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An American National Standard

IEEE Guide for
Maintenance Methods on
Energized Power-Lines

1. General

1.1 Scope. This guide provides general recom-
mendations for performing maintenance work on
energized power-lines. It is not intended to include
all of the proven, practical methods and proce-
dures; however, these selected comprehensive
recommendations are based on sound engineer-
ing principles, engineering safety considerations,
and decades of field experience by many utilities.
Included are technical explanations as required
to cover: certain laboratory testing of tools and
equipment; field maintenance and care of tools
and equipment; work methods for the mainte-
nance of energized lines and for persons working
in the vicinity of energized lines.

1.2 Purpose. The purpose of this guide is to

(1) Present in one guide sufficient details of
some of the methods and equipment pres-
ently in use to enable the performance of
safe, energized-line maintenance.

(2) Direct attention to appropriate standards
and other documents for the acquisition of
knowledge on the care and use of required
tools and equipment.

(3) Provide guidance for establishing a safe
work area, taking into consideration the
physical effects of the work area on per-
sonnel.

It is not intended that this guide should replace
present proven utility practices or imply that
these recommendations are superior to existing
practices and, therefore, should be universally
adopted as utility standards. This compilation of
many accepted practices is presented specifically
in the form of a guide to be used by those electric
power utilities and agencies that are seeking guid-
ance in establishing methods and procedures for
maintenance of energized power-lines.

This guide is not establishing a standard for
maintenance of energized power-lines in the
electric utility industry as such.

1.3 Application. This guide is broad enough yet
specific enough to be applicable to all aspects of
energized-line maintenance.

Since energized-line-maintenance practices for
different projects are influenced by the magni-
tude and nature of each project, and by local con-

--ditions --and- circumstances, -some --alternative

methods that have been successfully employed
are presented.

The practices described provide for the safe
performance of energized-line maintenance. They
are based on practices of operating utilities with
many years of successful experiences. Advance-
ment in technology or changes in system design
will probably justify modifying the minimum
requirements recommended in this guide.

The approach used within this guide is as
follows:

(1) To present definitions required for clarity.

(2) To indicate the engineering and other
technical considerations essential to the
safe performance of energized-line main-
tenance.

(3) To provide guidance for the necessary test
equipment and procedures associated with
manufacturer and user’s acceptance, test-
ing, and care of equipment.

(4) To detail various work methods for work-
ing on or near energized lines and asso-
ciated devices.

1.4 Other Requirements. Requirements of fed-
eral, state, or local regulations should be observed.
When any conflict exists between guide and the
rules of the owner of the line, the owner’s rules
should take precedence.
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1.5 References. This guide shall be used in con-
juction with the following publications:

[1] ANSI A92.2-1979, American National Stan-
dard Vehicle Mounted Elevating and Rotating
Devices.!

[2] ANSI C2-1987, American National Standard
National Electrical Safety Code.

[3] ANSI C29.1-1982, American National Stan-
dard Precision Power Transmission Chains, At-
tachments, and Sprockets.

(4] ANSI/IEEE Std 4-1978, IEEE Standard
Techniques for High-Voltage Testing.

[6] ANSI/IEEE Std 100-1988, IEEE Standard
Dictionary of Electrical and Electronics Terms.

[6] ANSI/IEEE Std 524-1980, IEEE Guide to the
Installation of Overhead Transmission Line Con-
ductors.

[7] ANSI/IEEE Std 978-1984, IEEE Guide for In-
Service Maintenance and Electrical Testing of
Live-Line Tools.

[8] ASTM D120-87, Standard Specification for
Rubber Insulating Gloves.2

[9] ASTM D149-87, Standard Test Methods for
Dielectric Breakdown Voltage and Dielectric
Strength of Electrical Insulating Materials at
Commercial Power Frequencies.

(10] ASTM D1048-88a, Standard Specification for
Rubber Insulating Blankets.

[11] ASTM D1049-88, Standard Specification for
Rubber Insulating Gloves.

[12] ASTM D1050-85, Standard Specification for
Rubber Insulating Line Hose.

[13] ASTM D1051-87, Standard Specification for
Rubber Insulating Sleeves.

[14] ASTM D1078-86, Standard Test Method for
Distillation Range of Volatile Organic Liquids.

[15] ASTM F 96-77(1982), Specification for Elec-
tronic Grade Alloys of Copper and Nickel in
Wrought Forms.

