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| EEE Standards documents are developed within the Technical Committees of the3BEiEties and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serveilycdumtawithout
compensation. They are not necessarily members of the Institute.ahidarsts developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as thdss anitside 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 &fadwkss not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and sereidds teéascope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time gasfais approved and issued is subject to change
brought about through developments in the state of the art and comments receivecfsoof thee standard. Every
IEEE Standard is subjected to review at least once every five years for revisiofiimnaéan. When a document is
more than five years old, and has not been reaffirmed, it is reasonable to conclude that its, edthteungh still of
some value, do not wholly reflect the present state of the art. Userawtioned 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 pantyleeg of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of textwitigether
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portitasdefds as they relate to
specific applications. When the need for interpretations is brought to the attention othEH#EStitute will initiate
action to prepare appropriate responses. Since IEEE Standards representsusafsall concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balaasts. iRbr this reason
IEEE and the members of its technical committees are not able to providgan response to interpretation requests
except in those cases where the matter has previously received éomsideration.

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 690-1984, IEEE Standard for the Desigrstaildtion of Cable Systems for Class 1E
Circuits in Nuclear Power Generating Stations.)

This standard is the result of efforts by the working group to accommodate requests for erdpsuch as IEEE Std
422-1977, IEEE Guide for the Design and Installation of Cable Systems in Power Gerfetatiogs, for use as a
standard in the design, installation of cable systems for Class 1E circuits in Nuclear Power Genatatingg Bhis
document is written as a standard and as such contains more positive stafetitizateon of the wordshall) than
IEEE Std 422-1977. Recommendations and related tutorial information have been separatdt ftext and
provided in an Appendix to this standard.

Many sections have been restructured to identify IEEE standards that apply to ca&lohes $gsiClass 1E circuits and
to establish additional requirements deemed essential for the proper design andanstéitable systems for Class
1E circuits. In addition to the sections covered in IEEE Std 422-1977, a new section has bden #dsl document

which addresses documentation of design.

Cable fire protection considerations have been revised substantially to reflect eynpemaches to the problem
resulting from fire tests conducted by various organizations.

At the time this standard was approved the members of the Working Group on Wire and Cable Syhe®mtibn
Design Subcommittee were:

J. B. Cannon, Chair

J. R. Cancelosi W. H. Hadley, Jr G. A. Remaley

A. A. Carlomagno J. Hughes C. Sclafany

L. J. Charmoli F. J. Jablonski, Jr R. G. Scott

S. J. Chingo 0. S. Mazzoni R. V. Snow

R. E. Cotta A. P. Niederfringer Marion B. Wilkens
F. J. Dan K. A. Petty H. E. Yocom, Jr
W. M. Fenner H. B. Rankin

At the time this standard was approved, the members of the Design Subcommittee wkth@ &terating Committee

were:
D. E. Roberts, Chair

J. C. Appiarius M. E. Jackowski C.R. Pope
W. W. Auvril B. R. Jessop J. M. Sappington
M. S. Baldwin A. Lehrkind R. G. Scott
J. H. Bellack R. I. Longwell M. N. Sprouse
R. H. Bozgo O. S. Mazzoni J. E. Stoner, Jr
J. B. Cannon M. W. Migliaro R. E. Strasser
J. W. Colwell J. L Mills J. B. Sullivan
R. E. Cotta S. Nikolakakos S. Tjepkema
W. M. Fenner J. L. Parris C. J. Wylie
R. E. Fenton R. E. Penn H. E. Yocom, Jr
J. J. Heagerty J. D. Plaxo R. Zweigler
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R. W. Cantréll, Secretary

A. H. Ferber
D. l. Gorden
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IEEE Standard for the Design and
Installation of Cable Systems for Class
1E Circuits in Nuclear Power Generating
Stations

1. General

1.1 Scope

This standard provides direction for the design and installation of safety relatod@leable systems, including
associated circuits, in nuclear power generating stations. Also prasidediance for the design and installation of
those nonsafety related cable systems that may affect the function of safety sg&iems.

NOTES:

1 — The termassociated circuits is not repeated throughout the text; however, all requirements for the desiigistaiidtion of
cable systems for Class 1E circuits shall apply equally to associated circuits unless itrmamrbleysest or analysis thiie
associated circuits cannot affect the performance of the Class 1E circuits.

2 — Recommendations and related tutorial information regarding cable sysieri$a$s 1E circuits are provided in the
Appendix.
1.2 Purpose

The purpose of this standard is to identify existing standards and to establish requirements pertfengrelated
cable systems in nuclear power generating stations. Solutions are recommendedsfof eceaern such as fire
protection, raceways, separation, cable performance requirements, and installationneeceépstiing and
documentation.

