
 

Recognized as an American National Standard (ANSI)

 

IEEE Std 690-1984(R2002)

 

IEEE Standard for the Design and  
Installation of Cable Systems for Class 
1E Circuits in Nuclear Power Generating 
Stations

 

Sponsor

 

Power Generation Committee
of the
IEEE Power Engineering Society

 

Reaffirmed June 12, 2002

Approved December 8, 1983

 

IEEE SA-Standards Board

 

Approved August 7, 1985

 

American National Standards Institute

 

© Copyright 1984 by

 

The Institute of Electrical and Electronics Engineers, Inc

345 East 47th Street, New York, NY 10017, USA

 

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.



ndards
without
resent a

E which

no other
f the IEEE
to change
rd. Every
ment is
h still of

they have

ffiliation
her with

relate to
nitiate
erests, it is
is reason
 requests
IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Sta
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and 
compensation. They are not necessarily members of the Institute. The standards developed within IEEE rep
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEE
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 
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope o
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject 
brought about through developments in the state of the art and comments received from users of the standa
IEEE Standard is subjected to review at least once every five years for revision or reaffirmation. When a docu
more than five years old, and has not been reaffirmed, it is reasonable to conclude that its contents, althoug
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that 
the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership a
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, toget
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they 
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will i
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned int
important to ensure that any interpretation has also received the concurrence of a balance of interests. For th
IEEE and the members of its technical committees are not able to provide an instant response to interpretation
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
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(This Foreword is not a part of IEEE Std 690-1984, IEEE Standard for the Design and Installation of Cable Systems for C
Circuits in Nuclear Power Generating Stations.)

This standard is the result of efforts by the working group to accommodate requests for a document, such as 
422-1977, IEEE Guide for the Design and Installation of Cable Systems in Power Generating Stations, for u
standard in the design, installation of cable systems for Class 1E circuits in Nuclear Power Generating Statio
document is written as a standard and as such contains more positive statements (utilization of the word shall) than
IEEE Std 422-1977. Recommendations and related tutorial information have been separated from the 
provided in an Appendix to this standard.

Many sections have been restructured to identify IEEE standards that apply to cable systems for Class 1E cir
to establish additional requirements deemed essential for the proper design and installation of cable systems
1E circuits. In addition to the sections covered in IEEE Std 422-1977, a new section has been added to this d
which addresses documentation of design.

Cable fire protection considerations have been revised substantially to reflect current approaches to the 
resulting from fire tests conducted by various organizations.
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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 related electrical cable systems, in
associated circuits, in nuclear power generating stations. Also provided is guidance for the design and instal
those nonsafety related cable systems that may affect the function of safety related systems.

NOTES:

1 —  The term associated circuits is not repeated throughout the text; however, all requirements for the design and installa
cable systems for Class 1E circuits shall apply equally to associated circuits unless it can be shown by test or analysthe
associated circuits cannot affect the performance of the Class 1E circuits.

2 —  Recommendations and related tutorial information regarding cable systems for Class 1E circuits are provide
Appendix.

1.2 Purpose

The purpose of this standard is to identify existing standards and to establish requirements pertaining to safet
cable systems in nuclear power generating stations. Solutions are recommended for areas of concern su
protection, raceways, separation, cable performance requirements, and installation acceptance test
documentation.

1.3 Definitions

Definitions that apply to only one section are found in that section.
Copyright © 1984 IEEE All Rights Reserved 1
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associated circuits: Non Class 1E circuits that share power supplies, signal sources, enclosures, or racewa
Class 1E circuits or are not physically separated or electrically isolated from Class 1E circuits by acceptable se
distance, barriers, or isolation devices.

Class 1E circuits: The safety classification of circuits that are essential to emergency reactor shutdown, conta
isolation, reactor core cooling, and containment and reactor heat removal, or are otherwise essential in prev
significant release of radioactive material to the environment.

design basis events (DBE): Postulated events specified by the safety analysis for the station to establish the acc
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 Fire Protection.1

[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 Requirements for Cla
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 Cables, Field Splice
Connections for Nuclear Power Generating Stations. 

[6] ANSI/IEEE Std 384-1981, IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits. 

[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 Materials.2

[15] IEEE323-1983, IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Generating Station

[16] IEEE Std 422-1977, IEEE Guide for the Design and Installation of Cable Systems in Power Generating S

[17] NFPA 13-1983, Standard for Installation of Sprinkler Systems.3

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

1ANSI documents are available from the Sales Department, American National Standards Institute, 1430 Broadway, New York, NY 1008.
2ASTM documents are available from Sales Service, American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
3NFPA documents are available from Publication Sales Division, National Fire Protection Association, Battery-march Park, Quincy, MA 02269.
2 Copyright © 1984 IEEE All Rights Reserved
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3. Cable, Field Splice, and Connection Qualification

This section establishes qualification requirements that shall be utilized in specifying cables, field splice
connections of cable systems for Class 1E circuits.

3.1 Definitions

connection: A cable terminal, splice, or hostile environment boundary seal at the interface of cable and equipm

field splice: A permanent joining and reinsulating of conductors in the field to meet the service conditions requ

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

service conditions: Environmental, power and signal conditions expected as a result of normal ope
requirements, extremes in operating requirements, and postulated conditions appropriate for the design basis
the station.

3.2 Requirements

1) Cables, field splice, and connections shall have a qualified life for all service conditions that are postula
the areas where they are to be used and shall be qualified in accordance with IEEE Std 323-1983 
ANSI/IEEE Std 383-1974 [5].4

2) All cables installed in cable trays shall pass the vertical tray flame test described in ANSI/IEEE St
1974 [5].

4. Conductor Sizing

This section establishes cable conductor sizing requirements for various types of cable installations for C
circuits.

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

1) Unless the safety analysis of the plant supports other ambient temperatures, the minimum a
temperatures used in calculating cable ampacities shall be 20°C for buried installations and 40°C for exposed
installations. Conductor size shall be selected to carry required normal, emergency overload, and shor
current without exceeding rated temperature of the insulation at the maximum postulated a
temperature. Temperature extremes under design basis events shall be addressed by the qualificat
cable in accordance with ANSI/IEEE Std 383-1974 [5].

2) Where cable is routed through several types of installation conditions (direct buried, sun exposure, e
conduit, cable penetration fire stops, covered cable trays, wireways, near hot steam lines, etc) condu
shall be selected for the limiting condition.

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

4The numbers in brackets correspond to those of the references in Section 2
Copyright © 1984 IEEE All Rights Reserved 3
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5. Electrical Segregation

This section establishes requirements for the electrical segregation of cable systems for Class 1E circuits acc
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 operating status of a uti
device of the plant auxiliary system.

5.1.4  Instrumentation Cables

Used for transmitting variable current or voltage signals (analog) or those used for transmitting coded infor
(digital).

5.2 Requirements

1) Medium-voltage power cables shall be installed so that the medium-voltage cannot be impressed
lower voltage system through a failure of cable insulation. See Appendix, A4.2.

2) Instrumentation cables shall be installed to minimize unacceptable noise pickup from adjacent circu
equipment. See Appendix, A4.3.

6. Separation and Identification

This section establishes requirements for the separation and identification of cable systems for Class 1E circ

6.1 Definition

separation: Physical independence of redundant circuits, components, and equipment. (Physical independen
be achieved by space, barriers, shields, etc.)

6.2 Requirement

Cable systems for Class 1E circuits shall meet the separation and identification requirements of ANSI/IEEE S
1981 [6] (see Section 6 for additional separation requirements).
4 Copyright © 1984 IEEE All Rights Reserved
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7. Shielding and Shield Grounding

This section establishes requirements for shielding and shield grounding of medium-voltage powe
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 conducto
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 applications or cable designs.

7.1.3 Shield Grounding Requirements

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

7.1.4 Shield Grounding Requirements

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

2) Shields or sheaths that are grounded at more than one point carry induced circulating current. Comp
for the heating effect of the induced circulating current shall be considered when calculating the
ampacity.

