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Abstract: Guidelines are provided for Temporary Protective Grounding (TPG) of electric power
lines to assist in protection of workers from voltages and currents that might develop at a de-ener-
gized worksite during maintenance of ac overhead and underground, transmission and distribution
lines, cables, and equipment. Other forms of worker protection include isolation and insulation.
These methods are described in other documents and guides and are not discussed here.

Keywords: bracket grounds, combination grounding, grounding, IEEE 1048™, protective grounds
safety, worksite grounds
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notic-
es and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment process, approved by the American National Standards Institute (“ANSI”), which brings together
volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards are doc-
uments developed through scientific, academic, and industry-based technical working groups. Volunteers in
IEEE working groups are not necessarily members of the Institute and participate without compensation from
IEEE. While IEEE administers the process and establishes rules to promote fairness in the consensus develop-
ment 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 Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards doc-
uments are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 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 appropri-
ate, 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: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, 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.
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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 should be considered the approved
IEEE standard.

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, or 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 his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertain-
ing 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 concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating 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 revisions to an IEEE standard is welcome to join the
relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

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 imply compliance to any applicable regulatory require-
ments. 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

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 pro-
motion 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 fee, 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 Ser-
vice, 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.

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, corri-
genda, 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 the IEEE Xplore at http://iceexplore.icee.org/
or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

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 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 http://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 discrim-
ination 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 re-
sponsible 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 valid-
ity 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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Introduction

| This introduction is not part of IEEE Std 1048-2016, IEEE Guide for Protective Grounding of Power Lines.

This revision of IEEE Std 1048 is the first revision since the revision in 2003. The Working Group determined
the guide needed a common method for evaluating different temporary protective grounding methods, more
detailed explanation of electric and magnetic field induction, clarification on the definition of equipotential
zones (EPZ), and example calculations for realistic temporary protective grounding work scenarios.

An equipotential zone (EPZ), with respect to protective grounding, is relative to the exposure voltage and
tolerable current of the worker. Any arrangement of temporary protective grounds that achieves limiting ex-
posure voltages to allow less current through the worker (in a defined work area) than the tolerable current is
considered to create an EPZ. This is obtainable by worksite grounding, bracket grounding, and combination
grounding as is described by the Guide, and performed safely in the industry.

Worksite grounding, bracket grounding, and combination grounding are different arrangements of temporary
protective grounding commonly used in industry due to specific types of repairs and maintenance required on
aline. The intent of the guide is to ensure the safety of the worker drives the temporary protective grounding
procedures. Appendix B is included as a normative reference to compare these grounding arrangements to one
example of a worksite.

This guide was developed through the collaborative effort of an international group of volunteers with exper-
tise in many disciplines. While this guide represents a consensus among this volunteer group, it is not the only
view on the issues addressed herein. As with any guidance, use of this guide and the procedures and positions
herein does not proof or guarantee safety. Use and compliance with this IEEE guide are wholly voluntary.
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IEEE Guide for Protective
Grounding of Power Lines

1. Overview

This document provides guidelines for temporary protective grounding of electric power lines to aid in the
protection of workers from voltages and currents that might develop at a de-energized worksite during mainte-
nance of ac overhead and underground, transmission and distribution lines, cables, and equipment.

Other forms of worker protection including isolation and insulation are acceptable methods, when used prop-
erly, in the place of temporary protective grounding. Details of these other methods are described in other
documents and guides and are not further discussed here.

1.1 Purpose

This guide suggests several practices, technical information, and safety criteria for temporary protective
grounding of power lines during de-energized maintenance. As an IEEE guide, this document does not have
mandatory requirements. Following the suggestions in this guide helps to mitigate risks. Reasonable steps are
to be taken by users to minimize all risks associated with protective grounding of power lines during de-ener-
gized maintenance.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., the under-
standing and use of each referenced document is cited 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 F855, Standard Specifications for Temporary Protective Grounds to Be Used on De-energized Electric
Power Lines and Equipment.'

ASTM F2249, Standard Specification for In-Service Test Methods for Temporary Grounding Jumper Assem-
blies Used on De-Energized Electric Power Lines and Equipment.

