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IEEE Standards documents are developed within the Technical Committees 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 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 determine that they have
the latest edition of any IEEE Standard.

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.

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 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 on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
345 East 47th Street

New York, NY 10017

USA
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Foreword

(This Foreword is not a part of IEEE Std 317-1983, IEEE Standard for Electric Penetration Assemblies in Containment Structures
for Nuclear Power Generating Stations.)

This standard presents criteria to facilitate the determination of the features of design, construction, test, qualification
and installation relative to the electric penetration assemblies of primary containments of the nuclear facilities that
comply with the United States Nuclear Regulatory Commission's Code of Federal Regulations (10CFR50).

Adherence to these criteria alone may not suffice for ensuring the health and safety of the public because it is the
integrated performance of the structures, the fluid systems, the instrumentation, and the electric systems of the stations
that establishes the consequences of accidents. Each applicant has the responsibility to assure himseft and others that
this integrated performance is adequate.

The IEEE will maintain this standard current with the state of the technology. Comments on this standard and
suggestions for the additional material that should be included are invited.

This standard was prepared by a Working Group of Subcommittee 1, General Plant Criteria, of the Nuclear Power
Engineering Committee of the IEEE Power Engineering Society. At the time this standard was approved the members
of the working group were as follows:

W. S. Rautio, Chair
R.F. Karlicek, Vice Chair
T. R. Vardaro, Secretary

R. G. Brunner R.B. Jones D.G. O'Brien
J. M. Buckman L. Korner D.K. Sorenson
S. G. Caroll P. McBride J.E. Thompson

At the time the IEEE Nuclear Power Engineering Committee approved this standard, it had the following membership:

R. E. Allen, Chair
B. M. Rice, Vice Chair
J. T. Bauer, Vice Chair
C. M. Chiappetta, Secretary

J. F. Bates L. Hanes C. A. Petrizzo
T. M. Bates, Jr R. I. Hayford N. S. Porter
F. D. Baxter I. M. Jacobs W. S. Rautio
R. G. Benham R. F. Karlicek H. V. Redgate
J. T. Boettger A. Laird A. R. Roby
D. F. Brosnan G. R. Leidich W. F. Sailer
D. G. Cain L. C. Madison A.J. Spurgin
F. W. Chandler T. J. McGrath L. Stanley
E. A. Corte S. H. Moss H. K. Stolt
R. P. Daigle W. E. O'Neal D. F. Sullivan
E. F. Dowling R. W. Pack P. Szabados
J. J. Ferencsik M. Pai L. D. Test
E. P. Fogarty E. S. Patterson J. E. Thomas
J. M. Gallagher J. R. Penland T. R. Vardaro
J. B. Gardner F.J. Volpe
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When the IEEE Standards Board approved this standard on September 23, 1982, it had the following membership:

Irvin N. Howell, Jr, Chair
Edward Chelotti, Vice Chair
Sava I. Sherr, Secretary

G.Y.R. Allen Donald C. Fleckenstein A. R. Parsons

J. J. Archambault Jay Forster J. P. Riganati

James H. Beall Kurt Greene Frank L. Rose

John T. Boettger Joseph L. Koepfinger Robert W. Seelbach
J. V. Bonucchi Irving Kolodny Jay A. Stewart
Edward J. Cohen John E. May Clifford O. Swanson
Len S. Corey Donald T. Michael* Robert E. Weiler

*Member emeritus
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IEEE Standard for Electric Penetration
Assemblies in Containment Structures
for Nuclear Power Generating Stations

1. Scope

This standard prescribes the requirements for the design, construction, qualification, test, and installation of electric
penetration assemblies in nuclear containment structures for stationary nuclear power generating stations. The
requirements for external circuits which connect to penetration assemblies are beyond the scope of this standard. This
standard does not include requirements for operation, maintenance, or periodic testing after installation.

2. Definitions

analysis: A process of mathematical or other logical reasoning that leads from stated premises to the conclusion
concerning the qualification of an assembly or components.

design basis events (DBE): Postulated events used in the design to establish the acceptable performance requirements
of the structures, systems, and components.

design service conditions: The service conditions used as the basis for ratings and for the design qualification of
electric penetration assemblies.

design tests: Tests performed to verify that an electric penetration assembly meets design requirements.
double aperture seal: Two single aperture seals in series.
double electric conductor seal: Two single electric conductor seals in series.

electric penetration assembly: An assembly of insulated electric conductors, conductor seals, module seals (if any),
and aperture seals that provides the passage of the electric conductors through a single aperture in the nuclear
containment structure, while providing a pressure barrier between the inside and the outside of the containment
structure. The electric penetration assembly includes terminal (junction) boxes, terminal blocks, connectors and cable
supports, and splices which are designed and furnished as an integral part of the assembly.

environmental conditions: Physical service conditions external to the electric penetration assembly such as ambient
temperature, pressure, radiation, humidity, vibration, chemical or demineralized water spray and submergence
expected as a result of normal operating requirements, and postulated conditions appropriate for the design basis
events applicable to the electric penetration assembly.
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generic design: A family of equipment units having similar materials, manufacturing processes, limiting stresses,
design, and operating principles, that can be represented for qualification purposes by a representative unit(s).

installed life: The interval of time from installation to permanent removal from service, during which the electric
penetration assembly is expected to perform its required function(s).