7.2 Instrumentation Cable

7.2.1 Definition

shield: Braid copper, metallic sheath, or metallic coated polyester tape (usually copper or aluminum), applied o
insulation of a conductor or conductors for the purpose of reducing electrostatic coupling between the s
conductors and others that may be either susceptible to, or generators of, electrostatic fields (noise)
electromagnetic shielding is intended, the term electromagnetic is usually included to indicate the difference i
shielding requirement and material.

7.2.2 Requirements

1) Cable shields shall be electrically continuous except where specific reasons dictate otherwise. Wh
lengths of shielded cable are connected at a terminal block, an insulated point of the terminal block s
used for connecting the shields.

2) The shield of each cable shall be isolated to prevent stray and multiple grounds to the shield.
3) The shield shall not be used as an electrical conductor when only designed to reduce electros

electromagnetic coupling.
4) The shielding criteria (for example, shield effectiveness, grounding techniques, etc) of coaxial, triaxi

instrumentation cables shall be in accordance with system design requirements and equ
manufacturer's instructions.
Copyright © 1984 IEEE All Rights Reserved 5
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8. Cable-Penetration Fire Stops, Fire Breaks, and System Enclosures

This section establishes requirements for the selection and application of cable-penetration fire stops, cable fir
and cable system enclosures (cocoons) for cable systems for Class 1E circuits.

8.1 Definitions

fire-resistive barrier: A wall, floor or, floor-ceiling assembly erected to prevent the spread of fire.

NOTE  —  To be effective, fire barriers shall have sufficient fire resistance to withstand the effects of the most severe fire that may
be expected to occur in the area adjacent to the fire barrier and shall provide a complete barrier to the spread o

fire-resistive barrier rating: This is expressed in time (hours and minutes) and indicates that the wall, floor, or 
ceiling assembly can withstand, without failure, exposure to a standard fire for that period of time.

NOTE  —  The test fire procedure and acceptance criteria are defined in ASTM E 119-1981 [14].

cable penetration: An assembly or group of assemblies for electrical conductors to enter and continue through
rated structural wall, floor, or floor-ceiling assembly.

cable-penetration fire stop: Material, devices, or an assembly of parts providing cable penetrations through fire-
walls, floors, and floor-ceiling assemblies, and maintaining their required fire rating.

cable-fire break: Material, devices, or an assembly of parts installed in a cable system, other than at a
penetration of a fire-resistive barrier, to prevent the spread of fire along the cable system.

cable-system enclosure (cocoon): An assembly installed around a cable system to maintain circuit integrity, f
specified time, of all circuits within the enclosure when it is exposed to the most severe fire that may be exp
occur in the area.

8.2 General Requirements

The selection of material for use in cable penetration fire stops, cable-fire breaks, and cable-system en
(cocoons) is governed by local environmental conditions and design basis events (for example, flood, ra
seismic, and aging as described in Appendix A2). In addition, the following possibilities shall be considered:

1) Compatibility between the fire-resistive materials and the cable and raceway materials
2) Toxic or corrosive gases or fumes developed during installation
3) Expansion which might crush insulation or jacketing during installation and operation
4) Cable ampacity
5) Ability to withstand pressure differentials (cable-penetration fire stops only)
6) Ability to withstand a hose-stream test that is acceptable for use on an electrical fire (cable-penetrat

stops only)

8.3 Cable-Penetration Fire-Stop Requirements

Cable-penetration fire stops shall be provided wherever the cable system penetrates a rated fire resistive ba
cable-penetration fire stop shall have a fire rating equal to, or greater than, the required fire rating of the barr
fire rating and installation of the fire stop shall be qualified in accordance with ANSI/IEEE Std 634-197
Modifications or additions of cables through the fire stop shall not compromise the integrity of the fire stop.

8.4 Cable-Fire Break Requirements

Cable-tray-fire breaks shall be installed in cable-tray systems as deemed necessary by the fire hazards analy
6 Copyright © 1984 IEEE All Rights Reserved
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8.5 Cable-System Enclosure (Cocoon) Requirements

Cocoons used to permit separation distances less than those stated in ANSI/IEEE Std 384-1981 [6], 6.1.1.2 s
compliance with the requirements of ANSI/IEEE Std 384-1981 [6], 6.1.1.3.

9. Fire-Detection Systems

This section establishes requirements for the selection and application of fire-detection systems for cable sys
Class 1E circuits. The application requirements are as follows:

1) Automatic fire-detection devices shall be installed in accordance with ANSI/NFPA 72D-1979[11]
ANSI/NFPA 72E-1982 [12], in areas of high cable concentration (see Appendix A7).

2) Fire-detection systems shall be electrically supervised to comply with requirements of ANSI/NFPA 70
[10], Article 760 and ANSI/NFPA 72D-1979 [11].

10. Fire-Extinguishing Systems

This section establishes requirements for the selection and application of fire-extinguishing systems protectin
systems for Class 1E circuits.

10.1 Fixed Fire-Extinguishing System Application Requirements

1) A fire hazard analysis (see ANSI/ANS 59.4-1979 [1]) shall be conducted to determine if fixed automat
extinguishing systems are necessary for areas of high cable concentration and spaces below raised
above false ceilings containing exposed cables.

2) When the analysis in 10.1(1) determines that fixed extinguishing systems are required, automatic wate
systems designed in accordance with NFPA 13-1983 [17], or ANSI/NFPA 15-1982 [9] shall be used.
activation of fixed automatic water-spray discharge could cause undesirable consequences to s
equipment which would negate single failure criteria, such equipment shall be protected from the sp
sealed against potential water damage due to water traveling along the cable system. If the equipmen
be protected, an extinguishing system utilizing another extinguishing agent shall be provided in acco
with the appropriate NFPA standard.

3) System operational testing shall be in accordance with NFPA standards.
4) Fixed fire-extinguishing systems, whether manual or automatic, shall alert control-room operators of 

operation or of any abnormal condition. Fire-extinguishing systems shall be electrically supervised to c
with the requirements of ANSI/NFPA 72D-1979 [11], and Class 1 circuits as defined in ANSI/NFPA 70-
[10], Article 725.

5) In areas where forced ventilation would circulate smoke or a gaseous extinguishing agent, or both, 
areas, mechanical ventilation systems shall be shut down prior to system actuation, and fire dampers
closed by mechanical or electrical release devices prior to fire-protection system discharge.

10.2 Portable Fire-Extinguishing Requirements

1) Portable fire extinguishers shall be located throughout the plant in accordance with ANSI/NFPA 10-19
to provide adequate coverage of all cable systems for Class 1E circuits.

2) For personnel safety, water-base or water solution portable fire extinguishers, unless specifically lis
tested for that application, shall not be used on fires involving energized cables.
Copyright © 1984 IEEE All Rights Reserved 7
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10.3 Standpipe and Hose-Station Requirements

1) Standpipe and hose stations shall be located throughout the plant in accordance with NFPA 14-1983
provide adequate coverage of all cable systems for Class 1E circuits.

2) Hose stations shall be provided with nozzles that are approved by a national test laboratory for u
energized electrical equipment.

11. Handling and Installation

This section establishes requirements for the construction methods and materials for the handling and insta
cable systems for Class 1E circuits.

11.1 General Requirements

1) The installation and inspection of cable systems for Class 1E circuits shall meet the requirements o
IEEE Std 336-1980 [4].

2) Cables shall be installed in raceway systems that are qualified for the design basis events.
3) Cables shall be installed so that the independence of Class 1E equipment and circuits is mainta

accordance with ANSI/IEEE Std 384-1981 [6].
4) The cable raceway system shall be permanently identified prior to installation of cable. Identificat

cables and raceways shall meet the requirements of ANSI/IEEE Std 384-1981 [6].
5) Cable field splice types and locations shall be recorded and filed for plant maintenance reference. See

13 for documentation procedure requirements.

11.2 Storage Requirements

1) During storage, the ends of cables shall be sealed against moisture and contamination.
2) Reels shall be stored and handled in accordance with manufacturers' recommendations to avoid da

and deterioration of the cable.