(16] ASTM F 478-87, Specification In-Service
Care of Insulating Line Hose and Covers.

L ANSI publications are available from the Sales Depart-
ment, American National Standard Institute, 1430 Broadway,
New York, NY 10018.

2 ASTM publications are available from the American Society
for Testing and Materials, 1916 Race Street, Philadelphia, PA
19103.
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[17] ASTM F 479-88, Specification for In-Service
Care of Insulating Blankets.

[18] ASTM F 496-85, Specification for In-Service
Care of Insulating Gloves and Sleeves.

[19] ASTM F 711-83, Fiberglass-Reinforced Plas-
tic (FRP) Rod and Tube Used in Live-Line Tools.

[20] ASTM F 855-83, Temporary Grounding Sys-
tems to be Used on De-Energized Electrical Power
Lines and Equipment.

[21] ASTM F 968-85, Electrically Insulating Plas-
tic Guard Equipment for Protection of Workers.

[22] CFR, Section 29 1926.955(e)(11) Federal
OSHA Code.

[23] CFR, Section 29. 1926/551 and 1910. 183,
OSHA.?

[24] CSA (C225-76, Vehicle-Mounted Aerial
Devices.4

[25] Data Sheet 12304-598-1980.5

[26] EPRI Transmission-Line Reference Book
(EL2500, 2nd ed).®

[27] IEC 265-1968, High-Voltage Switches.?

[28] 1IEEE Std 62-1978, IEEE Guide for Field
Testing Power Apparatus Insulation.8

[29] IEEE Std 957-1987, Guide for Cleaning
Insulators.

[30] Application Guide for Insulator Contamina-
tion. See Application Guide for Insulators in Con-
taminated Environment. IEEE Paper F77-639-8.

[31] ASANOVA,T.P. and Rakov, A. 1. The State of
Health of Persons Working In Electric Field of
Outdoor 400 kV and 500 kV Switchyards. Hygiene
of Labor and Professional Diseases, no 5 1966,
USSR.

3CFR publications are available from Superintendent of
Documents, US Government Printing Office, Washington, DC
20402.

4In the United States, CSA Standards are available from the
Sales Department of American National Standards Institute,
1430 Broadway, New York, NY 10018. In Canada they are
available at the Canadian Standards Association (Standards
Sales), 178 Rexdale Blvd, Rexdale, Ontario, Canada MOW 1R3.

5This publication is available from the National Safety
Council, 444 North Michigan Ave, Chicago, IL 60611.

6This publication is available from the Research Report
Center, PO Box 50490, Palo Alto, CA 94303.

TIEC publications are available from the Sales Department,
American National Standards Institute, 1430 Broadway, New
York, NY 10018.

8IEEE publications are available from IEEE Service Center,
445 Hoes Lane, Piscataway, NJ 08854-1331.
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[32] BRIDGES, J. E. Biological Effects of 60 Hz
Electric Fields. IIT Research Institute Final
Report E8151, EPRI Project RP-381-1,
Nov 1975.

[33] BRIDGES, J. E. Environmental Considera-
tions Concerning the Biological Effects of Power-
Frequency (50 Hz or 60 Hz) Electric Fields. IEEE
Paper F77 256-1.

[34] ELEK and SIMPSON. Safe Clearance and
Protection Against Shocks During Live-Line Work.
AIEE Paper, Feb 1962, pp 61-1019.

[35] IEEE COMMITTEE REPORT 31-TP67-96.
Recommendations for Safety in Live-Line
Maintenance.

[36] KOUWENHOVEN, W. B, et al. Body Current
in Live-Line Working. IEEE Paper 31-TP65-673.

[37] KOUWENHOVEN, W. B. et al. Medical
Evaluation of Man Working in AC Electric Fields.
IEEE Paper 31-TP66-395.

[38] KOUWENHOVEN, W. B, and LANGWORTHY,
0. R. Effects of Electric Shock. AIEE Transactions
vol 49, Jan 1930, pp 381-394.

[39] KRIVOVA, T. L, et al. Standardization of the
Intensity of an Electrical Field of Commercial
Frequency by the Threshold of Stimulation with
Painful Initiation of Electrical Discharges. USSR.

[40] Live-Line Maintenance Methods. Task Group
for Live-Line Maintenance Methods. IEEE Paper
T-73 157-5.

