,

mented functions, signal communication paths, multiplexers and !
demultiplex units for transmitting information to the mein contrd room i
displays and alarms, and for transmitting contrd commands from the i
contrd room to the data processing or output processing equipment, !
have separate power supplies and be housed in separate enclosures ;

outside the contrd room to the maximum degree practical. This re-
*

quirement is to prevent propagation of tabures originating in the data ,

communication paths betwoon the contrd room and data processing ;

equipment or originating in the multiplex /demultiplex equipment at
'.either end.

Section 3.5.3.1.5 of Chapter 10 requires that, to the maximum degree 0 |.

practical, segmentation within major functions of the M MIS are to
'

mimic the segmentation within the mechanical systems beingI *

'monitored and controlled. This requirement is ir. tended to prevent
single failures of problems in the M. MIS which can result in a loss of |
contrd or monitoring of the infra-function segments provided by the

,

mechanical portion of the system. An example would be a single i

failure within the pressure contrd function of the M-MIS which would i
result in a loss of contrd of all banks of pressurizer heaters. !

Section 6.2.6.1 of Chapter 10 requires that the engineered safety sig- 0 :.

nel isolation devices provide Class 1E to non-Class 1E digital and !

analog signal isolation whle maintaining Class 1E Integrity in accord-
'

ance with Regulatory Guide 1.75. |
Section 6.3.2.2 of Chapter 10 requires that software interface of a 0.

,

safety-related system with a non safety-related system is discouraged.
If the designer chooses to do so, the designer is to demonstrate that *

isolation is provided to preclude the propagation of errors from a non-
|

,

| safety-related system to a safety related system. .

8.1.4.3 Additional Requirements for BWRs 0

)!
Section 4.2.2.1 of Chapter 5 requires three independent dMalons for 0.

the CCIC and DHR systems.

Section 4.2.3.1.11 of Chapter 5 requires separation of the divisions for 0.

the CCIC and DHR systems to protect each dMsion against damage
resulting from falure of another dMalon. ;

Section 4.2.7.1 of Chapter 5 requires that each dMslon of the CCIC 0.

and DHR systems have its own independent emergency ac and de '

power source.

f

a

|
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B.1.4.4 Additional Requirements for PWRs 0 )
Section 3.3.2 of Chapter 3 requires that the pressurizer size and spray 0.

capacity be sufficiently large that automatically actuoted PORVs are <

lnot required to mitigate overpressure transients. With no PORV, the
concem for inadvertent opening of the PORV is eliminated. 1

Section 3.3.4 of Chapter 3 requires that a leak detection system be 0 I.

provided for each pressurizer safety valve.
;

Section 4.2.3.4 of Chapter 3 requires the emergency feedwater con- 0.

trol system to have a safety grade actuation feature.
.

:

Section 5.1.2.1 of Chapter 5 requires two independent dMsions for 0 |.

the CCIC and DHR functions, i

Section 5.2.3.1.1 of Chapter 5 requires two independent dMalons of 0 |.

RHR.

Sections 5.3 and B.4 of Chapter 5 describe the emergency foodwater 0 ;.
'

system (EFW). The EFW is required to be a dedicated safety grade
system and to be automaticady initiated, when nv.in feedwater pumps
are lost, on low SG level by a safety grade actuation system.

,

( Section 5.4 of Chapter 5 describes the safety injection system (SIS). O i.

' '
The SIS is required to have sufficient decay heat removal capability to ,

'

satisfy performance requirements for feed and bleed operation. This
provides the small break LOCA coverage desired in NRC's recommen-
dation number discussed in B.1.3 above.

,

'Section 5.5.4 of Chapter 5 requires the safety depressurization and 0.

vent system (SOVS) to have two valves in series for each train such ,

that vent flow can be terminated, assuming a single failure. Additional-
ly, indication of downstream temperature will be available providing

.'

leak detection capability. This requirement, along with the elimination
of the PORV, precludes the need for NRC's recommendation number
discussed in B.1.3 above. t

.
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B.1.4.5 Resolution Summary 0
i

Resolution of this issue has been achieved by a design that exceeds cur- 0 i
rent requirements concoming reliability, separation, redundancy, diversity,

,

independonoe, and physical protection and provides design improve- !
monts which meet or exceed NRC recommendations for future plants. I

Tcgether, these design requirements and tiesign inpovements assure |.

that an ALWR plant will not pose an unacceptable risk due to non salory i

gr6de control system faRures, including C&l power supply talures. How-
ever, it is an ALWR requirement that the ALWR design wil satiety NRC re- i
quirements and, thus, any additional criteria resulting from this issue wNI
also be met by the ALWR design, 5aseo on these requirements, this |
lasue should be considered resolved for the ALWR. i
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B.2 EQUIPMENT PROTECTIVE DEVICES ON ENGINEERED SAFETY 0
FEATURES

B.2.1 RELATEDISSUE O

2 Failure of Protective Devices on Essential Equipment 0

110 Equ'pment Protective Devices on Englooered Safety Features 0
,

'

B.2.2 ISSUE SUMMARY 0

There have been a large number of failures or incapacitation of essential 0
equipment as a result of either the failure or the intentional bypass, by
ESF actuation signals, of protective devices intended to trip active ESFs

i for indications of equipment faults. The systems affected exist throughout
the plant and include the plant control system, the plant protection sys- '

,

'

tem, and the engineered safety features. Particularly vulnerable are ac-,

| tuators that require power in order to drive motors and operate valves.
The failures are not limited to overcurrent protectors but occur in equip-
ment such as torque limiters, overspeed protectors, and other interlocks

'

and may be caused by improper applications or adjustments as well as
component failures. In cases where the protective devices are intentional-

- ,- i ly bypassed, the rationale has been that, in a genuine demand, it is better

(]- to risk self destruction of the engineered safety feature than to tolerate
N *

spurious trips when the equipment is required. However, probabilistic risk-

assessments are showing that there is often sufficient time periods to diag-
nose the fault and override the protective trip if riecessary. Thus, it ap-
peers plaualble that it may be safer to trip the equipment to enable evalua-
tion. repair, and restart without potential equipment damage. '

B.2.3 DISCUSSION AND REGUI.ATORY STATUS 0

This issue was identified by the ACRS in NUREG 0572. The NRC is con- O

cemed that the reliability estimates for euential equipment may not ac- ,

*

count properly for failure of the protective devices. Because of some
reports of the loss of redundant devices through failures of circuits in-
tended to be Independent, there is an increased probability of common
mode failure of redundant vital services. *

The NRC Intends to study this issue further to determine if there is an in- O

crease in failure rate estimates for essential equipment and if essential
equipment could on made significantly more reliable by improv!ng
reliability of protective devices.

4
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B.2.4 ELEMENTS OF RESOLUTION 0

B.2.4.1 Introduction 0
,

,

The ALWR approach to the problem presented in this issue is to design 0
engineered safety feature equipment and protective devices that have a

| high reliabHity. Both spurious trips from the equipment protective devices
| and actual ESF equipment faults wHl be minimized, in addition, the ESF
E equipment will be more robust and able to survive actuations when faults

are present. The requirements in the ALWR Requirements Document
which achieve this are as fol*ows.

B.2.4.2 Requirements for All ALWRs 0

Section 2.2.7 of Chapter 5 requires ALWR plant systems to embody 0 ;.

sufficient robustness of design to tolerate a conservative number of |
! spurious or inadvertet - Seered safety system actuations without '

the need for follow-up tw . . Inspections to verify systems' integrity
or operabHity. This would also give the engineered safety feature
equipment a higher probability of tolerating actuations when equip.
ment faults are indicated by protective devices.

Section 2.3.2 of Chapter 5 of the ALWR Requirements Document ie- O.

quires eacn division of engineered safety systems to be totany Inde-
,

pendent electricaHy except for areas in which it is physically impractl4
cal or less safe. Divisional independence and separation reduce the
potential for propagation from one division to another. This require-
ment is intended to reduce the use of cross connections. This will
minimize the potential for common mode faHures in vital services.

Section 2.2.3 of Chapter 10 specifies the ALWR policy, :: oncoming in. O.

strumentation, control, and protection systems, that rooust system
design, including segmentation of major functions, separation of
redundant equipment within a segment, and fault tolerant equipment,
will be used to achieve high reliabulty and protection against the
propagation of faHures.

Section 2.2.4 of Chapter 10 specifies the ALWR policy regarding in- O.

service testing of the M-MIS. Chepter 10 requires the M-MIS equip-
ment to be designed and configured to readily support in-service test-
Ing by providing buut in test features, incorporating good human fac-
tors pnnciples, and avoiding the use of undesirable features such as
test jumpers or lifting of leads.

Page 10.B 10

. , - . . - - . . - - - ._



- -, -. -- .- . -- - . . - .- - .- -

:

P

;

.

