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Abstract: The basic principles, requirement, and methods for qualifying Class 1E motor control
centers for both harsh and mild environment applications in nuclear power generating stations are
described. In addition to defining specific qualification requirements for Class 1E motor control
centers and their components in accordance with the more general qualification requirements of
IEEE Std 323-1983, this standard is intended to provide guidance in establishing a qualification
program for demonstrating the adequacy of Class 1E motor control centers in nuclear power
generating station applications.
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mittees of the IEEE Societies and the Standards Coordinating Committees
of the IEEE Standards Board. Members of the committees serve voluntarily
and without compensation. They are not necessarily members of the Insti-
tute. The standards developed within IEEE represent a consensus of the
broad expertise on the subject within the Institute as well as those activi-
ties outside of IEEE that have expressed an interest in participating in the
development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE
Standard does not imply that there are no other ways to produce, test, mea-
sure, 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 revision 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.

Comments for revision of IEEE Standards are welcome from any inter-
ested 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.

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 all 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 technical commit-
tees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal con-
sideration. 

Comments on standards and requests for interpretations should be
addressed to:

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

IEEE Standards documents are adopted by the Institute of Electrical
and Electronics Engineers without regard to whether their adoption may
involve patents on articles, materials, or processes. Such adoption does
not assume any liability to any patent owner, nor does it assume any
obligation whatever to parties adopting the standards documents.
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Foreword

(This foreword is not a part of IEEE Std 649-1991, IEEE Standard for Qualifying Class 1E Motor Control Centers
for Nuclear Power Generating Stations.)

The requirements for qualification of Class 1E equipment are included in the Code of Fed-
eral Regulations. Among them are the following:

(1) 10CFR Part 50, Appendix B, Quality Assurance Criteria, III — Design Control. This
requires that design control measures be established and that such measures provide
for verifying or checking the adequacy of design. One of the methods of design verifica-
tion is the performance of a suitable testing program.

(2) 10CFR Part 50, Appendix B, Quality Assurance Criteria, XI — Test Control. This
requires that a test program be established and that testing be performed under suit-
able environmental conditions. These requirements, at least in part, can be met by
suitable qualification.

(3) 10CFR Part 50, Section 50.49, Environmental Qualification of Electric Equipment
Important to Safety. This rule codifies the qualification requirements for certain equip-
ment, located in a harsh environment, that is important to safety.

Information pertinent to developing designs and their qualification requirements can be
found in the above mentioned documents and in 10CFR Part 50, Appendix A, General Design
Criteria 1, 2, 4, and 23.

IEEE Std 323-1983 provides general guidance for demonstrating and documenting the ade-
quacy of electric equipment used in Class 1E systems. This standard has been revised to deal
specifically with motor control center equipment, using IEEE Std 323-1983 as the parent doc-
ument for guidance.

Adherence to this standard may not assure public health and safety because it is the inte-
grated performance of the structures, fluid systems, instrumentation systems, and electrical
systems of the station that limits the consequence of accidents. Each user is responsible for
assuring that this standard, if used, is pertinent to his or her application.

Class 1E equipment used in nuclear power generating stations must meet its safety func-
tional requirements throughout its installed life. This is accomplished by a thorough program
of quality assurance, design, qualification, production, transportation, storage, installation,
maintenance, periodic testing, and surveillance. This standard is for the qualification portion
of the program.

The user should note that while this standard covers Class 1E equipment qualification,
other documents such as IEEE Std 603-1980 also require system integrity. Therefore, atten-
tion needs to be given to equipment performance specifications and interfaces to ensure their
adequate performance in a system.

The nuclear power generating station safety analysis, in part, considers the station and its
safety system design in terms of postulated service conditions.

Inherent to each such analysis are two presumptions that must be evaluated. First, designs
must be such that equipment can perform designated safety functions in postulated service
environments. Second, in-service aging must not degrade Class 1E equipment to the point
where it cannot perform designated safety functions when required.

Production testing, normal service testing, and surveillance may not be able to determine
whether the equipment is vulnerable to failure, either as a result of inadequate design or in-
service time and environment, because of the special environmental stresses associated with
some postulated service conditions included in the station safety analysis. Under these cir-
cumstances, common cause failure of redundant Class 1E equipment might occur at the time
its safety function(s) is required. It is the fundamental role of qualification to provide reason-
able assurance, with due recognition given to the established technology, that common cause
failures due to design, manufacture, and age do not exist, and that the design and manufac-
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ture are adequate to permit the equipment to perform its safety function(s) during postulated
service conditions.

