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THIS IS A REDLINE DOCUMENT PRODUCED BY
TECHSTREET, A BUSINESS OF CLARIVATE ANALYTICS
I

This document is intended to provide users with an indication of changes from
one edition to the next. It includes a full-text version of the new document, plus
an indication of changes from the previous version.

Redlines are designed to save time and improve efficiencies by using the latest
software technology to find and highlight document changes. More professionals
are using valuable new technologies like redlines, to help improve outcomes in a
fast paced global business world.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document.
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Abstract: The design, performance, use, testing, and installation of temporary protective grounding
systems, including the connection points, as used in permanent and mobile substations, are
covered in this guide.

Keywords: grounding, IEEE 1246™, personnel safety, protective grounding, safety, temporary
grounding, ultimate rating, withstand rating
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE
administers the process and establishes rules to promote fairness in the consensus development process, IEEE
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. IEEE standards documents are
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive 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 comments, or questions except in those cases where the matter has previously
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
and Interests area of the [IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, 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 order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit [IEEE Xplore or contact IEEE. For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

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 by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. 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
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.
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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.

Documents

6 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniverRRYSER:282d Jr BRI §86@FvES54:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1246-2020


http://www.avadocuments.com/doc/ieee-1246-2020
http://www.avadocuments.com/doc/ieee-1246-2020

Participants

At the time this IEEE guide was completed, the G4 Working Group had the following membership:

Ehsan Azordegan
Bryan Beske
William Carman
Jeffrey Drummond
Joseph Gravelle
Martin Havelka

Jesse Rorabaugh, Chair
Jon Martin, Vice Chair
David Lane Garrett, Past Chair

Terri Hopkins

Richard Keil

Reginaldo Maniego

Carl Moller

Stephen Palmer

Anil Babu Poda

Eduardo Ramirez Bettoni

Christian Robles
Will Sheh

Curtis Stidham
Brian Story
Keith Wallace
Don Wengerter

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

William Ackerman
Robert Aiello
W.J.(Bill) Bergman
Bryan Beske
Steven Bezner
Gustavo Brunello
Demetrio Bucaneg Jr
Ted Burse

William Bush
William Byrd

Paul Cardinal
Michael Champagne
Michael Chirico
Robert Christman
Randy Clelland
James Dehaan
Robert Dempsey
William Dietzman
Huan Dinh

Gary Donner
Michael Dood
Ernest Duckworth
Donald Dunn
Gearold O. H. Eidhin
Brian Erga

David Lane Garrett
George Gela

Jalal Gohari

Edwin Goodwin
Joseph Gravelle
Charles Grose
Randall Groves
David Guzman

Brady Hansen
Jeffrey Helzer

Lee Herron
Werner Hoelzl
Richard Jackson
Thomas Keels
Richard Keil
Dave Kelley
Peter Kelly

Yuri Khersonsky
James Kinney
Hermann Koch
Boris Kogan

Jim Kulchisky
Mikhail Lagoda
Chung-Yiu Lam
Reginaldo Maniego
Jon Martin
Thomas McCarthy
John McAlhaney Jr
William McBride
Jeremy McNutt
Charles Morse
Jerry Murphy
Ryan Musgrove
Dennis Neitzel
Joe Nims
Matthew Norwalk
Michael Novev
T.W. Olsen
Lorraine Padden
Bansi Patel

7

Pathik Patel

S. Patel
Christopher Petrola
Thomas Proios
Richard Rohr
Charles Rogers
Jesse Rorabaugh
Bartien Sayogo
Robert Schaerer
Douglas Smith
Jerry Smith
Gary Smullin
Ryan Stargel
Gregory Steinman
Gary Stoedter
Brian Story
Walter Struppler
K. Stump

Paul Sullivan
Wayne Timm
John Toth
Matthew Vacha
John Vergis

Jane Verner
David Wallis
John Wang

Don Wengerter
Kenneth White
Terry Woodyard
Tain Wright
Dean Yager

Jian Yu

Chen Zou

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniverRRYSER:282d Jr BRI §86@FvES54:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1246-2020


http://www.avadocuments.com/doc/ieee-1246-2020
http://www.avadocuments.com/doc/ieee-1246-2020

