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Abstract: This guide provides a summary of the methods for detection, mitigation, and control of
concentric neutral corrosion in medium-voltage, unjacketed, underground distribution cable
installed direct buried or in conduit. The causes of corrosion in cable concentric neutral wires and
straps and the methods available to detect this corrosion are described. The purpose of the
concentric neutral and the consequences of significant loss of the concentric neutral are
discussed. Recommendations are made for the mitigation and control of the cable concentric
neutral corrosion.

Keywords: cable, cable systems, concentric neutral, corrosion, insulated conductor, power cable
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase,
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint
expressed at the time a standard is approved and issued is subject to change brought about through developments in the
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation. When a document is more than five years old and has not been
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect the present
state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason,
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant
response to interpretation requests except in those cases where the matter has previously received formal consideration.
At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the formal
position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 1617-2007, IEEE Guide for Detection, Mitigation, and Control of Concentric
Neutral Corrosion in Medium-Voltage Underground Cables.

IEEE Std 1617-2007 is a new guide written over a seven-year period by a dedicated group of volunteer
experts. The work was done through the Insulated Conductors Committee Working Group C7, Neutral
Corrosion, which met formally twice a year from 2001 through 2004 to develop initial drafts. A total of
seven drafts were produced and edited in the formal meetings and follow-up discussions and e-mail
communications.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence
or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity
or scope of Patents Claims or determining whether any licensing terms or conditions are reasonable or non-
discriminatory. Further information may be obtained from the IEEE Standards Association.

iv
Copyright © 2008 IEEE. All rights reserved. Doc um ents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:42:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1617-2007


http://www.avadocuments.com/doc/ieee-1617-2007
http://www.avadocuments.com/doc/ieee-1617-2007

Participants

At the time this guide was submitted to the IEEE-SA Standards Board for approval, the Working Group C7
on Neutral Corrosion of the Cable Systems Subcommittee C had the following membership:

Glen J. Bertini
Lawrence W. Bobb
Kenneth E. Bow
Jack E. Cherry
Frank DiGuglielmo
John M. Hans

John L. Hinkle

Vern L. Buchholz, Chair

Fred B. Koch

Carl C. Landinger
William M. McDermid
Henning Oetjn

Ralph E. Patterson
Timothy M. Robeson
Kenneth Romano

Gail A. Shaw
Michael J. Smalley
William Stagi
William Thue
Jorge G. Valdes
Juli Wagner
Joseph T. Zimnoch

The following members of the individual balloting committee voted on this guide. Balloters may have
voted for approval, disapproval, or abstention.

Michael P. Baldwin
Thomas M. Barnes
Martin Baur
Michael G. Bayer
Wallace B. Binder
Steven A. Boggs
Kenneth E. Bow
Harvey L. Bowles
Chris Brooks

Vern L. Buchholz
William A. Byrd
Thomas P. Callsen
Michael D. Clodfelder
John H. Cooper
Tommy P. Cooper
F. A. Denbrock
John R. Densley

J. F. Doering
Randall L. Dotson
Gary R. Engmann
Rabiz N. Foda

Marcel Fortin

David L. Gilmer
Randall C. Groves
Ajit K. Gwal

John M. Hans

Jeffrey L. Hartenberger
Gary A. Heuston

Lauri J. Hiivala

David A. Horvath
Dennis Horwitz

A. S. Jones

Joseph L. Koepfinger
Jim Kulchisky
Solomon Lee

William E. Lockley

G. L. Luri

Glenn J. Luzzi

Eric P. Marsden
William M. McDermid
Mark F. McGranaghan

v

Copyright © 2008 IEEE. All rights reserved.

John E. Merando Jr.
Gary L. Michel
Kyaw Myint
Shantanu Nandi
Michael S. Newman
Neal K. Parker
Ralph E. Patterson
Serge Pelissou
Percy E. Pool
Dennis B. Schlender
Robert Schlesinger
Gail A. Shaw

David Singleton
Michael J. Smalley
Nagu N. Srinivas
Martin J. Von Herrmann
Waldemar G. Von Miller
Mark D. Walton
James W. Wilson
Donald W. Zipse
Ahmed F. Zobaa

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:42:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1617-2007


http://www.avadocuments.com/doc/ieee-1617-2007
http://www.avadocuments.com/doc/ieee-1617-2007

When the IEEE-SA Standards Board approved this guide on 27 September 2007, it had the following

membership:
Steve M. Mills, Chair
Robert M. Grow, Vice Chair
Don Wright, Past Chair
Judith Gorman, Secretary
Richard DeBlasio Hermann Koch Narayanan Ramachandran
Alex Gelman Joseph L. Koepfinger* Greg Ratta
William R. Goldbach John Kulick Robby Robson
Arnold M. Greenspan David J. Law Anne-Marie Sahazizian
Joanna N. Guenin Glenn Parsons Virginia C. Sulzberger
Kenneth S. Hanus Ronald C. Petersen Malcolm V. Thaden
William B. Hopf Tom A. Prevost Richard L. Townsend
Richard H. Hulett Howard L. Wolfman

