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IEEE Standards

 

 documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and
serve without compensation. While the IEEE administers the process and establishes rules to promote fairness in the
consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “

 

AS IS

 

.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check
to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a
competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration. 

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.
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Introduction

 

(This introduction is not part of IEEE Std 497-2002, IEEE Standard Criteria for Accident Monitoring Instrumentation
for Nuclear Power Generating Stations, but is included for information purposes only.)

 

In the aftermath of an incident at a United States nuclear power plant in March of 1979, a more rigorous
approach to developing an accident monitoring system occurred in the United States. This approach culmi-
nated in three major sources of requirements for such a system namely: 

— ANSI/ANS Std 4.5-1980, Criteria for Accident Monitoring Functions in Light-Water-Cooled
Reactors (provided selection and performance criteria)

— IEEE Std 497-1981, IEEE Standard Criteria for Accident Monitoring Instrumentation for Nuclear
Power Generating Stations (provided design criteria)

— Regulatory Guide (RG) 1.97, Instrumentation for Light-Water-Cooled Nuclear Power Plants to
Assess Plant and Environs Conditions During and Following an Accident, Rev 3, May 1983
(prescribed a detailed list of variables to monitor and specified a comprehensive list of design and
qualification requirements to be met)

The prescriptive and regulatory-driven nature of RG 1.97 resulted in its becoming the de facto standard for
accident monitoring. Although containing many useful approaches and guidance for designing an accident
monitoring system, both IEEE Std 497-1981 and ANSI/ANS Std 4.5-1980 became little used and were even-
tually withdrawn as active standards. 

More recently, a need for developing a more flexible consolidated standard arose. The impetus for this need
was the desire for increased use of microprocessor based instrumentation systems in both old and the next
generation of advanced design nuclear power plants. A need also developed for additional flexibility while
modifying past designs and addressing design basis issues. In response to this need, in November of 2000
the Nuclear Power Engineering Committee of IEEE’s Power Engineering Society directed its Working
Group 6.1 to prepare a new revision of IEEE Std 497-1981. 

The new revision was to provide a consolidated source of post-accident monitoring requirements and bases
for a new generation of advanced nuclear plant designs. This revision was to also contain guidance and allow
a flexible basis for making changes to such systems in older plants. In essence, the revision was to integrate
and incorporate applicable requirements from IEEE Std 497-1981, ANSI/ANS Std 4.5-1980, and RG 1.97,
as well as to consider state-of-the-art digital design techniques for accident monitoring displays and user
feedback from review and use of these three source documents.

Based on this direction, the working group elected to develop an approach to accident monitoring that is
both simpler and less prescriptive in nature. That is, instead of providing a list of instrument variables to
monitor, the intention would be to provide criteria for how the variables would be selected. Also, instead of
up to three possible design and qualification category requirements for each variable type, the intent was to
standardize the requirements based on level of importance of the variable type. The result of this effort is
IEEE Std 497-2002.

A valuable aspect of this current revision is the criteria provided for advanced instrumentation system
designs and design modifications based on modern digital technology. With current technology there are
many possibilities for accident monitoring channel configurations that acceptably meet the criteria of this
standard. Figure 2 of this standard identifies options from analog signal channels to various combinations of
digital signal processing, data validation processing and display afforded by, but not limited to, today’s
technology. The definitions associated with Figure 1 of this standard are helpful in understanding the options
shown in Figure 2. It was also the working group’s intention to address the control room displays of
information using computer generated displays and calculated values. The criteria presented in this standard
provide useful guidance in this area without limiting the types of displays that can be made available to the
control room operator. 
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IEEE Std 497-2002 is arranged to provide six types of accident monitoring criteria as follows: 

— How to select and categorize variables. (Clause 4) 

— What performance requirements must be met. (Clause 5) 

— What design features need to be considered. (Clause 6)

— What aspects of seismic and environmental qualification must be met for each variable type. (Clause 7) 

— What display requirements to assure control room operators are properly informed. (Clause 8) 

— What quality assurance requirements should apply. (Clause 9). 

In addition, an informative annex providing guidance on establishing instrument accuracy requirements has
been included.

The following discussion provides guidance and clarification on the use of this standard in the areas of
variable selection, establishing design requirements in a simplified way based on level of importance, and
qualification clarifications based on function and need. 

The selection criteria in this standard allow the defining of five variable types similar to RG 1.97. Type A is
accident specific and needed for preplanned operator action, Type B and Type C allow a supervisory
overview approach to accident monitoring by allowing a review of critical high level safety functions, Type
C additionally allows extended range monitoring of defense-in-depth variables. Type D and Type E allow
monitoring of performance of appropriate safety and radiation monitoring systems. The selection criteria, if
properly imposed, would result in a list of variables similar to that required by RG 1.97. However, other
approaches to implementation of the criteria allow the possibility of other equally acceptable variations.
Thus an optimum combination of accident monitoring variables is now more likely and can be defended.

Accident monitoring variable selection must be consistent with the plant specific emergency operating
procedures (EOPs) and abnormal operating procedures (AOPs). The variables selected from these
procedures need to be the minimum set to assess that safety-related functions are performed and safety
systems operate acceptably. It is not intended that the standard apply to instrumentation for contingency
actions listed in the EOPs. Also, instrumentation for shutdown from outside the main control room (i.e.,
remote shutdown) is outside the scope of this standard.