When the IEEE SA Standards Board approved this guide on 3 December 2020, it had the following membership:

Ted Burse

Doug Edwards
J.Travis Griffith
Grace Gu

Guido R. Hiertz
Joseph L. Koepfinger*

*Member Emeritus

Gary Hoffman, Chair
Jon Walter Rosdahl, Vice Chair
John D. Kulick, Past Chair
Konstantinos Karachalios, Secretary

David J. Law
Howard Li
Dong Liu

Kevin Lu

Paul Nikolich
Damir Novosel
Dorothy Stanley

8

Mehmet Ulema
Lei Wang

Sha Wei

Philip B. Winston
Daidi Zhong
Jingyi Zhou

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniverRRYSER:282d Jr BRI §86@FvES54:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1246-2020


http://www.avadocuments.com/doc/ieee-1246-2020
http://www.avadocuments.com/doc/ieee-1246-2020

Introduction

This introduction is not part of IEEE Std 1246-2020, IEEE Guide for Temporary Protective Grounding Systems Used in
Substations.

Practices for applying temporary protective grounds (TPGs) in substations vary from company to
company. These practices have come from a number of documents, such as ASTM F855, IEC 61230, and
IEEE Std 1048™, as well as from field experience derived from line maintenance practices. This guide
was developed to consolidate into one document all the necessary information for the company to develop
sound personnel safety grounding practices in substations. The guide provides information on the physical
construction, application, and testing of TPGs as they are used in substations.

This revision emphasizes the electromechanical forces present with high short-circuit currents and with high
current offset (asymmetry). In recent tests, these forces were found to have a significant impact on the ability
of a complete TPG assembly, including attachment points, to successfully handle these high short-circuit
currents. It also introduces a new method for determining the TPG impedance (length and cable size) for use in
determining the current through the worker for an accidental energization.
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IEEE Guide for Temporary Protective Grounding Systems Used in

Substations

1. Overview

1.1 Scope

This guide covers the design, performance, use, testing, and installation of temporary protective
grounding (TPG) systems, including the connection points, as used in permanent and mobile

substations.

1.2 Purpose

This guide suggests good practices, technical information, and safety criteria to assist in the selection
and application of temporary protective grounding systems, including the connection points, as

used in permanent and mobile substations.
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1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to). L2

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,
they must be understood and used, so each referenced document is cited in text and its relationship
to this document is explained). For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.

ASTM E855, Standard Specifications for Temporary Protective Grounds to be used on De-Energized

Electric Power Lines and Equipment.'}é

1The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe

unavoidable situations.

2The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.

3ASTM publications are available from the American Society for Testing and Materials —300—Barr—HarborDrive,—West
Ceonshehocken, PA19428-2959 USA-(https://www.astm.org/).
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ASTM F2249, Standard Specification for In-Service Test Methods for Temporary Grounding Jumper

Assemblies Used on De-Energized Electric Power Lines and Equipment.

IEC 60245-2, Rubber insulated cables—Rated voltages up to and including 450/750 V —Part 2: Test

rnethods.é;'1

IEC 61230, Live Working —Portable Equipment for earthing or earthing and short-circuiting. IEEE

Std 80", IEEE Guide for Safety in AC Substation Grounding.gﬁilé

IEEE Std 1048TM, IEEE Guide for Protective Grounding of Power Lines.

3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary —Glessary-ef-Ferms—<&Definitions Online should be consulted for terms not defined in this

Clause.z5

bracket grounding: The location of temporary protective grounds (TPGs) on all sides of a worksite.

The location of the TPGs can be immediately adjacent to or some distance from the worksite.

cluster ground assembly: A preassembled set of four cable or bar assemblies, with three phase

connections and one ground connection, all terminating at a common (cluster) point.