CHAPTER 10: MAN MACHINE INTERFACE SYSTEMS
' D,

O
Paragraph No. Rev.

Section 3.t.3.4 of Chapter 10 requires that the Man-Machine Interface 0 !.

Systems (M-MIS) design process explicitly consider the potential for .

and the consequences of falures of plant and M MIS system com.
,

ponents. That is, functions and tasks which result from the operator -

coping wkh equipment failures are to be identified as part of the M.
MIS design bases. The analysis and validation testing of the M-MIS is i

to include the postulated fauures and recovery from them.
,

'
Section 3.6.1 of Chapter 10 requires that the capsbutty for continuous 0.

on line self-testing of hardware integrity be provided for as much of
the M MIS as is practical. This testing is not to affect the system
functionalky and is to be performed on the module, as opposed to
the system basis.

Section 3.6.4 of Chapter 10 requires that, upon detection of a faHure 0. ,

in the M MIS, a system be designed so that it can be placed in a con. I

figuration such that an additional single fauure WWI not prevent system.
,

level protection or safety action. This reconfiguration is to be automat- '

ic in the case of continuous on line self-testing with notification of the
new reconfiguration given to the operator,

Section 3.7.4 of Chapter 10 requires that the mean time to detect and 0.

repair fauures down to the lowest replaceable module, averaged, ,

| across all types of M MIS equipment for the entire design life, is to be
' ,

! less than four hours. The maximum time to detect and repair faHures i
of any M MIS module is to be less than eight hours. This time is to in-
clude the time to detect the failure, gain access to the faulty equip-
ment, determine the necessary repair, obtain necessary replacements
or spares, make the repair or replacement, and verify that the reph
has been successfully accomplished. This requirement applies to all
M-MIS equipment with self test capabuity. '*

Section 8.3.2.4 of Chapter 10 requires that no single failure in the RPS 0.

prevent or esuse the Initiation of protection action. A second failure
in the RPS is not to prevent the protective action.

'

B.2.4.3 Resolution Summary 0

The ALWR approach is to design the engineered safety feature (ESF) O

equipment and protective devices to be highly reliable. The ALWR ESF
equipment wul be designed to experience fewer equipment faults and

,

spurious trips by protective devices, and it also wil be more robust and
likely to operate when faults are present. Therefore, this issue should be
considered resolved for the ALWR.

Page 10.B-11
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B.3 DESIGN FOR ATWS EVENT 0i

E.3.1 RELATED ISSUE O
,

75 Generic implications of ATWS Events at Salem Nuclear Plant 0

B.3.2 ISSUE SUMMARY 0

On two occasions, Salem Unit i faNed to scram automatically due to O

falure of both reactor trip breakers to open on receipt (4 an actuation sig-
nal. In both cases the unit was successfully tripped by manual action.
The failure of the breakers has been attributed to excessive wear due to
improper maintenance of the undervoltage roiays which receive the trip
signal from the protection system and cause mechanical action to open

'the breakers. Failure to scram (also commonly referred to as anticipated
transient without scram) could result in unacceptable consequences.

B.3.3 DISCUSSION AND REGULATORY STATUS 0

| The NRC Investigated the two Salem events and reported the results in 0 *

| NUREG 0G77. An NRC task force was formed to study the overall generic '

implications of these events and the rcaults were reported in NUREG-
r

1000. Subsequently, the task force outlined the proposed actions for
,

licensees, applicants, and the NRC staff in SECY 83-248. This lead to the
a NRC lasuing the required actions for licensees and applicants In Generic
L Letter 83 28.

'

Additionally, AEOD reviewed the Salem events and published a report 0
which focused on two issues: (1) the adequacy of NRC's reporting re-
quirements and (2) the potentia: for trends and pattems e.nalyses to
predict such events before they occur. From the conclusions of this
report, AEOD plans a number of actions and endorsed other planned ac-
tions.

,

|- The NRC considers that the actions resulting from the NRC task force and 0
AEOD reports can be categorized as either licensee actions or staff ac-
tions. The licensee actions are those published for licensees and ap-
plicants in Generic Letter 83-28 and are considered resolved with is-
suance of the generic letter. Of the staff actions, all but two were either
prioritized as licensing issues, as not applicable, or as being covered by
the ATWS rule amendment (USl A 9) or the Human Factors Program.,

The remaining two staff actions may result in requirement changes under
this issue.

|: The licensee actions from Generic Letter 83 28 are summarized as follows- 0

L 1. Post trip Review - This action addresses the program, procedures and 0
L data collection capability to assure that the causes for unscheduled
| reactor shutdowns, as well as the response of safety related equipment,

are fully und9rstood prior to plant restart.
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2. Equipment Classification and Vendor interface This action addresses 0 :

the programs for assuring that all components necessary for |
accomplishing required safety related functions are property identified ,

in documents, procedures, and information handling systems that are
used to control safety related plant activities. In addition, this action i
addresses the establishment and maintenance of a program to ensure

'
that vendor information for safety-related components is complete.E

3. Post maintenance Testing This action addresses post maintenance 0 }
operability testing of safety-related components.

>

4. Reactor Trip System Reliability improvements This action is aimed at 0
'

assuring that vendor recommended reactor trip breaker modifications.
and associated reactor protection system changes are completed in
PWRs, that a comprehensive program of preventive maintenance and
surveillance testing is implemented for the reactor trip breakers in PWRs,
that the shunt trip attachment activates automatically in all PWRs that use
circuit breakers in their reactor trip system, and to ensure that on-line
functional testing of the reactor trip system is performed on all LWRs.

The two staff actions which may result in requirements are summarized as 0
- - follows: .

V' 1. Quality Assurance (operations) The staff plans to issue Revision 3 to 0!

'

Regulatory Guide 1.33, Quality Assurance Program Requirements
L (Operation) which will contain detailed procedures and more stringent :

criteria for operational Quality Assurance Programs. .

2. General Operating Criteria The staff proposes to draft a set of general 0
'

|

. operating criteria, analogous to the currently used general design criteria,
. which would codify good operating practices. The areas to be addressed

'
in the general operating criteria would include the following:

Management philosophy and policies; O-

Management oversight and review responsibility; O-

Organization and commun!catio.1; O-

Operating and emergency procedures; O-

Staffing, qualifications, and training: 0-

Assurance of quality in operations; O
-

-

|| Preventive and corrective maintenance; O-

Data collection, use, retentiort and reporting; O-

|'
Operating experience evaluation; O-

Replacement of equipment; O-

| Q Page 10.B 13
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Planning and scheduling of safety-related work; O-

Post-maintenance and periodic inspection and testing. O-

lB.3.4 ELEMENTS OF RESOLUTION O

B.3.4.1 Introduction 0 ;

Some of the major elements discussed under th:s lasue are being ad- O
dressed for resolution elsewhere. An important example is the ATWS rule
amendment (10CFR50.62) which was resolved under USl A-9. The im-
pact of the ATWS rule amendment and other ATWS related requirements,
resulting from other lasues, on the ALWR design are not covered under

,

this issue. Additionally, some of the staff actions which were prioritized as
licensing issues or as not applicable, do not directly affect plant design

' and so will not be addressed here. Finally, this leaves the four licensee
actions in Generic Letter 83-28 and the two remaining staff actions from
NUREG 1000 as the actions from this issue which may impact the ALWR
design.

The two staff actions (operations quality assurance and general operating 0
criteria) concem the operation of nuclear power plants and are not within
the scope of the ALWR Requirements Document; however, there are re-
quirements on the ALWR design which will impact how operations in
these areas are carried out. The four licensee actions (post-trip review,
equipment classification and vendor interface, post maintenance testing, |

| and reacta trip system reliability improvements) generally concem
'

programmatic efforts by an operating plant and, as such, are not totally
'

within the scope of the ALWR Requirements Document; however, there
are requirements on the ALWR design which will impact how these opera-
tions are carried out.

The requirements in the ALWR Requirements Document which have major 0
impact on the two staff actions and the four licensee actions are sum-
marized below. Note that these do not include the requirements which
deal with meeting the ATWS rule, e.g., Sections 8.3.2.7 and 8.3.2.8 of
Chapter 10 which deal with backup reactor trip systems, or the require-
ments on protection features directly mandated by 10CFR50.62.
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B.3,4.2 Requirements for All ALWMs 0

1

Requirements which impact operational quality assurance include: 0
]

Section 6.1.2 of Chapter 10 defines quality assurance requirements O.

for the increased software which is expected to be used In the ALWR
M-MIS. The M MIS Designer is required to consider the entire i

software life cycle not just the initial preparation. |

Requirements which have special impact on operating criteria include: 0

Section 4.6 of Chapter 10 defines requirements for plant voice com- O.

munication systems, t

Section 2.2.10 of Chapter 10 establishes the policy that operating and 0.

energency procedures, including alarm response procedures, wHI be
directly displayed to operators at the main control room work stations.

