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Abstract: Procedures for cleaning contaminated electrical insulators (excluding nuclear, toxic,
and hazardous chemical contaminants) of all types, using various equipment and techniques, are
provided in this guide.

Keywords: cleaning, electrical insulators, IEEE 957 ™
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

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

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning all standards, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement IEEE Standards documents do not guarantee safety,
security, health, or environmental protection, or compliance with law, or guarantee against interference with
or from other devices or networks. In addition, IEEE does not warrant or represent that the use of the material
contained in its standards is free from patent infringement. IEEE Standards documents are supplied “AS IS”
and “WITH ALL FAULTS.”

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

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

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

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

Use by artificial intelligence systems

In no event shall material in any IEEE Standards documents be used for the purpose of creating, training,
enhancing, developing, maintaining, or contributing to any artificial intelligence systems without the express,
written consent of IEEE SA in advance. “Artificial intelligence” refers to any software, application, or other
system that uses artificial intelligence, machine learning, or similar technologies, to analyze, train, process, or
generate content. Requests for consent can be submitted using the Contact Us form.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual is not, and 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 or IEEE SA. At
lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards
shall make it clear that the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements
made by volunteers may not represent the formal position of their employer(s) or affiliation(s). News releases
about IEEE standards issued by entities other than IEEE SA should be considered the view of the entity issuing
the release rather than the formal position of IEEE or IEEE SA.

Comments on standards

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

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

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

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2Available at: https://standards.iece.org/about/contact/.
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requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

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

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, neither IEEE nor its licensors waive any rights in copyright to the
documents.

Photocopies

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

Updating of IEEE Standards documents

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

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through

the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional

3Available at: https:/ieeexplore.ieee.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
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Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

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

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.iece.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 alicense 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.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in ways
not foreseen during the standard’s development. IEEE standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, data privacy, and interference protection practices and all
applicable laws and regulations.

’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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Introduction

This introduction is not part of IEEE 957™-2005, Guide for Monitoring, Managing and Cleaning of Contaminated
Insulators.

The guide for cleaning insulators is the result of the dedicated efforts of individuals and companies with
practical experience in cleaning insulators. The information for this guide was drawn from electric utilities,
suppliers, universities, related industries, published papers and reports, and personal observations. Included in
this guide are proven, practical methods for cleaning insulators that are considered safe and up-to-date.

This revision of the guide started several years ago as the result of a desire to update and modernize the
represented methodology. Changes to cleaning procedures, tools, equipment, and insulating materials have
been dramatic in the last several years. These changes required newer and modern techniques, which have
been incorporated into this guide. The result is a guide that represents a consolidation and accumulation of
methods that have been satisfactorily used in the industry.

During preparation, the equipment, methods, tests, and safety features were investigated. The information
presented is thought to be of particular benefit to a company or industry that may be initiating a cleaning
program or trying to address a particular problem. It is also thought to be of value to those with an existing
program.
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IEEE Guide for Monitoring, Managing, and Cleaning of Contaminated

Insulators
1 Overview

1.1 Scope

The scope of this guide for cleaning insulators is to document the procedures used for monitoring,
managing, and cleaning contaminated electrical insulators (excluding nuclear, toxic, and hazardous

chemical contaminants); of all types; using varied equipment and techniques.

Because of the great variety of conditions, practices, electrical system designs, and contamination

possibilities, this guide is offered to describe a number of approaches to monitoring, managing and

insulater cleaning of insulators on power systems. All factors must be considered to specific

situations in deciding whether and how to use the information in this guide.
1.2 Purpose

The purpose of this guide is to present information on the equipment needed and the methods that

can be used when monitoring, managing and cleaning contaminated insulators.

The methods and/or equipment—er—-beth; presented in this guide are not intended to prescribe
specific procedures, but to present the successful experience of many individuals who have safely

monitored, managed, and cleaned contaminated insulators. The guide is intended to serve as a

reference source for a company, or persons, seeking information on insulator monitoring, managing,
and cleaning procedures so that they may consider the experience of others in modifying or

formulating insulator monitoring, managing, and cleaning programs and practices.