4EC publications are available from the Department-of-the-International Electrotechnical Commission ~CasePestale 131, 3-rue de

Varembé—CH121,—Geneve—20,—Switzerland/Suisse—(https://www.iec.ch)_and the American National Standards Institute

(https://www.ansi.org/) HEC—publications—are—also—available—in—the United-State omthe-Sa Department—AmericanNationa

SIEEE publications are available from the Institute of Electrical and Electronics Engineers ;445HoesLanePiscataway,NJ-08854-
4141-USA-(https://standards.ieee.org/).

6The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics

Engineers, Inc Ineerporated.

7IEEE Standards Dictionary=Glessariy-ef Terms-&-Definitions Online is available at:_http://dictionary.ieee.org h
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continuity: A continuous, unbroken electrical circuit. For the purposes of temporary protective
grounding, any device capable of transforming voltage or producing a significant voltage drop
cannot be considered as maintaining continuity. Examples include transformers, fuses, reactors,

resistors, circuit breakers, and line traps.

equipotential zone (equipetential-for protective grounding) (EPZ):-A-general-termused-to-deseribe
the-applieationThe state of temperaryprotectivegrounds—te-timit-the maintaining a near identical
electrical potential aeress—the—-worker'sbody—ttis-often—-associated—with—worksite between two or

otrelire more items.

ground potential rise (GPR): The maximum voltage that a station-grounding grid can attain relative

to a distant grounding point assumed to be at the potential of remote earth.

multipoint grounding: The application of temperaryprotectivegrounds{TPGs) on either side of the
worksite, plus TPGs at the worksite—See—also—bracket—grounding—weorksite {single-point)
grounding.

phase-to-ground (parallel) grounding: The installation of temporary protective grounds from each
phase to ground. The ground attachment point can be a common point for all three temperary
proteetive—ground—«TPG) ground connections, or can be a different point for one or more TPG
ground connections, but a low-resistance connection between any separated TPG ground connection

points is required.

phase-to-phase (chain) grounding: The installation of temporary protective grounds from phase to

phase to phase with an additional temperaryprotective-ground{IPG) connecting from one of the

three phases to ground.

source grounding: The location of temperary—protective-grounds{TPGs) so that a set of temporary

protective grounds is between the worksite and all possible sources of current.
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temporary protective ground (FPG)-equipment: (TPG): Devices to limit the voltage difference
between any two accessible points at the worksite to an appropriate value for safety, and with
having sufficient current withstand rating. These typically consist of cable assemblies, grounding

switches, or temporarily installed bars.

ultimate rating (capacity): A calculated maximum symmetrical current that a temporary protective
ground cable is capable of carrying for a specified time without fusing or melting. When temperary
proteetive—ground{TPG) assemblies are exposed to currents that are close to the ultimate rating of

the cable, they might be damaged.-Seme-companiesreplaceTPGs-subjected-toanyknrown—eurrent
: dental o ation

worksite (single-point) grounding: The application of temporary protective grounds only in the

immediate vicinity of an electrically continuous worksite. In order to be effective, the location of the

temporary-protectivegrounds{TPGs) must be close enough to the worksite te-preventahazardous
difference and connected in petential-aeress-a_manner to minimize the potentials in the vicinity of

the worker-at-the-weorksite.

4. Considerations for temporary protective grounding systems

4.1 General TPG

Temporary protective ground equipment is used when grounding a substation power bus and
equipment to protect personnel from high voltages that can be induced or applied because of
equipment failure or operating error. The TPGs can be properly sized and assembled to protect
personnel from injury during a steady-state or abnormal power system operation. This is
accomplished by creating a short-circuit (using the TPGs) to de- energize the circuit as soon as

possible, while also minimizing the exposure voltage at the worker.

4.2 Permanent or mobile substations

TPG assemblies are applicable for both mobile and permanent substations.
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4.3 Current magnitude and duration

The current magnitude and duration of the short-circuit current are critical factors in sizing TPGs.
The protective ground is sized to conduct the maximum available short-circuit current at the short-

circuit location without failure for the duration of the short--circuit.
4.3.1 Current magnitude including direet-current(dc) offset

The current magnitude is one of the critical factors to be considered when sizing temporary
protective grounding systems. The short-circuit current consists of a—+eet-mean—square—{an rms}
alternating—eurrent{_ac) component and a dc offset ewrrent-component. The rms ac component is
determined by the subtransient impedances of the rotating machinery, the impedance of
transformers, and the impedance of lines. The dc offset component is determined by the X/R ratio at
the short-circuit location looking back into the power system and the time of short-circuit initiation

on the voltage waveform.

