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Abstract: General considerations are presented for the electrical protection of 
telecommunications facilities serving electric supply locations. This standard contains material 
that is common to the IEEE 487™ family of standards (i.e., dot-series) including fundamental 
protection theory; basic electrical protection philosophy, concepts, and designs; protection 
apparatus; service types; reliability; service performance objective (SPO) classifications; and 
transmission considerations. In general, special protective measures, handling procedures, and 
administrative procedures are necessary to provide electrical protection against damage to 
telecommunications facilities and equipment, maintain reliability of service, and ensure the safety 
of personnel.  
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Volunteers 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 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 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 
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: 
PROCUREMENT OF 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 IEEE standard is translated, only the English version published by IEEE should be considered the 
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requirements. Implementers of the standard are responsible for observing or referring to the applicable 
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Copyrights 
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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 
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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, 
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document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 
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has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
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Introduction 

This introduction is not part of IEEE Std 487™-2015, IEEE Standard for the Electrical Protection of Communications 
Facilities Serving Electric Supply Locations—General Considerations. 

Telecommunications facilities serving electric supply locations often require special high-voltage 
protection (HVP) against the effects of fault-produced ground potential rise (GPR) or induced voltages, or 
both. Some of the telecommunications services are used for control and protective relaying purposes and 
may be called on to perform critical operations at times of power system faults. This requirement presents a 
major challenge in the design and protection of the telecommunications system because power system 
faults can result in the introduction of interfering voltages and currents into the telecommunications circuit 
at the very time when the circuit is most urgently required to perform its function. Even when critical 
services are not involved, special HVP may be required for both personnel safety and plant protection at 
times of power system faults. Effective protection of any telecommunications circuit requires coordinated 
protection on all circuits provided over the same telecommunications cable. Figure 24 provides an 
overview of a basic protection system. 

Some electrical environments, collectively called electric supply locations, require the application of 
unique electrical protection techniques because of their special nature. One such environment is the electric 
power station or substation. Another is at or near power line transmission and distribution structures such as 
towers or poles. Such structures often provide a convenient site for the location of wireless, personal 
communications service, and cellular antennas and their associated electronic equipment that is served by a 
link to the wired telecommunications network. 

This standard presents general considerations for the electrical protection of telecommunications facilities 
serving electric supply locations. This standard contains material that is common to the IEEE 487™ family 
of standards (i.e., dot-series) including fundamental protection theory and basic electrical protection 
concepts and designs. In general, special protective measures, handling procedures, and administrative 
procedures are necessary to provide electrical protection against damage to telecommunications facilities 
and equipment, maintain reliability of service, and ensure the safety of personnel. It is important to note 
that special HVP for the purpose of personnel safety and plant protection may be required even when 
critical services are not involved. For leased circuits, mutually agreeable methods for the installation of 
protective equipment owned by either party are presented. 

This project is part of a reorganization of the IEEE 487 documentation in which the main document is 
broken down into a family of related documents segregated on the basis of technology: 

 IEEE Std 487™ for general considerations 
 IEEE Std 487.1™ for applications using on-grid isolation equipment involving metallic wire-line 
 IEEE Std 487.2™ for applications consisting entirely of optical fiber cables 
 IEEE Std 487.3™ for applications of hybrid facilities where part of the circuit is on metallic wire-

line and the remainder of the circuit is on optical fiber cable 
 IEEE Std 487.4™ for applications using neutralizing transformers (NTs) 
 IEEE Std 487.5™ for applications using isolation transformers 

This standard has been prepared by the Wire-Line Subcommittee (SC6) of the Power System 
Communications Committee of the IEEE Power and Energy Society, and it represents the consensus of 
both power and telecommunications engineers. 
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1. Overview 

1.1 Background 

Wire-line Telecommunications
1
 facilities serving electric supply locations often require special high-

voltage protection (HVP) against the effects of fault-produced ground potential rise (GPR) or 

induced voltages, or both. Some of the telecommunications services are used for control and 

protective relaying purposes and may be called upon on to perform critical operations at times of 

power system faults. This requirement presents a major challenge in the design and protection of the 

telecommunications system because power system faults can result in the introduction of interfering 

voltages and currents into the telecommunications circuit at the very time when the circuit is most 

urgently required to perform its function. Even when critical services are not involved, special HVP 

may be required for both personnel safety and plant protection at times of power system faults. 