11.3 Cable-Installation Requirements

1) Cables shall be installed in raceway systems that have suitable pull points (boxes, manholes, etc
maximum allowable pulling tensions and sidewall pressures are not exceeded (see Appendix A10).

2) Cables shall be installed in raceway systems that have adequately sized bends, boxes, and fittings so 
manufacturers' minimum allowable bending radii for cable installations are not violated.

3) Where steel conduits or sleeves are used, all phases of three phase ac circuits and both legs of single
circuits shall be installed in the same conduit or sleeve to minimize induction heating.

4) Cables shall be installed so that the movement of mechanical systems will not affect the integrity of th
system.

5) Cables shall not be installed in raceways that are utilized to carry or support equipment, piping, inst
tubing, or other facilities unless the raceway system is specifically designed to accommodate the ad
loads and unless special precautions are taken to protect the cables against the effects of failur
supported devices and from their contents.

6) Pulling instructions for all cables shall follow the cable manufacturers' recommendations.
7) Cables shall not be pulled around sharp corners or obstructions.
8) Cables shall not be pulled at temperatures below the cable manufacturers' recommended minimum

temperature.
9) Cable pulling lubricants shall be compatible with the cable jackets.
10) Bare wire rope shall not be used to pull cables in conduits.
8 Copyright © 1984 IEEE All Rights Reserved
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11) Medium-voltage power cables shall be properly sealed during and after installation. All other cables s
properly sealed during and after installation in wet locations.

12) The cable end within a pulling device shall be removed from the cable prior to termination.
13) When the cable pull is complete, cable manufacturers' recommendations for minimum bending radiu

be followed for permanent training.
14) Protection of the cables shall be provided on trays at floor levels and at locations where there is likeli

physical damage.

11.4 Raceway—Cable-Fill Requirements

1) The quantity of cable in any tray shall be limited by cable ampacity requirements. See Section 4, str
capability of the tray and its supports, and the cross-sectional area of the tray.

2) A cable tray filled to the predetermined quantity (design limit) shall not be used for further cable routes
an inspection or an analysis has been made that indicates additional cables can be installed.

3) An analysis shall be made to determine the range of weight of cable loading and this figure shall be 
the seismic analysis of the cable-tray support system. These loadings shall not be exceeded by plac
cables in the tray than allowed by the seismic design.

4) Conduit fill shall be in accordance with ANSI/NFPA-70-1984 [10], ch 9, Table 1, unless an analysis ha
made that indicates that additional cables can be installed.

11.5 Requirements for Supporting Cables in Vertical Runs

1) Cable terminals shall not be subjected to excessive tensions resulting from vertical cable runs.
2) Vertically run cables shall be secured, as required, by support devices installed at intervals in the r

systems. In vertical trays, cables shall also be secured at intermediate locations as necessary to keep
completely within the tray.

12. Acceptance Testing of Installed Cables

This section establishes requirements for testing of cables after installation and includes field splices and conn
cable systems for Class 1E circuits.

12.1 Purpose

The purpose of the tests is to verify that major cable-insulation damage did not occur during storage and inst
It should be noted, however, that these tests may not detect damage that may eventually lead to cable failure i
for example, damage to cable jackets or insulation shield on medium-voltage cable or to the insulation on low
cable.

12.2 Requirements

1) Testing of installed cable systems shall meet the requirements of ANSI/IEEE Std 336-1980 [4].
2) Medium-voltage power cables shall be dc high potential tested prior to equipment connection.
3) Low-voltage cables shall be either insulation-resistance tested prior to connecting cables to equipm

functionally tested (at equipment operation voltage) as part of the checkout of the equipment system
4) Cable test results shall be recorded and filed for future plant reference.
Copyright © 1984 IEEE All Rights Reserved 9
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13. Documentation

This section establishes documentation requirements for the design and installation of cable systems for C
circuits.

13.1 Definition

documentation: Any written or pictorial information describing, defining, specifying, reporting or certifyi
activities, requirements, procedures, or results.

13.2 Requirements

1) Documents, as required, shall be prepared as work is performed to furnish evidence of the quality o
and of activities affecting quality.

2) Documents shall include the results of reviews, inspections, tests, and materials analysis. The do
shall also include, as appropriate, data such as qualifications of procedures, equipment, computer pr
and personnel. Documents shall, as a minimum, identify the date of review, inspection or test, identity
reviewer, inspector, data recorder, the type of review or observation, the results, the acceptability, 
actions taken in connection with any deficiencies noted.

3) The collection, storage, and maintenance of documents shall meet the requirements of ANSI/ASME N
1979 [2].

4) Certificates of conformance shall meet the requirements of ANSI/ASME NQA-1-1979 [2].
5) Design installation and protection requirements not included in this standard shall be documen

accordance with the specific documentation requirements of the IEEE standards referenced in Sect
this standard.
10 Copyright © 1984 IEEE All Rights Reserved
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Annex A 

(Informative)

A.1 General

This section applies to Section 1 of this standard.

A.1.1 Scope

This Appendix provides recommendations for achieving the requirements of IEEE Std 690-1984 together with
tutorial information regarding the design and installation cable systems of Class 1E circuits. It is not intended t
that recommendations given here are the only acceptable methods of achieving the requirements of this stan

A.1.2 References

[A1] IEEE Std AEIC CS5-82,,  Specifications for Thermoplastic and Crosslinked Polyethylene Insulated Sh
Power Cables Rated 5 kV through 46 kV (8th Edition).5 

[A2] AEIC CS6-1982, Specifications for Ethylene Propylene Rubber Insulated Shielded Power Cables Rate
through 69 kV (4th Edition).

[A3] ANSI/NFPA 11-1983, Standard for Foam Extinguishing Systems.6, 7

[A4] ANSI/NFPA 12-1980, Standard for Carbon Dioxide Extinguishing Systems.

[A5] ANSI/NFPA 12A-1980, Standard for Halogenated Fire-Extinguishing Agent Systems.

[A6]  ANSI/NFPA17-1980,,  Standard for Dry Chemical Extinguishing Systems. 

[A7] IEEE Std ICEA P-32-382-1969, Short-Circuit Characteristics of Insulated Cable.8 

[A8] IEEE Std 422-1977, Guide for the Design and Installation of Cable Systems in Power Generating Station9 

[A9] IEEE S-135, Power Cable Ampacities, vol 1—Copper Conductors, vol 2—Aluminum Conductors (ICEA 
426).

[A10] NEMA WC 3-1980, Rubber Insulated Wire and Cable for the Transmission and Distribution of Elec
Energy (ICEA S-19-81 Sixth Edition).10

[A11] NEMA WC 7-1971 (R 1976), Cross-Linked-Thermosetting-Polyethylene-Insulated Wire and Cable fo
Transmission and Distribution of Electrical Energy (ICEA S-66-524).

[A12] NEMA WC 8-1976, Ethylene-Propylene-Rubber-Insulated Wire and Cable for the Transmission
Distribution of Electrical Energy (ICEA S-65-516).

5AEIC documents are available from the Publication Department of the Association of Edison Illuminating Companies, 51 East 42nd Street, New
York, NY 10017.
6ANSI documents are available from the Sales Department, American National Standard Institute, 1430 Broadway, New York, NY 1001.
7NFPA documents are available from the National Fire Protection Association, Batterymarch Park, Quincy, MA 02269.
8ICEA documents are available from Insulated Cable Engineers Association, Inc, PO Box P, South Yarmouth, MA 02664.
9IEEE documents are available from IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854.
10NEMA documents are available from The National Electrical Manufacturers Association, 2101 L Street, Suite 300, Washington, DC 20037.
Copyright © 1984 IEEE All Rights Reserved 11
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[A13] NEMA WC 51-1975 (R 1980), Ampacities—Cables in Open-Top Cable Trays (ICEA P-54-440 Se
Edition).

A.1.3 Applicable Document in Preparation 11

A.2 Cable, Field Splice, and Connection Qualification

This section applies to Section 3 of this standard.

A.2.1 Service Conditions

Cables may be directly buried, installed in conduit above or below ground, enclosed in wireways above gro
exposed in cable-tray runs. Cables and field splices should be suitable for operation in their installed enviro
Connections should be suitably protected for their installed environments.