Analytical studies indicate that when full dc offsets occur in the locations with high X/R ratios (such
as close to a generating plant or a large transmission substation), the short duration (6 to 60 cycles)
fusing current ratings of grounding cables calculated using Onderdonk’s equation as considered in
ASTM F855 might not be conservative. The additional heating from the dc current component
reduces the cable current--carrying capability. The cable-symmetrieal current-carrying capability for
the six-cycle rating is reduced approximately 28% when the X/R ratio is changed from X/R = 460 to
X/R =640 as shown in Table 25 and Table 52, respectively.

At or near large generating plants and transmission substations, a large X/R ratio is likely beeatse
since the impedance of generators and transformers contains very little resistance. ¥WhereasWhile in
extreme cases the X/R ratio can be as high as 50, under most circumstances; the X/R ratio does not
exceed 40 within the substations. Several miles away from the substation, the X/R ratio is dominated
by the impedance of the line. The overall X/R ratio in such cases can be determined from the line’s
X/R ratio. The typical range of X/R ratios for lines is are from 2 to 20 depending on the conductor
configuration. A single; small conductor line will have a low X/R ratio, whereas while a bundled

large conductor line will have a higher X/R ratio.
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In addition to the effects on fusing current, the X/R ratio and dc offset can produce extremely high
current peaks in the first few cycles relative to the rms current. Whereas While the current peaks are
proportional to the X/R ratio, the rate of decay is inversely proportional to the X/R ratio. The slowly
decaying high current peaks, corresponding to higher X/R ratios, create the most severe
electromechanical forces, which can destroy the TPG assembly long before it fails thermally. In such
a case, the worker would be without protection for a longer duration before the short-circuit clears.

IEC 61230 requires temporary grounding (earthing) devices to withstand a peak asymmetrical

current of 2.6 times the rms current value-fer60-Hzsystems-abeve V.

4.3.2 Short-circuit duration including primary and backup relaying

The short-circuit duration is another critical factor to eensider be considered when sizing protective
grounds. The short- circuit duration is the time required to clear the short-circuit by primary or
backup relaying. The short--circuit clearing time is the sum of relay and breaker operation times.
Primary relaying is the first line of defense to clear a-short-circuit current at high speed. Utilizing the
primary relay—shert-eirenit clearing time minimizes the grounding cable size; however, before
relying on the primary relay operation to size the protective grounds; consider the reliability of the
relays. Many circuits are protected by slower-clearing fuses that can take many cycles or even

seconds to interrupt the current.
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Backup protection is provided for possible failure in the primary protection system-exfer—pessible
failure-of, the circuit breaker, or other protective devices. Remote backup and local backup are two

forms of backup protection commonly used in eemmmen—-use-en—power systems. In remote backup

protection, short-circuits are cleared from the system, one substation away from where the short-
circuit has occurred. In local backup protection, short-circuits are cleared locally in the same
substation where the short-circuit has occurred. Local backup protection will clear the short-circuit
from the system in less time than that provided by remote backup protection. Utilizing the backup
protection short-circuit clearing time provides a conservatively sized protective ground. If more than
one relay operates to clear a short- circuit on the system, the total time required for the last relay to
operate determines the backup clearing time. For example, local breaker failure can add from 8 to 12
cycles to the primary clearing time. Zone 2 or remote backup relaying can add from 12 to 24 cycles to
the primary clearing time. Backup protection from fuses can add seconds to the primary clearing
time. Table 1 gives example ranges of clearing times for different protection schemes. Each company
evaluates the primary and backup relay short-circuit clearing times on their power system and

determines the short-circuit clearing time to use for sizing the protective ground. Each company also

evaluates any activities, such as relay or breaker maintenance, that may take place while the TPG are

installed to ensure the proper operation of protection scheme and that appropriate short-circuit

clearing time is maintained.