Section 4.1.6.4 of Chapter 10 requires that the M MIS Designer 0.

prepare generic operating procedures for all work stations and to
validate them using mockups and active simulation.

Sections 2.2.7 and 4.2 of Chapter 10 state the policy for operator staff- 0, .

| Ing and define the staffing basis to be used in the design of M MIS ,

( work stations.
s

| Section 5 of Chapt 6r 10 defines the requirements for the plant data O.

gathering, transmission, and processing systems. These systems will
provide enhanced capability to collect and process plant data com-

j pared to existing plants as well as provide aids for the opvator to
track various plant activities, such as maintenance and testing, and,;

| help the operators in the decision-making process.
l-

,

Section 3.7 of Chapter 10 requires the M MIS to simplify and reduce 0.

the amount of difficulty of maintenance required over the lifetime of
the plar;t. This includes requirements on maintenance burden, plan- t

ning for replacement, and other specific requirements aimed at
simplifying the operating practices in the maintenance area.

Requirements which impact the capabuity to perform post trip reviews in- O
clude:

Section 5 of Chapter 10 defines the requirements for plant data col- 0.

lecting including data time tagging (5.4.1) which is essential for ade-
| quate post-trip review.
l

Section 4.3.4.8 of Chapter 10 defines the requirements on maintaining 0L-
the time sequence of alarms for post event analysis.

.
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Requirements which impact equ!pment classification are addressed by the 0
requirements of Chapter 1 which define the configuration management !
system for the ALWR plant. '

Requirements which impact post mair tenance testing Include: 0

Section 2.2.4 cf Chapter 10 states the policy that the ALWR design 0.

provide a high degree of testabuity of the M-MIS, particularly self-test-
ing, and Section 3.5 of Chapter 10 provides requirements to carry out
this policy. The high degree of testablity which wRI be required of the
M-MIS will facultate performing post-maintenance testing. The self-
test features wlH reduce the number of special post maintenance tests
which are needed.

| Section 3.1.3.6.1 of Chapter 10 requires that test plans be prepared 0.

for all systems and components and specifically requires that these
plans include the tests required to verify the operabHity of systems or
components after maintenance.

Section 3.7.7.1 of Chapter 10 requires that the M-MIS Designer iden. 0
'

.

tify the tasks required to maintain the M MIS, including any testing re-
quired as part of the maintenance. Section 3.7.7.2 of Chapter 10 re-
quires these maintenance tasks be evaluated to assure they can be
accomplished.

Requirements which impact reactor trip reliabNity include: 0

Section 3.5 which requires detailed, systematic analysis of the 0.

reliability of the M. MIS and, therefore, the reliability of reactor trip.

Section 8.3.4.1.1 of Chapter 10 requires that the M MIS Designer iden- O.

tify problems associated with the design, operation, maintenance, and <

testing of existing reactor trip breakers. The M-MIS Designer is to es-
tablish functional and design requirements, manufacturing specifica.
tions, and a factory testing plan for the ALWR reactor trip de/lces
which specifically address the problems associated with existing reac-
tor trip breakers. A specific review of these problems should assure
that they are not repeated in the ALWR.

Section 8.3.4.1.2 of Chapter 10 requires that the M MIS Designer 0.

| select a reactor trip device which is specifically designed to withstand
I. without degradation the expected number of operations associated

with maintenance and testing, as well as actual trips, over the life of
the plant,

1. .

1
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8.3.4.3 Resolution Summary 0 I

The requirements in the ALWR UtRity Requirements Document concerning 0 |
M. MIS testabuity, data gathering, transmission and processing, RPS redun- ,

dancy and diversity, and the selection and maintenance d the reactor trip ,

breakers wul greatly and 15s operating ALWR in meeting future require- ;

ments resulting from this issue. And, although the total resolution of this
,

issue is not within the scope of the ALWR Requirements Document, the re-
quirements of this issue, including the requirements of the ATWS rule In
10CFR50.62, will be met by the ALWR design. Therefore, this issue is con. ,

sidered resolved for the ALWR. .
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! 8.4 DESIGN OF ABWR WATER LEVEL INSTRUMENTATION 0 )
I

j B.4.1 RELATEDISSUE O

! 101 Break Plus Single Failure in BWR Water Level Instrumentation 0

B.4.2 ISSUE SUMMARY 0 !

An NRC concem has been identified for BWRs about a postulated break 0,

'

in an instrument line in conjunction with the worst single fauure. The con-
com is that if one of two reference columns breaks, a single faHure as- i<,

sociated with the other reference column could completely defeat mitiga-
tion systems for the resulting transient.

B.4.3 DISCUSSION AND REGULATORY STATUS 0

i BWRs typically have two reference columns in their water level instrumen- 0
| tation. Water level ts measured by means of differential pressure sensors ,

connected between the reactor vessel and the reference columns which
are full of water, if a reference column is broken, the water in it wHl flash
to steam and the water level Indication in all channels connected to the
broken column will give a false "high" reading.

The scenarlo, first identified by the AEOD, is that one of the reference 0

j columns breaks and a worst single failure causes the other one to indi-
t cate high water level. This could lead to the possibuity of a low water
I. level situation where the false high water signals would prevent mitigating

systems, such as ECCS, from initiating, in some plants this may lead to
core uncovery. -

However, since designs of water level instrumentation vary, the above 0
; worst case scenario is less severe in many BWRs and not applicable to
L some. Therefore, since there is no single scenario, the NRC does not
L recommend a generic solution or specific modifications at this time. -

I

s
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IB.4.4 ELEMENTS OF RESOLUTION O

Section 3.3.3.2.1 of Chapter 4 requires that a wide range set of reactor o
pressure vessel level Instruments, consisting of four divisions with instru-
ment tapa located in each of four quadrants, shall provide signals for reac-
tor protection and safety systems. These taps permit the use of two-out.
of-four logic, in addition to this basic capabulty for multiple level instru-

,

ments, Chapter 10 includes requirements on the design process and on
reliablity which should assure that the ALWR is not subject to the ,

scenario identWied in this issue. In particular, Section 3.1.3.1 of Chapter |
10 requires the M-MIS to perform a review of existing LWR plant designs ,

to identify problems and develop ALWR design solutions for the problems
identified. The requirements for availability and reliabuity of Section 3.5.1 .

require that no single random faHure of any M-MIS equipment WWI cause a
forced outage. Additional requirements of Section 3.5.2 address multiple
random faRures of M MIS equipment, and their effects are addr6,ased in '

Section 3.5.4.3. This issue should be considered resolved for the ALWR. "

|
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B.5- ACCIDENT MANAGEMENT 0

B.5.1 RELATEDISSUE O

116 Accident Management 0

B.5.2 ISSUE SUMMARY 0

The emergency procedure guidance has resulted in training operators in 0
the avoidance of degraded cooling of reactor cores. It has not trained
them in the diagnosis, prognosis, or management of accidents which go

,

beyond a point of no retum to core meltdown. Should a core meltdown j
accident occur, operators without procedures and untrained in core melt '

accident progression, phenomena, and consequences may very well (1) l
faH to take full advantage of opportunities to delay or minimize contain- |
ment failure and the release of fission products and (2) they may give er. 1
roneous advice and guidance on the prognosis of the accident to emer- i
gency response personnel, leading to inappropriate emergency response i

actions.

B.5.3 DISCUSSION AND REGULATORY STATUS 0 J

| The NRC has not completed its evaluation of this issue, but it is 0 i
'

scheduled to be prioritizeo some time In 1989.

B.5.4 ELEMENTS OF RESOLUTION O

B.5.4.1 Introduction 0

The subject of this issue, the training of plant operators in the diagnosis, 0
prognosis and management of accidents, is not within the scope of the
ALWR Requirements Document. As such, this issue cannot be totally
resolved by the requirements of this document. However, as stated in
Chapter 1 of the ALWR Requirements Document, one of the primary ob-
jectives of the ALWR design is to reduce, relative to previous plants, the
probability and consequences of accidents that could endanger the safety
of In-plant personnel or the general public, cause radioactive release, or

- damage plant equipment. To meet this objective, 'he ALWR will reduce
dependence on active systems and components to achieve safety and in-
crease dependence on characteristics such as natural circulation, low
power density and increased coolant Inventory Also the ALWR design
wHI improve operator performance by the simplification of systems and

|
controls, by providing information in a direct assuy understood form, and
by the use of human engineering in the overall plant, including the mainI

control room, remote shutdown panel, and local control stations. Some
of the requirements in the ALWR Requirements Document that achieve
these objectives are as follows.
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B.5.4.2 Requirements for All ALWRs O

Section 2.3 of Chapter 1 provides overall plant design requirements 0
*

L .
'

for the ALWR to reduce the probability and consequences of acci-
dents from those in current LWRs. These requirements concern
preventing core damage for pipe breaks up to a certain size, in-
creased operating margin, increased operator transient response
time, less dependence on active systems and components, and more
dependence on characteristics such as natural circulation, low power
density, and increased coolant inventory.

| Section 2.2.3 of Chapter 5 requires that engineered safety systems be 0.
'

designed for simplification so as to make the operators' procedures
less complex and Interdependent, particularly for emergency condl-
tions.