[41] SINGEWALD, M. R,, et al. Medical Follow-Up
Study of High-Voltage Lineman Working in AC
Electric Fields. IEEE Paper T73 154-2,

[42] Study in the USSR of Medical Effects of
Electric Fields on an Electric Power System.
Translated from Russian by KNICKERBOCKER,
G. G. IEEE/PES Special Pub, no 10.

2. Definitions

aerial device. A vehicular mounted articulating
device or telescoping boom-type personal lift
device, or both, equipped with an insulating boom
and one or more buckets or a platform used to
position a worker.

aerial work. Work performed on equipment
used for the transmission and distribution of elec-
tricity, which is performed in an elevated position
on various structures, conductors, or associated
equipment.
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barehand work. A technique of performing live-
line maintenance on energized wires and equip-
ment whereby one or more linemen work directly
on an energized part after having been raised and
bonded to the energized wire or equipment. These
linemen are normally supported by an insulated
ladder, nonconductive rope, insulated aerial
device, helicopter, or the energized wires or equip-
ment being worked on. Most barehand work
includes the use of insulating live-line tools.

bonded. The mechanical interconnection of con-
ductive parts to maintain a common electrical
potential. Syrnonym.: connected.

bucket. A device designed to be attached to the
boom tip of a line truck, crane, or aerial lift and
support workers in an elevated working position.
It is normally constructed of fiberglass to reduce
its physical weight, maintain strength, and obtain
good dielectric characteristics. Synonym: basket.

bypass. See: jumper.

capacitive current. The component of the mea-
sured current that leads the applied voltage by
90° due to the geometrical capacitance of the tool
or equipment.

clearance. See: work permit.

conduction current. The component of the mea-
sured current in phase with the applied voltage
that is delivered to the volume of the tool or
equipment, due to the physical resistance of the
material comprising the tool or equipment.

conductive clothing. Clothing made of natural or
synthetic material either conductive or inter-
woven with conductive thread to provide from
electrostatic effects of high-voltage energized
electrical conductors and equipment.

conductor. A wire or combination of wires not
insulated from one another, suitable for carrying
an electrical current. However, it may be bare or
insulated. Synonyms: cable, wire.

conductor cover. Electrical protection equip-
ment designed specifically to cover conductors.
Synonyms: Cover-up, eel, hard cover, hose, snake,
blanket. See: cover-up equipment.

conductor grip. A device designed to permit the
pulling of a conductor without splicing on fittings,
eyes, etc. It permits the pulling of a continuous

|
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conductor where threading is not possible. The
designs of these grips vary considerably. Grips
such as the Klein (Chicago) and Crescent utilize
an open-sided, rigid body with opposing jaws and
swing latch. In addition to pulling conductors this
type is commonly used to tension guys and in
some cases, pull wire rope. The design of the
come-along (pocket-book, suitcase, four bolt, ete)
incorporates a bail attached to the body of a
clamp that folds to completely surround and
envelop the conductor. Bolts are then used to
close the clamp and obtain a grip. Synonyms: buf-
falo, Chicago grip, come-along, Crescent four bolt,
grip, Klein, pocketbook, seven bolt, six bolt, slip-
grip, suitcase, Kellem grip.

cover-up equipment. Equipment designed to pro-
tect persons from energized parts in a specific
work area. Many different types are available to
cover conductors, insulators, dead-end assem-
blies, structures, and apparatus. Cover-up mate-
rial may be either flexible or rigid.

current-carrying part. A conducting part
intended to be connected in an electric circuit to
a source of voltage. Noncurrent-carrying parts are
those not intended to be so connected.

davit. An assembly attached to a support or
assembled on a structure to provide a rigging
point for rope blocks, chains, or hoists so as to
manipulate various pieces of apparatus. The davit
is a rigid assembly and does not swivel.

dead. A circuit that has been de-energized so
that the circuit has been disconnected from all
intended electrical sources. However, it could be
electrically charged through induction from ener-
gized circuits in proximity to it, particularly when
the circuits are parallel. See: de-energized.

dead-end. The point at which mechanical force
(primarily) and longitudinal strain is applied to a
reliable support. Synonyms: termination, anchor
point, strain attachment.

de-energized. Free from any electric connection
to a source of potential difference and from elect-
ric charge; not having a potential different from
that of the ground. The term is used only with
reference to current-carrying parts that are some-
times alive (energized).

distance clearance. The minimum separation
between two conductors, between conductors and
supports or other objects, or between conductors
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and ground, or the clear space between any
objects.

dynamometer. A device designed to measure
loads or tension on conductors. Various models of
these devices are used to tension guys or sag con-
ductors. Synonyms: clock, load cell.

