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Abstract: This guide consolidates most electric utility power industry practices, accepted theories, 
existing standards/guides, definitions, and technical references as they specifically pertain to 
surge protection of electric power generating plants. Where technical information is not readily 
available, guidance is provided to aid toward proper surge protection and to reduce interference 
to communication, control, and protection circuits due to surges and other overvoltages. It has 
to be recognized that this application guide approaches the subject of surge protection from a 
common or generalized application viewpoint. Complex applications of surge protection practices 
may require specialized study by experienced engineers.
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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 notices 
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/​IPR/​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 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus 
development 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 documents 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 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 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 
documents 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 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.
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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 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 
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 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 
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.

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 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 
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions 
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance 
Center.

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. A current 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://​ieeexplore​.ieee​.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 
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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Introduction

This introduction is not part of IEEE  Std  C62.23-2017, IEEE Application Guide for Surge Protection of Electric 
Generating Plants.

The need for an application guide for surge protection of electric generating plants was indicated in 1979 
when the US Nuclear Regulatory Commission published a draft regulatory guide and value/impact statement 
entitled, “Lightning Protection for Nuclear Power Plants.”

After meetings between members of the IEEE Power and Energy Society’s Surge Protective Devices 
Committee and members of the US Nuclear Regulatory Commission, it was agreed that the task of writing 
an application guide for the surge protection of electric generating plants would be performed by a specially 
assigned working group of the IEEE Surge Protective Devices Committee.

The first function of this working group was to publish a bibliography containing many standards and technical 
papers pertaining to the protection of all elements inside a power plant complex. The “Bibliography on Power 
Generating Plants Surge Protection” was published in IEEE Transactions on Power Delivery in 1991.1

The working group also decided that nuclear power plants should be included among the electric generating 
plants covered by this application guide. Furthermore, because the method of surge protection applies to 
nuclear as well as all other electric generating plants, no special differentiation should be made.

The first version of this application guide was published in 1999 as the result of efforts of the working 
group over more than 10 years. The working group is part of the application of the Surge Protective Devices 
Subcommittee, which is sponsored by the Surge Protective Devices Committee of the IEEE Power and Energy 
Society. Comments were also solicited from the following committees:

—	 IEEE Power and Energy Society

—	 Transmission and Distribution Committee

—	 Power System Relaying Committee

—	 Nuclear Power Engineering Committee

—	 Substations Committee

—	 Power System Communications Committee

—	 Energy Development and Power Generation Committee

—	 Electric Machinery Committee

—	 IEEE Industry Applications Society’s Power Systems Engineering Committee

In the 2017 edition, the working group

—	 Updated the organization of Clause 1 so the overview conforms to IEEE’s current presentation of a 
standard’s overall scope and purpose as well as its contents and context.

—	 Removed the edition dates associated with active references to assure that the latest edition always 
applies.

—	 Added in 4.2.2.2 an example of a comparison of the insulator voltage stress for a shielded line versus 
an unshielded line.

1IEEE Transactions on Power Delivery, vol. 6, no. 2, pp. 754–793, April 1991.
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1.  Overview

1.1  Scope

This application guide covers surges entering an electric generating plant via transmission and distribution 
lines and methods to reduce them as well as methods of protecting indoor and outdoor equipment, controls, 
and communication systems within the plant switchyard, the plant proper, and ancillary facilities within the 
premises (such as fuel, ash, water, cooling, weather and warning systems) against direct strokes, incoming 
surges, and internally generated surges.

1.2  Purpose

This application guide aids engineers at all levels of surge protection knowledge to decide whether particular 
generating plants or parts of plants should have surge protection. The guide may be used in estimating the 
lightning surge and switching surge exposure of electric generating plants in usual, not extreme, exposures. 
For plants or parts of plants that should be protected, the purpose of this document is to provide guidance in 
selecting and applying surge protective devices (SPDs).

1.3  Contents and context

This application guide consolidates most electric utility power industry practices, accepted theories, existing 
standards/guides, definitions, and technical references as they specifically pertain to surge protection of 
electric power generating plants. Where technical information is not readily available, guidance is provided 
to aid toward proper surge protection and to reduce interference to communication, control, and protection 
circuits due to surges and other overvoltages. It has to be recognized that this application guide approaches 
the subject of surge protection from a common or generalized application viewpoint. Complex applications of 
surge protection practices may require specialized study by experienced engineers.