A.2.2 Design Considerations

Proper identification of design limits, proper selection of the cable, and proper determination of the re
installation design and methods will help ensure the highest quality installation. All cables should me
requirements of applicable Insulated Cable Engineers Association (ICEA) and Association of Edison Illum
Companies (AEIC) standards. See A.1.2.

A.2.3 Plant Location by Area

Areas within the nuclear plant site have normal, abnormal, and accident environmental characteristics.

Normal, abnormal, and accident environments are defined in the Safety Analysis Report (SAR), Section 3.1
areas outside the reactor building such as the control room, relay rooms, and switchgear rooms may be affecte
flooding, seismic, or loss of HVAC events but not conditions such as a loss of cooling accident (LOCA).

Equipment located inside containment is subjected to the most extreme environmental conditions for po
accidents. For equipment located outside containment, the high energy line break (HELB) typically produces t
severe environmental conditions.

A.2.4 Temperature/Pressure

1) The postulated accidents which could produce severe environmental conditions are:
a) A LOCA which can result in the highest pressure condition
b) A HELB which can produce high temperatures

2) Cable, field splice, and connector operating temperatures in nuclear generating stations are normally b
40 °C ambient. Special considerations shall be given to installations in areas where ambient tempe
exceed 40 °C (such as, in reactor containment, near steam valves and equipment enclosures).

A.2.5 Relative Humidity (rh)

For both PWR and BWR, 100% rh is assumed.

11When the following document is completed, approved, and published, it will become a part of this listing.
IEEE Project P628 (in preparation), Standard Criteria for the Design, Installation, and Qualification of Raceway Systems for Class 1E Circuits for
Nuclear Power Generating Stations.
12 Copyright © 1984 IEEE All Rights Reserved
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A.2.6 Atmosphere/Chemicals

During an accident condition the atmosphere within a PWR containment may consist of saturated steam, 
hydrogen.12 In addition, the equipment could simultaneously be exposed to a typical aqueous spray of

The actual aqueous spray chemical composition for the particular application should be used to specify the eq

NOTE  —  Chemicals, heat, or radiation may cause coatings such as paint or galvanizing, to flake, peel, or otherwise be
from the surface being protected.

A.2.7 Radiation

Selection of materials for use in radiation environments shall consider the short and long term effects of radi
is generally impossible to use only materials that will not be degraded in service. Consideration shall be give
type and extent of radiation effects which may take the form of hardening, swelling, softening, or degradatio
effects of normal and accident integrated radiation doses on material properties are cumulative. Materials sub
low level radiation over a long period of time may not retain their desired properties. Materials satisfactory for
areas of low level radiation may not be suitable for use in areas of continued high level radiation or in the ev
LOCA.

A.2.8 Aging Simulation

Aging simulation is designed to put a test specimen in the end-of-life or the plant design life service con
whichever is earlier. Aging simulation includes thermal and radiation. Thermal rate of deterioration m
determined by the Arrhenius technique. Radiation simulation is normally accomplished by short-term high 
rates.

A.2.9 Definitions

duration: The length of time that equipment is required to function. (Duration may be continuous, short-te
intermittent.)

continuous:  Operates during or following design basis event (DBE) or safe shutdown and shall function w
interruption for the duration of the event.

short-term: Operates for a time less than the duration of the design basis event (DBE) or safe shutdown. 

intermittent: Operates on a cyclic basis during the design basis event (DBE) or safe shutdown.

A.2.10 Fire

1) The concept of defense-in-depth against fire and its consequences includes the use of noncom
materials. When the use of noncombustible materials is not practical such as in the selection of 
lubricants, equipment, and other components, their flame retarding properties should be considered.

12Hydrogen accumulations may occur from the corrosion of aluminum and zinc or from a zirconium-water reaction.

Boron 1900–2200 ppm

pH (min—max) of

Boric Acid—Sodium 9.0–10.5

Hydroxide Solution

Sodium Hydroxide 1.75% by weight
Copyright © 1984 IEEE All Rights Reserved 13
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2) The flame test parameters outlined in ANSI/IEEE Std 383-1974 [5], 2.5 do not necessarily represent in
conditions in nuclear power generating stations. Therefore, cables qualified with this test may propag
depending on installation and loading configurations. The installation of cables that have passed this 
does not preclude the need for other fire protection measures.

A.3 Conductor Sizing—Recommendations

This section applies to Section 4 of this standard.

A.3.1 Recommendations

1) IEEE S-135 [A9]13 provides cable ampacity tables for various cable constructions and method
installation. It also covers the selection of the proper conductor size and the application of derating 
For configurations other than those given in these tables, ampacities should be calculated using a
industry methods.

2) Ampacities for cables in duct banks will vary considerably from IEEE S-135 [A9] if the number of lo
ducts, duct configuration, buried depths, and concrete dimensions vary from the values assumed
standard.

3) Cable installed in exposed groups, conduits, or closely spaced in cable trays, require ampacity d
according to the cable configuration. Derating factors are included with the ampacity tables in IEEE
[A9].

4) Ampacities for nonspaced cables in trays should be determined from tables and application data pro
NEMA WC 51-1975 (R 1980) [A13] or calculated using acceptable industry methods.

5) Short-circuit current should be limited as determined by ICEA P-32-382-1969 [A7]. It should be note
the short-circuit current referenced in ICEA P-32-382-1969 [A7] is the root-mean-square (rms) value
fault current for the total interval of short-circuit current flow. The transient dc component become
significant as the interval of current flow becomes longer.

6) Where fire-stops and fire-breaks are used, additional ampacity derating may be required.

A.4 Electrical Segregation—Recommendations

This section applies to Section 5 of this standard.

A.4.1 

Cables installed in stacked cable trays should be arranged by descending voltage levels with the higher voltag
top.

A.4.2 

Recommended methods for achieving requirement 5.2(1) Medium-voltage power cable shall be installed so that t
medium-voltage cannot be impressed on any lower voltage system through failure of cable insulation are:

1) Installation of medium-voltage cables in raceways that are separated from low-voltage power and 
cables and from instrumentation cables. Installation of the different classes of medium-voltage power
in separate raceways is also recommended.

2) Utilization of interlocked armored shielded cables (separate raceways not required).

13Numbers preceded with A and in brackets correspond to those of the references in A.1.2.
14 Copyright © 1984 IEEE All Rights Reserved
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A.4.3 

Recommended methods for achieving requirement 5.2(2) The installation of instrumentation cables shall consid
electrical noise pickup from adjacent circuits and equipment are:

1) Installations that provide physical separation between the instrumentation cables and any electric
source. However, physical separation in itself may not suffice.

2) Installations in enclosed metallic raceways. See A.5.2 for additional information.
3) Cable configurations such as twisted conductors and shielding. See A.5.2 for additional information.
4) Specification of equipment that has proper filtering or is otherwise immune to electrical noise.

A.4.4 

Guidelines for physical segregation of low-voltage power cable, control cable, and instrumentation cables.

1) Avoid combining cables of widely different sizes in the same raceway system to prevent damage
smaller cables during installation unless adequate protection is provided.

2) Low-voltage power cables may be mixed with control cables if their respective sizes do not differ grea
if they have compatible operating temperatures. When this is done in trays, the power cable ampacity
be calculated as if all cables in the tray were power cable, unless position and grouping are con
Complete separation of power cable from control cable is also a common practice.

3) Analog signal cables should be run separate from all power and control cables, and from unshielde
carrying digital or pulse type signals. Separation can be provided by separate raceways or by a bar
tray. Separation from other electrical noise sources such as power transformers and motors, sh
maintained. Voice communications cable (without power supply conductors), if adequately shielded, m
included in raceways with analog signal cables.

A.5 Shielding and Shield Grounding

This section applies to Section 7 of this standard.