NOTE — Components of the assembly may require periodic replacement; thus, the installed life of such components is less than
the installed life of the assembly.

margin: The difference between the most severe design service conditions and the conditions used in the design
qualification to account for normal variations in commerical production of equipment and reasonable errors in defining
satisfactory performance.

qualified life: The period of time, prior to the start of a design basis event, for which the equipment was demonstrated
to meet the design requirements for the specified service conditions.

NOTE — At the end of the qualified life, the equipment shall be capable of performing the safety function(s) required for the
postulated design basis and post design basis events.

qualified life test: Tests performed on preconditioned test specimens to verify that an electric penetration assembly
will meet design requirements at the end of its qualified life.

service conditions: Environmental, power, and signal conditions expected as a result of normal operating
requirements, expected extremes in operating requirements, and postulated conditions appropriate for the design basis
events applicable to the electric penetration assembly.

single aperture seal: A single seal between the containment aperture and the electric penetration assembly.

single electric conductor seal: A mechanical assembly arranged in such a way that there is a single pressure barrier
seal between the inside and the outside of the containment structure along the axis of the electric conductor.

3. References

Specific sections and requirements of the codes, standards, and guides listed below are referenced in this standard. No
other requirements of the referenced documents are invoked or implied. In case of conflicts between this standard and
the referenced standards and guides, this standard shall take precedence over the referenced documents.

[1] ANSI/IEEE C37.09-1979, American National Standard Test Procedure for AC High-Voltage Circuit Breakers
Rated on a Symmetrical Basis. !

[2] ANSI MC 96.1-1982, Tables for Thermocouples Temperatures-Electromotive Force (EMF).
[3] ANSI N45.2-1977, Requirements for Nuclear Facilities, Quality Assurance Program.

[4] ANSI N45.2.2-1978, Packaging, Shipping, Receiving, Storage, and Handling of Items for Nuclear Power Plants
(during the Construction Phase).

[5] ANSI/ASTM D 568-77, Standard Test Methods for Rate of Burning and/or Extent and Time of Burning of Flexible
Plastics in a Vertical Position.

[6] ANSI/ASTM D 2863-77, Standard Method for Measuring the Minimum Oxygen Concentration to Support
Candle-Like Combustion of Plastics (Oxygen Index).

[71 ANSI/IEEE C37.20-1969, (Consolidated Edition 1974) (R 1981). IEEE Standard for Switchgear Assemblies
Including Metal-Enclosed Bus.

TANSI publications are available from the Sales Department, American National Standards Institute, 1430 Broadway, New York, NY 10018.
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[8] ANSI/IEEE Std 336-1980, IEEE Standard Installation, Inspection, and Testing Requirements for Class 1E
Instrumentation and Electric Equipment at Nuclear Power Generating Stations.

[9] ANSI/IEEE Std 344-1975 (R 1980), IEEE Recommended Practice for Seismic Qualification of Class 1E
Equipment for Nuclear Power Generating Stations.

[10] ANSI/IEEE Std 383-1974 (R 1980), IEEE Standard for Type Test of Class IE Electric Cables, Field Splices, and
Connections for Nuclear Power Generating Stations.

[11] ANSI/NFPA-70-1981, National Electrical Code.>
[12] ASME Boiler and Pressure Vessel Code.?

[13] ASTM D635-81, Standard Test Method for Rate of Burning and/or Extent and Time of Burning of Self-
Supporting Plastics in a Horizontal Position.*

[14] ICEA P-32-382-1969, Short-Circuit Characteristics of Insulated Cable.?

[15] IEEE Std 98-1983, IEEE Standard for the Preparation of Test Procedures for the Thermal Evaluation of Solid
Electrical Insulating Materials.

[16] IEEE Std 101-1972 (R 1980), IEEE Guide for the Statistical Analysis of Thermal Life Test Data.
[17] IEEE Std 323-1983, IEEE Standard for Qualifying Class IE Equipment for Nuclear Power Generating Stations.

[18] IEEE Std 627-1980, IEEE Standard for Design Qualifications of Safety Systems Equipment Used in Nuclear
Power Generating Stations.

[19] NEMA WC 3-1980, Rubber-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy
(ICEA S-1981 Sixth Edition).6

4. Service Classification and Ratings

4.1 Service Classification

The conductors of each circuit of an electric penetration assembly shall be assigned one of the following service
classifications based on its use.