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

equipotential. An identical state of electrical
potential for two or more items.

extra-high voltage (ehv). A term applied to volt-
age levels that are higher that 240 000 V.

gin. An assembly, which when attached to a sup-
port or assembled on a structure, provides a rig-
ging point for rope blocks, blocks, etc, so as to
manipulate various pieces of apparatus. The gin,
unlike the davit, is not as rigid as the boom swiv-
els, affording greater maneuverability.

gloving. A method of performing live-line main-
tenance on energized electrical conductors and
equipment whereby a worker or workers, wearing
specially-made and tested insulating gloves, with
or without sleeves, and using cover-up equipment
while supported by the structure or insulated
aerial-lift equipment, work(s) directly on the ener-
gized electrical conductor or equipment.

grounded. Connected to earth or to some
extended conducting body that serves instead of
the earth, whether the connection is intentional
or accidental.

high voltage (hv). A term applied to voltage lev-
els that are higher than 1000 V.

hoist. An apparatus for moving a load by the
application of pulling force and not including a
car or platform running in guides. These devices
are normally designed using roller or link chain
and built-in leverage to enable heavy loads to be
lifted or pulled. They are often used to dead-end a
conductor during sagging and clipping-in opera-
tions and when tensioning guys. Synonyms: chain
hoist, chain tugger, coffin hoist.

hold out. Operating order, or operating-order
identification tag, or marker. Synonym: hold card.
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hot. See: energized.

insulated tool or device. A tool or device that
has conductive parts and is either coated or
covered with a dielectric material.

insulating clothing. Clothing made of natural or
synthetic material that is designed primarily to
provide insulation from an energized part or
conductor.

insulating tool or device.

(1) A tool or device designed primarily to pro-
vide insulation from an energized part or
conductor. It can be composed entirely of
insulating materials. Examples: conductor
cover, stick, insulating tape.

(2) A tool or device that has conductive parts
separated by a dielectric.

insulator cover. Electrical protection equipment
designed specifically to cover insulators. Exam-
ples: dead-end cover, pole-top cover, ridge-pin
cover. Synonyms: hood, pocketbook. See: cover-up
equipment.

isolated.

(1) Physically separated, electrically and mech-
anically, from all sources of electrical
energy. Such separation may not eliminate
the effects of electrical induction.

(2) Not readily accessible to persons unless
special means for access are used.

jumper. A conductive tool used to maintain elec-
trical continuity across equipment, or a conduc-
tor that shall be opened mechanically to enable
various operations of live-line work to be per-
formed. Synonym: bypass.

leakage current. A component of the measured
current that flows along the surface of the tool or
equipment, due to the properties of the tool or
equipment surface, including any surface deposits.

lineman. A person qualified to perform various
line-work operations including aerial and ground
work.

line-work. Various operations performed by a per-
son on electrical facilities, including ground work,

aerial work, and associated maintenance.

live. See: energized.
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master ground. A portable device designed to
short circuit and connect (bond) a de-energized
circuit or piece of equipment, or both, to an elec-
trical ground. Normally located remote from, and
on both sides of, the immediate work site. Primar-
ily used to provide safety for personnel during
construction, reconstruction or maintenance oper-
ations. Synonyms: ground set, ground stick
(ANSI/IEEE Std 100-1988 [5]9).

minimum approach distance. The shortest per-
missible distance between energized electrical
apparatus and any part of a worker's body and
tools or material being handled.

minimum tool distance. The minimum distance
that must be maintained between tools and ener-
gized lines or devices.

minimum tool-insulation distance. The shortest
permissible distance between energized electrical
apparatus and any part of a worker’s body or
conducting object while performing live line-work
with an insulating tool in the air gap.

NESC. National Electrical Safety Code, ANSI
C2-1987 [2].

protective gap. A gap placed between live parts
and ground to limit the maximum overvoltage
that may occur.

rigging. An assembly of material used to manipu-
late or support various tools and equipment in
both energized and de-energized line-work.

rope block. A device designed with one or more
sheaves, a wood or steel shell, and an attachment
hook or shackle, commonly used in pairs with a
rope reeved through the sheaves. The primary
purpose of this device is to provide mechanical
advantage so as to lift or move equipment. Syn-
onym: block and tackle.

snatch block. A device normally designed with a
single sheave, a wood or metal shell, and a hook.
One side of the shell usually opens to eliminate
the need for threading of the line. It is commonly
used for lifting loads on a single line, or as a device
to control the position or direction, or both, of a
fall line or pulling line. Synonyms: skookum,
Washington, Western.

