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IEEE Standards documents are developed within the Technical Com-
mittees of the IEEE Societies and the Standards Coordinating Committees
of the IEEE Standards Board. Members of the committees serve volun-
tarily and without compensation. They are not necessarily members of the
Institute. The standards developed within IEEE represent a consensus of
the broad expertise on the subject within the Institute as well as those
activities outside of IEEE which 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,
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 once 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 deter-
mine 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
consideration.

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

Secretary, IEEE Standards Board
445 Hoes Lane

PO. Box 1331

Piscataway, NJ 08855-1331

USA

IEEE Standards documents are adopted by the Institute of Elec-
trical 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 741-1990, IEEE Standard Criteria for the Protection of Class 1E Power Systems and
Equipment in Nuclear Power Generating Stations.)

The IEEE has developed this document to provide the principal design criteria, design features, and
testing requirements for the protection of Class 1E power systems and equipment supplied from those
systems. It is of particular use in identifying the need for special protection features, where the require-
ments of nuclear power generating stations necessitate supplementing accepted industry practices.

Wherever possible, the standard identifies other standards or documents which provide more explicit
guidance for specific protection requirements. By definition, the protection shall be adequate to sense
and to determine the presence of an unacceptable condition, and execute the operations required in
order to limit degradation effects. In this role, the standard pays special attention to the requirements for
design verification documentation to support the protection performance.

Of particular interest are the electrical penetration assemblies installed as part of the containment
structure which may require special considerations for their protection. Included are the criteria used to
establish the necessity for special considerations and the resulting protection requirements where this is
needed.

At the time IEEE Std 741-1986 was approved for issuance by the IEEE Standards Board, Working
Group SC 4.7 undertook a commitment to consider the following in the future revision of the standard:

(1) Review IEEE Std 946-1985, IEEE Recommended Practice for the Design of Safety Related DC

Auxiliary Power Systems for Nuclear Power Generating Stations, for possible reference.

(2) Inclusion of the Criteria for Protection of Valve Actuator Motors.

This revision incorporates the criteria for protection of the valve actuator motors to provide for safe
operation and to minimize their spurious trips. In addition, the Working Group incorporated the refer-
ences to IEEE Standards 946 and 944 as part of this revision in Sections 5.2 and 5.3, respectively.

Adherence to the criteria set out in this standard may not in itself suffice for assuring public health and

- safety because it is the integrated performance of structures, fluid systems, instrumentation, and elec-
trical systems that limit the consequence of accidents. Applicants have the responsibility to assure that
their integrated performance is adequate.

Working Group SC4.7 had the following membership at the time it prepared this standard:

R. V. Rebbapragada, Chairman

R. Arnold B. Curry W. Nowicki
L. F. Bednar R. H. Daugherty A. W. Richards
J. Chiloyan R. C. Ezzo B. J. Skoras

: J. D. Kueck

The membership of Subcommittee SC4 on Auxiliary Power Systems of the Nuclear Power Engineering
Committee of the IEEE Power Engineering Society that reviewed and recommended approval of this
standard were:

C. A. Petrizzo, Chairman B. Nemroff, Vice Chatrman
A. F. Sleva, Secretary

R. E. Allen L. C. Gonzalez P. B. Stevens
F. D. Baxter V. Kamath J. E Stoner

J. T. Bauer G. D. Manasco R. L. Swallows
W. Boyer W. Nowicki P. Szabados

J. P. Carter D. J. Ranft R. R. Vardaro
L. B. Coliins R. V. Rebbapragada R. Weronick
E. L Fabri A. R. Roby E. C. Willman
W. S. Farmer B. M. Rice D. J. Wilson

W. L. Snider

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:21:35 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 741-1990


http://www.avadocuments.com/doc/ieee-741-1990
http://www.avadocuments.com/doc/ieee-741-1990

The following persons were on the Nuclear Power Engineering Committee of the IEEE Power Engineer-
ing Society at the time it balloted and approved this document for submission to the IEEE Standards N

Board:

J. T. Bauer, Chairman

S. K. Aggarwal
R. E. Allen

F. D. Baxter
W. W. Bowers
D. F. Brosnan
N. M. Burstein
S. P. Carfagno
R. C. Carruth
G. L. Doman
E. F. Dowling
R. E. Dulski