Synergistic effects and ionizing radiation dose-rate effects have become a concern within
the industry and remain the subject of continuing research programs. Preliminary results
indicate that synergistic effects can be either positive or negative. Such effects should be con-
sidered in developing a qualification program but are not, at this time, part of the require-
ments of this standard.

Motor control centers qualified in accordance with this standard will meet the requirements
of IEEE Std 323-1983 or IEEE Std 627-1980, which provide the basic principles for design
qualification for all safety systems equipment for use in nuclear power generating stations.
This revision to IEEE Std 649-1980 was made to clarify its requirements and to provide
greater detailed guidance on both harsh and mild environment qualification. It also incorpo-
rates recent research on the use of experience data for seismic qualification.

This standard defines requirements that are adequate to qualify motor control centers and
their components located in all areas of the nuclear power generating station, including harsh
and mild environmental areas. At this time, it appears that the seismic event is the only
design basis event with potential for common cause failure in mild environments; however,
other environmental service conditions may also be contributors.

The user of this standard should be aware that other methods of demonstrating qualifica-
tion may be valid and more cost-effective than those described herein. Methodology should be
reviewed at the time the qualification program is established to determine the most effective
manner to demonstrate qualification.

This standard was prepared by Working Group 2.14 of Subcommittee 2 (Qualification) of
the Nuclear Power Engineering Committee of the IEEE Power Engineering Society. At the
time that this standard was approved, Working Group 2.14 had the following membership:

E. F. Sproat, Chairman

R. P. Cronk G. E. Heberlein M. H.Shanbhag
R. A. Giska G. P. Kennedy D. J. Thompson, Jr.
J. Hazeltine B. M. Bharteey

At the time it balloted and approved this standard for submission to the sponsor committee,
Subcommittee 2 (Qualification) of the Nuclear Power Engineering Committee had the follow-
ing membership:

S. K. Aggarwal G. K. Henry N. S. Porter
M. R. Allen P. Kine J. E. Rhoades
R. A. Brown J. T. Keiper C. F. Seyer
N. M. Burstein J. L. Kligerman M. W. Sheets
M. D. Calcamuggio C. E. Kunkel K. M. Skreiner
S. P. Carfagno J. Lasky R. J. Smith
D. J. Castro J. B. McLauglin G. E. Sliter
G. T. Dowd R. B. Miller E. F. Sproat
J. B. Gardner M. Pai L. D. Test
D. Green J. Pirrong I. E. Wilkinson
W. Hadovski F. S. Unmack
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At the time it balloted and approved this standard for submission to the IEEE Standards
Board, the Nuclear Power Engineering Committee had the following membership:

S. Aggarwal J. Forster R. Miller
R. Allen J. Gallagher B. Nemroff
J. Bauer W. Gangloff M. Pai
F. Baxter L. Gaussa, Sr. D. Penland
W. Bowers L. Gonzalez C. Petrizzo
D. Brosnan L. Gardin N. Porter
N. Burstein B. Grim E. Rhoades
D. Candris A. Hall A. Roby
S. Carfagno R. Hall A. Sleva
R. Carruth G. Henry P. Stevens
G. Doman J. Hutson P. Szabados
E. Dowling S. Kasturi J. Thomas
R. Ducharme J. Keiper J. Ullo
R. Dulski D. Lamken F. Volpe
R. Fleming D. Lamont M. Zar

A. Marion

When the IEEE Standards Board approved this standard on September 26, 1991 it had the
following membership:

Marco W. Migliaro, Chair Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary

Dennis Bodson Thomas L. Hannan John E. May, Jr.
Paul L. Borrill Donald N. Heirman Lawrence V. McCall
Clyde Camp Kenneth D. Hendrix T. Don Michael*
James M. Daly John W. Horch Stig L. Nilsson
Donald C. Fleckenstein Ben C. Johnson John L. Rankine
Jay Forster* Ivor N. Knight Ronald H. Reimer
David F. Franklin Joseph Koepfinger* Gary S. Robinson
Ingrid Fromm Irving Kolodny Terrance R. Whittemore

Michael A. Lawler

*Member Emeritus

Also included are the following nonvoting IEEE Standards Board liaisons:

Fernando Aldana
Satish K. Aggarwal
James Beall
Richard B. Engelman
Stanley Warshaw

Adam Sicker
IEEE Standards Department Project Editor
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IEEE Standard for Qualifying Class 1E 
Motor Control Centers for 

Nuclear Power Generating Stations

1. Scope

 This standard describes the basic principles, requirements, and methods for qualifying
Class 1E motor control centers for both harsh and mild environment applications in nuclear
power generating stations.