Surge overvoltages can cause equipment damage, system malfunction, or power interruptions at electric 
power generating plants if plants are not adequately protected against them. Excessive surge voltages have 
to, therefore, be controlled or reduced to permissible levels. These overvoltage surges in power generating 
plants may be generated by lightning or by system events such as switching, faults, load rejections, or by some 
combinations of these.

IEEE Application Guide for 
Surge Protection of Electric 
Generating Plants
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The subject of surge protection of power generating plants is very broad and complex, with many ramifications. 
To provide an understanding for consistent and comprehensive surge protection and to reduce interference, the 
power generating plant has been divided in this guide into four subareas (Figure 1):

—	 The power lines

—	 The switchyard

—	 The power plant

—	 The remote ancillary systems

Within each subarea, the “surge environment” in which the associated equipment and systems are required 
to operate is addressed in terms of the common overvoltage and electromagnetic interference (EMI) sources 
identified below:

—	 Direct lightning strokes

—	 Incoming surges

—	 Internally generated surges

—	 Ground potential rise (GPR)

—	 EMI

To evaluate each of these sources, the following questions are addressed:

—	 Is there a surge or interference problem from this source?

—	 How is surge protection accomplished?

—	 What standards and guides are available?

—	 How is surge interference initiated?

A typical power generating plant is illustrated by the one-line diagram in Figure 2.

The subareas “switchyard” and “power lines” include the substation equipment, the incoming power and 
communication lines, and utilization power systems, as well as other plant switchyard systems. The “power 
plant” subarea includes the power equipment (distribution and utilization) and its associated communication, 
instrumentation, and protective/control equipment.

The “remote ancillary facilities” subarea includes all equipment pertaining to systems outside the power plant 
and switchyard, such as fuel handling facilities, the water intake building, the weather tower, outside plant 
monitoring facilities, etc.
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Figure 1—Power generating plant block diagram
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Figure 2—Power generating plant simplified one-line diagram

2.  Normative references
The following referenced documents are indispensable for the application of this document (i.e., they must be 
understood and used; therefore, 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.
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Accredited Standards Committee C2, National Electrical Safety Code®(NESC®).2,3

ANSI C62.61, American National Standard for Gas Tube Surge Arresters on Wire Line Telephone Circuits.4

IEEE Std 18™, IEEE Standard for Shunt Power Capacitors.5,6

IEEE Std 141™, IEEE Recommended Practice for Electric Power Distribution for Industrial Plants (IEEE 
Red Book™).

IEEE Std 142™, IEEE Recommended Practice for Grounding of Industrial and Commercial Power Systems 
(IEEE Green Book™).

IEEE Std 367™, IEEE Recommended Practice for Determining the Electric Power Station Ground Potential 
Rise and Induced Voltage from a Power Fault.

IEEE Std 384™, IEEE Standard Criteria for Independence of Class IE Equipment and Circuits.

IEEE Std 487™, IEEE Recommended Practice for the Protection of Wire Line Communications Facilities 
Serving Electric Power Stations.

IEEE Std 519™, IEEE Recommended Practices and Requirements for Harmonic Control in Electric Power 
Systems.

IEEE Std 525™, IEEE Guide for the Design and Installation of Cable Systems in Substations.

IEEE Std 643™, IEEE Guide for Power-Line Carrier Applications.

IEEE Std 665™-1987, IEEE Guide for Generating Station Grounding.7

IEEE Std 1050™, IEEE Guide for Instrumentation and Control Equipment Grounding in Generating Stations.

IEEE Std 1143™, IEEE Guide on Shielding Practice for Low Voltage Cables.

IEEE Std C37.04™, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers.

IEEE Std C37.06™, IEEE Standard for AC High-Voltage Circuit Breakers Rated on a Symmetrical Current 
Basis—Preferred Ratings and Related Required Capabilities for Voltages Above 1000 V.