Section 2.3.6 of Chapter 5 requires the operators to be provided with 0.

|, sufficient information to assess core cooling conditions and to per.
form the CClO and DHR functions. Any information needed to per-'

form these functions is to be determined by direct measurement. Un-
ambiguous alarms are to alert the operator to the need for maqual ac-

.

tion to provide the CCIC or DHR function in abnormal situations.

1 . . Section 2.4.2.8 of Chapter 5 requires the ALWR plant design to con. O

tain Instrumentation sufficient to determine whether core damage has -
occurred.

Section 3.2.2 of Chapter 5 requires the source of core coolant Inven- 0. .
'

tory maireup to be adequate for at least 36 hours without need for
manually switching suction sources for non-LOCA events. This mini-
mizes operator actions during reactor shutdown.;

''
Section 3.3.6 of Chapter 5 requires that the decay heat removal sys- 0.

tems be designed to provide sufficient thermal and operational range
envelope to preclude operational difficulties in transfer from normal to;

| shutdown cooling. The operational difficulties includes taking into ac-
'

count instrument errors and operator response time for required
operator action with some margins.

Section 6.6.5.2 of Chapter 5 requires that Instrumentation to indicate 0.

the presence of water inventory in the cavity or drywell prior to reac-
tor vessel meit-through be provided to assist the plant operators in
decision making.

. Section 7.3.3 of Chapter 5 requires that instrumentation be provided 0
to monitor containment conditions during all plant operating and pos-
tulated accident conditions.
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Section 2.2 of Chapter 10 discusses the policy of the ALWR Utuity Re- 0.

quirements Document concoming the comrol room, local control sta- -

tions, and remote shutdown panel. The objectives are to take full ad.
vantage of overall plant simpitfication to reduce or eliminate the need
for complex or complicated control systems or operator tasks; pro-
vide automatic controls whsre warranted, considering system
response requiremerits, complexity of operation, plant conditions, im- ;

pact of misoperaton, and regulatory requirements; and to provide ex-'

port system capability to perform artificial intelligence where feasible. '

f Section 2.2.10 of Chapter 10 describes the ALWR main control roorn 0.

concepts. Several of its key features wRI greatly aid the ALWR,

operator in accident management. Some of these features are:

Electronically displayed normal and emergency procedures. 0-

Electronically dispiayed presentations of plant operational 0-
,

parameters and technical data based on operator tasks and event
categories in graphical and diagrammatical format showing
present values, trends over various operator selected intervals, ac-
ceptable ranges, set points, control bands, correlations, and other
explanatory information.

Electronically displayed alarms, designed specifically (based on 0-

plant conditions) to minimize nuisance alarms. Alarm messages
'

should be organized and coordinated with the overview displays,

|~' as well as workstation displays and controls to support the
'

decision-making approach. The workstation should provide alarm
reflash capability and access to electronically displayed alarm
data sheets to provide basic causal and recommended recovery
action Information. Diagnostic aids should be employed to help

''
operators investigate problems and plan recovery actions.

- Plant equipment and controls that are well coordinated with the O

decision-making approach, overview displays, and workstation
presentations.

Sections 3 and 4 of Chapter 10 provide requirements on design of the O.

M MIS and the ALWR control stations. These requirements imple-
ment the objectives and policy discussed in Sections 2. These ALWR
requiraments will help assure improved operator performance with
less likelihood of inappropriate emergency response actions by provid-4

'

Ing human factored control stations that are better designed for diag-
nosis, prognosis, and accident management.

%
Y
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B.5.4.3 Additional Requirements for BWRs 0

Section 4.2.6 of Cnapter 5 requires that, for the CCIC and DHR sys- 3 f.

tems, status inc'ication be provided for any switched function and any
bypassed or manual override, that instrumentation provided to
monitor process conditions be sufficient to analyze performance of

. the system and to detect problems with the operation of equipment.

B.5.4.4 Additional Requirements for PWRs 0

Section 5.2.3.12.4 of Chapter 5 requires that the capabNity be O.

provided to permit control of RHR operation from the standby shut-
down panels. This is to include providing the operators with sufficient
information to permit such control to be readRy accomplished.

Section 5.2.3.13.1 of Chapter 5 requires that adequa's information 0.

and wamings be provided to the plant operator for proper system
operation and avoiding loss of RHR.

Section 8.1.3.2 of Chapter 5 requires that instrumentation be provided 0.

to monitor conditions within containment following an accident.

B.5.4.5 Resolution Summary 0

i Although the emergency procedure guidance and the training of 0
operators are not within the scope of this document, the requirements in
the ALWR Requirements Document are designed to minimize operator
error and improve plant performance in preventing and mitigating acci-,.

dents. This will be achieved by the use of simplification of systems and
controis, improved instrumentation, good human engineering, and a shift
of reliance on active systema and components for safety to charac.
teristics such as natural circulation, Ica power density and increased
coolant inventory. This wHl lead to improved, simpler emergency proce-i

| dure guidance and operator training on the diagnosis, prognosis, or
management of accidents. Because the ALWR wHi develop emergency

[ procedure guidance and an operator training program based on the
above described ALWR design and the requirements and/or recommenda-
tions resulting from this issue, this issue should be considered resolvedi

L for the ALWR,
l

I
|

|
\

! (
|

-

Page 10.B-23
I

. , _ . .,m__m _ _ _ _ . - _ ___ _ . . _ , . _ _ ~. ._.__..._.,_._._..._,,,-.-......,,,,.,_..,_,-,,..__...__._.m. ,.



m .
-

3

.i
i

CHAPTER 10: MAN-MACHINE INTERFACE SYSTEMS '

O
Paragraph No. Rev.

B.6 SAFETY-RELATED OPERATOR ACTION O

fB.S.1 RELATEDISSUE O

B 17 Criteria for Safety-related Operator Actions O

B.6.2 ISSUE SUMMARY 0
"

This issue invo'ves developing criteria for safety-related operator action 0
(SROA) during the response to or recovery from transierts and accidents.
The criteria would include a determination of actions that are to be
automated in lieu of operator action and the development of a time
criterion for SROA. Specifically to be determined is whether or not to re- |

quire an automatic switchover from the injection mode to the recirculation
'

mode following a LOCA.
,

B.6.3 DISCUSSION AND REGULATORY STATUS 0

' '
The development and implementation of criteria for SROA may result in 0
automating some actions currently performed by the operator. The NRC ;

expects that this would reduce the potential for operator error. Of par-
ticular concem to the NRC is the automation of the ECCS realignment foi.

,

'

lowir g a LOCA, which is currently a manual operation in some PWRs.
This is a concem because the ECCS realignment operations is dependent

,

on break size and must be accomplished before the borate water storage
'

tank is depleted. The SROA criteria would also include a time criterion,
that is, a maximum time for the operator to take a specified safety-related
action after the initiation of the event. Implementation of a new SROA .

criteria may result in changes and additions to the ALWR design for the i

ESF control systems, but the impact is expected to be minimal.

B.6.4 ELEMENTS OF RESOLUTION O

B.6.4.1 Introduction 0

The ALWR plant design requires the automation of the initiation of protec- O

tion and safety systems and, in addition, the automation of the operation
of these systems for at least 20 minutes. The capability for manual Initla-
tion and operation is not precluded, and adequate information and control |
capabilities are required so that the operators can effectively provide back- !

Up for the automated actions. j

|
,

|
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B.6.4.2 Requirement for All ALWRs 0

Section 2.3.A.3 of Chapter 1 of the ALWR Requirements Document 0 i.

specifies the ALWR overall requiroments for the tine after an event is J

initiated in which the operator must act as not less than 20 minutes *

with a target of 30 minutes, assuming a single failure. This same time
requirement is also specified for certain automated safety-related ac- -

tions such as in Section 3.3.8 of Chapter 5 for automatic init|ation of
the PWR decay heat removal systems. ;

Section 2.1.1 of Chapter 10 states the objective of the ALWR design 0
_

.
'

shall be to take full advantage of operator capabilities, but not to chal.
lenge operator limitations.

Section 2.2.9 of Chapter 10 states the policy for the design of the O.