9The numbers in brackets correspond to those of the refer-
ences in 1.5,
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stick. A type of insulating tool used in various
operations of live-line work. Synonyms: work stick,
pole, work pole, hot stick, live-line tool.

strain stick. An insulating support tool that is
used primarily to relieve mechanical loading at
suspension and dead-end configurations so as to
replace damaged insulators or hardware.

stray current. Currents or components that do
not constitute information desired for measure-
ment. Examples: currents due to the stray capac-
itance of an object to the ground plane, walls, etc.

structure. Material assembled to support con-
ductors or associated apparatus, or both, used for
transmission and distribution of electricity. Exam-
ples: service pole, tower.

suspension of reclosing. To make inoperative
automatic reclosing equipment. Synonyms: hold
out, live-line permit, hold order, hold off.

tool or equipment current. The total current de-
livered to the tool or equipment.

ultra-high voltage (uhv). A term applied to vol-
tage levels that are higher than 800 000 V.

universal stick. A stick, or type of insulating tool,
to the end of which universal tools can be
attached.

universal tool. An accessory designed to attach
to a universal stick allowing one insulated stick to
be used to perform many different operations.

work permit. The authorization to perform work
on a circuit. Syronyms: clearance, guarantee.

3. Technical Considerations and Testing

3.1 Introduction. The performance of energized-
line-maintenance work requires the use of equip-
ment and tools that in many cases are specific to
the work operation. Development of equipment
and tools is based on requirements generated
from field needs and experiences related to tech-
nical considerations and safe work methods.
References or specific guidance concerning the
specialized tools and equipment needed for
energized-line maintenance are provided. These
tools and devices are produced in accordance
with certain standards, requirements, or perfor-
mance factors, including the essential elements of
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laboratory electrical testing for design, certifica-
tion, and acceptance testing. Other applicable test
methods may also be utilized but comparison of
data between different test procedures is not
practical because of the variations in test condi-
tions. A major part of this section is devoted to
dielectric-current measurements (phase sum of
capacitive and resistive current) for certification
and acceptance. Some aspects of watt-loss testing
are also included.

3.2 Basic Concepts. A major part of this section
is devoted to tool and equipment current mea-
surements for certification and acceptance pur-
poses.

3.2.1 Insulating Properties. Personal safety
and operational security in energized line-work
depend on the insulating properties of insulating
materials and air.

3.2.1.1 Insulating Materials. Insulating
materials are generally defined as a function of
their electrical insulating and dielectric strength.

(1) Electrical insulation is the property of
material to prevent the flow of current
through it.

Dielectric strength is the maximum poten-
tial gradient that the material can with-
stand without rupture.
Factors affecting insulating materials
include temperature, altitude, moisture,
contamination, impurities, and aging.

3.2.1.2 Air As Insulation. The insulating
characteristics of air are defined as its capability
to withstand an electric field. The dielectric
strength of air is represented by gradients of
potential. The disruptive gradient is influenced by
the air density, humidity, temperature, pressure,
dimensions and separation of the electrodes or
separation of the-metal terminals, shape of the
electrodes, and the characteristics of the applied
voltage.

3.2.1.3 Contamination —Equipment. The
insulating portions of aerial-lift equipment, insu-
lating tools, and cover-up equipment should be
kept free from contamination.

Barehand work and work with insulating tools
can be performed on dry contaminated insula-
tors. Work on wet contaminated devices should
be avoided, but can be performed with insulating
tools using special precautions.

3.2.2 Clearance Formulas

3.2.2.1 General
(1) The formulas are derived empirically. In
Fig 1 a saturation factor is derived from
rod-gap switching-surge flashover data.

(2)

3
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Fig 1

60 Hz Switching-Surge Saturation Factor

The switching-surge factor S as given in
Fig 2 should be correlated with character-
istics of each individual power system.
Switching surges are important in deter-
mining alternating-current clearances. The
maximum switching surge represents the
maximum rise in voltage during a distur-
bance on an operating line or system. Max-
imum switching surge values should be
used when calculating distances.

The configuration of electrodes influences
flashover as a function of the polarity of
the switching surge.