IEEE Std C37.90™, IEEE Standard Relays and Relay Systems Associated with Electric Power Apparatus 
(Clause 9 and Appendix A).

IEEE Std C37.90.l™, IEEE Standard Surge Withstand Capability (SWC) Tests for Protective Relays and 
Relay Systems.

IEEE Std C37.90.2™, IEEE Trial-Use Standard Withstand Capability of Relay Systems to Radiated 
Electromagnetic Interference from Transceivers.

2National Electrical Safety Code and NESC are both registered trademarks and service marks of The Institute of Electrical and 
Electronics Engineers, Inc.
3The NESC is available from The Institute of Electrical and Electronics Engineers (http://​standards​.ieee​.org/​).
4ANSI publications are available from the American National Standards Institute (http://​ansi​.org).
5The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers, 
Incorporated.
6IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://​standards​.ieee​.org/​).
7IEEE Std 665-1987 has been withdrawn; however, copies can be obtained from The Institute of Electrical and Electronics Engineers 
(http://​standards​.ieee​.org/​).
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IEEE Std C37.99™, IEEE Guide for the Protection of Shunt Capacitor Banks.

IEEE Std C37.109™, IEEE Guide for the Protection of Shunt Reactors.

IEEE Std C57.13.3™, IEEE Guide for the Grounding of Instrument Transformer Secondary Circuits and 
Cases.

IEEE Std C57.110™, IEEE Recommended Practice for Establishing Transformer Capability When Supplying 
Nonsinusoidal Load Currents.

IEEE Std. C57.116™, IEEE Guide for Transformers Directly Connected to Generators.

IEEE Std C62.22™, IEEE Guide for the Application of Metal-Oxide Surge Arresters for Alternating Current 
Systems.

IEEE Std C62.33™, IEEE Standard Test Specifications for Varistor Surge-Protective Devices.

IEEE Std C62.35™, IEEE Standard Test Specifications for Avalanche Junction Semiconductor Surge-
Protective Devices.

IEEE Std C62.41.1™, IEEE Guide on the Surge Environment in Low-Voltage (1000 V and less) AC Power 
Circuits.

IEEE Std C62.41.2™, IEEE Recommended Practice on Characterization of Surges in Low-Voltage (1000 V 
and less) AC Power Circuits.

IEEE Std C62.42™, IEEE Guide for the Application of Gas Tube Arrester Low-Voltage (Equal to or less than 
100 Vrms or 1200 Vdc) Surge-Protective Devices.

IEEE Std C62.45™, IEEE Recommended Practice on Surge Testing for Equipment Connected to Low-Voltage 
(1000 V and less) AC Power Circuits.

IEEE Std C62.47™-1992, IEEE Guide on Electrostatic Discharge (ESD)—Characterization for the ESD 
Environment.8

NEMA ICS 1, General Standards for Industrial Control and Systems.9

NEMA ICS 2, Industrial Control and Systems Controllers, Contactors, and Overload Relays, Rated 600V.

NEMA ICS 3, Industrial Control and Systems: Medium Voltage Controllers Rated 2001 to 7200V AC.

NFPA 70, National Electrical Code®(NEC®).10,11

NFPA 780, Lightning Protection Code.12

8IEEE Std C62.47-1992 has been withdrawn; however, copies can be obtained from The Institute of Electrical and Electronics Engineers 
(http://​standards​.ieee​.org/​).
9NEMA publications are available from the National Electrical Manufacturers Association (http://​nema​.org).
10National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc.
11The NEC is published by the National Fire Protection Association (http://​www​.nfpa​.org/​). Copies are also available from The Institute 
of Electrical and Electronics Engineers (http://​standards​.ieee​.org/​).
12NFPA publications are available from the National Fire Protection Association (http://​www​.nfpa​.org/​).
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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.13 

back flashover: A flashover of insulation resulting from a lightning stroke to part of a network or electric 
installation that is normally at ground potential.

counterpoise: A conductor or system of conductors arranged beneath the line; located on, above, or most 
frequently below the surface of the earth; and connected to the grounding system of the towers or poles 
supporting the line.

coupling factor: The ratio of the induced voltage to the inducing voltage on parallel conductors.