Effective protection of any wire-line telecommunications circuit requires coordinated protection on 

all circuits provided over the same telecommunications cable. 

This recommended practice assumes that metallic cables are to be used to provide 

telecommunicaitons services to electric supply locations. This document describes applications 

consisting entirely of metallic cables and of those hybrid applications where both metallic cables and 

fiber cables are used. The user will be referred to IEEE Std 1590TM-2003
2 for the optical fiber portion 

across the zone of influence (ZOI). 

1
In general ‚wire-line telecommunication‛ will be referred to throughout this document as ‚telecommunication.‛ 

2
Information on references can be found in Clause 2. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 16:04:22 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 487-2015

http://www.avadocuments.com/doc/ieee-487-2015
http://www.avadocuments.com/doc/ieee-487-2015


 

 

1.2 Scope 

This recommended practice standard presents engineering design practices general consideration 

for special HVP systems intended to protect wire-line telecommunications facilities serving electric 

supply locations. This standard contains material common to all of the IEEE 487™ family of 

standards including fundamental protection theory and basic electrical protection concepts and 

designs. 

The following topics are included in this document: 

a) A description of the electric supply locations environment, i.e., GPR, induced voltages, 

lightning, and switching transients 

b) A discussion of special high-voltage protection devices 

c) Definitions of service types and service performance objectives for electric supply 

locations telecommunication services 

d) Special protection theory and philosophy 

e) Special protection system design guidelines  

f) Personnel safety considerations 
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g) Grounding 

h) Cables with metallic members 

Other telecommunication alternatives such as radio and optical fiber systems are excluded from this 

recommended practice. 

1.3 Purpose 

This recommended practice standard presents workable methods general considerations for the 

electrical protection of wire-line telecommunications facilities serving electric supply locations. This 

standard contains material that is common to the IEEE 487 family of standards (i.e., dot-series) 

including fundamental protection theory and basic electrical protection concepts and designs. In 

general, special protective measures, handling procedures, and administrative procedures are 

necessary for personnel safety reasons and to provide electrical protection against damage to 

telecommunications facilities and terminal equipment, and maintain reliability of service. 

Disturbances may arise from a number of causes, including the following:, and ensure the safety of 

personnel. 

1.4 Not covered 

Other telecommunications alternatives such as point-to-point radio and microwave systems are 

excluded from this standard. 
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a) Ground (earth) potential rise 

b) Longitudinal induction into the serving telecommunication facilities  

c) Electrical contact between power and telecommunication conductors 

d) Lightning surges and switching transients induced into the telecommunication system 

Divided and differing opinions exist between and within the various administrations and users 

regarding the merits of any one protection method, voltage limits, and equipment design 

characteristics. this standard is not intended to supplant specific or general instructions contained in 

the practices of any utility, or in any agreement between a telecommunication and a power utility. 

Readers of this standard should evaluate all alternative procedures, methods, voltage limits, and 

equipment characteristics for their own use. Different administrations and users will use either peak 

or rms for specifying voltage levels. 

In the case of leased facilities, mutually agreeable methods for the design and installation of protective 

equipment that may be owned by either party are recommended. 
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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. 

IEEE Std 80™, 2000, IEEE Guide for Safety in AC Substation Grounding. 1, 2 

IEEE Std 81™ 1983, IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth 

Surface Potentials of a Ground System—Part I: Normal Measurements. 