2. Purpose

 The purpose of this standard is to

(1) Define specific qualification requirements for Class 1E motor control centers and their
components in accordance with the more general qualification requirements of IEEE
Std 323-1983 [6]1

(2) Provide guidance in establishing a qualification program for demonstrating the ade-
quacy of Class 1E motor control centers in nuclear power generating station applica-
tions

3. References

This standard shall be used in conjunction with the following publications:

[1] EPRI NP-3326, Correlation Between Aging and Seismic Qualification for Nuclear Plant
Electrical Components, Electric Power Research Institute, December 1983.2

[2] EPRI NP-5024, Seismic Ruggedness of Aged Electrical Components, Electric Power
Research Institute, January 1987.

[3] IEEE C37.98-1978, IEEE Standard for Seismic Testing of Relays (ANSI).3

[4] IEEE Std 100-1988, IEEE Standard Dictionary of Electrical and Electronics Terms
(ANSI).

[5] IEEE Std 101-1972, IEEE Guide for the Statistical Analysis of Thermal Life Test Data
(ANSI).

1The numbers in brackets correspond to those of the references in Section 3.
2EPRI publications are available from the Electric Power Research Institute, 3412 Hillview Avenue, Palo Alto, CA 

94304.
3IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445 

Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.
1
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[6] IEEE Std 323-1983 (Reaff 1990), IEEE Standard for Qualifying Class 1E Equipment for
Nuclear Power Generating Stations (ANSI).

[7] IEEE Std 344-1987, IEEE Recommended Practice for Seismic Qualification of Class 1E
Equipment for Nuclear Power Generating Stations (ANSI).

[8] NEMA ICS 1-1983, General Standards for Industrial Control and Systems.4

[9] NFPA 70-1978, National Electrical Code.5

[10] UL 508-1988, The Standard for Industrial Control Equipment.6

4. Definitions

All definitions, except as specifically covered in this section, shall be in accordance with
IEEE Std 100-1988 [4].

harsh environment. An environment expected as the result of the postulated service condi-
tions appropriate for the design basis and post-design basis accidents of the station.7 Harsh
environments are the result of a loss of coolant accident (LOCA)/high energy line break
(HELB) inside containment and HELB or post-LOCA conditions outside containment (see
IEEE Std 323-1983 [6].)

mild environment. An environment expected as a result of normal service conditions and
extremes (abnormal) in service conditions where seismic motion is the only design basis event
(DBE) of consequence (see IEEE Std 323-1983 [6].)

motor control center. A floor-mounted assembly of one or more enclosed vertical sections
having a common horizontal power bus and principally containing combination motor starter
units. These units are mounted one above the other in the vertical sections. The sections may
incorporate vertical buses connected to the common power bus, thus extending the common
power supply to the individual units. Units may also connect directly to the common power
bus by suitable connections.

significant aging mechanism. An aging mechanism is significant if, in the normal and
abnormal service environment, it causes degradation during the installed life of the equip-
ment that progressively and appreciably renders the equipment vulnerable to failure to per-
form its safety function(s) under DBE conditions.

unit. One independent portion of a motor control center vertical section. It is normally a plug-
in module that connects to the motor control center vertical bus.

vertical section. A portion of the motor control center normally containing one vertical bus
assembly.

4NEMA publications are available from the National Electrical Manufacturers Association, 2101 L Street NW, 
Washington, DC 20037, USA.

5NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch 
Park, P.O. Box 9101, Quincy, MA 02269-9101, USA.

6UL publications are available from Underwriters Laboratories, Inc., 333 Pfingsten Road, Northbrook, IL 60062-
2096, USA.

7A design basis accident is that subset of a design basis event that requires safety function performance.
2
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