A.5.1 Medium-Voltage Power Cable

A.5.1.1 Shielding Recommendations

Cables rated 5 kV are normally shielded. Shielding can also be used to monitor or test cable installation for ad
assurance of insulation integrity. The need for shielding of cables in the operation range of 2 kV to 5 kV sh
considered when any of the following conditions exist:

1) Transition from conducting to nonconducting environment
2) Transition from moist to dry earth
3) Dry soil where static discharge drain is inadequate
4) Damp conduits
5) Connections to overhead lines
6) Cable surfaces collect conducting materials, such as soot or salt deposits
7) Electrostatic fields are sufficient in magnitude to interfere with control and instrumentation circuit func
8) Safety to personnel is involved
9) Long underground cables
10) Single-phase circuits in trays
Copyright © 1984 IEEE All Rights Reserved 15
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A.5.1.2 Shield Losses That Affect Ampacity

The magnitude of circulating current flowing in shields grounded at more than one point depends on the 
inductance between the cable shielding and the cable conductors and the mutual inductance to the conducto
cables, the current in these conductors, and the impedance of the shield. Circulating current heats the sh
thereby reduces the effective ampacity for the cable. Table A1 gives formulae for calculating the shield loss fo
conductor cables.

(Table A1 has been derived from Chapter 10, Table 26, of EEI Underground Systems Reference Book.)

To facilitate calculating the mutual reactance and shield resistance, the following formulae may be used
formulae neglect proximity loss, but are accurate enough for practical purposes):

a =2Πf(0.1404 log10 2) µΩ/ft

b = 2Πf(0.1404 log10 5) µΩ/ft

where

XM = mutual inductance of shield and conductor (µΩ/ft)
a, b = mutual inductance correction factors for various cable arrangements (µΩ/ft)
µΩ = micro-ohm = Ω · 10-6

Rs = resistance of shield (µΩ/ft)
t = thickness of metal tapes used for shielding (inches)
f = frequency (hertz)
S = spacing between center of cables (inches)
rm = mean radius of shield (inches)
I = conductor current (amperes)

XM 2Πf 0.1404 log10
S
rm
------ 

   µΩ ft⁄=

Rs
ρ

8rmt
----------- µΩ ft⁄=
16 Copyright © 1984 IEEE All Rights Reserved
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Table  A.1—Formulas for Calculating Shield Voltages, Current, and 
Losses for Single-Conductor Cables*
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IEEE Std 690-1984 IEEE STANDARD FOR THE DESIGN AND INSTALLATION OF

way

n duct.

hase per
conduit

age rise

rcurrent
 through
sformer

ly one
eld with
d, the
acing. If

ey apply
ng joint.
ven.
For 60 Hz:

a = 15.93 µΩ/ft
b = 36.99 µΩ/ft
ρ = apparent resistivity of shield in Ω/cmil ft at operating temperature (assumed 50 °C). (This includes

allowance for the spiraling of the tapes or wires.)

Typical values of ρ:

It is assumed that the cables are carrying balanced current.

For cables installed three per conduit, use Arrangement II in Table A1. The spacing S in this case will be equal to the
outside diameter of the cable increased by 20% to allow for random spacing in the conduit.

The induced circulating current correction usually is negligible in the following cases for three-phase circuits:

1) Three-conductor cables encased by a common metallic sheath
2) Single-conductor shielded cables 500 kcmil conductor or smaller installed together in a common race
3) Triplexed cables
4) Single-conductor lead sheathed cables 250 kcmil conductor or smaller installed together in a commo

All three phases of a circuit should be installed in the same conduit. Where it is necessary to run only one p
conduit, either the conduit should be selected and installed to minimize circulating current in the conduit or 
heating resulting from circulating current shall also be accounted for in determining the cable ampacity.

When a cable shield is grounded at only one end, the length of cable run will be limited by the acceptable volt
of the shield. Similar considerations shall be given to all runs of lead sheathed cables.

Because of the frequent use of window-type or zero-sequence current transformers (for ground ove
protection), care shall be taken in the termination of cable shield wires at the source. If the shield wire passes
the window-type current transformer, the ground return path should be brought back through this current tran
before connecting to ground. This is necessary for correct relay operation.

A.5.1.3 Induced Shield Voltages

Shields of single-conductor cable carrying alternating current will have a potential buildup if grounded at on
point. Table A.1 can be used to calculate the induced shield voltage. Table A.2 gives the typical lengths of shi
only one ground for the maximum shield potential to stay within 25 V. If higher potentials are selecte
extrapolation is linear. Induced shield voltages also depend on insulation thickness, cable geometry, and sp
greater precision than is given in Table A.2 is required, separate calculations should be made.

These lengths are based on the highest loading conditions of copper conductors likely to be encountered. Th
to cables operating at any 60 Hz voltage. The lengths given are from the grounded point to the shield insulati
If the midpoint of the section is grounded, the total length between insulating joints can be twice the length gi

Overlapped tinned copper tape 30 Ω/cmil ft

Lead sheath 150 Ω/cmil ft

Aluminum sheath 20 Ω/cmil ft

XM 52.92  log 
S
rm
----- µΩ ft⁄=
18 Copyright © 1984 IEEE All Rights Reserved
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Table  A.2—Typical Allowable Shield Length From One Ground Point

A.5.2 Instrumentation Cable

A.5.2.1 Noise Voltage Problem Areas

The following noise voltage problem areas should be considered in the design and installation of signal ca
instrumentation systems. See A.5.2.2 for recommendations for noise voltage reduction.

1) Normal-Mode Noise (Transversal or Differential). The noise voltage which appears differentially betwe
two signal wires and which acts on the signal sensing circuit in the same manner as the desired
Normal-mode noise may be caused by one or more of the following situations:
a) Electrostatic induction and differences in distributed capacitance between the signal wires a

surroundings
b) Electromagnetic induction caused by varying magnetic fields linking unequally with the signal wi
c) Junction or thermal potentials due to the use of dissimilar metals in the connection system
d) Common mode to normal mode noise conversion

2) Common-Mode Noise (Longitudinal). The noise voltage which appears equally and in phase from each s
conductor to ground. Common-mode noise may be caused by one or more of the following situations
a) Electrostatic Induction. With equal capacitance between the signal wires and the surroundings, th

voltage developed will be the same on both signal wires
b) Electromagnetic Induction. With the magnetic field linking the signal wires equally, the noise vo

developed will be the same on both signal wires.
3) Common-Mode to Normal-Mode Conversion. In addition to the common-mode voltages which are develo

in signal conductors by the general environmental sources of electrostatic and electromagnetic
differences in voltage exist between different ground points in a facility due to the flow of ground cu
These voltage differences are considered common mode when connection is made to them
intentionally or accidentally, and the current they produce is common mode. Common mode-curre
develop normal mode noise voltage across unequal circuit impedances.

4) Crosstalk. The noise or extraneous signal caused by ac or pulse-type signals in adjacent circuit is 
crosstalk.

Size
Conductor

One Cable
Per Duct (ft)

Three Cables
Per Duct (ft)

AWG No 1/0 1250 4500

AWG No 2/0 1110 3970

AWG No 4/0 865 3000

250 kcmil 815 2730

350 kcmil 710 2260

400 kcmil 655 2110

500 kcmil 580 1870

750 kcmil 510 1500

1000 kcmil 450 —

2000 kcmil 340 —
Copyright © 1984 IEEE All Rights Reserved 19
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A.5.2.2 Recommendations for Noise Reduction

The general recommendations set forth should be tempered by specific manufacturer's recommendations
accepted industry practices.