IEEE Std 81.2TM-1991, IEEE Guide for Measurement of Impedance and Safety Characteristics of 

Large, Extended, or Interconnected Grounding Systems. 

IEEE Std 367™ 1996, IEEE Recommended Practice for Determining the Electric Supply Location 

Ground Potential Rise and Induced Voltage from a Power Fault. 

1 IEEE publications are available from The Institute of Electrical and Electronics Engineers 445 Hoes Lane, Piscataway, NJ 08855, 

USA (http://standards.ieee.org/). 

2 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, 

Inc. 
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IEEE Std 487.1™, Standard for the Electrical Protection of Communication Facilities Serving Electric 

Supply Locations Through the Use of On-Grid Isolation Equipment. 

IEEE Std 487.2™, Standard for the Electrical Protection of Communication Facilities Serving Electric 

Supply Locations Through the Use of Optical Fiber Systems. 

IEEE Std 487.3™, Standard for the Electrical Protection of Communication Facilities Serving Electric 

Supply Locations – Through the Use of Hybrid Facilities. 

IEEE Std 487.4™, Standard for the Electrical Protection of Communication Facilities Serving Electric 

Supply Locations Through the Use of Neutralizing Transformers. 

IEEE Std 487.5™, Standard for the Electrical Protection of Communication Facilities Serving Electric 

Supply Locations Through the Use of Isolation Transformers. 

IEEE Std 776™ 1992 (Reaff 1998), IEEE Recommended Practice for Inductive Coordination of Electric 

Supply and Communications Lines. 

IEEE Std 789™1988 (Reaff 1994), IEEE Standard Performance Requirements for Communications 

and Control Cables for Applications in High-Voltage Environments. 

IEEE Std 1590-2003, IEEE Recommended Practice for the Electrical Protection of Optical Fiber 

Communication Facilities Serving, or Connected to Electrical Supply Locations. 
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IEEE Std C37.93™ 2004,, IEEE Guide for Power System Protective Relay Applications of Audio 

Tones Over Voice Grade Channels. 

NFPA 70-2011, National Electrical Code® (NEC®).
3, 4

 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

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

Dictionary Online should be consulted for terms not defined in this clause. 
5
 

This clause contains key terms as they are used in this recommended practice. 

 

3 The NEC is published by the National Fire Protection Association (http://www.nfpa.org/). 

4 National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc. 

5
IEEE Standards Dictionary Online subscription is available at 

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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carbon block surge protective device (carbon block SPD): An assembly of two or three carbon 

blocks and air gaps designed to a specific breakdown voltage. These devices are normally connected 

to telecommunications circuits to provide overvoltage protection and a current path to ground 

during such overvoltage. 

NOTE—The manufacturing of carbon blocks has been largely discontinued.
6
 

conductive (resistive) coupling: See: coupling. 

coupling: The mode of propagation of disturbing energy from a power system to a 

telecommunications system. There are three forms of coupling between the two systems: magnetic 

(inductive) coupling, electric (capacitive) coupling, and conductive (resistive) coupling. In addition, 

coupling by electromagnetic radiation exists and is associated with propagation of radiation fields, 

e.g., radio frequency interference (RFI), electromagnetic pulse (EMP), and corona. 

demarcation point: The point of interconnection between the telecommunications facilities of a 

provider of wire-line telecommunications service and the subscriber’s terminal equipment, 

protective apparatus, cables, or wiring. 

drainage unit or drainage reactor: A center-tapped inductive device designed to relieve conductor-

to-conductor and conductor-to-ground voltage stress by draining extraneous currents to ground. 

They These units are also designed to serve the purpose of a mutual drainage reactor (MDR), forcing 

near-simultaneous protector-surge protective device (SPD)-gap operation. 