'ASTM publications are available from the American Society for Testing and Material (http://www.astm.org/).
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online should be consulted for terms not defined in this clause. >

body resistance: Determined from the ratio of voltage applied to a body to the current flowing in that body,
neglecting capacitive and inductive effects. That value impeding the current flow through the body resulting
from contact with an energized line.

bonded: The mechanical interconnection of conductive parts to maintain a common electrical potential See:
bonding, Syn: connected.

bracket grounding: A grounding method with temporary protective ground sets installed on both sides of a
work site one structure or more away from the worksite.

NOTE—See Figure 9.°

bundled: One phase of a circuit formed from multiple conductors. Each conductor of the phase is referred to
as a sub-conductor.

clamp: A device used in making a temporary connection between the grounding cable and the ground bus or
grounding electrode, and between the grounding cable and the phase or equipment being grounded.

cluster bar: A portable device attached to a pole or structure as a means for bonding and connecting temporary
protective grounds. Syn. pole band.

combination grounding: A grounding method where temporary protective ground sets are installed as bracket
grounds with an additional personal ground set installed at the changing work site on the phase being worked.

NOTE—See Figure 10.

conductor: A wire or combination of wires stranded together not insulated from one another, suitable for car-
rying an electric current. It may be bare or insulated. Syn: cable; wire.

de-energized: Disconnected from all intentional sources of electrical supply by opening switches, jumpers,
taps, elbows, or other means. De-energized conductors and objects can be electrically charged or energized
through various means (e.g., induction from energized circuits, or lightning).

electric field induction (capacitive coupling): The process of generating a voltage or current in an isolated
conductive object or electric circuit by means of capacitive coupling between the energized circuit and con-
ductive object and between the conductive object and earth.

electromagnetic field induction (electromagnetic coupling): The process that employs both electric and
magnetic fields to generate a circulating current between two grounded sites of a line due to the proximity of
an adjacent or nearby energized line.

energized: Electrically connected to a source of potential difference, or electrically charged so as to have a
potential different from that of the earth. Syn. alive; current carrying; hot; live.

equipotential zone (for protective grounding) (EPZ): The state of maintaining a near identical electrical
potential between two or more items.

*[EEE Standards Dictionary Online is available at: http://dictionary.ieee.org.
’Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement this
standard.
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exposure voltage: The voltage impressed across a worker’s body, either hand-to-hand, or hand-to-foot, when
the worker comes in contact with objects on the work site that are not at the same potential. Syn.: accessible
voltage.

fault current: A current that flows between one conductor and ground or another conductor resulting from an
abnormal connection (including an arc) between the two.

fault: A physical condition that causes a device, a component, or an element to fail in performing its intended
function.

ground, or grounded: A conducting connection, whether intentional or accidental, by which an electrical
circuit or equipment is connected to earth, or to some conductive body of relatively large extent that serves in
place of the earth, resulting in the circuit or equipment being grounded.

ground grid: A system of interconnected conductors arranged in a pattern over a specified area. It may be
bonded to driven rods to decrease its resistance to remote earth. Syn.: grounding grid; counterpoise; ground
gradient mat; ground mat.

ground potential rise (GPR): A voltage difference measured between an energized ground electrode system
and a remote point on earth’s surface assumed to have zero or nearly zero potential. Ground potential rise oc-
curs anytime the current is injected into earth through the ground electrode system.

ground rod: A conductive rod that is driven into the ground to serve as a connection to earth, such as a cop-
per-clad rod, solid copper rod, or galvanized iron rod. Syn: ground electrode.

grounding set: A system of clamps, ferrules, and cable suitable for carrying a fault current. The equipment is
installed temporarily on de-energized power circuits for the purposes of creating a short circuit to assist in fast
clearing of an accidental energization, conducting short circuit current for a specified duration and limiting
exposure voltages for workers during work activities. Syn: temporary grounding assembly.

insulation: A form of worker protection afforded by the covering of energized elements with a material hav-
ing a voltage rating that exceeds the maximum voltage available, installed in such a manner that worker con-
tact cannot be made to the energized conductor.

magnetic field induction (inductive coupling): The process of generating a voltage or current in an isolated
conductive object or electric circuit by means of inductive coupling between the energized circuit and conduc-
tive object.

overhead groundwire (OHGW): Multiple grounded wires or wires placed above phase conductors for the
purpose of intercepting lightning strokes in order to protect the phase conductors from direct strokes. Syn:
earth wire; shield wire; skywire; static wire.

personal protective ground: The temporary protective ground (TPG) assembly directly in parallel with the
worker. Syn bracket grounding, combination grounding, worksite grounding.