1.3 Word usage

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

standard and from which no deviation is permitted (shall equals is required to).5”

6The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

"The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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The word should indicates that among several possibilities one is recommended as particularly

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

not necessarily required (should equals is recommended that).

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

(may equals is permitted to).

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

causal (can equals is able to).

2  Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained) gwide. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments or

corrigenda) applies.

Guride 2004
IEC 60479-2 60479-2:1987, Effects of Current Passing Through the Human Body .52

IEC/TS 60815-1, Selection and Dimensioning of High-Voltage Insulators Intended for the Use in

Polluted Conditions — Part 1: Definitions, Information and General Principles

82 JEC publications are available from the Sales-Department-of-the International Electrotechnical Commission-CasePostale131,-3;
rae—deVarembé CH-I2H Geneve 20 Switzerland/Suisse (https://www.icc.ch httprfwivivdeeehf) and the —HeCpublicationsare

also-available-inthe United Statesfrom-the Sales Department; American National Standards Institute;25-West43rd-Street-4th-Eloox;
NewYorkNY10036,USA (https://www.ansi.org/ http:H-www-ansiorgh).
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IEEE Std 80™, 80™-2000; IEEE Guide for Safety in AC Substation Grounding.210
IEEE Std 516™, 516"-2003; IEEE Guide for Maintenance Methods on Energized Power Lines.
IEEE Std 1048™, 1648*-2003; IEEE Guide for Protective Grounding of Power Lines.

IEEE Std 1264™, IEEE Guide for Animal Deterrents for Electric Power Supply Substations.

3 Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Authoritative Dictionary Online ef-Standards—Terms{B22} should be consulted refereneed for terms not

defined in this clause.
ceramic insulator: Insulators made from porcelain, glass, or a general class of rigid material.
equivalent salt-deposit density (ESDD): A measure of water-soluble contamination level.

insulator: Any material designed In-thisguide TEEE-Std-957-2005-thisrefers to physically support a

conductor and to electrically separate it from another conductor or object, including an individual

unit, a combined set of units or inswlaters—and—alse—the external insulating members of other

apparatus ( ; e.g., transformer bushings and surge arresters).

Line gqualified worker: A person qualified to perform various line-work operations, including

elevated aerial and groundwork. See also:qualified electrical worker.

NOTE—RetertoEEESt-516-2003-7

93 The IEEE standards or products referred to in Clause 2 this—<elause are trademarks owned by efThe Institute of Electrical and
Electronics Engineers, Incorporate Ine.

102 JEEE publications are Fhe NESCHs available from The Institute of Electrical and Electronics Engineers Jne—445-HoesLane,
Pisecataway,NJ-08854,USA (https://standards.ieee.org/ hitp//standards-ieee-orgl).

UJEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the dictionary,

and one can be created at no charge on the dictionary sign-in page.
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non-ceramic (polymer) insulator: Insulators made from polymeric materials.

non-conducting or non-conductive: Made of a material of high dielectric strength that does not

conduct electricity.

overspray: A portion of the water stream that is unintentionally directed away from the device being

washed.

polyplastic: A synonym for polyethylene-coated, nylon-reinforced hose (used in this case to carry

water), usually considered to be non-conductive.

qualified electrical worker: Having been trained in and having demonstrated adequate knowledge

of the installation, construction, or operation of lines and equipment and the hazards involved,

including identification of, and exposure to, electric supply and communication lines and equipment

in, or near, the workplace. An employee, who is undergoing on-the-job training and who, in the

course of such training, has demonstrated an ability to perform duties safely at his or her level of

training, and who is under the direct supervision of a qualified person, is considered to be a

qualified person for the performance of those duties.