2The National Electrical Code is published by the National Fire Protection Association, Batterymarch Park, Quincy, MA 02269. Copies are also
available from the Sales Department of American National Standards Institute, 1430 Broadway, New York, NY 10018.

3ASME publications are available from the American Society of Mechanical Engineers, 345 East 47th Street, New York, NY 10017.

4ASTM publications are available in the US from American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 10103.

SICEA publications are avaialable in the US from Insulated Cable Engineers Association, Inc, PO Box P, South Yarmouth, MA 02664.

SNEMA publications are available from the National Electrical Manufacturers Association (NEMA), 2101 L. Street, NW, Washington, DC 20037.
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4.1.1 Medium-Voltage Power

Conductors of power circuits having rated values above 1000 V shall be classified as medium-voltage power and shall

have the following ratings (see 4.2 and 4.3):

1) Rated voltage
2) Rated continuous current

3) Rated short-time overload current and duration

4) Rated short-circuit current
5) Rated short-circuit thermal capacity

6) Rated capabilities during the most severe DBE environmental conditions

4.1.2 Low-Voltage Power

Conductors of power circuits rated 1000 V and below shall be classified as low-voltage power and shall have the

following ratings (see 4.2 and 4.3):

1) Rated voltage
2) Rated continuous current

3) Rated short-time overload current and duration

4) Rated short-circuit current
5) Rated short-circuit thermal capacity

6) Rated capabilities during the most severe DBE environmental conditions.

4.1.3 Low-Voltage Control

Conductors of control circuits rated 1000 V and below shall be classified as control and shall have the following

ratings (see 4.2 and 4.3):

1) Rated voltage
2) Rated continuous current

3) Rated short-time overload current and duration

4) Rated short-circuit current
5) Rated short-circuit thermal capacity

6) Rated capabilities during the most severe DBE environmental conditions

4.1.4 Instrumentation

Conductors of instrumentation circuits shall have a voltage rating defined by the design service conditions.

NOTE — Instrumentation conductors include, for example, coaxial, triaxial, thermocouple, and twisted pair circuits.

4.2 Ratings

4.2.1 Rated Voltage

The rated voltage of power and control conductor(s) of a circuit shall be as follows:

Nominal System Voltage (V)

Rated Voltage (V)

0-300
301-600
601-1000

1001-5000
5001-8000
8001-15 000

comyrgnt 0 196s1ere an OREMIMENTS
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4.2.2 Rated Continuous Current

The rated continuous current shall be the current in amperes that a conductor can carry continuously without the
stabilized temperatures of the conductor and the penetration nozzle-concrete interface (if applicable) exceeding their
design limits, with all other conductors in the assembly carrying their rated continuous current under the maximum
normal environment temperature of the design service conditions.

See Appendix A2, Rated Continuous Current, for preferred values.
4.2.3 Rated Short-Time Overload Current and Duration

The rated short-time overload current and duration shall be the overload current in amperes that each conductor of a
circuit can carry for a specified duration, following continuous operation at rated continuous current, without the
temperature of the conductors exceeding their short-time overload design temperature limit with all other conductors
in the assembly carrying their rated continuous current under the maximum normal environment temperature of the
design service conditions. The rated short-time overload current shall not be less than seven times the rated continuous
current of the conductor, and the duration shall be not less than 10 s.

4.2.4 Rated Short-Circuit Current

The rated short-circuit current shall be the current in amperes that each conductor of a circuit can carry while
maintaining electrical integrity (see 5.2.2) and mechanical integrity (see 5.1.6) with all other conductors in the
assembly carrying their rated continuous current under the maximum normal environment temperature of the design
service conditions.

The rated short-circuit current for alternating-current circuits shall be expressed in rms symmetrical amperes and shall
be based on the test procedure in 6.2.8.

See Appendix A3 for preferred values of rated short-circuit current.

The rated short-circuit current for direct-current circuits shall be based on its having a constant dc value unless
otherwise specified.

4.2.5 Rated Short-Circuit Thermal Capacity (It)

The rated short-circuit thermal capacity shall be the product of short-circuit current in amperes squared and its
duration in seconds that each conductor of a circuit can carry following continuous operation at rated continuous
current while maintaining electrical integrity (see 5.2.2) and mechanical integrity (see 5.1.6) with all other conductors
in the assembly carrying their rated continuous current under the maximum normal environment temperature of the
design service conditions.

The rated short-circuit thermal capacity shall be expressed in amperes squared-seconds (Pr) subject to the following
limits:

1) The short-circuit current shall not exceed the rated short-circuit current and shall be expressed in rms
symmetrical amperes for ac circuits and dc amperes for dc circuits.
2) The duration shall not exceed 2 s.