1) Ground Signal Circuit at One Point. The signal circuit may originate at a source such as a transducer
terminate at a load such as a recorder, either directly or through an intervening amplifier. 
If the recorder is fed directly from a grounded voltage generating transducer such as a thermocou
recorder circuits shall be capable of high common-mode rejection, or they should be isolated from g
Isolating the recorder circuits from ground effectively opens the ground common-mode voltage path th
the signal circuit. If an intervening amplifier is a single-ended amplifier, the low side of the signal circ
not broken and is grounded at the recorder. Therefore, the situation is not changed so the same proce
be followed with the recorder as indicated above.
A guarded isolated differential amplifier provides isolation of both input terminals from the chass
ground) and from the output. This amplifier is capable of high common-mode rejection and provid
input-output isolation so that the output ground will not affect the input circuit.
Typically, the high common-mode rejection ratio of an isolated differential amplifier used in instrumen
systems is approximately 106: 1 (120 dB) and is the ratio of common-mode voltage applied to the amou
normal-mode voltage developed in the process.
When an ungrounded transducer is used, it may be possible to obtain satisfactory results by leav
transducer circuit ungrounded, connecting the cable shield to the amplifier guard shield, and ground
shield at either the transducer end, or the amplifier end. However, it is considered that connecting cabl
to amplifier guard shield and grounding both transducer cable shield and circuit at the transducer wil
in a less noisy, more stable system. Also see A.5.2.2(6) for additional shield grounding recommen
when transducer circuit is grounded.

2) Electrostatically Coupled Noise. Shielding of signal cables will reduce electrostatically coupled no
voltage. A properly grounded shield will greatly reduce the stray capacitance between the signal con
and external sources of electrostatic noise so that very little noise voltage can be coupled in the signa

3) Electromagnetically Induced Noise. Twisting of signal conductor pairs is the most economically effect
method of noise reduction. By alternately presenting each conductor to the same electromagnetic fiel
(and in phase) voltages are induced in each conductor with respect to ground. The common-mode vo
developed is converted to a small amount of normal-mode noise as determined by the commo
rejection ratio of the signal amplifier (isolated differential or equivalent). The frequency of twisting 
affects noise reduction ability and therefore shall be considered in specifying twisted pair cable. 
The materials normally used for shielding of instrumentation cable are nonferrous and cannot shield 
power frequency electromagnetic fields. The steel normally used in conduit or tray is not of high e
permeability to provide very effective shielding at power frequencies. However, some benefit may a
from the use of rigid steel conduit or steel trays with solid bottoms and tightly fitting solid steel covers

4) Crosstalk. Using cables with twisted pair conductors and individually insulated shields over each pair
best method to eliminate crosstalk.

5) Separation. Physical separation of instrumentation cables can be utilized to reduce noise pickup. Ho
physical separation in itself, unless carefully analyzed, may not achieve the desired degree of immun

6) Shield Grounding. Connect the shield to ground at only one point, for example, where the signal is grou
If the shield is grounded at some point other than where the signal is grounded, charging current may
the shield due to differences in potential between the signal and shield ground locations. If the sh
grounded at more than one point differences in ground potential will drive current through the shield. In
case, shield current can induce common-mode noise current into the signal leads, and by conve
normal-mode noise, voltage, proportional to signal circuit resistance unbalance, can reduce accu
signal sensing. Also, in a system with grounded transducer and isolated-input differential amplifier, the
shield should connect to the amplifier guard shield, but grounding the shield at the amplifier will redu
amplifier's common-mode rejection capability. Grounding the shield only at the transducer will mainta
shield at the same ground potential as the transducer which will minimize the shield induced common
current while permitting the amplifier to operate at maximum common-mode rejection capability. Als
A.5.2.2(1) for recommendations for shield and signal circuit grounding of ungrounded transducer.
20 Copyright © 1984 IEEE All Rights Reserved
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A.5.2.3 Shielding Practices

1) The cables for computer or high-speed data logging application using low-level analog signals sho
made up of twisted and shielded pairs. For noncomputer-type applications, such as annunciators an
recorders, shielding may not be required.

2) Twisting and shielding requirements for digital input and digital output signals vary between diff
manufacturers of computerized instrumentation systems. Separation of digital input cables and digita
cables from each other and from power cables may be required. Where digital inputs originate in
proximity to each other, twisted pair multiple conductor cables with overall shield may be permitte
multiple conductor cable with common return may be permitted, and overall shielding may not be req
Digital output cables of similar constructions may also be permitted. Individual twisted and shielded
should be considered for pulse-type circuits. Cables for digital signal circuits in noncomputer applic
usually do not require twisting or shielding.

A.5.2.4 Grounding Practices

1) All shields should be grounded in accordance with A.5.2.2(6).
2) Signal circuits, if grounded, should be grounded at only one point.
3) Digital signal circuits should be grounded only at the power supply.
4) The shields of all grounded junction thermocouple circuits and the shields of thermocouple c

intentionally grounded at the thermocouple should be grounded at or near the thermocouple well.
5) Multipair cables used with thermocouples should have twisted pairs with individually insulated shie

that each shield may be maintained at the particular thermocouple ground potential.
6) Each resistance temperature detector (RTD) system consisting of one power supply and one o

ungrounded RTDs should be grounded only at the power supply.
7) Each RTD should be on a separate ungrounded power supply except as follows:

a) Groups of RTDs embedded in windings of transformers and rotating machines should be grounde
frame of the respective equipment for safety.

b) A separate ungrounded power supply should be furnished for the group of RTDs installed in eac
of equipment.

8) When a signal circuit is grounded, the low or negative potential lead and the shield should be grounde
same point.

A.6 Cable-Penetration Fire Stops, Fire Breaks, and System Enclosures

This section applies to Section 8 of this standard.

A.6.1 General Recommendations

In addition to the requirements of S 6.2, the following considerations are recommended in the selection of mat
use in cable-penetration fire stops, cable fire breaks, and cable-system enclosures (cocoons).

1) Ability to install additional cables
2) Ease of installation

A.6.2 Cable-System Separation Recommendations

Redundant cable systems necessary to achieve and maintain safe shutdown reactor status should be separat
resistive barrier. Fire-resistive barriers should preferably consist of rooms or areas with walls, floors, and cei
three hours fire-resistance rating. A rating of less than 3 h may be acceptable if supported by appropriate dat
overriding design features prohibit the use of separate fire areas for each cable train, a cable-system enclosure
of the necessary fire resistance may be used.
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EXCEPTION: Cable systems in the primary containment building may not require a fire barrier enclosure
redundant cable system is located at least 90° around the circumference of the containment building from the prim
cable system or if test and analysis of the cable system demonstrate that a fire barrier enclosure is not requir

A.7 Fire-Detection System

This section applies to Section 9 of this standard.

A.7.1 Area of High Cable Concentration

Automatic fire-detection systems are generally installed in areas of high cable concentration. One me
determining an area of high cable concentration is as follows:

An area of high cable concentration (actual or potential) exists for horizontal cable trays when more than 7.5 ft
cable tray width exists in the zone of influence. The zone of influence is determined by extending lines fr
bottom of the side rails of the lowest cable tray at a 30° angle from vertical (see Fig A.1).

A.7.2 Heat Detectors

Heat detectors may be used to detect cable-system fires. They may be the fixed-temperature, rate compensa
rise, or combination fixed-temperature and rate-of-rise type, with thermally sensitive elements of the spot-pa
line-pattern design. Typical areas where they are used are cable spreading areas, control rooms, computer ro
rooms, communication equipment rooms, electrical equipment rooms, switchgear rooms, essential motor
center areas, containment penetration areas, cable tunnels, cable shafts, and open areas.

A.7.2.1 Fixed-Temperature Detectors

The various types of fixed-temperature detectors are:

1) Bimetallic strip thermostat
2) Snap action disk thermostat
3) Thermostatic cable
4) Thermostatic line sensors
5) Fusible metal
6) Quartzoid bulb

Neither bimetallic thermostats nor snap-action thermostats are destroyed or permanently damaged by actua
fusible metal, quartzoid bulb, and the sections of thermostatic cable and thermostatic line sensors affected
shall be replaced following actuation.