ALWR M MIS which requires that each monitoring, control, and
protection function be evaluated as part of the design process to j
determine the appropriate level of automation. Consideration is re-
quired of such factors as operator workload, system response, opera- ,

tion complexity, level and duration of the operator's attention, and
failure of the automatic features.

('(% Section 3.4.3 of Chapter 10 requires that the design choice on auto- 0.

| . \j matic versca manual control or monitoring is to be based on evalua.
| tions which specifically include consideration of operator workload,
I operator capability, past experience with automatic or manual con.

trols or monitoring in similar applications, operator vigilance and the
need to keep the operator involved and knowledgeable as to the
plant status, amount and complexity of M MIS equipment (including
software) and the resulting maintenance and testing burden, the con. ,

sequences of and potential for malfunctions of the automatic equip-
ment and for operating errors, and regulatory requirements.

. Section 8.2.3 of Chapter 10 defines the control and monitoring 0
strategies which shall be used for protection and safety systems.
This includes the requirement that startup or actuation of these sys-
tems shall be automatic but with an effective manual backup. It also -

requires that these systems operate automatically after actuation for
at least 20 minutes and that manual operations be limited so that es-
sentially continuous manning for extended periods of time, e.g., hours
or days, is not required.

O
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The part of this issue concoming automatic versus manual ECCS 0 !.

ren!ignment does not apply to the ALWR PWR The PWR safety injec-
tion system (SIS) maintains inventory by pumping water from an in- -

' containment refueling water storage tank (IRWST) to the reactor ves- i

sel. The IRWST provides a continuous source of water to the SIS
pumps because water collects in the IRWST and thus eliminates the
need for realignment of the SIS pumps for long term post LOCA recir. |
culation.

B.6,4.3 Resolution Summary 0

i The ALWR design will satisfy NRC requirements concoming automation of 0
safety-related operator actions and operator response times. Since that
part of the issue concoming automatic realignment of ECCS is net ap.
plicable to the ALWR by design, this issue is considered resolved for the
ALWR.

1

i

O'
:
|

l
,

i
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t B.7 FEED AND-BLEED COOLING 0

B.7.1 RELATEDISSUE O ]
122.2 initiating Food and Bleed 0 |- -

B.7.2 ISSUE SUMMARY 0 i
1

During the loss of feedwater event at Davis Besse, the operators were 0 |
reluctant to initiate feed-and blood cooling. This issue deals with the ade- !

quacy of emergency procedures, operator training, and available plant J
monitoring systems for determining the need to initiate feed-and-bleed ;
cooling following loss of the steam generator heat sink.

B.7.3 DISCUSSION AND REGULATORY STATUS 0 .

Feed-and-bleed cooling is a last resort method of core cooling following 0
loss of feedwater at most PWRs. It must be manually initiated and is not''

currently required by the NRC. ,

During the loss of feedwater event at Davis Besse, the steam genstators 0
became dry, meeting the criteria for the initiation of feed-and bleed cool-

| Ing. However, feed-and bleed cooling was not initiated by the operators,
| A possibly, for the following reasons:

They believed restoration of the auxiliary feedwater was imminent. 0.

Feed and bleed cooling releases primary coolant to the containment. 0 -.

requiring extensive shutdown to decontaminate.

The operators were unsure that the criteria to initial feed and bleed 0. ,

were met due to inadequate control room instrumentation and an un-
; available SPDS. '

1'
L The NRC is concerned that procedures and/or training may not be ade- O

quate to assure a high reliability of operators initiating feed and bleed cool-
Ing when it is necessary to avert core-melt. The NRC will investigate the1

|. need for additiona! regulatory guidance for emergency operating proce-
dures, operator training and/or instrumentation for the manual Initiation of''

feod-and bleed cooling. The general technical aspects of feed and-bleed
cecay heat removal are addressed under Unresolved Safety issue A 45.

I
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8.7.4 ELEMENTS OF RESOLUTION O

This is generally an operating plant issue in that its resolution mainly invol- 0
vos operator training and the development of emergency operating proco-
dures. Some of these issues are not within the scope of the ALWR
design. . However, other aspects of this issue related to operating proce-
dures and control room instrumentation are addressed in Chapter 10.
Section 3 of Chapter 10 requires the M MIS Designer to perform a com-
plete analysis of functions and tasks to be performed by the operator.
The results of the function and task enalysis wtI be taed in the develop-
ment of control room instrumentation and operating procedures.

The operators at Davis-Besse, because of inadequate control room in- O

strumentation and an unavailable SPDS, were unsure if the crtteria for In-
Itiating feed-and bleed cooling was met. To address this problem in the ,

ALWR, Chapter 10 of the ALWR Requirements Document requires that the
ALWR Include highly reliable control room instrumentation providing all in- ,

formation needed for operators to carry out their functions and tasks, In-
ciuding the ability to determine conditions in the steam Generators.

The requirements on control room Instrumentation reliability will ensure O'
that the ALWR operators will be able to easNy determine if conditions in
the steam generator require the initiating of feed-and-bleed cooling.
Therefore, this issue should be considered resolved for the ALWR. '

,

e

b

8 O

L
t ,

i
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5.8 SAFETY PARAMETER DISPLAY SYSTEM AVAILABILITY - 0

B.8.1 RELATEDISSUE O [

125.l.3 Long-term Generic Actions as a Result of the Davis-Besse Event 0
of 6/9/85-SPDS Availability '

B.I,1.2 ' ISSUE SUMMARY 0

During the Davis Besse loss of feedwater event, the PORV r, tuck open 0 -

and both steam generators (SG) became " dry". The operator was un-
aware of this, partly, because the SPDS was inoperable and therefore not
available to supply information so that the operator could determine the
PORV and SG status. This is'ue would determine if NRC requirements '

should be revised regarding SPOS availability.
;

8.8.3 DISCUSSION AND REGULATORY STATUS 0 -

At Davis-Besse the SPDS has the capability of displaying a full range of 0
relevant plant parameters and trends on demand by the operator. Al-
though the SPDS has two channels or trains, both were Inoperable prior '

to the event, if the channels had been available, the operators could have
,

I used the SPDS in two ways to have alleviate:I the loss of feedwater event
at Davis Besse. These were: :

(1) The PORV stuck open causing a rapid depressurization cf the RCS 0
thus aggravating recovery from the event. The operator tm|leved the
PORV was closed, based on the signal Indicator and Indica:ed
pressurizer level. There was an acoustic monitor c.vailable to verify
PORV closure which was not used. An available SI'DS could have i

trended RCS pressure and temperature and OTSG pressure and level,
providing information needed to determine PORV status.

(2) When both steam generators are dry, the operators are to initiate the 0
" feed and bleed" method for decay heat removal. The instrumentation
in the Davis Besse control room was inadequate to determine with

certainty if these conditions exist in a steam generator. The SPDS was
intended to provide this information. The shift supervisor knew that the
feed and bleed cooling may be required, but partly due to the lack of
definitive information the SPDS would have supplied, he did not initlate it.

As in both of these cases, the SPDS is a secondary source of Information 0
to be used to verify status or operator analysis of the situation initially
determined from other primary sources. Even though in NUREG 0696 the
NRC gives an operational unavaliability goal for Emergency Response
Facilities of 0.01, which includes the SPDS among other systems, there

| are currently no requirements on operational availability of SPDS alone.

| The NRC has prioritized this issue as "nearly resolved" and is currently 0
'. draiting a generic letter, licensing and inspection guidance, and a NUREG.
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5.4.4 ELEMENTS OF RESOLUTION O '

The ALWR will provide highly rollable information processing and display 0 |

systems that provide all information the operators r3 quire to carry out
their functions and tasks, including maintaining an awareness of the
status of all important safety parameters. Monitoring of safety parameters
will be a part of the overall M-MIS design and will not be an " add-on" sys-
tem (SPDS) as in existing plants. This will enhance the effectiveness of
safety parameter monitoring. These requirements, along with the commit-
ment to meet any availability requirements resulting from this issue, will as-
sure reliable monitorin0 of safety status at ALWR plants. Therefore, this
issue is considered resolved for the ALWR. '

,

O
.

|
'
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5.9 PLANT-SPECIFIC SIMULATOR 0 2

8.9.1 RELATEDISSUE O .,

125.l.4 Long-term Generic Actions as a Result of the Davis Besse Event of 0' s

6/9/85-Plant Specific Simulator

8.9.2 ISSUE SUMMARY 0'

,

This issue concerns the need for a plant specific simulator. 0
,

8.9.3 DISCUSSION AND REGULATORY STATUS 0

This issue was assigned a priority of " Drop" by the NRC in February,1987. O

B.9.4 ELEMENTS OF RESOLUTION O

Due to the " drop" priority assigned by the NRC, this issue has been 0
dropped by EPRI for purposes of the ALWR design. However, it should
be noted that the ALWR Requirements Document calls for the use of a

'

plant simulator as a design tool for developing and verifying the ALWR,

plant design. Consequently, an accurate, plant specific simulator wHl be
avaRable for the ALWR long before any need for operator training.