6 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the 

standard. 
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electric (capacitive) coupling: See: coupling. 

electric supply location: Any building, separate space, or site in which electric supply equipment is 

located that may be subjected to the effects of ground potential rise (GPR) from power system fault 

currents. This definition includes generation, transformation, conversion, switching, and delivery 

facilities. 

filled protector gas discharge tube (GDT): A discharge gap between two or more electrodes 

hermetically sealed in a ceramic or glass envelope. 

ground potential rise (GPR): The product of electrical potential that a ground electrode impedance, 

referenced (or grounding system) may attain relative to remote earth, and the current that flows 

through that electrode impedance. a distant grounding point. 

NOTE 1—Under normal conditions, the grounded electrical equipment operates at near zero ground 

potential. In other words, the potential of a grounded neutral conductor is nearly identical to the 

potential of remote earth. During a ground fault, the portion of fault current that is conducted by an 

electric supply location grounding grid into the earth causes the rise of the grid potential with 

respect to remote earth. 

NOTE 2—See IEEE Std 367 for the method of calculating GPR.
7 

 

7 Information on normative references can be found in Clause 2. 
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NOTE—In this recommended practice, GPR refers to ground potential rise caused by power line 

fault current. 

high-dielectric cable: Cable that provides a higher voltage insulation between conductors, between 

conductors and shield, and between shield and earth than standard (general use) outside plant 

cables. 

NOTE—See IEEE Std 789 for additional information. 

high-voltage disconnect jack: A device used to disconnect cable pairs for testing purposes. Used to 

help safeguard personnel from remote ground potentials. 

high-voltage environment (HVE): A location requiring caution because it may experience a ground 

potential rise (GPR) from power line fault currents and/or lightning strike energy. 

high-voltage interface (HVI): Protective apparatus that provides electrical isolation of wire-line 

telecommunications conductive paths. 

high-voltage isolating relay: A device that provides for the repeating of dc on/off signals while 

maintaining longitudinal isolation. High-voltage isolating relays may be used in conjunction with 

isolation transformers or may be used as stand-alone devices for dc tripping or dc telemetering. 
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horn gap: An air-gap metal electrode device, consisting of a straight, vertical, round electrode and 

an angularly shaped, round electrode. In the case of For a telephone telecommunications pair, there 

is exist one common grounded, central, straight, vertical electrode and two angular electrodes, one 

for each side of the pair. The gaps are usually adjustable. Horn gaps are used usually outdoors on 

open-wire lines exposed to high-voltage power transmission lines and in conjunction with isolation 

or drainage transformers. They are also frequently used alone out along the open-wire pair. They 

provide protection against both lightning and power contacts. 

insulating transformer: See: isolation (insulating) transformer. 

isolation (insulating) transformer: A transformer that provides longitudinal (common-mode) 

isolation of the telecommunications facility. They These transformers can be designed for use in a 

combined isolation-drainage transformer configuration and also can be designed for a low 

longitudinal-to-metallic conversion. 

isolation transformer with high-voltage isolating relay: An assembly that provides protection for 

standard telephone service and consists basically of an isolation transformer and a high-voltage 

isolating relay. The transformer provides a path for voice and ringing frequencies while the relay 

provides a means for repeating dc signals around the transformer. A locally supplied battery or dc 

power supply is required for operation of the telephone and relay. 

magnetic (inductive) coupling: See: coupling.  

messenger: See: suspension strand. 

metallic member: A non-telecommunications metallic cable component such as a shield, vapor 

barrier, locating tracer wire, or strength member. 
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neutralizing transformer and (NT) or neutralizing reactor: A device that introduceintroduces a 

voltage into a circuit pair to oppose an unwanted voltage. These devices neutralize extraneous 

longitudinal voltages resulting from ground potential rise or (GPR), longitudinal induction, or both, 

while simultaneously allowing ac and dc metallic signals to pass. These transformers or reactors are 

used primarily to protect telecommunications or control circuits at electric supply locations or, along 

routes where exposure to power line induction is a problem, or both. 

optic coupling device: An isolation device using an optical link to provide the longitudinal isolation. 