1.3 Definitions

Definitions that apply to only one section are found in that section.
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IEEE Std 690-1984 IEEE STANDARD FOR THE DESIGN AND INSTALLATION OF

associated circuits: Non Class 1E circuits that share power supplies, signal sources, enclosuresywaysaeith
Class 1E circuits or are not physically separated or electrically isolated fres XEaircuits by acceptable separation
distance, barriers, or isolation devices.

Class 1E circuits: The safety classification of circuits that are essential to emergency reactavahutdntainment
isolation, reactor core cooling, and containment and reactor heat removal,othexreise essential in preventing a
significant release of radioactive material to the environment.

design basisevents (DBE): Postulated events specified by the safety analysis for the statstablish the acceptable
performance requirements of the structures and systems.

2. References

When the following standards are superseded by a revision the revision shall apply

[1] ANSI/ANS 59.4-1979, Generic Requirements for Light Water Nuclear Power Plant Firet@rotec
[2] ANSI/ASME NQA 1-1979, Quality Assurance Program Requirements for Nuclear Power Plants.
[3] ANSI/IEEE Std 100-1984, IEEE Standard Dictionary of Electrical and Electronics Terms

[4] ANSI/IEEE Std 336-1980, IEEE Standard Installation, Inspection, and Testing Requircime@tass 1E
Instrumentation and Electric Equipment at Nuclear Power Generating Stations.

[5] ANSI/IEEE Std 383-1974 (1980), IEEE Standard for Type Test of Class 1E Electric CablésStiees, and
Connections for Nuclear Power Generating Stations.

[6] ANSI/IEEE Std 384-1981, IEEE Standard Criteria for Independence of Class 1E EquiprdeRircuits.
[7] ANSI/IEEE Std 634-1978, Cable Penetration Fire Stop Qualification Test.

[8] ANSI/NFPA 10-1981, Standard for Portable Fire Extinguishers.

[9] ANSI/NFPA 15-1982, Standard for Water Spray Fixed Systems for Fire Protection.

[10] ANSI/NFPA 70-1984, National Electrical Code.

[11] ANSI/NFPA 72D-1979, Installation, Maintenance, and Use of Proprietary Signaling Systems.

[12] ANSI/NFPA 72E-1982, Selection and Placement of Fire Detectors.

[13] ANSI/NFPA 90A-1981, Standard for the Installation of Air Conditioning and Ventilating Systems.
[14] ASTM E119-1983, Standard Methods of Fire Tests of Building Construction and Maferials.

[15] IEEE323-1983, IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Gen8tations.
[16] IEEE Std 422-1977, IEEE Guide for the Design and Installation of Cable Systeoween®enerating Stations.
[17] NFPA 13-1983, Standard for Installation of Sprinkler Systéms.

[18] NFPA 14-1983, Standard for the Installation of Standpipes and Hose Systems.

1ANSI documents are available from the Sales Department, American National Stdnstiiute, 1430 Broadway, New York, NY 1(81
2ASTM documents are available from Sales Service, American Sociefedting and Materials, 1916 Race Street, Philadelphia, 9183.
SNFPA documents are available from Publication Sales Division, National Fire tRimtassociation, Battery-march Park, Quin&yA 02269.
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CABLE SYSTEMS FOR CLASS 1E CIRCUITS IN NPGS IEEE Std 690-1984

3. Cable, Field Splice, and Connection Qualification

This section establishes qualification requirements that shall be utilized in sppaibfites, field splices, and
connections of cable systems for Class 1E circuits.

3.1 Definitions

connection: A cable terminal, splice, or hostile environment boundary seal at the interfaddeofind equipment.
field splice: A permanent joining and reinsulating of conductors in the field to meet the service conditions required.

qualified life: The period of time for which satisfactory performance can be demonstrated for a sgtdifiservice
conditions.

service conditions: Environmental, power and signal conditions expected as a result of normal operating
requirements, extremes in operating requirements, and postulated conditions agpiapthatdesign basis events of
the station.

3.2 Requirements

1) Cables, field splice, and connections shall have a qualified lifel feraice conditions that are postulated for
the areas where they are to be used and shall be qualified in accordanieERitStd 323-1983 [15] and
ANSI/IEEE Std 383-1974 [5}.

2) All cables installed in cable trays shall pass the vertical tray flamelé¢sstibed in ANSI/IEEE Std 383-
1974 [5].

4. Conductor Sizing

This section establishes cable conductor sizing requirements for various types of cabddiomstdtr Class 1E
circuits.