LD :
|-

1
.

|
'

|

t
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B.10 SAFETY SYSTEM TESTING 0

B.10.1 RELATEDISSUE O

175.l.5 Long term Generic Actions as a Result of the Davis Besse Event of 0
6/9/85-Safety Systems Tested in All Conditions Required by Design

| Basis Analysis :

' B.10.2 ISSUE SUMMARY 0 t

This issue concems the adequacy of NRC requirements and guidance to 0 i

assure that safety systems are tested in all conditions required by the
design basis analysis.

B.10.3 DISCUSSION AND REGULATORY STATUS 0

The NRC investigated the loss of feedwater event at Davis Besse and Is- O
sued their findings in NUREG 1154. They concluded that the underlying

| cause of the event was the lack of attention to detail in the case of plant |
;

equipment. This included, among other things, the testing of eq'.lipment,
and they reiterated the Importance of thoroughness in testing systems
under conditions for which they may have to perform. In addition to this
conclusion the NRC noted the following specific findings:

The causes of the auxiliary feedwater system containment isolation 0 |.

valve and pump malfunctions could have been detected and cor-
rected prior to the event by straightforward tests.

The reliable operation of the power operated relief valve had not been 0.

established by a suitable test program nor was its operational readl-
ness verified by a periodic surveillance test. '

Thorough integrated system testing under various system configura- O.

tions and plant conditions, as near as practicable to those for which
the system is required to function during an accident, is essential for
timely detection and correction of common mode design deficiencies.

'

This issue is currently being evaluated by the NRC and is scheduled to be 0 I
prioritized soon.

,

|
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B.10,4 ELEMENTS OF RESOLUTION O
'

B.10.4.1 Introduction 0

The need for increased testing capabulty of plant systems and equipment 0
whue in operation is recognized in the ALWR design. In addition to the ex-
tensive testing performed in the preoperational testing process and the
normal surveulance and functional tests performed on equipment, the '

ALWR design provides for full flow integrated testing capabRity of the
safety systems whRe in operation. These and other testing requirements
are provided in the ALWR Requirements Document as follows.

B.10.4.2 Requirements for All ALWRs 0

Section 4.7 of Chapter 1 gives requirements on the testing of systems 0.

and equipment to insure that functional operabulty wHl be maintained
under design conditions.

Section 6.2.B of Chapter 1 gives system design requirements concern- 0.

ing teating of equipment. These include requirements that testing -

operations be expilcitly included in the design of the system and
equipment and that the principles of human factors be used to assure
the equipment configurations and procedures are conducive toi

| proper operations and will help prevent operator errors.;

Section 6.2.2.2 of Chapter 5 requires that the ALWR have the O.

capabRity to accomplish valve testing, including operability testing, of
. containment isolation valves.

Section 2.2.4 of Chapter 10 states, as a policy of the ALWR design of 0.

[ the instrumentation, control and protection systems, that buut in test
,

features are to be provided to perform continuous self diagnosis of !

digital hardware and communication paths and annunciate detected
faHures. Built.in test features will provide computer-aided, periodic

,

functional testing capabHitles that automatically verify system
functionality once they are manually initiated, locate failures upon
detection, and record test results.

,

Section 3.1.3.6.1 of Chapter 10 requires that the M-MIS design 0.

process define the test requirements for both systems and com-
ponents in formal test plans. All testing required to justify the M. MIS

| design, prepare the systems for operation, and the tests required after
1 the systems are in service are to be incluc'ed.
|

)
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Section 3.1.3.6.2 of Chapter 10 requires that the design process for 0.

the M-MIS include the explicit identification of all in-service surveil-
lance testing of plant components and M-MIS components which is re-
quired to ensure satisfactory long-term operation of the equipment
and to meet all applicable regulatory requirements. The functions

'
and tasks to accomplish this testing are to be included in the design

'

basis of the M MIS and are to be fully accounted for in the design
process, e.g., generic procedures for these tests are to be prepared
and used in walkthroughs in control station mockups.

Section 3.1.3.6.3 of Chapter 10 requires that the M MIS design 0.

process include the preparation of test plans and generic procedures
for the testing to be performed on the M MIS components and sys-
tems after they are installed in the plant and the testing to be per-
formed by the utulty operating staff as part of the initial plant startup.

Section 3.6.1 of Chapter 10 requires that the capability for continuous 0.

on-line self-testing of hardware integrity be provided for as much of
the M-MIS as is practical. This testing is not to affect the system
functionality and is to be performed on the module, as opposed to
the system basis. These tests may include, but are not limited to,
RAM and ROM failure checks, arithmetic processing unit failure
checks, data link buffer checks, and CPU reset of watch dog timers. '

'

Section 3.6.2 of Chapter 10 requires that the capability for periodic 0.

functional testing of the systems be provided. This periodic testing is
to be manually initiated, but automatically performed once initiated, '

and shall meet the requirements of Regulatory Guides 1.22 and 1.118
and IEEE Standard 338.

Sectiort 3.6.8 of Chapter 10 requires that the safety-related systems, O
'

.

e.g., reactor protection and engineered safety features actuation sys-
tems, have automatic test features that are sufficient to meet the Tech-
nical Specification requirements for periodic surveillance of the
system's functionability as defined by Regulatory Guides 1.22 and I
1.118 and IEEE Standard 338. 1

- B.10.4.3 Requirements for BWRs 0

Section 4.2.8 of Chapter 5 g'ves requirements on the testing and test- 0| .

'

ing provisions of th6 core coolant inventory control and decay heat,

removal systems. Full flow test capability, including valve testability
from the control soom, is specified to eliminate all uncertainty about

, the performance of pumps and vt.lves after they are Installed. All ac.
,

l tive components (including the control system) are required to be 1

functiona|ly testable during normal plant operation.

Section 4.6.3.1 of Chapter S requires the SLCS to include provisions O.

for functional testing.
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(' 8.10.4.4 Requirements for PWRs 0
:

! Section 5.2.3.8 of Chapter 5 requires periodic surveHlance testing of 0.

|' the residual heat removal pumps and motor operated valves. A
means is to be provided to test the pumps at full design flow with the
reactor at power. The capabHity is to be provided to permit periodic
valve tests during normal operation.

Section 5.3.3.2.5 of Chapter 5 requires a means for periodic surveR. O.

lance testing of emergency feedwater pumps and valves and function-
al testing of the integrated operation of the system. Full flow test -
capabRity with the plant in operation is also specified.

Section 5.4.3.8 of Chapter 5 requires that a means be provided to per- O.

mit periodic t:urveillance testing of S!S pumps and valves, and func-
tional testing of the integrated operation of the system. Also, a

Imeans is to be provided to test the pumps at full design flow with the
reactor at power.

| -- B.10.4.5 Fiesolution Summary 0

The need for thorough testing of systems and equipment, both in the O

design process and while in operation, is recognized in the ALWR design- h requirements. A key element of these testing requirements are the
d provisions for testing capability of safety systems while in operation. This,

capabHiry along with the requirements for extensive testing during thel

design process, surveillance testing, and other functional tests resolves
this issue for the ALWR.

s'
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B.11 VALVE TORQUE LIMIT AND BYPASS SWITCH SETTINGS 0 t

B.11.1 RELATEDISSUE O

| 125.l.6 Long-term Generic Actions as a Result of the Davis.Besse Event of 0
6/9/85-Valve Torque Limit and Bypass Switch Settings

;
'

B.11.2 ISSUE SUMMARY 0

This issue concerns the adequacy of the engineering basis for the 0 '

specification of the adjustments for safety-related valves such as torque
switch and torque switch bypass settings for all design basis events. !

B.11.3 DISCUSSION AND REGULATORY STATUS 0

This issue was assigned a priority of " Drop" by the NRC. 0

| B.11.4 ELEMENTS OF RESOLUTION O

Due to the " drop" priority assigned by the NRC, this issue has been 0 ,

' dropped by EPRI for purposes of the ALWR design. However, it should
be noted that the general requirements on valves and valve operators in
Section 12 of Chapter i specifically reqtilte that valves be operable under
all design basis events. The settings of torque switches are an integral
part of meeting this requirement.

.

1

l

i
|

1

|

\
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8.12 MAN 4AACHINE INTERFACE O i

B.12.1 RELATEDISSUES 0

125.11.13 Long-term Gener6c Actions as a Result of the Davis-Bosso Event 0 I
of 6/9/85-Operator Job Aids

HF01.3.4a Human Factore Program Plan . Man Machine Interfaces Local 0 i
Contrd Stations |

HF01.3.4b Human Factors Program Plan . Man-Machine Interfaces . O

interface Annunciators .