The EOPs derive from Emergency Procedure Guidelines (EPGs), which are developed by the Nuclear Steam
Supply System (NSSS) Vendor Owners’ Group. For example, such EPGs include functional restoration
EPGs or Plant Critical Safety Function Status Trees (depending on which NSSS vendor) for technical
emergency procedure input. The working group attempted to use terminology from multiple NSSS vendors
for improved universality in this standard.

Accident monitoring instrumentation monitors a large number of variables with a wide variation in the level
of importance to the operators. Because of this variation, it would not be reasonable to require that all of the
instruments be designed and qualified for all aspects of Class 1E equipment, nor to exclude all instruments
from all requirements. Recognizing the potential value to the user, the working group has established the
design, display, qualification, and quality requirements for accident monitoring instrumentation in a manner
that is consistent with the level of importance of the variables that are being monitored. 

The design, display, qualification, and quality criteria of this standard differ from the approach detailed in
RG 1.97, which specifies design and qualification requirements for each variable in terms of one of three
possible design and qualification categories, that is, Categories 1, 2 and 3. In developing this revision, the
working group adopted a philosophy where the qualification requirements for all variables within a type
group are either: completely consistent within the group or; consistent with the individual variable’s
assigned accident monitoring function. This philosophy results in all Type B and Type C variable
instruments having the same design, display, qualification, and quality requirements. Type B and Type C
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variables do not have any accident specific functions, but instead have the same function for all accidents.
For variables categorized as Type A, Type D, or Type E, the design requirements are consistent within each
respective group. The qualification (environmental and seismic) requirements applicable to a variable are
based on individual variable functional needs and postulated accident conditions at the installed location.
Note: Reviews performed by the Working Group confirm that this more simplistic approach (eliminating the
need for three design and qualification categories separate from the five variable type groups) results in no
new design and qualification requirements above that in place at nuclear plants, which presently comply in
an acceptable manner with RG 1.97.

The working group also considered and adopted “lessons learned” from established equipment qualification
programs. For example, this standard recognizes that equipment used for accident monitoring may have
different qualification requirements based on the time duration relied upon during the accident, the
environmental effects present during the postulated accident or the need for that instrument for a particular
accident. To illustrate this philosophy, three examples are offered:

 

Example 1

 

: The plant safety analysis identifies that a Type A variable is required to initiate a specific planned
manually-controlled action to support a safety-related function for only one specific accident in which no
post-accident harsh environment exists. The instrumentation does not have a Type A function for other
accidents that produce a harsh environment at the instrument location. The instrumentation for this variable
does not require environmental qualification to a harsh environment by the criteria of this standard.
However, those Type A variables that are needed to terminate or mitigate an accident producing a harsh
environment shall be environmentally qualified for the worst case applicable accident environment.

 

Example 2

 

: High Pressure Coolant Injection (HPCI) system flow rate is a Type D variable used by boiling
water reactory (BWR) plant control room operators to indicate and assess the operation of the HPCI system
after an accident. The HPCI flow sensor is located in the same room as the HPCI pump, the pump’s steam
turbine prime mover, and the associated supply steam piping. The room also contains temperature sensors
for steam leak detection. If for illustration purposes, it is assumed that the only source of steam flooding in
the room is a pipe break that disables the HPCI pump steam turbine, then it is not necessary to
environmentally qualify the HPCI flow sensor instrumentation located in that room for that pipe break steam
environment. This conclusion is arrived at by observing that the HPCI system is not required to operate
during this accident scenario (because it is disabled) and, as a result, there is no performance to assess.
Additionally, the room’s leak detection system provides information on the system’s availability and status.

 

Example 3

 

: A Type E radiation monitor is mounted on a non-seismically designed plant effluent vent. This
vent path can be isolated further upstream by a seismically designed and constructed damper and the
position of this damper is indicated in the control room. The requirements of this standard may not require
that this Type E variable instrumentation be seismically qualified.

In conclusion, although written primarily for new plant designs, existing plants may also find useful
guidance and applicable criteria in this standard. The use of applicable plant procedures to determine the
requirements of the accident monitoring instrumentation provides the necessary flexibility for useful design
criteria. This standard can be used to address the necessary changes to the plant configuration that inevitably
occur over the operating life of any plant. This standard also offers some advantages in clarifying when
environmental and seismic qualification would be required and establishing design criteria for digital
equipment upgrades involving accident monitoring instrument channels.
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Future Work

 

As the use of computers in the nuclear plant is a dynamic area of design, the working group intends to keep
this area as one of its ongoing future tasks.

The treatment of accident monitoring instrumentation for severe accidents should be incorporated into this
standard in the future. It is the working group’s philosophy that sufficient instrumentation should exist to
inform operators of the status of the three fission product barriers at all times. Instrumentation needed to
monitor plant conditions during a severe accident must perform its function for the time period needed in the
best-estimate (using realistic assumptions) environmental conditions of the severe accident (e.g., pressure,
temperature, humidity, radiation) for which the instrument is relied upon to function.

Another area that the group believes should be incorporated into the standard in the future is the
instrumentation that is used for determining plant emergency classification levels (such as notification of
unusual event, alert, site area emergency, and general emergency).
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