N. C. Farr

R. Fleming

J. R. Fragola
J. M. Gallagher
W. C. Gangloff

'l

. W. Gaussa, Sr.
C. Gonzalez
. P. Gradin

. Grim

R. Hall

. E. Hall

. K. Henry

. Kasturi

. T. Keiper
D. C. Laraken
J. D. Lamont
A. Marion

R. B. Miller

B. Nemroff

M. Pai

QEPEE-

~wm

N. S. Porter, Vice Chairman

Dr. J. R. Penland

=

. S. Raughley
. W. Rhoads

. M. Rice

. R. Roby

. G. Schwartz
F. Sleva

. Stanley

. B. Stevens

. Szabados

. D. Test

. E. Thomas

. T. Ullo

. Volpe

ST EPER
S

o]
=

When the IEEE Standards Board approved this standard on May 31, 1990, it had the following

membership:

Marco W. Migliaro, Chairman
Andrew G. Salem, Secretary

Dennis Bodson

Paul L. Borrill
Fletcher J. Buckley
Allen L. Clapp

Stephen R. Dillon
Donald C. Fleckenstein
Jay Forster*

Thomas L. Hannan

*Member Emeritus

Kenneth D. Hendrix
John W. Horch
Joseph L. Koepfinger*
Irving Kolodny
Michael A. Lawler
Donald J. Loughry
John E. May, Jr.

Full document details: IEEE 741-1990

James M. Daly, Vice Chairman

Lawrence V. McCall

L. Bruce McClung

Donald T. Michael*
Stig Nilsson /
Roy T. Oishi

Gary S. Robinson

Terrance R. Whittemore

Donald W. Zipse

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 23:21:35 UTC from IEEE Xplore. Restrictions apply.


http://www.avadocuments.com/doc/ieee-741-1990
http://www.avadocuments.com/doc/ieee-741-1990

IEEE Standard Criteria for the Protection of
Class 1E Power Systems and Equipment in
Nuclear Power Generating Stations

1. Scope and Purpose

This document prescribes criteria that estab-
lish protection requirements for Class 1E power
systems and equipment. It describes the purpose
of and the means for obtaining protection from
elecrical and mechanical damage, or failures that
can occur within a time period that is shorter
than that required for operator action. It includes
both design and documentation requirements. It
does not include plant physical design require-
ments to protect against events such as pipe
whip, fire, dropped load, etc.

2. Definitions

These definitions apply to words as used in the
context of this document.

degraded voltage condition. A voltage deviation
above or below normal to a level which, if sus-
tained, could result in unacceptable performance
of, or damage to, the connected loads or their
control circuitry.

loss of voltage condition. A voltage reduction to
a level which results in the immediate loss of
equipment capability to perform its intended
function.

3. References and Documents
in Preparation

3.1 References

[1] ANSI C50.41-1982, Polyphase Induction
Motors for Power Generating Stations.!

1 ANSI publications are available from the Sales Depart-
ment, American National Standards Institute, 1430 Broadway,
New York, NY 10018.

(2] ANSI/ASME NQA-1-1983, Quality Assurance
Program Requirements for Nuclear Power Facil-
ities.2

[3] ANSI/NEMA ICS 2-1983, Industrial Control
Devices Controllers, and Assemblies.?

[4] IEEE Std 141-1986, IEEE Recommended
Practice for Electric Power Distribution for Indus-
trial Plants (ANSI).4

[5] IEEE Std 142-1982, IEEE Recommended
Practice for Grounding of Industrial and Com-
mercial Power Systems (ANSI).

[6] IEEE Std 242-1986, IEEE Recommended
Practice for Protection and Coordination of In-
dustrial and Commercial Power Systems (ANSI).

[7] IEEE Std 308-1980, IEEE Standard Criteria
for Class 1E Power Systems for Nuclear Power
Generating Stations (ANSI).

[8] IEEE Std 317-1983 (R 1988), IEEE Standard
for Electric Penetration Assemblies in Contain-
ment Structures for Nuclear Power Generating
Stations (ANSI).

[9] IEEE Std 336-1985, IEEE Standard Installa-
tion, Inspection, and Testing Requirements for
Power, Instrumentation, and Control Equipment
at Nuclear Facilities (ANSI).

[10] IEEE Std 338-1987, IEEE Standard for Peri-
odic Testing of Nuclear Power Generating Station
Safety Systems (ANSI).

2 ANSI/ASME publications are available from the Sales
Department, American National Standards Institute, 1430
Broadway, New York, NY 10018, or from the American Society
of Mechanical Engineers, Order Department, 22 Law Drive,
Box 2300, Fairfield, NJ 07007-2300.

3 ANSI/NEMA publications are available from the Sales
Department, American National Standards Institute, 1430
Broadway, New York, NY 10018, or from the National Electri-
cal Manufacturers Association, 2101 L Street, NW, Washing-
ton, DC 20037.