Circuit arrangements on each side of the optical link convert the electrical signal into an optical 

signal for transmission through the optical link and back to an electrical signal. Various circuit 

arrangements provide one-way or two-way transmission and permit transmission to the various 

combinations of voice and/or dc signaling logic used by the power industry. Single-channel optic 

coupling devices may be used in conjunction with other isolation devices in protection systems. 

optical fiber cable: A telecommunications cable in which one or more optical fibers are used as the 

propagation medium. The optical fibers are surrounded by buffers, strength members, and jackets 

for protection, stiffness, and strength. An optical fiber cable may be an all-fiber cable or contain both 

optical fibers and metallic conductors. 

reliability (power system protective relaying): For the purposes of this standard, a combination of 

dependability (failure to deliver a valid trip signal) and security (delivery of a false trip or control 

signal). 

solid-state surge protective device (solid-state SPD): A protective device that employs solid-state 

circuit elements that provide a combination of high-speed voltage and current sensing. These 

protectors SPDs are a combination of voltage clamps (avalanche diodes) and crowbar devices 

(multilayer diodes similar to SCRs), silicon-controlled rectifiers) and are designed to limit the 

voltage to a specific value and to reduce current flow to low values of milliamperes within 

nanoseconds. They These devices are usually typically integrated into the terminal apparatus. 
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spark gap: An air dielectric between two electrodes that may be a combination of several basic 

shapes that is used to protect telecommunications circuits from damage due to voltage stress in 

excess of their dielectric capabilities. It may or may not be adjustable. 

surge arrester: A device that guards against dielectric failure of protection apparatus due to 

lightning or surge voltages in excess of their dielectric capabilities and serves to interrupt power 

follow current. 

suspension strand: A stranded group of wires supported above the ground at intervals by poles or 

other structures and used to furnish, within these intervals, frequent points of support for cables. 

thunderstorm day: A day during which thunder is heard at least once at a specified observation 

point. 

3.2 Acronyms and abbreviations 

ac alternating current 

ANS American National Standard 

AWG American wire gauge 

BIL basic impulse insulation level 
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BTS base transceiver station 

C capacitance 

CFJ wire-line (e.g., copper, steel, aluminum) to fiber cable junction 

CO central office 

DAS distributed antenna system. 

DDS digital data service 

dB decibel 

dc direct current 

DS-1 digital service at 1.544 Mb/s 

DSL digital subscriber line  

GDT gas discharge tube  

EHV extra-high-voltage 
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EPRI Electric Power Research Institute 

FM frequency modulated 

FSK frequency shift keying 

GPR ground potential rise 

HDSL high-bit-rate digital subscriber line 

HVE high-voltage environment  

HVI high-voltage interface  

HVP high-voltage protection 

Hz Hertz 

ISDN Integrated Services Digital Network 

MCOV maximum continuous operating voltage  

MDF main distributing frame  
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MDR mutual drainage reactor  

MGN multigrounded neutral  

NT neutralizing transformer 

OEI optical equipment electrical interface  

OGC overhead ground conductor  

PCM Pulse Code Modulated 

PVC polyvinyl chloride 

RDL remote drainage location 

RM rotating machine  

rms root mean square  

ROW right of way 

SPD surge protective device 
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SCADA  Supervisory Control Data Acquisition, and Automatic Control 

SCR silicon controlled rectifier 

SGA System Grid Analysis program 

SPO service performance objective 

T-1 1.544 Mb/s PCM pulse code modulated digital four-wire circuit 

VF voice frequency 

xDSL (Xtype) a generic type of digital subscriber line where ‘x’ denotes the specific type 

ZOI zone of influence 

4. High-voltage environment (HVE) 

4.1 Overview 

There are Two different electric supply location environments that HVEs shall be considered, but the 

application of the recommended practice standard should not be limited to these: 
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a) Electric power stations: These locations generally utilize an extensive ground grid 

designed, per IEEE Std 80, so that all grounded structures within the station can be 

connected to a common grid, thereby minimizing. As a result, potential difference in the 

system is minimized during a power fault. However, the potential difference between 

this grounding system and other distant grounding systems may be substantial, and a 

significant portion of these currents may be redirected to any wire-line 

telecommunications cables entering these locations. Ground grids in these locations help 

reduce surges caused by lightning strikes. 