Table 1—Typical fault clearing times for various substation bus

protection schemes

Bus protection scheme type Typic "}::‘::2;15 fime
Buses with differential protection -8
Buses without differential protection 12—40
Buses cleared remotely 2090
Buses with fused primary protection G0—300
NOTE—These values are rypical and do not apply to all power systems. Circuit breaker re-closure
considerations

New
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Tests (EPRI EL-5258-1987-{B4 [B6]) have indicated that the cooling of TPGs between re-closures is

insignificantﬁ If the re-closing scheme is not disabled, tken-the additional short-circuit duration after

re-closure(s) can be included in the total time used to size the TPG.

4.4 Special areas of concern

4.4.1 General

For TPGs to provide proper protection, continuity must be maintained between the point of

connection and the work location. Any device capable of transforming voltage or producing a

voltage drop is should not-te be considered as maintaining continuity for the purpose of personnel
safety. Such devices include transformers, fuses, reactors, resistors, circuit breakers, disconnect

switches, and line traps.

Subclauses 4.4.2 through 4.4.67 are used when planning installation of TPGs on major equipment in

substations.

4.4.2 Main power transformers

Thefollowingecan-be-considered Considerations when applying TPGs are as follows:

8The numbers in brackets correspond to those of the bibliography in Annex A.
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a) The turns ratio of many transformers makes them capable of transforming low
voltages to high voltages, even when they are not connected to the normal power
source. These normally low voltages can come from continuity checking instruments,

insulation checking apparatus, and electric arc welders._Isolation and grounding are

common practices to address these hazards.

b) The shorting of current transformer (CT) secondary leads; and opening of disconnect
switches or removal of fuses located in voltage transformer (VT) secondary leads_are

common practices to eliminate backfeed.

C) During oil handling, the oil storage tank, the hose, the filtering—eqguipment, and
pumping equipment can be bonded together with the transformer tank being filled to
minimize electric potentials on the equipment. Not only can the hose pick up an
induced current, but alse-the oil flowing in the hose can build up a static charge,

unless preventedmeasures are in place to limit the voltage gradient in the oil.

d) Ground all terminals (windings).

4.4.3 Circuit breakers and circuit switchers

The TPG assemblies are applied on both sides of the device when maintaining circuit breakers,
circuit switchers, or other devices that can have a circuit disconnection-ret-dsibleto—theworker.
Consider the fellewing: shorting of circuit breaker bushing CT secondary leads.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:54:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1246-2020


http://www.avadocuments.com/doc/ieee-1246-2020
http://www.avadocuments.com/doc/ieee-1246-2020

4.4.4 Instrument and substation station service transformers

Veoltage—and—substation Instrument transformers (CT and VT) and station service transformers,

because of their very high turns ratio, are extremely hazardous if they are hooked up to electrical
equipment in such a way as to allow the applied voltages to be backfed. Backfeeding could cause a
severe electric shock to personnel who come in contact with any of the connected circuits anywhere
in the substation yard. Opening secondary disconnect switches and removing fuses minimizes the

hazards from secondary backfeed.
4.4.5 Capacitor banks

Substation capacitor banks retain stored charge even if the power source has been disconnected.
After allowing for self-discharge (typically 5 min), the de-energized capacitor bank can be fully

discharged by the application of a grounded short-circuit across its terminal. In a capacitor bank

comprised: composed of two or more parallel groups-

of series strings of units, each series group that is within reach can have a TPG connected across the
entire string, and each individual unit of a series string that is within reach can be shorted by
temporarily touching a wire across the unit terminals to provide full discharge. Similarly, in a
capacitor bank eempesed comprised of two or more series groups of parallel units, each parallel
group that is within reach can have a TPG installed across the parallel group, and each individual
unit that is within reach can be shorted by temporarily touching a wire across the unit terminals or

from a single terminal to ground to provide full discharge.
4.4.6 Power cables and terminations

Before cutting the power cable, apply TPGs at each end of the power cable to dissipate capacitive

energy. To assist in grounding, TPG attachment points may be installed at both ends of the cable in a

fashion where the TPGs can remain connected to the cable after the phase conductor is disconnected

from the terminal.
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4.4.7 Remote ground electrodes

Connecting TPGs to a remote ground electrode can significantly increase the exposure voltage at the

worksite. This is can happen if TPGs are connected to ground rods or a remote substation instead of

to the substation ground grid where the work is being performed. When this is done, the exposure

voltage can increase to levels as high as the entire ground potential rise of that remote electrode.