4]EEE publications are available from the Institute of Elec-

trical and Electronics Engineers, Service Center, 445 Hoes
Lane, Piscataway, NJ 08854.
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[11] IEEE Std 384-1981, IEEE Standard Criteria
for Independence of Class 1E Equipment and Cir-
cuits (ANSI).

(12] IEEE Std 387-1984, IEEE Standard Criteria
for Diesel-Generator Units Applied as Standby
Power Supplies for Nuclear Power Generating
Stations (ANSI).

[13] IEEE Std 415-1986, IEEE Guide for Planning
of Preoperational Testing Programs for Class 1E
Power Systems for Nuclear Power Generating Sta-
tions (ANSI).

[14] IEEE Std 446-1987, IEEE Recommended
Practice for Emergency and Standby Power Sys-
tems for Industrial and Commericial Applications
(ANSD).

[15] IEEE Std 487-1980, IEEE Guide for the Pro-
tection of Wire Line Communication Facilities
Serving Electric Power Stations (ANSI).

[16] IEEE Std 498-1985, IEEE Standard Require-
ments for the Calibration and Control of Measur-
ing and Test Equipment Used in Nuclear Facilities
(ANSI).

[17] IEEE Std 518-1982, IEEE Guide for the
Installation of Electrical Equipment to Minimize
Electrical Noise Inputs to Controllers from Exter-
nal Sources (ANSI).

[18] IEEE Std 603-1980, IEEE Standard Criteria
for Safety Systems for Nucelar Power Generating
Stations (ANSI).

[19] IEEE Std 944-1986, IEEE Recommended
Practice for the Application and Testing of Unin-
terruptable Power Supplies for Power Generating
Stations (ANSI).

[20] IEEE Std 946-1985, IEEE Recommended
Practice for the Design of Safety-Related DC Aux-
iliary Power Systems for Nuclear Power Generat-
ing Stations (ANSI).

[21] IEEE C37.91-1985, IEEE Guide for Protec-
tive Relay Applications to Power Transformers
(ANSI).

[22] IEEE C37.96-1988, IEEE Guide for AC Motor
Protection (ANSI).

[23] IEEE C62.2-1987, IEEE Guide for Applica-
tion of Gapped Silicon-Carbide Surge Arresters
for Alternating-Current Systems (ANSI).

(24] IEEE C6241-1980, IEEE Guide for Surge
Voltages in Low-Voltage AC Power Circuits (ANSI).

[25] IEEE C62.45-1987, IEEE Guide on Surge
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Testing for Equipment Connected to Low-Voltage
AC Power Circuits (ANSI).

[26] NEMA MG 1-1987, Motors and Generators.

3.2 Documents in Preparation®

4. General Design Criteria

4.1 Asused in this document, protection refers to
the sense, command, and execute features with
their associated interconnections (IEEE Std 603-
1980 [18]7) provided to minimize equipment dam-
age and any interruption of electrical service
resulting from mechanical or electrical failures or
other unacceptable conditions. It includes equip-
ment required to support the Class 1E power sys-
tem in the performance of its safety function, and
components whose function is to increase the
availability and reliability of the safety-related
equipment. The protection shall:

4.1.1 Be capable of preventing failures in safety
systems and equipment from disabling safety
functions to below an acceptable level. Protection
in one load group shall not respond to distur-
bances in a redundant load group.

4.1.2 Be capable of operating the required
devices upon detection of unacceptable condi-
tions to reduce the severity and extent of electri-
cal system disturbances, equipment damage, and
potential personnel and property hazards.

4.1.3 Be capable of monitoring the connected
power supply and, where an alternate supply is
provided by the design, of automatically initiating
a transfer or alerting the operator to manually
transfer to the alternate power supply.

4.14 Be capable of providing indication and
identification of the protective operations.

4.1.5 Be capable of being periodically tested to
verify logic schemes and protective functions.

5NEMA publications are available from the American
Society of Mechanical Engineers, Order Department, 22 Law
Drive, Box 2300, Fairfield, NJ 07007-2300.

6(a) The Power Engineering Society Surge Protective De-
vices Committee Working Group 3.4.13 is presently preparing
IEEE P1041, Application Guide for Surge Protection of Elec-
tric Generating Plants. At the time of its publication, this docu-
ment is expected to provide the requirements for surge
protection devices used in nuclear power generating stations.