In usual applications for solid insulating
tools, the dry, negative-polarity, switching-
surge flashover voltage is substantially
above power frequency and positive-polarity
values. It has been shown that the flash-
over curve for the conductor-tower config-
uration lies approximately midway between
the rod-rod and rod-plane gaps as in Fig 2.

13

€))

)

(6)

These data substantiate the clearance for-
mula for air gaps and insulating tools, and
as the derivation of clearances from modi-
fied rod-gap data.

Distances determined by means of the
formulas should not be applied without
reference to the other relevant factors con-
tained in this section.

The distance determined by the formulas
should be applied only at elevations below
3000 ft (914 m). Higher elevations require
applicable correction factors as indicated
in Table 1.

The minimum tool-insulation distance and
the mimimum approach distances given in
Tables 2, 3, 4, and 5 are calculated dis-
tances. In practice, however, distances are
rounded off up to the next highest 6 in
(15 cm). When system voltages are higher
than nominal, actual voltage values should
always be used.
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Fig 2
Typical —Withstand Voltage
for Switching Surges
(7) In determining dc clearance, values equiv- 3.2.2.2 Minimum Tool-Insulation Distance.
alent to ac peak voltages related to dc sys- In practice, it is generally accepted that insulating
tem voltage-to-ground should be used. material (clean and dry) has a dielectric-strength
(8) The minimum tool-insulation distance as characteristic equal to or greater than that of air,
given in the tables should be maintained based on rod-gap withstand values.
between an energized part and a person at The following formula is recommended for deriv-
ground potential performing a work opera- ing a minimum, safe insulation distance for clean
tion on energized lines or devices. In bare- and dry, solid or filled insulating tools intended
hand work, the minimum tool-insulation for energized-line maintenance on ac transmis-
distances should be maintained between a sion systems [35].
erson energized at phase potential and
; 8 phase b D = (GG, + @) Sk (Eq 1)
ground.
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where Table 1

D = insulation distance, ft Altltnde Correction F r

C; = 0.01, or one percent of line-to-ground Altitude Correction
C, = 1.1, composed of 1.06 for energized-line (m) (ft) Factor
.tool-to_—a.lr withstand distance ratio plus 900 3000 100
intangibles [35] 1200 4000 102
a = saturation factor for crest (v/2SkVig) 1500 5000 1.05
voltages of 630 KV and above (see Fig 1) é?gg gggg }'(1)21;
S = maximum anticipated per-unit switch- 2400 8000 114
ing surge 2700 9000 117
kVig = rms system phase-to-ground kilovolts — gggg }(2) %8 }gg
actual 4200 14000 1.30
4800 16 000 135
The general formula for insulating tools at all gggg ég ggg iig
voltages becomes D = (0.011 + a) S kVi !0
VZ NOTE: Multiply the distance D given in Tables 2, 3,4, and 5 by
10yse crest voltage 345 - ﬁ - overvoltage. the indicated correction factor.

Table 2
Minimum Tool-Insulation Distance AC Energized Line-Work On Insulation
(a) Distance Measured (cm)

kV (rms)
LL 115 121 138 145 161 169 230 242 345 362 500 552 700 800
LG 67 70 80 8 95 100 133 140 200 210 290 320 405 462

S D D D D D D D D a D a D a D a D a D a D

1.5 0 146 03 165 16 233 25 285
1.6 02 158 06 181 20 257 30 315
L7 04 171 10 199 24 282 35 347
18 07 186 13 216 29 309 40 380
19 10 201 16 233 33 33 45 415

20 45 47 54 56 64 67 89 94 0 134 0 141 13 218 20 254 38 366 50 450
21 47 49 56 59 67 70 94 98 0 141 0 148 16 234 23 272 42 394 56 491
22 561 52 B89 62 70 74 98 103 0 148 01 156 19 251 26 292

23 52 b54 62 65 73 77 102 108 01 156 03 166 22 268 29 312

24 54 56 64 68 77 80 107 113 03 165 06 178 25 287 33 33b

26 66 59 67 70 80 84 112 117 05 175 08 189 28 305 36 356

26 59 61 70 73 83 87 116 123 07 18 10 200

27 61 63 73 76 86 91 120 127 09 196 12 211

28 63 66 75 79 89 94 1256 131 11 207 14 222

29 65 68 78 82 92 97 129 136 13 217 16 234

30 67 70 80 84 96 101 134 141 15 228 18 246

LL Phase to phase

LG  Phase to ground
S Maximum anticipated per-unit switching surge
D Distance measured (cm)
a Given in thousandths (saturation factor)