b) Power line transmission and distribution towers or poles: These locations generally 

utilize a smaller grounding electrode system with a common arrangement being one 

ground rod per tower leg incorporated into the grounding system of the equipment 

placed at the tower base. Thus, the grounding systems at towers or poles usually have a 

significantly higher resistance to ground than those at electric power stations. 

Transmission lines also have a higher probability of being struck by lightning, thereby 

increasing; therefore, the chances of fault-producing surges are increased. A significant 

portion of these surge currents may be redirected to any wire-line telecommunications 

cables entering these locations. 

At these types of locations, when a power system ground fault or lightning strike occurs, all or some 

of the current returns via the earth through the grounding electrode and produces a potential 

difference between the grounding electrode and remote earth. The fault current may be symmetrical 

or may have some degree of asymmetry, depending on such factors as voltage phase angle at fault 

initiation, location of the fault, impedance to ground, and other power system characteristics. The 

impedance to ground depends primarily on the geometry of the grounding electrode, the 

connections to it, and the resistivity of the soil in the vicinity of the site. 
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The ground potential rise (GPR) at an electric supply location may be reduced substantially because 

of its physical connections to remote ground points by means of overhead ground (earth, static, or 

sky wires) conductor (OGC), multigrounded neutrals (MGNs), counterpoises, cable shields, rail 

lines, etc. These connections affect the distribution of fault currents through the system grounding 

paths and also affect the total site impedance to remote earth. A rigorous analysis of GPR 

calculations at the power system fundamental frequency is presented in IEEE Std 367 1996. 

4.2 Coupling 

Coupling refers to the mode of propagation of disturbing energy from the power system to the 

telecommunications system. 

Three forms of coupling between the two systems should be considered, i.e., magnetic (inductive) 

coupling, electric (capacitive) coupling, and conductive (resistive) coupling. In addition, coupling by 

electromagnetic radiation exists and is associated with the propagation of radiation fields, e.g., radio 

frequency interference, electromagnetic pulse, and corona. 

Bringing a metallic shield into an electric supply station is a means to provide a transfer of potential 

and should be carefully reviewed. 
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Magnetic (inductive) coupling, particularly under power line fault conditions, is significant when 

several kilometers of parallel or close to parallel routing of both systems are considered. The power 

line fault current flowing to ground is coupled magnetically to the longitudinal circuit of the 

telecommunications system and results in a distributed longitudinal voltage being induced in the 

telecommunications circuit. The induced voltage is calculated by multiplying the inducing power 

line current by the mutual impedance between the two systems. The inducing current is a function 

of the fault location and the power system characteristics. The mutual impedance is a function of 

such variables as the frequency, length of parallel, separation, soil resistivity, and shielding 

conductors [see IEEE Std 367-1996 for methods of calculating magnetic (inductive) coupling]. 

Heterogeneous soil conditions, the presence of shielding conductors, and resistances to ground of 

shielding conductors are usually difficult to characterize accurately; however, they have a significant 

effect on the resulting level of induced voltage. Therefore, a large spread in values can occur 

between actual and estimated induced voltages because not all parameters can be assessed easily or 

accurately. 

In electric power stations, as mentioned previously, the ground grid minimizes the potential 

difference due to conduction. For a high-voltage phase-to-ground fault inside an electric power 

station, inductive coupling can induce voltages exceeding 1 kV on telecommunications cable pairs 

linking two buildings located on the same ground grid. Electric protection of telecommunications 

cable pairs extended between two buildings inside large electric power stations must be evaluated 

(i.e., the use of secondary protectors, high-dielectric cables, optical fiber cable, etc.) especially when 

service performance objective (SPO) Class A circuits are involved or contemplated. 