(b) The Neutral Grounding Devices Subcommittee Working
Group 3.5.3 of the Power Engineering Society Surge Protective
Devices Committee is presently preparing IEEE PC62.92, Part
111, Application Guide for Neutral Grounding of Generating
Station Auxiliary Power Systems. This document is expected
to cover grounding for auxiliary systems.

"The numbers in brackets correspond to those of the refer-
ences listed in 3.1.
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SYSTEMS AND EQUIPMENT IN NUCLEAR POWER GENERATING STATIONS

4.1.6 Be designed such that the availability of
protection control power is monitored.

4.1.7 Be capable of being periodically tested to
verify setpoints. This requirement is not applica-
ble to fuses.

4.2 Those parts of the protection that have a
safety function shall meet the requirements of
IEEE Std 603-1980 [18] and IEEE Std 308-1980
[7]. Those parts of the protection whose function
is nonsafety related shall be designed such that
their failure does not degrade the Class 1E power
system below an acceptable level.

4.3 Unless specifically identified in Section 5 of
this document, redundant or coincident logic
protection schemes within a division of the Class
1E power system are not required.

5. Principal Design Criteria
and Requirements

5.1 AC Power Distribution Systems
5.1.1 Switchgear and Bus Protection

5.1.1.1 Refer to IEEE Std 141-1986 [4] and
IEEE Std 242-1986 (6] for recommended prac-
tices in application of overcurrent relays, direc-
tional relays, differential relays for bus protection,
and ground fault relaying. The protection systems
for the ac distribution system should be coordi-
nated in accordance with IEEE Std 242-1986 [6].
Refer to IEEE Std 142-1982 [5] for supplemen-
tary information on ground protection practices.

5.1.1.2 If the power distribution system
design cannot accommodate paralleling of bus
supplies, or if paralleling can be allowed only
under certain conditions, interlocks or procedu-
ral restrictions shall be provided to restrict such
paralleling. Consideration shall be given to the
higher fault current that may exist during parallel
operation when selecting protective devices.

5.1.2 Bus Voltage Monitoring Schemes. Bus

voltage monitoring schemes that are used for
disconnecting the preferred power source, load
shedding, and starting the standby power sources
are part of the protection and shall meet the cri-
teria outlined below. Voltage monitoring schemes
that are used only for alarms do not have to meet
these criteria.

5.1.2.1 Bus voltage shall be detected directly
from the Class 1E bus to which the standby power
source is connected. Class 1E bus voltage moni-
toring shall not be derived from a non-Class 1E
bus.

IEEE
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5.1.2.2 Each division shall have an indepen-
dent scheme of detection of degraded voltage and
loss of voltage conditions. Within each division,
commmon equipment may be used for the detec-
tion of both conditions. See Appendix A.

5.1.2.3 Each scheme shall monitor all three
phases. The design shall be such that a blown fuse
in the voltage transformer circuit or other single
phasing condition will not cause incorrect opera-
tion, nor prevent correct operation, of the scheme.
Means shall be provided to detect and identify
these failures.

5.1.2.4 The design shall minimize unwanted
operation of the standby power sources and dis-
connection of the preferred power supply. The
use of coincident logic and time delay to override
transient conditions is a way to accomplish this.

5.1.2.5 Capability for test and calibration
during power operation shall be provided.

5.1.2.6 The selection of undervoltage and
time delay setpoints shall be determined from an
analysis of the voltage requirements of the Class
1E loads at all on-site distribution levels.

5.1.2.7 Indication shall be provided in the
control room for any bypass incorporated in the
design.

5.1.3 Feeder Circuits

5.1.8.1 Refer to IEEE C37.96-1988 [22] for
motor protection recommended practice. See 5.5
for additional requirements associated with valve
actuator motors.

5.1.3.2 Refer to IEEE C37.91-1985 [21] for
power transformer protection recommended
practice.

5.1.3.3 Refer to IEEE Std 141-1986 [4] and
IEEE Std 242-1986 [6] for feeder circuit to power
distribution panel protection recommended
practice.

5.1.3.4 Refer to IEEE Std 384-1981 [11] for
criteria for isolation of non-Class 1E loads from
Class 1E power systems.

5.1.4 Standby Power Supply Protection

5.1.4.1 Refer to IEEE Std 242-1986 [6] and
IEEE Std 387-1984 [12] for diesel generator pro-
tection recommended practice.

5.1.4.2 In the manual control mode, synchro-
nizing interlocks should be provided to prevent
incorrect synchronization whenever a standby
power source is required to operate in parallel
with the preferred power supply.