skiving: The process of assembling a fitting to a hose, by trimming the outside of a hose to fit the

inside dimensions of a fitting.

system voltage: Phase-to-phase voltage of the circuit(s). When phase-to-ground voltage is the

intention, it should be so noted.

water conductivity: Conductivity (reciprocal of resistivity) of water is expressed in microsiemens

mierosimens/centimeters (US/cm)

water resistivity: Electrical resistivity of water is expressed in ohm-cm (Q.cm) or ohm-inch (€. in).
3.2 Acronyms and abbreviations

ATH alumina trihydrate

AWG american wire gauge

£SO s It desosit densi
Leni , :
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galfs——callonspersecond

1D inside diameter
KD il Is, . ",
Lis———liters per second

LZ landing zone

mhp metric horsepower
NCI non-ceramic insulator
PTO power takeoff

Lt .
RTV room temperature vulcanizing

WPV water physical variables

4 Insulator application and wash considerations

4.1 Introduction

Cleaning of power insulators is normally conducted on transmission and distribution lines, in

stations, and sometimes on equipment insulation.

4.2 Transmission and distribution line insulators te-be-cleaned

Transmission and distribution line insulators arresters are made of glass, porcelain or eeramic-and

polymeric materials. The insulator should be washed so that the watersheds just cleaned will
maintain adequate insulation. (For example, on vertical insulators the washing would be started at
the bottom and work upwards.) One of the main concerns of washing is the potential problem of
overspray. When overspray presents a problem, washing from different positions may help, but will

take more time and reduce production.
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Cleaning distribution insulators entails different concerns than transmission line insulators due to

the lesser voltage involved and the respective clearance distances.

It is important to properly plan for cleaning lines with underbuilt circuits. Consideration should be

taken for washing the lower circuit first, working up the structure, while avoiding overspray on the

upper circuit. The lower circuit needs to be cleaned first to avoid a flashover from the contamination

and watershed created by washing the upper circuit. Once the upper circuit is cleaned, the lower

circuit needs to be washed again to remove any residual contamination. (For example, wash the

lower circuit, then the upper circuit and finish with a final wash on the lower circuit).

leded units /
Silicone \ Low- to high-pressure water washing (1400 kPa to 7000 1{?}\/
EPDM/EPR \ High-pressure water washing (2750 kPa to7000 W
Alloy EPDMs \\High-pressure water washing (2750 IQPW IPa)
Epoxy HMure water washing Ma to 7000 kPa)
Polymer ceramic Medium- taﬂg]%tes}p/water washing (2100 kPa to 7000 kPa)

2. Individual weathershed bonded to a pol}'nm other

Silicone Mﬁgh—pressm‘e water WMOO IPa to 7000 kPa)
. . .

EPDM/EPR / High-pressure water washing (2750 kPaM{Pa)

Alloy EPDMs / High-pressure water washing (2750 kPa to 7000 kﬁ\

3. Iudivwners]led with an unbonded interface \

: compounds 1400 1Pa at the pump with a 6 mm nozzle and no closer than 4.6 m ;
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S E csion lineinsulators.

4.3.1 Bushings and arresters

Bushings are made of ceramic or polymeric materials and must be treated with great care. It is

important to consider the impact of any mechanical loads that may be imparted to this apparatus as

well as its Censideration-of-pressure-and-—volume-and-the mechanical support during the cleaning
process to determine how to clean these devices of-the-bushing-arerequired-prior-to-washing.

Energized cleaning washing may impose severe electrical stresses on these devices the—surge
arresters due to voltage imbalance and should not be performed without the concurrence of the

apparatus arrester manufacturer.
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polymer-housed bushings and distributien arresters such as modularly-constructed types should

not be exposed to the direct stream of high-pressure water washing. Consult the bushing or arrester

manufacturer for water washing recommendations.