Capacitive coupling at power system frequencies is significant only where telecommunications lines 

are not shielded with a grounded metallic shield. Since most wire-line telecommunications cables 

are metallically shielded, capacitive coupling is minimized. 
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Conductive (resistive) coupling is significant where the power and telecommunications grounding 

systems are bonded together or where grounds are mutually coupled due to their proximity to each 

other. In general, for wire-line telecommunications facilities, resistive coupling can be minimized by 

avoiding joint use. If joint use cannot be avoided, adequate bonding of the grounding systems 

should be ensured in situations in which the power line and its associated protective relaying 

circuits follow the same route. 

The probability of a power conductor falling and causing a problem with a telecommunication cable 

in or near a substation is very low. The problem itself is no worse than any joint-use condition. 

4.3 Disturbances 

4.3.1 Ground potential rise (GPR) 

4.3.1.1 Theoretical background 

With reference to Figure 1, the current causing GPR that is created by the returning fault current 

through the electric supply location ground grid impedance has the following form, see shown in 

Equation (1) (assuming the phase currents are equal and in balance prior to the fault). 
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Figure 1 —Simplified loop for GPR calculation 

 

  

 

where 

β =  

 =  2f = 377 rad/s at 60 Hz 
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α = is the angle of the power line voltage at the initiation of the fault, in radians 

Rs = is the power system equivalent resistance, in ohms 

Ls = is the power system equivalent inductance, in henries 

RTG = is the total ground resistance at the point where GPR is being evaluated, in 

ohms 

LTG = is the total ground inductance at the point where GPR is being evaluated, in 

henries 

Vpk = is the peak values of the system voltage (0 ohm source impedance assumed) 

iGPR(t)  = is the GPR-producing current including the transient component, in amperes 

θ = is the loop impedance angle =      in radians 

t = is the time, in seconds 

The GPR appearing across the RTG + jω LTG, in Figure 1, can be calculated see Equation (2) through 

Equation (13), as follows: 
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Simplifying further, let 
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and 

 

 

and 

 

then 

 

then 
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where 

 

The two components of the expression for GPR are the steady-state and transient (dc offset) terms. 

The quantity L/R is the inverse time constant of the transient term. Multiplication of this quantity by 

the angular frequency, ω, yields the X/R ratio of the power system at the point of fault. The X/R ratio 

gives an indication of the time required for the dc transient to decay and of the volt–time area 

contributed by the transient term (see A.5.1.8). Looking back toward the source, under line-to-

ground fault conditions, X/R ratios may range from 1 to 2 for low-voltage lines to as high as 75 for 

extra-high voltage (EHV) lines. Refer to IEEE Std 367 1996 for information on the system’s effective 

X/R ratio, which is not the X/R of the transmission line. 

The initial peak amplitude of the transient term and the maximum peak amplitude of the GPR 

depend upon on the quantity cos(α−θ). The angle, θ, is fixed by power system parameters. The 

phase angle of the power line voltage, α, at the initiation of the fault, therefore, becomes the 

controlling factor. For large values of X/R, the angle, θ, approaches π/2 radians, and the power line 

voltage fault angle, α, which produces maximum offset, approaches zero (0) radians. 
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4.3.1.2 Practical implications 

When a fault to ground occurs on a transmission or distribution line terminating in a grounded-

neutral transformer bank at an electric supply location or substation, fault current will flow from the 

electric supply location ground grid to the system neutral by way of the station grounding system. 

Since the grounding system has a finite impedance to remote earth, it will experience a rise in 

potential with respect to remote earth because of this ground return fault current. The magnitude of 

the GPR depends upon on such factors as the impedance to ground of the station grounding system, 

the magnitude and location of the fault, the fault impedance, the impedance of the transformers 

feeding the fault, the presence or absence of ground wires on the line (insulated or not), and other 

grounding structures in the area. Also, a fault occurring at a station without a grounded-neutral 

transformer or at a tower location may produce a GPR as long as there is a ground source on the 

system and there exists a ground current path to the fault. 