NOTES: (1) Distances listed are for standard atmospheric conditions.
(2) Distances are based on altitudes below 1000 m.
(3) Distances do not include any factor for inadvertant movement.
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Table 2
Minimum Tool-Insulation Distance AC Energized Line-Work On Insulation
(b) Distance Measured (ft)

kV (rms)
LL 115 121 138 145 161 169 230 242 345 362 500 552 700 800
LG 67 70 80 8 95 100 133 140 200 210 290 320 405 462

S D D D D D D D D a D a D a D a D a D a D

1.5 0 479 03 542 16 765 25 935
1.6 02 520 06 594 20 842 30 1034
1.7 04 562 10 653 24 922 35 1139
1.8 07 611 13 708 29 1011 40 1247
1.9 1.0 661 16 766 33 11.00 45 1361

20 147 154 176 185 209 220 293 3.08 0 440 0 462 13 714 20 832 38 1199 50 1478
21 155 162 185 194 219 231 307 323 0 462 0 48 16 767 23 894 42 1293 56 1611
22 162 169 194 203 230 242 322 339 0 484 01 512 19 823 26 957

23 170 177 202 213 240 253 336 354 01 511 03 546 22 880 29 1023

24 177 185 211 222 251 264 351 370 03 542 06 585 25 940 33 1098

25 184 193 220 231 261 275 366 38 05 575 08 620 28 1001 36 11.68

26 192 200 229 240 272 286 380 400 07 608 10 655

27 199 208 238 249 282 297 395 416 09 643 12 692

28 206 216 246 259 293 308 410 431 11 678 14 729

29 214 223 255 268 303 319 424 447 13 713 16 767

3.0 221 231 264 277 314 330 439 462 15 750 18 806

LL  Phase to phase

LG  Phase to ground
S Maximum anticipated per-unit switching surge
D  Distance measured (ft)
a  Given in thousandths (saturation factor)

NOTES: (1) Distances listed are for standard atmospheric conditions.
(2) Distances are based on altitudes below 1000 m.
(3) Distances do not include any factor for inadvertant movement.

Table 3
Minimum Tool-Insulation Distance DC Energized Line-Work
DC Pole-to-Ground Voltage

LG 250 kV 400 kV 500 kV 600 kV 750 kV
S D D a D D a D D a D D a D D
(ft) (cm) (ft) (cm) (ft) (cm) (fv) (cm) () (cm)
1.2 233 71 0 3.73 114 0 4.67 142 0.6 591 180 19 8.21 250
1.3 253 77 0 4.05 123 0 5.06 154 1.0 6.62 202 25 9.30 283
14 248 83 0 4.36 133 0.5 5.20 173 15 6.83 236 3.0 9.65 317
15 291 89 0 4.66 142 0.8 6.26 192 19 8.22 251 3.6 11.60 354
1.6 3.11 95 0 498 152 1.2 6.90 210 2.3 9.02 275 4.2 12.90 393

1.7 3.31 101 0.3 543 166 1.5 7.52 229 2.8 9.95 303 48 14.20 433
18 3.51 107 0.6 5.90 180 19 8.22 251 33 10.90 332 54 15.60 475
1.9 3.70 113 0.9 6.40 195 2.3 8.93 272 3.7 11.80 360 6.0 17.10 521
2.0 3.89 119 1.2 6.91 211 2.6 9.61 293 4.2 12.90 393 6.6 18.71 537
2.1 4.08 124 15 742 226 3.0 1040 317 47 14.00 427
2.2 428 130 18 7.96 243 34 11.20 341 5.2 15.10 460

LG  DC pole-to-ground voltage
S Maximum anticipated per-unit switching surge (transient overvoltage)
D  Distance measured (ft and cm)
a Given in thousandths (saturation factor)

NOTES: (1) Consideration should be given to increasing some of the minimum insulation distances above, so as to reduce the
stress due to the steady-state voltage a maximum steady-state stress of 60 kV/ft is suggested as an allowance for average working
conditions.

(2) If the minimum insulation distances are used, the maximum relative humidity should be restricted to 85%.

(3) Distances listed are for standard atmospheric conditions.

(4) Distances are based on altitudes below 1000 m.

(5) Distances do not include any factor for inadvertant movement.
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