NOTE—For example, at the tower, the shield or coupling wires and tower crossarms are at practically the same potential 
(because of lightning stroke travel time). The stress across the insulator string is one minus the coupling factor multiplied 
by the tower top potential.14

Stress K Vfc TT= −( )×1 0. 	 (1)

where

K fc 	is the coupling factor
VTT 	is the tower top voltage

coupling wire: A conductor attached to the transmission line structure and below the phase wires, with proper 
clearance, and connected to the grounding system of the towers or the pole supporting the line.

ground potential rise (GPR): The voltage that a station grounding grid may attain relative to a distant 
grounding point assumed to be at the potential of remote earth.

overhead groundwire (lightning protection): Grounded wire or wires placed above phase conductors for 
the purpose of intercepting direct strokes in order to protect the phase conductors from the direct strokes. They 
may be grounded directly or indirectly through short gaps.

remote earth (potential): The location outside the influence of local grounds. Remote earth is always assumed 
to be at zero potential.

shield wire (electromagnetic fields): A wire employed to reduce the effects on electric supply or 
communication circuits from extraneous sources.

shielding angle: The angle between a vertical line through the overhead ground wire and a line connecting the 
overhead ground wire to the shielded conductor.

3.2  Acronyms and abbreviations

CCVT	 coupling capacitor voltage transformer

13IEEE Standards Dictionary Online subscription is available at http://​dictionary​.ieee​.org.
14Notes 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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EHV	 extra-high-voltage

EMI	 electromagnetic interference

GPR	 ground potential rise

HV	 high-voltage

LV	 low-voltage

SCADA	 supervisory control and data acquisition

SPD	 surge protective device

UHV	 ultra-high-voltage

4.  Power lines

4.1  General

The purpose of this clause is to guide the reader in understanding the nature of surges that can enter the power 
plant premises via transmission and distribution lines and to indicate methods to reduce their magnitudes. 
Overvoltage surges resulting from lightning strokes and line switching may stress the insulation of power 
plant equipment, circuits, and systems. This provides information for evaluating line conditions as they affect 
the surges that may enter the switchyard and power plant.

4.2  Protection of transmission lines

4.2.1  General

Incoming surges to the switchyard or power plant can result from direct lightning strokes to the transmission 
lines, back flashovers, or switching surges initiated at remote substations and traveling on the transmission 
lines. Surges induced by nearby strokes usually do not exceed (and in any case are limited by) the withstand 
strength of the transmission line insulation (see EEI 68-900 [B38], Bewley [B12], and ET&DR Book [B39]).15

A transmission line design involves the use of risk analysis technology to achieve a design that produces a 
level of performance suitable for its mission. Insulation coordination factors that have to be considered in the 
design are switching surges, impulses caused by lightning, and the reduction of electrical strength caused by 
contamination of the insulators. Effects of insulator contamination are described in IEEE 77-8L0100–8-PWR 
[B54]. The surge voltages, rather than the normal operating voltage, determine the transmission line insulation 
requirements. Lines can be designed to give a desired lightning performance by the proper use of overhead 
groundwires and a suitable combination of line insulation and tower footing resistance. Switching surge 
performance is determined primarily by the line insulation, which is selected to withstand a reasonably severe 
switching surge caused by line switching or reclosing. The objective is to determine each element in the line 
design to obtain the desired balance between performance and cost. The insulation design for any particular 
line will depend on its location (which determines the lightning exposure), on environmental conditions 
(which attribute to flashovers), and on system design (which determines the magnitude of switching surges) 
(see TLR Book [B109]).

The insulation design for a high-voltage (HV) line or an extra-high-voltage (EHV) line may be dominated 
by either the switching surge or lightning requirements. For an ultra-high-voltage (UHV) line, switching 
surge is the dominant factor. Switching surges usually establish the insulation required on transmission lines 
345 kV and above. Lightning surges may control the insulation design in areas of high ground resistance, 
high lightning incidence, or where use of breaker closing resistors or shunt reactors minimize switching surge 
amplitudes. The designer should also consider the use of properly placed metal-oxide surge arresters, which 

15The numbers in brackets preceded by the letter B correspond to the numbers in the bibliography in Annex B.
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