A.7.2.2 Rate Compensated, Rate-of-Rise, and Combination Fixed-Temperature Rate-of-Rise 
Temperature Detectors

Rate compensated detectors alarm at a predetermined air temperature, but are designed to compensate for th
There are several advantages of rate-of-rise devices over fixed point devices. They can be set to operate mo
and are effective across a wide range of ambient temperatures, usually recycle more rapidly, and tolera
increases in ambient temperatures without giving an alarm. Combination fixed temperature and rate-of-rise 
detectors will respond directly to a rapid rise in ambient temperature caused by fire, tolerate slow increases in
temperature without registering an alarm, and recycle automatically on drop in ambient temperature
disadvantages are that the detector will not respond to a fire that propagates slowly until the fixed temper
attained, and false alarms may be registered on rapid increase in ambient temperature resulting from conditio
than hostile combustion.
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Figure A.1—Determination of Potential High Cable 
Concentration Cable Tray Fire Zone of Influence

The various types of combination fixed-temperature and rate-of-rise detectors include

1) Thermopneumatic detector (spot pattern)
2) Thermoelectric detector (spot pattern)
3) Thermopneumatic tube detector (line pattern)

A.7.3 Smoke Detectors

Smoke detectors are employed where the type of fire anticipated will generate invisible and visible prod
combustion before temperature changes are sufficient to actuate heat detectors. Typical areas are cable sprea
Copyright © 1984 IEEE All Rights Reserved 23
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control rooms, computer rooms, relay rooms, communications equipment rooms, electrical equipment 
switchgear rooms, essential motor-control center areas, containment penetration areas, cable tunnels, cable s
open areas.

1) Photoelectric Detectors. Photoelectric detectors are of the spot type or light scattering type. In each
partial obscuring or reflecting of a photoelectric beam by visible products of combustion between a rec
element and a light source is detected to actuate an alarm.

2) Combustion Products Detectors. Ionization detectors and condensation nuclei detectors alarm at the pre
of invisible combustion products. Combustion products entering the outer chamber of an ionization d
disturb the balance between ionization chambers and causes alarm actuation. Condensation nuclei 
operate on the cloud chamber principle which allows invisible particles to be detected by optical tech

Ionization detectors should not be installed in areas exposed to a constant radiation level in excess of 20 R
areas where traces of combustion products may be present under normal conditions such as in diesel-genera

A.7.4 Flame Detectors

Flame detectors alarm at the presence of light from flames, usually in the ultraviolet or infrared range. Detector
to detect the typical flicker of a flame. Detectors may be provided with a time delay to eliminate false alarm
transient flickering light sources.

A.8 Fire-Extinguishing Systems

This section applies to Section 10 of this standard.

A.8.1 Fire-Extinguishing Agents

Various fire-extinguishing agents are utilized to extinguish fires in cable systems. The more common types
follows:

1) Water. Water is the most commonly used extinguishing agent because of its cooling, smothering, d
and emulsifying properties. Water should be used with discretion in areas of electrical equipment. Pr
should be made to prevent inadvertent operation of water suppression systems. An adequate drainag
should be provided.

2) Carbon Dioxide. Carbon dioxide is a non-combustible gas which can penetrate and spread to all par
fire. It does not conduct electricity and can be used on energized electrical equipment. Carbon dioxi
produce unconsciousness and death. A dangerous concentration of carbon dioxide is 9% or above,
the minimum concentration required for fire extinguishment is 30% and more. For additional guidanc
ANSI/NFPA 12-1980 [A4].

3) Dry Chemicals. The dry chemical fire-extinguishing agents currently used are a mixture of pow
primarily sodium bicarbonate (ordinary), potassium bicarbonate (purple K), or monoammonium pho
(multipurpose). When introduced directly to the fire area, dry chemical agents will rapidly smother the 
However, these agents reduce visibility, pose a breathing hazard, and tend to clog the filters of ven
equipment. 
Dry chemicals should not be used where delicate, electrical equipment is located. The insulating prope
dry chemicals might render the contacts inoperative. For additional guidance see ANSI/NFPA 17-198

4) Halogenated Compounds. A halogenated compound is one which contains elements from the halogen s
that is, fluorine, chlorine, bromine, and iodine. Halogen atoms form noncombustible gases when they 
the hydrogen atoms in hydrocarbon compounds such as methane (CH4) or ethane (CH3 CH3). Caution is
recommended when the use of halogenated compounds are proposed in areas where continuous hig
arcs may exist due to their highly corrosive breakdown products.

5) Foam. Foam is a homogeneous blanket obtained by mixing water, foam liquid, and air or a gas. Foa
suppression systems are classified as high or low expansion. High-expansion foam is an aggreg
24 Copyright © 1984 IEEE All Rights Reserved
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bubbles resulting from the mechanical expansion of a foam solution by air or other gases with a fo
solution volume ratio of 100:1 to approximately 1000:1. Foams with expansion ratios significantly les
100:1 are produced from air foam, protein foam, fluorprotein foam, or synthetic foam concentrates. All 
are electrically conductive and should not be used on fires involving unenclosed energized ele
equipment. For additional guidance see ANSI/NFPA 11-1983 [A3].

A.8.2 Standpipe and Hose-Station Recommendations

The standpipe and hose system should be capable of delivering water to hose stations located within reach
containing cable systems for Class 1E circuits following the safe shutdown earthquake.

A.9 Handling and Installation

This section applies to Section 11 of this standard.

A.9.1 General

Criteria for the design, installation, and qualification of raceway systems for Class 1E circuits are given in A.1

A.9.2 Cable Pulling Recommendations

A.9.2.1 Distance Limitations

The maximum distance a cable may be pulled in conduits without subjecting it to damage, depends on the fo
conditions:

1) Maximum allowable sidewall pressure of the cable construction
2) Tensile strength of conductor or jacket, or both
3) Coefficient of friction between cable jacket and conduit surface
4) Weight of cable
5) Number, location, angle, and radius of bends
6) Slope
7) Lubrication
8) Method of pulling cable (pulling eyes, basket weave grip, etc)
9) Limits of cable pulling and reel handling equipment

A.9.2.2 Reel Position

Pulling tension will be increased when the cable is pulled off of the reel. Turning the reel and feeding slack cab
duct entrance may change a difficult pull to an easy one.

A.9.2.3 Bend Locations

The direction of pulling has a large influence on the pull if bends are included. Whenever a choice is possible
that the bend or bends are closest to the reel. The worst condition possible is to pull out of a bend at or near t
the run.

A.9.2.4 Maximum Cable Pulling Length

Conduit and duct system design should consider the maximum pulling lengths of cables to be installed. To de
the maximum pulling length of a cable or cables, it is necessary to determine the maximum allowable values 
pulling tensions and sidewall pressure. The pulling length will be limited by one or both of these factors.
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A.9.2.4.1 Maximum Allowable Pulling Tension

The maximum allowable pulling tension should be determined from the manufacturer's cable recommenda
from the following information:

1) Based on pull by conductor
Tmax = K · N · cmil

where

T max = maximum pulling tension, (lb)
cmil = circular mil area of each conductor
N = number of conductors
K = 0.008 lb/cmil for annealed copper and hard aluminum

= 0.006 lb/cmil for 3/4 hard aluminum
2) Based on pull by basket grip applied over: Nonshielded jacketed cables—2000 lb

Shielded jacketed cables—1000 lb
Do not exceed tension limit of A.9.2.4.1 (1)

A.9.2.4.2 Maximum Allowable Sidewall Pressure

Sidewall pressure is the radial force exerted on the insulation and sheath of a cable at a bend point when th
under tension. The maximum allowable sidewall pressure is 500 lb/ft of radius14 for power and control cables. Fo
instrumentation cable use cable manufacturer's recommendations.

A.9.2.4.3 Expected Pulling Tension

The expected pulling tension of one cable in a straight section of duct may be calculated from the following f
which does not consider slope:

T = LWKo

where

T = total pulling line tension, (lb)
L = length of conduit runs, (ft)
W = weight of cable(s), (lb/ft)
Ko = basic coefficient of friction

The expected pulling tension of a cable in an inclined section of duct may be calculated from the following for

Upward T = WL (sin α + K cos α)
 + (prior tension)

Downward T = WL (K cos α − sin α)
+ (prior tension)

where

α = angle from horizontal

For conduit runs containing horizontal bends, the expected pulling tension around a bend should be determ
follows:

14Sidewall pressures greater than published values should be cleared through the cable manufacturer.
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Refer to Fig A.2 and assume pulling from A to D

then,

TC = TB eKo α

where

TC = tension after the bend, (lb)
TB = tension into the bend, (lb)
e = naperian logarithm base (2.72)
Ko = basic coefficient of friction
a = angle of the bend (radians), 1 degree = 0.01745 radians

TB is determined for the pull by the straight-length method given above.