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Satish K. Aggarwal, NRC Representative
Michael H. Kelley, NIST Representative

Michelle D. Turner
IEEE Standards Program Manager, Document Development

Matthew J. Ceglia
IEEE Standards Program Manager, Technical Program Development

vi
Copyright © 2008 IEEE. All rights reserved. Doc um ents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:42:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1617-2007


http://www.avadocuments.com/doc/ieee-1617-2007
http://www.avadocuments.com/doc/ieee-1617-2007

Contents

R0 <3 4 T USRS 1
L 103 o TSR 1
L2 PUIPOSE ..ottt ettt ettt ettt ettt e ettt e e e st e e s ebeessbeeesbeeenseesaseaanseeensaeassaesssaeanseesnsaeanseenssaesnseenssaennseensses 1

2. NOTIMALIVE TEIBTEICES. ...c.veetieniieitieiie ettt ettt ettt sttt ettt et sa e st e et e bt es e ebeesbee bt e bt embeemtesaeesbeenbeenseenteens 2

3 DIEIINTEIONS -ttt ettt ettt et ettt ekt e bt eb e emteneea e et e beseeebeemeeneeneeneenbe s e beanesaeebeeneennennens 2

4. Purpose of the CONCENtric NEULIAL WIS .......cc.eecvieiiiieiierieerie ettt ettt beeeaeseeseesreesseesaessaesseesseenseenseans 2
4.1 Path for flow of Charging CUITENLS ...........ccieiieiiiieiieiieie ettt esbeeeae e e sreesseesaeees 2
4.2 Path for flow Of fault CUITENS . ......coiiiiiiiiericee ettt sttt 3
4.3 Reduce step and touch POtential ..........cceecuieierierieiieie et 3
4.4 Provide a SYStem NEULTAL........c.cocierieiieie ettt ettt et e st e e enteensessaesseeseenseensesnnenns 3
4.5 TYPES OF CONCENLIIC WITCS ....c.uverueeeietieieeieeteeetiesteeteeteeneeeneesseesse e st eaeeeneesseaseenseenseensesneenseeseensesneesaes 3

5. Consequences of significant NEULral COTTOSION .......ecueeuireiirieiieie ettt 3
5.1 Cable failures caused by loss of metallic shield component.............cccoooiriiriinieiieiineeeee e, 3
5.2 Improper operation of ProteCtive AEVICES .......cvivuieiieiieieeieerieere et e st ereeree e e sbeesbeeeseessesseeaeas 4
5.3 Stray currents and INEEITEIEICE ........c.eiuiiuiiiiieiieiieee ettt sttt e e e be et ebeeneeneeeens 4
5.4 Effects 0N POWET QUALTEY .....eouieuieiieieete ettt ettt ettt b et ae st e st e e e b e saeebeeneenseneens 4
5.5 NAONAL COULS .....venieniiieitieieeiee ettt ettt et e ettt eb e sbe st e st et e be st e et e s besbeebeeseenteneens 4

6. Causes Of NEULTAL COTTOSION ....eueiuiiuiiuieieitiite sttt ettt ettt ettt be bbbt e bt e st et e nbesbeebeeseenneneens 4
6.1 Galvanic COTTOSION CEIL.......co.iiiiiiiiiitir ettt sttt ebe et 5
6.2 Corrosion cell set up on @ SINGIE MELAL........c..ccveriiriieiieieeieseeeee et saeneas 5
6.3 SOIL COTTOSION. ...c..cuiiutititeiteeteet ettt sttt ettt ettt b e et ettt b e s bt sbe e bt eat e st et e st e s besbeebeeseeabentens 6
6.4 DIfferential @eTatiON.........cccviririeiiiiierterere ettt ettt sttt ettt ettt 6
6.5 Unintended or stray electrical CUITENES ..........cceiruiiriiiieriiertiee ettt ettt eneeeneesseenneas 6
6.6 The coating of cONCENIIC NEULTAL WITES......ccuirueireiertieieeieetie sttt ettt eneeeneesseenneas 6

7. Detection and @VAIUATION .........oc.iiiiiiieie ettt ettt et sttt ettt e e e et e bt e bt e tesne e be e teeneeeneeenee 7
7.1 VISUAL INSPECLION ...eovveeirieeiieiieeiieeitecte ettt ettt et et e et e ete e te e beesseessessaesseesseenseesseessesseenseessesssesssesseas 7
7.2 Test concentric neutral using a time domain reflectometer (TDR)........cceceieiiniiiiiniinieeceee 7
7.3 Concentric neutral resistance measurement Method.............ocueriiiiiiiiiiiieeee e 9
7.4 Surface voltage measurement teChNIQUE..........cuevierieriieriieieeieetieteeieeteeeesteesre e e eaeseeesreesseeseesseens 11

vii
Copyright © 2008 IEEE. All rights reserved. Doc um ents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 16:42:32 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1617-2007


http://www.avadocuments.com/doc/ieee-1617-2007
http://www.avadocuments.com/doc/ieee-1617-2007