This has been found to agree with certain measured data for stations not influenced by external 

metallic paths such as pipes, overhead ground (static or sky wires) conductors (OGC), power 

neutrals, etc. Where external grounds exist, this standard recommends that the fall of potential 

impedance measurements referenced in IEEE Std 81.2-1991 be used to generate the proper curves for 

a specific grid. 

While the impedances of electric power station ground grids can range from 0.01 Ω to 10 Ω or more, 

they are normally quite small, usually often less than 1 Ω. Bus fault currents, however, may 

sometimes be very large, in the order of 70 000 A or higher. GPRs of several thousand volts, 

therefore, are possible. Ground electrodes at tower locations are generally smaller in size and have a 

higher grid resistance than at electric power stations. 
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The GPR consists of a steady-state symmetrical component and may contain a decaying dc transient 

component (sometimes called the dc offset, see Annex F). The magnitude of the dc transient 

component lies between zero and the peak value of the steady-state symmetrical component. It The 

magnitude is dependent upon on time, the ratio of the effective power system inductive reactance 

and resistance as determined at the point of fault (X/R ratio), and the phase angle of the power line 

voltage at the initiation of the fault. The rate of decay of the dc transient component is determined 

by the effective X/R ratio as well. The combined dc and ac components will always have a peak 

value below twice the peak value of the ac component. Figure 2 shows an illustration of a 

nonsymmetrical GPR waveform and the two components. 

  

 

Figure 2 —Illustration of a nonsymmetrical GPR waveform 
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The reader of this recommended practice standard should refer to IEEE Std 367-1996 for more 

detailed discussion about GPR. 

For a discussion of worst-case volt-ampere area in the context of neutralizing transformers, see 

A.5.1.8. (NTs), refer to IEEE Std 487.4. 

NOTE—Power line faults are generally initiated at or close to peak voltage. For such faults, the 

transient dc component and the dc offset factor are minimal. Refer to IEEE Std 367-1996 and Annex F 

of this document. For purposes of this recommended practice standard, the words ‚asymmetrical‛ 

and ‚nonsymmetrical‛ are synonymous. 

Figure 3 through Figure 10 illustrate a theoretical GPR distribution from the edge (where the 

protection requirements are usually specified) of four simple ground grids for a number of different 

earth resistivity models. These curves are easily reproduced using the EPRI6 Electric Power 

Research Institute’s (EPRI) System Grid Analysis (SGA) program. This program has been found to 

agree with certain measured data for stations not influenced by external metallic paths such as 

pipes, overhead ground OGC (static or sky wires conductors (OGC), power neutrals, etc. Where 

external grounds exist, this standard recommends that the fall of potential impedance measurements 

referenced in IEEE Std 81-1983 and IEEE Std 81.2-1991 be used to generate the proper appropriate 

curves for a specific site ground grid. 

Two values of multilayered soils and one uniform layer soil are provided for in these curves (Figure 

3 through Figure 10), 100/20 m-Ω, 100 m-Ω, and 100/1000 m-Ω. 

NOTE—For multilayered soils, depth of the upper layer = 6 m (20 ft). 

6Electric Power Research Institute, P. O. Box 10412, Palo Alto, CA 94303, USA. 
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Figure 3 — (Metric and inch-pound) Earth potential distribution from 

edge of electric supply location grid with respect to a remote earthing 

point (150 m2) 
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Figure 4 — (Metric and inch-pound) Earth potential distribution from 

edge of electric supply location grid with respect to a remote earthing 

point (3250 m2) 
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Figure 5 — (Metric and inch-pound) Earth potential distribution from 

edge of electric supply location grid with respect to a remote earthing 

point (27 000 m2) 
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