3.2 Large diameter equipment

Large diameter equipment, typically in substations or switchyards, may require the application of

more than one simultaneous water stream from opposite sides of the equipment during water

washing. For example, it might be easier and more effective during live washing to simultaneously

reach both sides of insulators with diameters of 25.4 cm (10 in) or more by using two water streams.

The use of just a single stream might cause minimal wetting to the contamination on the opposite

side of the insulator, creating a potential flashover before the single stream can be moved to reach

the opposite side. When using other cleaning methods, it will be necessary to clean the insulator

from various sides around the unit. Location and configuration of the equipment may also dictate if

two water streams are required.
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5. Insulator materials

Insulators used for power utility applications fall under two main categories:

— Ceramic

— Non-Ceramic

Situations exist where additional coatings are added to ceramic insulators to improve their

performance in particularly aggressive environments. Some of the more commonly used coatings

include:

— Semi-conductive glaze

— Greases

— Room temperature vulcanized silicone

5.1 Ceramic

The most common type of ceramic (porcelain or glass) insulators are the pin and cap type where

individual units are connected to each other with metal hardware. Voltage ratings can be adjusted

by changing the number of units that are connected together.

In addition to the traditional types of insulator surfaces noted above, there are also porcelain

material insulators that may have a special semiconducting glaze applied to the surface.

5.2 Non-ceramic

Non-ceramic insulators (NCI) vary significantly from their ceramic counterparts in that they tend to

be single units designed to match the application. Non-ceramic insulators have a dielectric fiberglass

rod that is covered by a polymer housing attached to metal end fittings. The housing could be

modular or made using single piece molds.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:10:16 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 957-2024


http://www.avadocuments.com/doc/ieee-957-2024
http://www.avadocuments.com/doc/ieee-957-2024

5.3 Semi-conducting/resistive glazed insulators insulater-cleaning

Semi-conductive glazed porcelain insulators are made by adding semi-conducting oxides to the

glaze glassy material before firing. This glaze produces a well-defined surface resistivity on the

order of several megaohms and such insulators are sometimes referred to as resistive graded. A

small continuous current, about 1 mA, through the glaze provides for a slight heating of the

insulator surface and a nearly linear voltage distribution across it. These characteristics may result in

improved performance under some atmospheric contamination conditions (e.g., fog, light rain).

5.4 Greases and room temperature vulcanized silicone materials

The original coatings used to protect porcelain or glass insulators were primarily of a grease type.

Grease is normally used on porcelain or glass insulators in an effort to improve their performance

under contaminated conditions. Of these greases, silicone-based materials provides the best results.

His-wel-Hamown-that Alumina trihydrate (ATH) fillers improve the arc resistance of organic polymer
systems used for high-voltage insulator applications—ATH-filled {silicone grease}-An—-ATH-filled
silicone—grease has the water repellency of conventional grease but with much improved arc
resistance. This permits operation under severe wet contamination conditions such as salt fog
without encountering a critical failure condition where hot-spot arcing can lead to the fracture of
porcelain or glasserbeth; insulators. The limitation of the ATH~filled silicone grease is the reduced
mobility of the free fluid due to the high filler loading.

RTV materials (known as room temperature vulcanized silicone materials) provide similar benefits

as ATH fillers with easier application.
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6. Insulator contamination

6.1 Types of contaminants

Exposed insulators are subject to surface dirt deposits to some degree in all operating areas. Most
commonly encountered contaminants have little effect on insulator performance as long as the
surface is dry. Fog, mist, or light rain usually creates conditions that produce a conducting film on

the dirty insulator surface, without washing the impurities from the surface. Some contamination

layers are self-wetting, drawing moisture from air with relative humidity above 70%.

A number of types of contaminants have been identified as sources of surface deposits on insulators

affecting insulator performance. These contaminants are classified (See IEC TS 60815-1:2008) first by

their solubility in water.1?