HF01.3.4c Human Factors Program Plan . Man-Machine Interfaces - 0 [
Operational Aids

|

HF01.3.4d Human Factors F7ogram Plan . Man-Machine Interfaces . O !
Auiomatior,a Anmeieini.mgene. |

HF01.3.4e Hir.ian Factors Program Plan . Man-Machine Interfaces . 0 [
Computers and Computer Displays

B.11.2 ISSUE SUMMARY 0 i

(~~ The part operators play in preventing, mitigating, or incr. sing the 0 !.

t severity of events at nuclear plants has been and will constinue to be of
3

major concom. One of the keys to assuring that nuclear plant operators j
take the appropriate actions is to provide nuclear plant controls which are
designed to maximize operator efficiency and minimize operator error.
Therefore, this issue concems ensuririg the adequacy of man-machine in-
to face in all aspects of nuclear power plant operations to assure that !

nuclear power plants pose no undue risk to public health and safety. The :

aspects of man machine interface addressed by this issue are: [
..

.

Apply human factors engineering techniques, similar to those used in 0 L. .

etntrd toom design reviews, to local contrd stations; ;

; Use advanced computer based technologies to improve annunciator 0 [.
'

systems and to cut down the number of annunciators; ;

Evaluate the overall effectiveness and revelabbity of the operational 0.

aki systems in improving operator pe:1ormance and avoiding exces--

,

sive number of alarms; ,

'

Application of artificial Intelligence to nuclear reactor operations in 0.

areas of acting as * consultant * to contrd room operators, automated
procedures for specific plant conditions, and machine handling of ;

alarms based on operator-provided guidance;

:
.

!
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!
Monitor advanced control room design actkities and concepts, iden. 0 [.

tity resulting changes in operator worgload and identity performancei
,

requirements for functions allocated to computer orken devices, and !

review function / task allocation betwoon humans and computers. Also [
evaluate Industry guidollnes on human interface hardware for com-

'

puter drNon display 6 and the methods proposed by industry to !
validate and display plant data. |,

[5.12.3 DISCUSSION AND REGULATORY STATUS 0

The Man Machine Interface (MMI) lasue is one of seven elements in the O
NRC's Human Factors Program Plan (HFPP) described in NUREG.0985.

,

The Plan was developed from the investigatons which followed the acci- I

dont at TMI.2 that identFlod the need to include human factors considers-
'

tions into the regulatory procoes. The stated objectNo of the MMI lasue is
to ensure that MMI is adequate for safe operation and maintenance of
nuclear power plants. The NRC will obtain this objectNo by developing (1)

'

human factors engineering guidelines for correcting MMI problems and -

(2) regulatory guidance for integrating human factors engineering into !
new designs and into advanced technological improvements incorporated *

Into existing designs. New guidelines and guidance concomirig MMI can i

be expected to be in the form of revision to the SRP, new Regulatory
Guides, and NUREG reports.

.

|
'

Note that Issue #125.11.13 has been dropped by the NRC as a separate 0 ;

issue. However, it is included here because its subject matter is also ad-
dressed as part of the HFPP described above.

,

5.12.4 ELEMENTS OF RESOLUTION 0

B.12.4.1 Introduction 0
' '

The ALWR design philosophy is to include human factors considerations 0
in all aspects of plant design. New and improved designs and systems,

,

such as annunciator systems, computer systems and other operational '
'

aids, will be included in the ALWR plant design to improve man machine i

Interface where appropriate. The ALWR requirements are based on a2

total system approach to the design of nuclear plant instrumentation, con-
trols and man-machine interfaces.

The requirements in the ALWR Requirements Document that achieve this 0
are as follows. "
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5.12.4.2 Moquiremente for sfl ALWRe 0

Section 1.4.B.11 of Chapter 1 states that * Human Factor considera- 0 ;.

tions are to be included in all espects of the plant design.' '

fSection 2.2 of Chapter 1 requires that the design process for an 0.

ALWR emohasize the human machine interfaces and that an on-going :
analysis be 6.enducted to assure that these requirements will be rnet. |

Section 2.2.F.4 of Chapter 1 requires the Plant Designer to provide a O.

plant simulator / performance model which can be used as a design ;

tool In studying human-engineering aspects of the plant controls and i

control room design. ;

Section 2.2.G of Chapter 1 requires the interdiscipinnary Design 0 I.

Review Group to include at least one member knowledgeable in the,

principles of human factors. [
t

Section 8.2.5.4 of Chapter 1 requires human factors design principles 0 4
.

Ito be consistently applied throughout the design process for each
operation work space in the ALWR plant to reduce operation errors ;

during all plant modes. SpecWie operation related human factors re- |,

l quirements are given for instrumentation and controls, control room |

( design, control panels and cabinets, and operating area environment. ;

Section 2.1.1 of Chapter 10 states that an objective of the M MIS is to O.

take fuH advantage of operate: capsbuities, but not to challenge .

!( operator limitations. This includes the explicit inclusion of the human
component in the man machine interface. i

Section 2.2.8 of Chapter 10 state; the policy to apply human factor 0 I.

engineering principles as a formal part of the ALWR design process. ;

Particular emphasis will be placed on: '

fEllmination of potential sources of human error; O-

f
Reduction in the probability of error; O-

Provision for the detection and recovery from human errors. 0-

Section 2.2.10 of Chapter 10 states the policy to apply advanced tech- O.

!nology to the main control room to enhance the design compared to
I existing plants. It also describes many of the features which are ex.
| pected to be included in the ALWR to linprove the interface with the

,

'
I~ operators.

| ,

,

.
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Other sections of Chapter to include specific requirements which are in- 0 I

tended to acaure that human factors are adequately addressed in the i
design process. Those sections which are especially pertinent to the five ;
aspects of the rn6n-machine interface identified in B.12.2 are as foliors: j

Section 4 covers human factors requirements which are to be applied 0 |.

to all contrd stations, t.o., local contrd stations are to most these re- '

'quirements as well as the main contrd room.

Section 4.3 covers requirements for annunciator (alarm) systems, and 0.

Section 4.3.3.4 addresses the need to reduce the number of annun-
cistors in an upset. !

Sections 3.4.5 and 5.6 define the requirements for various systems to 0 i.

and the operators in carrying out their assigned tasks including the
'

monitoring d technical specification limits; the status of safety sys- !

tems, and plant diagnostic, maintenance, and testing activities.

Section 3 requires specific identification of functions and tasks and 0 !.

the systematic allocation of them among the operetors and automatic ;

systems, e.g., computers. This includes requirements to verify and ;

validata these allocations by systematic processes invdving mock. !
ups, simulation, and human factors reviews.

Sectior. 4.2.5.2 requires that the M MIS Designer develop and verify 0.

human factor practices for advanced man machine interface technol- |
ogy where there is limkod published guidance. ,

l 8.12.4.3 Resolution Summary 0 f
'
.

Much of Chapter 10 of the ALWR Utility Requirements Document con. O j
cems improvements in the man machine interface to reduce operator

.

error and improve operabiitty, which is a stated goal of he ALWR plant t

design. It is part of the ALWR overall requirements that riot only will ;

human factors be a consideration in all design aspects of the plant design i

but that human factors will be under continuous analysis and also be an ;

on going consideration in the operation of the ALWR plant. Based on
'

these extensive requirements in man rnachine interface design, particular.
ly in Chapter 10, this lasue should be considered resdved for the ALWR.

i

.

i
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B.13 TESTING AND MAINTENANCE OF MANUAL VALVES IN SAFETY. O !
RELATED SYSTEMS

.

t

3.13.1 RELATEDISSUE O

127 Testing and Maintenance of Manual Valves in Safety related Systems 0 j
B.13.2 ISSUE SUMMARY 0 j

Following a loss of Integrated Control System power at Rancho Seco, an 0
attempt was trade to close the auxiliary foodwater rnanual isolation valve.
The isolation valve could not be moved even when a valve wrsich was
used. The valve was seized from inadqucte lubrication due to a lack of !
preventative maintenance over the 10 to 12 year operational life of the :
plant. i

B.13.3 DISCUSSION AND REGULATORY STATUS 0 !
:

This issue was assigned a " low" priority by the NRC in June 1987. O
p

B.1 E.4 ELEMENTS OF RESOLUTION 0'

t

Due to the low priority assigned by the NRC. this issue is considered 0 I
" dropped" by EPRI for purposes of the ALWR design. However, it should js
be noted that the ALWR will have an enhanced plant wide data handling *

| and compider capability compared to existing plants. This is expected to i
permit better tracking of preventive maintenance and thereby reduce the ;

instances of omitted maintenance.

:.

I
,

f

!

'
,

f

;

!
t

*

.

|
.