NOTE—See worksite grounding (Figure 8); bracket grounding (Figure 9); or combination grounding (Figure 10).
static charge: Any electric charge at rest (e.g, charge on a capacitor that is not connected to anything).

step voltage: The difference in surface potential that could be experienced by a person bridging a distance of
one meter with the feet without touching any grounded object.

stringing: The pulling of pilot lines, pulling lines, and conductors over travelers supported on structures of
overhead lines.
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NOTE—Quite often, the entire job of stringing conductors is referred to as stringing operations, beginning with the plan-
ning phase and terminating after the conductors have been installed in the suspension clamps.

temporary protective ground (TPG): An individual conductor of a temporary protective ground set con-
sisting of two clamps and a conductor. Syn: temporary grounding jumper; protective grounding jumper.

temporary protective ground set: A set of temporary protective grounds bonding all phases of a power sys-
tem for the purpose of conducting short circuit current for a specified duration and limiting currents through
the worker due to exposure voltages at the worksite to acceptable levels.

touch voltage: The voltage difference between an energized metallic structure or equipment and a point an
arm’s reach away (approximately one meter). The separation may be from one normal horizontal reach to a
much larger distance due to a conductive element extending the energization.

transfer voltage: A special case of touch voltage where a conductive element brings the potential from an en-
ergized point to a remote point some distance away. This special type of touch voltage increases as the distance
from the grounded structure or equipment increases. Syn. transfer potential.

work site grounding: A technique where a personal ground set is installed at the structure where the work is to
be performed. Syn: personal ground; ground stick; working ground; personal protective ground.

NOTE—See Figure 8.

4. Temporary protective grounding principles
4.1 General

The purpose of temporary protective grounding is to provide protection for workers. This is accomplished by
limiting currents through the worker due to exposure voltages at the worksite to acceptable values. Acceptable
values vary based on different hazards. For accidental energization, the acceptable values of worker body cur-
rent are below the threshold of heart fibrillation when paralleled with the temporary protective ground (TPG).
For electric and magnetic induction, the acceptable values of worker current are below the let-go threshold.
More details are provided in 6.1, 6.2, 6.3, and 6.4.

Potentially hazardous voltages and currents at the worksite will be present when a grounded conductor, cable,
or equipment becomes accidentally re-energized or is energized due to electric and magnetic field induction.
Proper applications of TPGs will limit excessive exposure voltages and current through the worker for work-
ers on the pole at the worksite.

Types of hazards include the following:

a)  Accidentally closing the circuit’s isolating device
b) Contact of maintained circuits with other energized circuits
c¢) Backfeed from secondary sources (including portable generators)
d)  Ground potential rise
e) Transfer of voltage resulting from a phase to ground fault
f)  Lightning
Proper work procedures and training will aid in protection of workers on the ground from these hazards. Pro-

tection for workers in contact with the earth can be provided by barricades and conductive mats; insulating
gloves, boots, mats, or blankets; and insulated trucks. This is discussed further in Clause 8 and Clause 9.
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It is essential that all connections, both permanent and temporary, be examined for cleanliness and in good
working order before beginning work.

4.2 Induction

Whenever de-energized utility conductors are parallel to one or more energized utility conductors, voltag-
es and currents can be introduced in the de-energized conductors by electric and magnetic field induction.
Adding TPGs to the de-energized conductors changes the distribution of voltages and currents, but does not
eliminate the hazards. These hazards can include lethal currents and voltages, even if the energized parallel
conductors are out of sight of the work location. It is important to note the voltages and currents induced by
electric and magnetic fields are continuous in nature and, unlike static voltages and currents, cannot be bled off
with a temporary connection to ground.