Insoluble deposits do not change the electrical conductivity of the pollution layver but they do

stabilize the wetting process and may affect the rate of increase of soluble deposits. The non-soluble

deposit density (NSDD) is expressed in mg/cm?2. For a constant equivalent salt-deposit density

(ESDD) of 0.1 mg/cm?, an NSDD < 0.1 mg/cm? represents “medium”, 0.1 to 1 mg/cm? is “heavy” and

1

> 1 mg/cm? is “very heavy” pollution (see IEC TS 60815-1:2008). Extensive regions of Northern

Africa, the Middle East, India, and Northern China have non-soluble dust flux on upward-facing

surfaces that exceeds 1.0 (mg/cm?)/vear (0.0027 (mg/cm?)/day.) (see Farzaneh and Chisolm, [B11]!3).

Long-term buildup of NSDD, taking several months or years to reach severe levels, is a problem that

can be managed with insulator cleaning.

125 Information on references can be found in Clause 2.

137The numbers in brackets correspond to those of the bibliography in Annex A.
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Insulator pollution that is soluble in water will also change the electrical conductivity. Many sources

These-contaminants-are-distinguished-primarily-by-the-souree of the impurities are present in the

atmosphere affected by the - local agricultural, industrial, and geographic conditions determine

which are present in the atmosphere. The—various—types—of—<contaminants—identified—arer—salt;

to-remove-most-of the-commeon-depeosits: More than one of these contaminants may be deposited on

a group of insulators at a particular location. The mix and rates of deposit of these contaminants

determine the electrical characteristics of the fully wetted pollution layer. The electrical

characteristics of multi-component pollution layers are brought to a common measure, which is the

equivalent density of common salt (NaCl) that gives the same conductivity. The ESDD is expressed

in mg/cm? eharacteristies-of-the-mixtare.

ESDD can build up rather quickly and change the state of an insulator from acceptable to vulnerable

in a period of hours. Instantaneous pollution problems cannot be managed with practical insulator

cleaning before problems occur, but cleaning may be needed if electrical performance is not restored

after a salt fog, conductive fog or road-salt splash episode has ended.

Some indication of the rate of increase of ESDD can be obtained by totaling the contributions of

individual ion species to the dry deposition rate, measured in pollution studies.

Insulator cleaning by the washing action of wind and rain removes many of the common non-

soluble and salt deposits.

6.1.1 Salt

In areas near a body of salt water and in areas adjacent to highways, particularly elevated roads,

where salt is used to melt snow or ice, rapid increases in ESDD substantial-sal-deposits may result

from windblown spray. Such deposits may make it necessary to clean insulators in these areas

where long, dry periods are followed by intervals of misty rain or fog.

Salt spray may lead to flashovers and leakage current fires. This condition is common on structures
adjacent to high traffic roads, particularly along elevated roadways. Insulators should be cleaned

before the mist or fog occurs, not afterward.
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Salt will quickly dissolve and wash off in a heavy rain or a stream of water. Road salt can be

removed by power washing at temperatures above =10 °C (14 °F).

6.1.2 Cement/lime

Insulators located near cement plants, construction sites, and rock quarries may accumulate deposits
of cement or lime. These materials may build up a thick crust thatwhieh becomes firmly bonded to
the insulator surface and may require hand scrubbing. A chemical agent may be needed to remove

the cement layers. The dry method of cleaning also has proven quite effective.
6.1.3 Dusts

The kinds of dust that can be deposited on insulators originate from a wide variety of sources. Some
of the types of dust affecting insulator performance are earth dust, fertilizer, metallic dust, coal dust,

feedlot dust, and volcanic ash. This is not a complete list; but does cover many dust sources.
6.1.4 Earth

Earth dust can arise from plowed fields, earth moving on construction projects, etc. Various methods
of cleaning earth dust are: water washing, compressed air cleaning, and wiping (both hot and hand

cleaning).