,

i
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APPENDIX C ADVANCED CONTROL ROOM DESIGN 0

C.1 ALWR POSITION 0

The ALWR wNI have a computer based control room with an integrated 0
man-machine interface featuring electronic displays for monitoring,
alarms, and controls. The monitoring and safety protection systems will
be designed to satisfy the regulatory requirement for redundancy, separa-
tion, independence, seismic and environmental design, mi the fan safe
and single faNure criterion. Although the workstation controls are not dedi- ,

'
cated and, therefore, wHl require a new interpretation of the single failure
criterion, the automatic safety systems wNI meet existing single failure
crkerlon requirements and wNI M be defeated by a single faNure or er.1

toneous signal from the workstation or elsewhere. -

C.2 DISCUSSION 0 -

s

The ALWR control room will utN!ze a workstation design that is computer 0 i

based and makes extensive use of electronic displays for monitoring, I

alarms, and controls, This control room is comprised of two or more iden-
tical workstations for operation, another workstation for monitoring only

,

(shift supervisor use), and one large mimic-board which gives spatially -
,

dedicated plant overview status and trip level alarms. This presents an in-
,

tegrated man-machine interface which has the benefits of providing the +

operator with the information be needs quickly and in a format which is ,

concise, uncluttered, and easy to interpret. i

i

f
i

.. ,

,

!

:

,

h
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>

,

,
-
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|The workstation design allow operators to control the plant at a single 0
workstation during normal operation. An operator wNl be able to locate :

needed alarms, displays, and controis quickly and can maintain an over. |

view of the plant state through the wo& station and the large mimic board.
.

At the same time, the capabilities and flexibuity of modem computer !
driven displays will provide greater flexibility to the operator by permitting

,

rapid access to plant variables and equipment status information at more '

than one location on the workstation. This will reduce the need for the i
operator to leave one station to obtain irsormation from another or to as. >

sume an awkward position to maintain sight of a display while actuating ;
or modulating a control. The superior graphics capsbuities of computer '

generated displays wNl provide trending data with replay and operator i

selectable scaling. In addition, algorithms will provide the operators with |
more informative, more effective displays than those that are practica! :

with the technologies used in existing LWRS. Finally, the workstation !
design will enable the operator to access electronically displayed normal, i
abnormal, aruf emergency operating procedures and Tech Spec limits !

without leaving his seat. The electrcnic procedures will include Imbedded f
dynamic indication and alarm Information and provide the means for flag- t

ging and logging actions taken by the operators which deviate from the ;

set cf recommended options, as determined by the software logic and !
plant state. I

\

in addition to the reduction in the likelihood of operator error inherent in 0 ;

this design, the risk of system and component faAures will also be mini- |

mtzed. First, the control room workstations will be required to be Class !
1E, qualified both environmentally and seismically. Secondly, a combina- |
tion of improved reactor design (i.e., evolutionary and passive plants), '

less active components, and incrossed automation will provide for less !
demand on the operator, more time for response, and, thereforo, less !

'* '
chance of failures in the control systems. And thirdly, although the
workstation displays and controls may not be dedicated to a s:ngle func. :

tion, the design wHI provide protection and monitoring systems which i

satisfy the regulatory require (rents for separation, independence, diver.
{sity, and the single failure and fat safe criterion. This is achieved by ;

providing each workstation with complete monitoring and control i

capabHity, separate and independent from each other, and by protection
systems which are automatic centrallzed systems taking cction through '

multi train channels which are ningle faRute proof, A single failure in or an
erroneous taignal from a non-dedicated control in the workstation will not ,

*

override automatic safety signals generated by the protection systems.

,
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APPENDIX C ADVANCED CONTROL MOOM DES 60N 0
'

C.1 ALWR POSITION 0

The ALWR wNI have a computer based control room with an integrated 0 )

rnan-machine interface featuring electronic displays for monitoring, l
alarms, and controls. The monitoring and safety protection syst ens will i

be designed to satisfy the regulatory requirement for redundancy, separa- |
tion, independence, seismic and environmental design, and the fab safe !
and single faNure criterion. Although the workstatiran controls are not dedi- I

cated and, therefore, wNi require a new Interpretation of the single failure !

criterion, the automatic safety systems WHI meet existing single failure i

criterion requirements and will not be defeated by a single failure or er, j

roneous signal from the workstation or elsewhere. j

C.2 DISCUSSy 0

The ALWR control room WHI utillze a workstation design that is computer 0
based and makes e>1ensive use of electronic displays for monitoring,
alarms, and controls. This control room is comprised of two or more idan- f

tical workstations for operation, another workstation for monitoring only j
(shift supervisor use), and one large mimic board which gives spatially .

O dedicate plent overview status and trip level alarms. This presents an in- |
| C tegrated man-machine interface which has the benefits of providing the ;

I operator with the information he noods quickly and in a format which is j
concise, uncluttered, and easy to interpret. t

!

;

fI

;..

l
'

!

I
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I
The workstation design allow operators to cortrol the plant at a single 0 |
workstation during normal operation. An operator will be able to locate !

needed alarms, d6 splays, and controls quickly and can maintain an over. !

view of the plant state thrvugh the workstation and the large mimic board. |
At the same time, the capabNities and flexibility of modem comp (ser j
drken displays will provide greater flexibulty to the operator by permitting ;

rapid access to plant verlebles and equipment status information at more |
than one location on the workstation. This will reduce the nood for the i

operator to leave one station to obtain information from another or to as.
sume an awkward position to maintain sight of a display while actuating j
or modulating a control. The superior graphics capabNities of computer !

generated displays wNI provide trencing data with replay and operator |
selectable scaling, in addition, algorithms wtI provide the operators with

,

more informatNo, more effective displays than those that are practical !
with the technologies used in existing LWRS. Finally, the workstation ;

design wHl enable the operator to access electronically displayed normal, ;

abnormal, and emergency operating procedures and Tech Spec limits .

without leaving his seat. The alectronic procedures wul include Imbedded !
dynamic indication and alarm information and provide the means for flag. t

ging and logging actions taken by the operators which deviate from the j
set of recommended options, as determined by the software logic and j

plant state. ,

in addition to the reduction in the likelihood of operator error inherent in 0 ;

this design, the risk of system and component faNures WHI also be mini- i
mized. First, the control room workstations wHl be required to be Class ,

1E qualified both environmentally and seismically. Secondly, a combina- '

tion of improved reactor design (i.e., evolutionary and passNe plants),
less active components, and increased automation wpl provide for less
demand on the operator, more time for response, and, therefore, less !''
chance of failures in the control systems. And thirdly, although the '

workstation displays and controls may not be dedicated to a single func.
tion, the design will provide protection and monitoring systems which *

satisfy the regulatory requirements for separation, independence, dker.
sity, and the single failure and fan safe criterion. This is achieved by
providing each workstation with complete monitoring and control
capability, separate and independent from each other, and by protection

,

systems which are automatic centralized systems taking action through
multi-train channels which are single faNure proof. A single fapure in or an ;
erroneous signal from a non dedicated control in the workstation will not ;

'
override automatic safety signals generated by the protection systems.
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i Additionally, the workstations will be constructed of highly rollable, robust 0
components, including robust software, to minimize the nok of failures.

,

r This will include the use of algorithms and improved versions of on-line
j software diagnostics to perform c%cks or verification functions, neither of
'

which are avanable in current contrd rooms. There will be suff6cient seg- i

i montation and independence so that a faRure or upset in one plant con-
| trd function cannot propagate to other plant control functions and there-

by overburden the operators as a result of compiox transient events. This j
will require multiple computers as well as extensive use of distributed
microprocessors.

i

]
C.3 ASSESSMENT 0

The modern control room, to minimize failures and operator error, must 0 j
combine the requirements for rugged and reliable contrd stations (i.e., en- ;
vironmentally and seismically qualified, designed for single failure, etc.), |

and the need for improved and integrated man-machine interface be. '

tween the contrd stations and the operator, Failures are minimized by a
design that combines rugged and reliable contrd stations and software ;

that features algorithms and diagnostics that perform checks or verifica- |
tion. However, experience has shown that operator error due to incor.

(' rect, misunderstood, or badly present1pd Information and awkward hard to . ,
' \ use controls has been a significant contributor toward creating or degrad-

ing events. Because the risk of hardware failures in the contrd station
panels is minimal, the design of the man-machine Interface and improve- >

ment in operator performance is given priority, j

The computer based workstation will inherently minimize the risk of 0
operator error. The operators will make ex'ensive use of computer
generated displays for indication and information (e.g., plant status, techni-
cal data, alarms, procedures, P&lDs), data base management, information
processing and presentation techniques to provide decision-making sup-
port. The controls, information systems, and operator will be integrated in
a compact, efficient workstation in which the operators will be able to
make more timely, informative, and error-free decisions.

!
,

;
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