See Appendix A4 for preferred values of rated short-circuit thermal capacity (Pr).
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4.3 Rated Capabilities During the Most Severe DBE Environmental Conditions
4.3.1 Rated Continuous Current During the Most Severe DBE Environmental Conditions

The conductors in the electric penetration assembly shall have a rated continuous current during the most severe DBE
environmental conditions not less than the rated continuous current in 4.2.2 for which the conductors shall maintain
electrical integrity (see 5.2.2) and containment integrity (see 5.1.7).

4.3.2 Rated Short-Time Overload Current and Duration During the Most Severe DBE Environmental
Conditions

The conductors in the electric penetration assembly shall have a rated short-time overload current and duration during
the most severe DBE environmental conditions not less than the rated short-time overload current and duration in 4.2.3
for which the conductors shall maintain electrical integrity (see 5.2.2) and containment integrity (see 5.1.7), with the
remaining conductors in the assembly carrying rated continuous current. The conductors shall be capable of meeting
the above requirements at the maximum conductor temperature attained during the most severe DBE environmental
conditions.

4.3.3 Rated Short-Circuit Current During the Most Severe DBE Environmental Conditions

The conductors in the electric penetration assembly shall have a rated short-circuit current during the most severe DBE
environmental conditions not less than the rated short-circuit current in for which the conductors shall maintain
containment integrity (see 5.1.7) with the remaining conductors in the assembly carrying rated continuous current and
without affecting the mechanical and electrical integrity of the remaining conductors. The conductors shall be capable
of meeting the above requirements at the maximum conductor temperature attained during the most severe DBE
service conditions.

See Appendix A3 for preferred values of rated short-circuit current during the most severe DBE environmental
conditions.

4.3.4 Rated Short-Circuit Thermal Capacity (1°t) During the Most Severe DBE Environmental
Conditions

The conductors in the electric penetration assembly shall have a rated short-circuit thermal capacity (Izt)during the
most severe DBE environmental conditions not less than the rated short-circuit thermal capacity (I’1) of 4.2.5,
following continuous operation at rated continuous current while maintaining containment integrity of the assembly
(see 5.1.7) and without affecting the electrical integrity (see 5.2.2) and the mechanical integrity (see 5.1.6) of the
conductors not subjected to the short-circuit current. The conductors shall be capable of meeting the above
requirements at the maximum conductor temperature attained during the most severe DBE environmental conditions.
The short-circuit thermal capacity (1) shall be expressed in ampere squared-seconds subject to the following limits:

1) The short-circuit current shall not exceed its rated value.
2) The duration shall not exceed 2 s.

See Appendix A4 for preferred values of rated short-circuit thermal capacity 125 during the most severe DBE
environmental conditions.
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5. Design Requirements

5.1 Mechanical-Design Requirements
5.1.1 Pressure Boundary

The mechanical design, materials, fabrication, examinations, and testing of the pressure boundary of the electric
penetration assembly shall be in accordance with the requirements of the ASME Boiler and Pressure Vessel Code
[12],7 Division 1, Section III, Subsection NE for Class MC Components. See Appendix C for ASME pressure
boundary of typical installed electric penetration assemblies.

Stress calculations shall include stresses from all applied loads including electromagnetic forces produced by rated
short-circuit currents.

5.1.2 Design Pressure and Temperature

The design pressure and temperature shall be determined and specified in accordance with the rules of the ASME
Boiler and Pressure Vessel Code [12], Division 1, Section III, Subsection NE for MC containment vessels.

5.1.3 Minimum Design Temperature
The minimum design temperature of the electric penetration assembly shall be — 28 °C (- 20 °F).
5.1.4 Design Gas-Leak Rate

1) The electric penetration assembly, exclusive of the aperture seal(s), shall be designed to have a total gas-leak
rate not greater than 1 - 1073 std cm?/sT of dry nitrogen at 20 °C = 15 °C (68 °F = 27 °F) at the design pressure.

2) The aperture seal(s) of the electric penetration assembly shall be designed to have a total gas-leak rate not
greater than 1 - 1073 std cm>/s of dry nitrogen at 20 °C = 15 °C (68 °F = 27 °F) at design pressure.

3) The electric penetration assembly, including the aperture seal(s), shall be designed to have a total gas-leak
rate not greater than 1 - 10”2 std cm’/s of dry nitrogen at the design pressure and temperature.

5.1.5 Gas-Leak Rate Testing and Monitoring Provisions

Electric penetration assemblies having double electric conductor seals or double aperture seals, or both, shall be
designed for and shall include provisions for gas-leak rate testing and monitoring of the double seals after installation.

Valves, fittings, and pressure piping and gauge(s) provided for this purpose shall have a pressure rating not less than
110% design pressure.

Electric penetration assemblies having double electric conductor seals shall include provisions for gas-leak rate
monitoring during storage.

"Numbers in brackets correspond to those of the references listed in Section 3.
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