5.1.4.3 When a standby power supply is being
operated in parallel with the preferred power
supply, protection shall be provided to separate
the two supplies if either becomes degraded to an
unacceptable level. This protection shall not lock-
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out or prevent the availability of the power supply
which is not degraded.
5.1.5 Load Shedding and Sequential Loading

5.1.5.1 An automatic load shedding and
sequential loading scheme may be included to
ensure that the preferred or standby power
sources can be loaded while maintaining volitage
and frequency within acceptable limits.

5.1.5.2 If bus voltage transients could reini-
tiate load shedding, the load shedding feature
shall be disabled when the source-breaker is
closed.

5.1.5.3 If the preferred or standby power-
source breaker is tripped during or subsequent to
loading, the load shedding and sequential loading
scheme shall be arranged to be automatically
reset to perform its function in the event that the
loads are to be reapplied.

5.1.6 Surge Protection. See 3.2, footnote 6(a).

5.1.6.1 Refer to IEEE Std 141-1986 [4] and
IEEE Std 242-1986 [6] for surge protection of
equipment and systems.

5.1.6.2 Refer to IEEE C37.96-1988 [22] for
surge protection of induction motors.

5.1.6.3 Refer to IEEE Std 487-1980 [15] for
guidance on protection of wire line facilities used
for protective relaying and data transfer circuits.

5.1.6.4 Refer to IEEE Std 518-1982 [17] for
recommendations in design and installation of
low-energy low-voltage signal circuits associated
with solid-state electronic equipment.

5.1.6.5 Surge protection shall be provided to
protect the shunt field of dc valve actuator motors.
This surge protection may take the form of a resis-
tor in the motor control center wired in parallel
with the shunt field to provide a discharge path
for the shunt field’s inductive voltage surges.

5.1.6.6 Refer to IEEE C62.2-1987 [23] for
guidance in the application of surge arresters to
all types of power circuit and equipment.

5.1.6.7 Refer to IEEE C62.41-1980 [24] for
guidance in determining the surge environment
for low-voltage equipment.

5.1.6.8 Refer to IEEE C62.45-1987 [25] to
provide guidance for tests that should be used to
determine the surge withstand capability of the
equipment used on low-voltage circuits.

5.2 DC Power System

5.2.1 Refer to IEEE Std 946-1985 [20] for
recommended protection for batteries.

5.2.2 The direct current power distribution

IEEE STANDARD CRITERIA FOR THE PROTECTION OF CLASS 1E POWER

and the protective devices used in branch circuits,
in switchgear control circuits, and in relay and
process control panels. Care shall be taken to use
appropriate correction factors or dc trip charac-
teristic curves for protection devices.

5.2.3 Ground detection monitoring shall be
provided for ungrounded systems.

5.2.4 Protective devices should be provided to
isolate the battery from a bus fault.

5.2.5 Battery chargers shall be provided with
current limiting features or overload protection,
reverse current protection, output undervoltage,
and overvoltage alarms and/or trips. Refer to
IEEE Std 446-1987 [14] for additional guidance
on the protection of battery chargers.

5.3 Vital Instrumentation and Control Power
System

5.3.1 Refer to IEEE Std 446-1987 [14] for guid-
ance on protection for inverters. Refer to IEEE
Std 142-1982 [5] for information on ground pro-
tection practices. See 3.2, footnote 6(b).

5.3.2 Where a rectifier type power supply is
used as a source for an inverter, it shall be pro-
vided with reverse current protection, current
limiting features or overload protection, and out-
put undervoltage and overvoltage protection.

5.3.3 The vital instrumentation and control
power distribution system should be provided
with coordinated protection. Since inverters and
motor generator sets are output limited, special
attention must be given to integrating protective
device sensitivity and system available fault cur-
rent. Coordination should include the protective
devices in the alternate supply, inverters, static
switches, distribution panels, instrumentation
panels and racks, and other equipment powered
from the system.

5.3.4 Where a vital instrumentation and con-
trol power bus is supplied by an inverter with cur-
rent limiting characteristics and an automatic
transfer has been provided to an alternate source
with higher available current, this alternate source
may be used in order to achieve the coordinated
protection in 5.3.3 above.

5.3.5 Ground detection monitoring shall be
provided for ungrounded systems.

5.3.6 The vital instrumentation and control
power system should be provided with undervolt-
age, overvoltage, and underfrequency protection.
Where its power is supplied from a static inverter,

—~

system should be provided with coordinated pro- overfrequency protection should also be provided. P
tection. Coordination for dc power system circuits Refer to IEEE Std 944-1986 [19] for recommended
should include the main bus protective devices practice on alarms and indication.
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