4.2.1 Electric field induction - capacitive coupling

Any time two conductors are separated by a dielectric medium, such as air, a capacitor is created. In Figure 1,
a capacitance is created between each conductor and ground, as well as a capacitance between each conductor,
i.e., mutual capacitance.

Energized De-Energized
Line Line

Figure 1—Capacitive coupling between adjacent circuits

When one of the conductors is energized, a voltage is induced on the de-energized conductor (Vbg). This volt-
age is a function of the energized conductor voltage (Vag), the distance between the conductors, and the height
of the conductors (Figure 2). Once a de-energized conductor is grounded with a TPG, the voltage induced by
the electric field no longer exists. However, unlike the case of the ungrounded, de-energized conductor, there
is now a path for charging current to flow (Figure 3).

When installing the TPG, it is critical that the worker avoid getting in series with the ungrounded de-energized
conductor and a grounded object. The added resistance when a worker gets in series with such a conductor and
a grounded conductor is small enough that the charging current is impeded only slightly. Also, because there
is no means to interrupt the flow of this steady-state charging current, a worker who becomes in series with the
current path might be subjected to this current indefinitely. These currents are often well beyond the “let-go”
threshold of 10 mA and in many cases are well beyond the 60 mA to 100 mA of current required to produce
ventricular fibrillation. To avoid this scenario it is important to install the ground end of the TPG first followed
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Figure 2—Capacitive coupling between an energized conductor, a de-energized conductor,
and ground
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Figure 3—Capacitive coupling between an energized conductor, a grounded de-energized
conductor, and ground

by connecting the other end to the conductor with a live line tool. When removing the TPG, remove the ground
end last (see 7.3.1.4).

Additional hazards due to electric field induction are the touch voltages at the worksite due to the charging
current and the impedance of the grounding system or electrode. Significant touch voltages can be developed
when attaching a TPG to a standalone ground electrode system. In general, this touch voltage is insignificant
when the TPG is connected to a multi-grounded shield or neutral system.

Arcing can occur when connecting a grounding cable to a conductor subject to capacitive coupling. Removal
of such a ground can result in a long arc. The arcing can be a distress to an unprepared worker removing the
grounding cable. Worker histories have shown that the length of the arc on installing is quite short. However,
the length of the arc at interruption can be considerably longer depending upon the arc current, the recovery
voltage, the prevailing weather, and the speed of withdrawal of the protective ground.

4.2.2 Magnetic field induction — inductive coupling

Conductors that share the same right-of-way or tower with other conductor(s) will also be magnetically cou-
pled with one another. Current flowing in the energized circuit(s), due to loads or short circuits, will produce
a magnetic field that links the conductors of the de-energized circuit. The changing magnetic field created by
the energized conductors induces a voltage onto the de-energized conductors (similar to an un-loaded trans-
former). This voltage is induced longitudinally along the section of de-energized conductor in parallel with the
energized conductor (Figure 4). This is referred to as magnetic field induction.

The voltage induced across the length of the de-energized conductor (Vi) is a function of the current in the en-
ergized conductor, the distance between conductors, and the length the conductors are in parallel.

When one connection to ground (TPG or other) is made, the entire magnetically induced voltage also appears
across the open end (Figure 5).
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Figure 4—Magnetic coupling between energized conductor and ungrounded, de-energized
conductor
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Figure 5—Magnetic coupling between energized conductor and de-energized conductor
with one connection to ground

When a second connection to ground is made, the magnetically induced voltage drives current that is a func-
tion of the impedance of the completed path, i.e., grounding electrodes, neutral/shield wire impedance, etc.
(Figure 6).

L.

—-

n b ) Mutual
w(

[ l5]-

a
&

Figure 6—Magnetic coupling between energized conductor and de-energized conductor
with two connections to ground

The processes of electric field induction and magnetic field induction occur simultaneously. With three-phase
conductors the induced voltages and currents will be the resultant of the vector sums of the electric and mag-
netic fields affecting individual conductors.

Additional connections to ground will result in additional loops of magnetically induced current as shown in
Figure 7.
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