This is often done while bringing overhead conductors and un-insulated conductors into the

substation. Remote earth potentials are also possible when using a crane outside the periphery of the

eround grid to perform lifting operations within the substation. If this kind of activity is to be done,

an equipotential zone or electrical isolation should be emploved to avoid this difference in potential.

4.5 TPG cable assemblies

The TPG cable assemblies typically consist of a combination of cable and ground clamps configured
for connecting the phase conductors or equipment to a substation grounding system. TPG cable
assemblies are appropriately sized and configured to survive the available short-circuit current
exposure. Refer to Fablet-and-Table 2-in-ASTM F855-2009-erJater) for selecting the appropriate
TPG cable assemblies based on the short-circuit clearing time, available short-circuit current, and

X/R ratio for thermal and electromechanical considerations.
A TPG cable assembly consists of the following:

a) Ground end—The ground end consists of a clamp (to be connected to a grounded

structure or to a ground grid riser;), a cable termination, and (possibly) heat-shrinkable

tubing to seal exposed cable strands.—F-handled—elamps—ean—haveditfieultyachievingthe
ad : . el ATl £l facoddl .

b) Flexible conductor with a suitable jacket.
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C) Source end—The source end consists of a clamp (typically with an “eye” for handling
and tightening) to be connected with the insulating stick to a de-energized conductor,
a—bus,_or an attachment stud, a cable termination, and (possibly) heat-shrinkable

tubing to seal exposed cable strands.

There are multiple manufacturers that make specific TPG assemblies and components. For more

details, refer to the manufacturer’s literature, 4.6, and 4.7.3%

4.6 TPG cable

4.6.1 Conductor material

Fine stranded copper conductors are used for temporary protective ground cables. (See 4.6.4.) The
diameters of the strands are generally specified by the manufacturer or by the appropriate standard.
Inspection and testing ensures helps ensure compliance with the cable material requirements. Check

the electrical resistance of the conductors at 20 °C by the test given in IEC 60227--2 [B8 B9] and IEC
60245-2-1997-{B9%}.

4.6.2 Sizing protective ground cables

The rating of the cable is a key component of sizing the TPG cable assembly. For cables rated for low
current asymmetry, ASTM F855 defines rating grades 1-+e—7 based on a withstand rating that is 70%
to 80% of the ultimate capacity. ASTM F855 defines ratings for grades 1H-+e—7H for high-current
asymmetry applications based on a percentage of the cable’s ultimate capacity. IEC 61230 only
describes test procedures, with the test assembly being rated at the tested current value (i.e., it does

not refer to either the ultimate or the-withstand rating of the cable).
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When selecting a cable for high-current asymmetry, the dc offset current should be considered, as it

considerably reduces the capacity of cables for short durations. For added safety contingency, some

companies use the ultimate capacity and replace the assembly after exposure to an accidental

energization:, as the assembly might be damaged. Table 2 through Table 5 list the ultimate

equivalent symmetrical current-carrying capability of cables for a worst-case dc offset for X/R ratios

of 40, 20, 10, and 0, respectively. Sizing TPG cable assemblies based on cable ampacity, alone, may

result in unexpected failures—Referto-4-5-for-a-diseussion-of proper FRPGassemblysizing.