6.1.5 Fertilizer

Fertilizer dust is emitted from fertilizer plants and during use frem-fertilizerapphieation in farming.
Fertilizer dust can has-beenknown-te create a thick insoluble contaminant coating on insulators that

cannot be removed with high-pressure washing eeuld-netremeve. In these cases, it is necessary to

hand scrub serubbing or dry wash washing-is-needed-to-elean the insulators. Ligquidfertilizer-of-the

Urea-type liquid fertilizer is best cleaned with water.

6.1.6 Metallic

Metallic dust originates from various mining and mineral handling processes. Metallic dust can be

cleaned using compressed air and wiping (hot and hand cleaning).
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6.1.7 Coal

Coal mining and coal handling operations and industrial burning of coal are major sources of coal
dust. Soot and fly ash resulting from the burning of coal may form compounds that adhere firmly to
insulator surfaces and may be removed only with high-pressure washing or compressed air with an

abrasive substance. Coal dust can be cleaned by water washing or compressed air or wiping.
6.1.8 Feedlot

Provender dust and earth dust stirred by animals in large feedlots can settle on nearby insulators in

dry weather. This dust is normally removed with water.
6.1.9 Volcanic ash

Volcanic activity can emit large quantities of pollutant into the atmosphere in a short period. Thick
layers of volcanic ash accumulate on exposed insulators during and shortly after periods of volcanic
activity. This ash is not easily removed unless it is cleaned soon after it is deposited. Water washing

or compressed air cleaning or wiping can be used.
6.1.10 Bird excrement

Insulators located in the vicinity of roosts of birds are subject to contamination by excrement. These
deposits are usually washable and are often cleansed by heavy rain; but may present serious
problems of system reliability. All the methods, such as water washing, compressed air cleaning,

and wiping can be used to clean this contaminant.
6.1.11 Chemical

Atmospheric pollutants from a wide variety of industrial chemical processes, aerial spraying of
agricultural chemicals, and fire-fighting chemicals (berate} are deposited on insulators. The

characteristics of these chemical contaminants vary widely. Agricultural areas tend to have equal

dry deposition levels of NHs and HNQOs, whereas urban areas have mainly HNO:s at levels of about

10 g/km? per year. Both of these ions, and many other chemical pollutants Seme-chemieals are highly

soluble and can be washed easily, while others bond firmly and can be removed only by hand

scrubbing.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:10:16 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 957-2024


http://www.avadocuments.com/doc/ieee-957-2024
http://www.avadocuments.com/doc/ieee-957-2024

6.1.12 Smog (vehicular emission)

In urban areas, automobile emissions introduce a significant amount of particulate matter into the

environment. For example, this is overlaid on uniform background levels of dry SO2 deposition on

the order of 30 to 100 ¢/km? per vear in the Eastern USA, compared to less than 10 g¢/km? per year

West of the Mississippi.

In addition, diesel engine emissions of carbon black from trains particularly affect areas adjacent to

rights-of-way. Normally, volatile organic industrial chemicals are also present in areas with heavy

smog problems. Resulting insulator contaminants have varying characteristics; depending on the
combination of pollutants present. Various methods, such as water washing, compressed air

cleaning, or wiping can be used to clean smog.
6.1.13 Cooling tower effluent

Cooling tower effluent is composed of water vapor and a small amount of dissolved solids. Usually,

the cooling water quality is maintained to reduce corrosion inside the tower. In some cases the

effluent can also contain chlorine, which is a very aggressive corrosive component.

Under normal wind and temperature conditions, cooling tower effluent should quickly disperse and
not affect insulator performance. However, under certain weather conditions, it is possible for the
effluent to create a localized fog. This fog may moisten dry, dirty insulators or, if the temperature is
cold enough, ice glazing on insulators may occur. Either situation can affect the performance of the

insulator. Water washing or dry ice cleaning is an effective way to clean cooling tower effluent.
6.1.14 Smoke

Industrial and agricultural burning or wildfires can, with other compatible conditions (such as

moisture and humidity), cause the resulting contamination to accumulate on the insulation. Smoke

deposits of fine carbon black should ean be washed using water or dry ice or wiping.
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6.1.15 Organic