Cables shall be sized to carry load current with the following spemisiderations:

1) Unless the safety analysis of the plant supports other ambient temperatures, thenmanmbient
temperatures used in calculating cable ampacities shall’ef@dburied installations and 20 for exposed
installations. Conductor size shall be selected to carry required normal, emergen@doaerdioshort-circuit
current without exceeding rated temperature of the insulation at the maximum postulated ambient
temperature. Temperature extremes under design basis events shlalidssed by the qualification of the
cable in accordance with ANSI/IEEE Std 383-1974 [5].

2) Where cable is routed through several types of installation conditions (direct buried, sun exppased
conduit, cable penetration fire stops, covered cable trays, wireways, near hot steagtchrmesiductor size
shall be selected for the limiting condition.

3) Selection of conductor size shall also consider voltage regulation requirerhaidscisculating current, and
mechanical strength in addition to cable current requirements.

“The numbers in brackets correspond to those of the references in Section 2
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5. Electrical Segregation

This section establishes requirements for the electrical segregation of cable $gstelass 1E circuits according to
voltage levels, signal levels, and vulnerability to electrical noise pickup.

5.1 Cable Classifications

5.1.1 Medium-Voltage Power Cables

Designed to supply power to utilization devices of plant auxiliary systems rated 601 V to 15,000 V
5.1.2 Low-Voltage Power Cables

Designed to supply power to utilization devices of the plant auxiliary systems rated 600 V or less.
5.1.3 Control Cables

Applied at relatively low-current levels or used for intermittent operation to change the opegdtingéh utilization
device of the plant auxiliary system.

5.1.4 Instrumentation Cables

Used for transmitting variable current or voltage signals (analog) or those used for transmwd&dgrdormation
(digital).

5.2 Requirements
1) Medium-voltage power cables shall be installed so that the medium-voltage baningpressed on any
lower voltage system through a failure of cable insulation. See Appendix, A4.2

2) Instrumentation cables shall be installed to minimize unacceptable ndisg fiom adjacent circuits and
equipment. See Appendix, A4.3.

6. Separation and Identification

This section establishes requirements for the separation and identification of cthiesdgs Class 1E circuits.

6.1 Definition

separ ation: Physical independence of redundant circuits, components, and equipment. (Physpeidetice may
be achieved by space, barriers, shields, etc.)

6.2 Requirement

Cable systems for Class 1E circuits shall meet the separation and ideotifiegiuirements of ANSI/IEEE Std 384-
1981 [6] (see Section 6 for additional separation requirements).
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7. Shielding and Shield Grounding

This section establishes requirements for shielding and shield grounding of medium-voltage power and
instrumentation cable systems for Class 1E circuits.

7.1 Medium-Voltage Power Cable
7.1.1 Definition

cable shielding: A nonmagnetic metallic material applied over the insulation of the conductor or conductors to
confine the electric field of the cable to the insulation of the conductor or conductors.

7.1.2 Shielding Requirements
Cables rated above 5 kV shall be shielded, except for special applicati@ideodesigns.
7.1.3 Shield Grounding Requirements

Shielded cables shall be terminated with appropriate qualified terminations that do not comgrerimisegtity or
qualification of the cable.

7.1.4 Shield Grounding Requirements

1) Cable shields and metallic sheaths/armor shall be solidly groundedatmoee points so that they operate
at or near ground potential at all times.

2) Shields or sheaths that are grounded at more than one point carry inducetirggrcutaent. Compensation
for the heating effect of the induced circulating current shall be considered wihetatiad the cable
ampacity.

7.2 Instrumentation Cable
7.2.1 Definition

shield: Braid copper, metallic sheath, or metallic coated polyester tape (usygtlgroar aluminum), applied over the
insulation of a conductor or conductors for the purpose of reducing electrostatic coupling betwskie!tiesl
conductors and others that may be either susceptible to, or generators of, electfietdati(noise). When
electromagnetic shielding is intended, the tesi@ctromagnetic is usually included to indicate the difference in
shielding requirement and material.

7.2.2 Requirements

1) Cable shields shall be electrically continuous except where specific sedistete otherwise. When two
lengths of shielded cable are connected at a terminal block, an insulated pointeofiihal block shall be
used for connecting the shields.

2) The shield of each cable shall be isolated to prevent stray dtiglengrounds to the shield.

3) The shield shall not be used as an electrical conductor when only designed to eledtrostatic or
electromagnetic coupling.

4) The shielding criteria (for example, shield effectiveness, groundihgitpes, etc) of coaxial, triaxial, and
instrumentation cables shall be in accordance with system designreregqots and equipment
manufacturer's instructions.
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