Table 2 —Ultimate equivalent symmetrical current-carrying capabilities

of copper grounding cables (currents are rms values, for frequency of 60

Hz; X/R = 40; current in kA)

{E:,?:Eﬂ:: Nominal cross 15 cycles 30 cycles 45 cycles G0 cycles | 180 cycles

-krmil} section (mm®) (250 ms) (500 ms) (750 ms) (15) (335
=1 33.63 16 12 10 o 5
=] 4241 21 145 13 11 7
10 5348 26 20 17 14 B
xm 67.42 33 25 21 18 11
im B5.03 42 32 27 23 14
40 107.20 53 40 34 30 17
250 126.65 62 47 40 35 21
350 177.36 87 57 56 48 29
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Table 3 —Ultimate equivalent symmetrical current-carrying capabilities

of copper grounding cables (currents are rms values, for frequency of 60

Hz; X/R = 20; current in kA)

?:%I_.':;j:: Nominal cross 15 cycles 30 cycles 45 cycles 60 cycles | 180 cycles

-]u.'n:il} section (mm®) (250 ms) (500 ms) (750 ms) (1) 3s)
#1 3363 18 13 11 °@ 5
#1 4241 22 16 13 12 7
1/0 5348 28 21 17 15 2
2 6742 36 26 2 19 11
im B85.03 45 33 27 4 14
40 107.20 57 42 35 30 18
250 125.65 &7 50 41 36 21
350 177.36 o4 70 58 50 2D

Table 4 —Ultimate equivalent symmetrical current-carrying capabilities

of copper grounding cables (currents are rms values, for frequency of 60

Hz; X/R =10; current in kA)

%_;;Igf: Nominal cross 15 cycles 30 cycles 45 cycles 60 cycles | 180 cycles
kemil) section (mm) (250 ms) (500 ms) (750 ms) (15) (3s)
#2 3363 19 13 11 o 5
£l 4141 13 17 14 12 7
1o 5348 30 21 17 15 ]
20 6742 3B 27 22 1% 11
30 B503 45 34 28 24 14
4/0 10720 60 43 36 31 18
250 126.65 71 5 42 36 21
350 17736 oo 72 59 51 30
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Hz; X/R =0; current in kA)

%‘:;],E{:f: Nominal cross 15 cycles 30 cycles 45 cycles 60 cycles 150 cycles

kemil) section (mm) (250 ms) (500 ms) (750 m=) (1%) (35)
#2 33.63 19 14 11 ] 5
£l 4241 4 17 14 12 7
o 5348 31 22 18 15 ]
20 6742 30 28 22 1% 11
30 8503 50 35 28 25 14
4'0 10720 63 44 36 3l 18
250 126.65 74 52 43 37 21
350 17736 104 73 60 52 30

MNOTE 1—This information applies to the cable only, not the entire TPG assembly. TPGs canmot
withstand the ultimate rating of the conductor. When rating a TPG assembly all the components need to
be evaluated and sufficient margin applied.

HOTE 2—The current values in Table 2 throwgh Table 5 were caloulated from the computer program
BTGC, Reichman et al [B20]. This computer program can be used directly to determine the prounding
cable size requiremnents for known X'R ratio and short-cirouit clearing time.

HNOTE 3—Anrle of oorrent imitiation = 80 {maximum dc offset). Initial conductor temperamre =40 °C;

from the AWG size.

final conductor temperature = 1083 *C, which is the fusing temperature of copper.

HNOTE 4—These current values consider the cable thermal limits only and do net consider the
severe elecromechanical forces present during the first few cycles of a fully offset wave, which can
mechanically damagze the TPG cable assembly of canse complete failure.

MOTE 5—For derating of multple cables, refer to 4.8 3.
HNOTE 6—DMeiric vahies are soft conversions. Soft comversion is a direct area calculation in metric umits

New

Table 5 —Ultimate equivalent symmetrical current-carrying capabilities

of copper grounding cables (currents are rms values, for frequency of 60

—
?‘:“!G or MNominal cross 6 cycles 15 cycles 30 cycles 45 cycles &0 cycles cycles
keemil) SBC m) (100 ms) (250 ms) (500 ms) (750 ns}//(.l—tj/ 3 5)