Figure A.2—Expected Pulling Tension Around a Horizontal Bend for Conduit or Duct Runs 
Containing Horizontal Bends

The basic coefficient of friction, typically, ranges from 0.3 for well lubricated cables pulled into smooth, 
conduits to 0.5 for lubricated cables pulled into rough or dirty conduits. The use of a different coefficient of f
may be substantiated by comparison of the actual versus calculated pulling tension.

When three cables are pulled into a duct, the pulling tension is not simply three times that of a single cab
Because of the wedging action between cables and duct, even in a straight pull, the effect is to produce a side
which is treated as an increase in the basic coefficient of friction (Ko), and is called the weight correction factor (Wc).
The effective coefficient of friction, K, is:

K = WcKo

The pulling tension for three cables then becomes:

T = 3KLW for straight pulls

The additional tension imposed by a bend is calculated the same way as for a one-cable pull except that Ko is replaced
by K.

Figure A.3 can be used to determine Wc when the ratio of the duct inside diameter and cable outside diameter (D/d) is
known.

Pull points or manholes should be installed wherever calculations show that expected pulling tensions exce
maximum allowable pulling tension or sidewall pressure.
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A.9.2.4.4 Critical Jamming Ratio

When three single-conductor cables are pulled into a conduit it is possible for the center cable to be forced bet
two outer cables, while being pulled around a bend, if the D/d ratio approaches a value to 3.0. Up to a ratio of 2.5 
cables are constrained into a triangular configuration. However, as the value approaches 3.0, jamming of th
could occur and the cables would freeze in the duct causing serious cable damage. To allow for tolerances in cabl
conduit sizes, and for ovality in the conduit at a bend, the D/d ratio's between 2.8 and 3.1 should be avoided (see
A.3).

Figure A.3—Tension and Jamming Graph

A.9.2.4.5 Expected Sidewall Pressure

The sidewall pressure acting upon a cable at any bend may be estimated from the following equations:

 for single conductor cable

 for 3 cables in cradle formation where the center cable presses hardest against t

 for cables in triangular formation where the pressure is divided equally betwee
two bottom cables.

where

P = sidewall pressure on the critical cable(s) (lb/ft)
T = total pulling tension, (lb)

P
T
R
---=

P
1
3
---  3Wc 2–( ) T

R
---=

P
WcT

2R
----------=
28 Copyright © 1984 IEEE All Rights Reserved



CABLE SYSTEMS FOR CLASS 1E CIRCUITS IN NPGS IEEE Std 690-1984

 by the

ystem in

ssary at

its on
lated as

l basis.
ould be
s and to

uld be

secured
al area.
s will
 except

] are

ulling

age the
ulling.

ontinuous

 bend or

 guide the
t be less

rdware
 prevent

turers'
bles as

0-1984
ould be
 ft will
R = radius of bend, (ft)
Wc = weight correction factor (see Fig A.3)

The cable manufacturers' recommendations should be followed for all cable configurations not covered
formulae in A.9.2.4.5.

A.9.3 Raceway Cable Fill Recommendations

1) The weight of cable in trays should be based on the analysis of the performance of the tray support s
a seismic event.

2) Cable should be installed no higher than the top of the side rails of its cable tray except as nece
intersections and where cables enter/exit the cable tray over the side rails.

3) The smaller size low-voltage power cables in trays are often mixed with control and digital signal circu
a nonspaced random fill basis. (When this is done in trays, the power-cable ampacity should be calcu
if all cables in the tray were power cable, unless position and grouping are maintained.)

4) Control cables and instrumentation cables in trays are generally installed on a nonspaced random fil
5) Where single conductors are used in trays for two or three wire power circuits, these conductors sh

securely bound in circuit groups to prevent excessive movements due to fault-current magnetic force
minimize inductive heating effects in tray sidewalls and bottom.

6) Cable fill, for example, summation of the cable cross-sectional area, in random filled cable trays sho
limited in design to a predetermined percentage of cable tray usable cross-sectional area. 
A percentage fill limit is needed for random filled trays because cables are not layed in neat rows and 
in place. This results in cable crossing and void areas which take up much of the tray cross-section
Generally, a 30% to 40% fill for power and control cable and 40% to 50% for instrumentation cable
result in a tray loading so that no cable will be installed above the top of the side rails of the cable tray
as necessary at intersections and where cables enter or exit the cable tray systems.

7) Ampacities for power cables in randomly filled cable trays given in NEMA WC51-1975 (R1980) [A13
based on the depth of cable in tray.

A.9.4 Cable Installation Recommendations

1) Avoid routing cables over lube oil reservoirs, lube oil conditioners, and hydraulic oil storage areas.
2) Consideration should be given to the pulling direction to minimize sidewall pressure and cable p

tension.
3) Cables should only be pulled into clean raceways. Any abrasions or sharp edges, which might dam

cable, should be removed. A mandrel should be pulled through all underground ducts prior to cable p
4) Pulling winches and other necessary equipment should be of adequate capacity to ensure a steady c

pull on the cable.
5) Cable on reels should be unreeled and fed into the raceway without subjecting the cable to a reverse

overruns as it is unreeled.
6) Some suitable means, such as a flexible feeder tube or cable protector, should be used to protect and

cable from the cable reel into the raceway. The radius of the feeder tube or cable protector should no
than the minimum bending radius of the cable.

7) A swivel should be attached between the pulling eye and the pulling rope. All sharp points of the ha
which attaches the cable to the eye, such as bolts and cable clamps, should be thoroughly taped to
such projections from catching at conduit ends or damaging conduits.

8) Temporary bracing may be required during pulling installation to prevent damage to trays.
9) Trays and trenches should be periodically cleaned, as necessary, to prevent accumulation of debris.
10) Conduit prelubrication, if used, should be done in accordance with the pulling lubricant manufac

recommendations. Excessive residue from cable pulling lubricants should be wiped from exposed ca
they are pulled out of a conduit.

11) Some methods of supports and maximum spacing for conductor supports are listed in ANSI/NFPA 7
[10]. Recommendations for supports for special cables such as armor, shielded and coaxial sh
obtained from the manufacturer. In vertical trays, securing the cable to the tray rungs every 2 ft to 5
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normally provide support for most cable types. When split blocks are used, they should be spaced 6 
apart.

12) Sufficient cable slack should be left in each manhole and temporarily supported so that the cable
trained to its final location on racks, hangers, or trays along the sides of the manhole.

13) Cables in horizontal trays exposed to falling objects should be protected.
14) Where covers are used on trays containing power cables, consideration should be given to ve

requirements or cable derating, or both.
15) Cable systems entering electrical equipment enclosures from the top should be designed to preve

from entering the equipment.
16) Special care should be exercised during welding, soldering, and splicing operations to prevent dam

cables.

A.10 Acceptance Testing of Installed Cables—Recommendations

This section applies to Section 12 of this standard.

A.10.1 Recommendations

1) It is recommended that medium-voltage power cables be dc high potential tested in accordance with
WC8-1976 [A12], NEMA WC7-1971 (R1976) [A11], and NEMA W3-1980 [A10] or AEIC CS5-1982 [A1
and AEIC CS6-1982 [A2].

2) The low-voltage power cable insulation resistance tests should measure the insulation resistance betw
possible combination of conductors in the same cable and between each conductor and station grou
all other conductors in the same cable grounded. The test voltage should be a minimum of 500 V 
minimum acceptable insulation resistance is

3) Testing of control cable and prefabricated cable assemblies in a similar manner is recommended
manufacturers' recommendations should always be considered.

4) Insulation resistance measurements should be performed on instrumentation cables if circuit perform
dependent upon level of insulation resistance. Cable manufacturers' recommendations should alw
considered.

R in mΩ
rated

voltage

in kV 1+ 
 
 
 

1000
length in ft
-------------------------- 

 ⋅=
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