#7 13.63 3 10 14 7 5
# 4241 E e ] 2 14 12 7
10 5348 40 3 = 12 18 15 9
2 67.42 62 3 T~ag il 10 11
30 85.03 I 50 EE ] 25 14
4 10720~ @9 63 +H 36~ 3l 18
250 __—TI6.65 117 74 52 43 N 21
350_~T 17736 165 104 73 0 51 3
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4.6.3 Jacket

The following types of jacketing materials are generally used in cable designs, primarily for the

protection of the conductor:

a) A jacket based on a compound of vulcanized ethylene propylene rubber (EPR) or

ethylene propylene diene monomer (EPDM).

b) A general-purpose jacket based on a compound of thermoplastic polyvinylchloride

(PVC), copolymers, or silicone rubber compounds.

C) Acold-resistant jacket based on a compound of thermoplastic PVC or one of its

copolymers or silicone rubber compounds.

A separating tape, made of suitable material, might be placed between the conductor and the jacket.
Consider the fire-retardant characteristics of the jacket material. Because some jacketing materials
produce toxic fumes if overheated, their use might be limited to outdoor applications. An indoor

application could be permissible with forced-air ventilation.

The jacket should have adequate mechanical strength and elasticity within the temperature limits to
which it can be exposed in normal use. Compliance with the following references verifies the

mechanical strength and elasticity of each type of jacketing material:
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a) IEC 605021994812 [B10] for EPR or a—similar compound.Additionally, tke-cables

covered by this type of compound are subject to a bending or elongation test at 50 °C.

b) IEC 60227-15%) B9] for a general-purpose compound.

The applicable test methods and the results to be obtained for each type of jacketing material are

also specified in these standards.

jackets are available in several colors. Fhre-Typical colors-available include orange, yellow, black, and

green. There is no preferred color for the jacket. The PVC (thermoplastic) jackets are usually made
transparent. Some users prefer transparent jackets because it allows for a-visual inspection of the
conductor. PVC (thermoplastic) jackets can, over time, become opaque and brittle-ever-time. Some

utilities use different colored jackets for each size of grounding conductor used so a visual check

from a distance can confirm the conductor size.

4.6.4 Cable stranding configuration

Cable stranding is specified inASTM F855. TPG cables are typically furnished in three types. The
type depends on both the cable and #xe-protective jacket. The major characteristics of these ground

cables are as follows:

a) Typel
1) Conductor—Stranded soft drawn copper conductor with 665 strands or more
of #30 or #34 AWG.
2) Jacket—Elastomer jacket, as rated by the manufacturer, flexible for installation,

and serviceable for continuous use within the temperature range —40 °C to +90

°C.

b) Type Il
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1) Conductor—Stranded soft drawn copper conductor with 133 strands or more

for #2, or 259 strands or more for 1/0 AWG and greater.

2) Jacket—Elastomer jacket, as rated by the manufacturer, flexible for installation

and serviceable for continuous use within the temperature range —25 °C to +90

°C.
) Type III
1) Conductor—Stranded soft drawn copper conductor with 665 strands or more
of #30 AWG.

2) Jacket—Thermoplastic jacket, as rated by the manufacturer, flexible for
installation, and serviceable for continuous use within the temperature range

-10 °C to +60 °C.

The-Use of Type III cables is sometimes restricted to open areas or spaces with adequate ventilation

so that any fumes produced by overheating can be dispersed.
4.7 Clamps

Clamps are rated for—the maximum available short-circuit current, including asymmetry and
duration, to which they can be subjected without exceeding service requirements. The clamp and
conductor assembly should be capable of carrying the available short-circuit current for the specific

time without damage or separation from the phase conductor or ground point.

Clamps for grounding applications are characterized by their time versus current ratings, their
overall general shape, and clamping configuration. The clamp configuration should accept the main

and tap conductor sizes and have the appropriate jaw configuration.

If the clamp is inadequately rated;eleetremechanieal for mechanical forces+frem—=a, magnetic forces

produced by short-circuit current can break the connection of the clamp from the phase conductor;
(or even break the clamp), or the clamped connection can loosen and fail. ASTM F855 provides

information on clamp material and strength specifications.
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