Organic contamination consists of living or dead organisms, or by-products produced by them.
Common examples are mold and algae. Wiping and compressed air cleaning and washing can be

effective in cleaning.
6.1.16 Ice/snow

Ice is an electrical insulator if its temperature is less than -2 °C (28.4 °F) but can cause electrical
flashovers if it starts to soften and melt at -1 °C (30.2 °F). Heavy ice or snow accumulation on
insulators can sometimes be cleaned using preheated water that has a resistivity of more than 50 000
Q cm/uS (water conductivity less than 20 uS/cm). Generally, a vertical pass to split the ice cover,
followed by injection of the hot water stream between the ice and the insulator, can be effective. The
high-water purity is needed because the resistivity of water decreases by a factor of two as

temperature increases from 25 °C (77 °F) to 70 °C (158 °F) and also because any remaining water that

freezes to ice should be as clean as natural ice, which seldom causes problems on its own in the

absence of a pre-contamination layer.

6.1.17 Fire retardant

A fire retardant is a substance that is used to slow or stop the spread of fire or reduce its intensity.

Fire retardants used to fight wildfires are typically a mixture of water with chemicals designed to

retard the progress of the fire. Borate salts used in the past to fight wildfires have been found to

sterilize the soil and be toxic to animals so are now prohibited. Newer retardants use ammonium

sulfate or ammonium polyphosphate with attapulgite clay thickener or diammonium phosphate

with a guar gum derivative thickener. These are not only less toxic but act as fertilizers to help the

regrowth of plants after the fire. Fire retardants often contain wetting agents, preservatives and rust

inhibitors and are colored red with ferric oxide or fugitive color to mark where they have been

dropped.
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Utilities should work with the firefighting agencies in their state, province or local area to educate

fire fighters regarding the impact of fire-retardant pollution on line insulators and substations. To

the extent possible, the application of fire retardants from planes or helicopters should be directed in

a manner to avoid dumping retardant on electrical equipment. Education and communication

during fire prevention and firefighting preparation can save many hours of insulator cleaning.

After firefigchting operations are completed, insulators should be inspected to determine if insulators

can be cleaned or should be replaced prior to energization.

7. Managing insulator performance and cleaning

Good data collection and management of insulator performance is crucial to properly establish the

most cost-effective insulator cleaning program for a particular line or geographic area of lines. It is

important to understand that a program, cleaning method, and frequency that works for one line

may not be effective for another line.

7.1 Monitoring analysis of data

To optimize an insulator cleaning program it is necessary to collect good data for each specific line

of concern. This data must then be properly analyzed in order to establish an optimal cleaning

program. It is necessary to periodically revisit the effectiveness of each program because changes in

the environment, the topography, surrounding development, etc. in the vicinity of that line may

change with time.

7.1.1 Frequency of cleaning

Frequency of cleaning varies depending upon the degree of contamination, the weather conditions,
and the particular insulator design. Where frequent water washing is required, it is sometimes
economical to install either piping systems on towers or permanent fixed-spray nozzle systems for

ease in washing,.

Insulators should be cleaned washed prior to the time of reaching a the critical contamination level.

This point can be estimated from the following;:

— Past experience on periods between flashovers, or pole fires
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— Relative experience (versus historical data) of buildup and/or discharges at different line

voltages or installation types.

— Allowable eguivalent—sali-deposited—density (ESDD) obtained from de-energized test

insulators or from energized insulators
— Degree of scintillation during damp weather conditions
— Complaints of radio/television interference
— Proximity and exposure to the pollution source

— Type of contaminant; and its rate of buildup on the insulator and associated hardware

— Weather conditions
NOTEC{It is noted that the danger of flashover and pole fires is particularly great after a
long, dry period, either in.!*}

— Sensor insulators that indicate contamination level (to be used for areas of consistent

contamination levels or worst-case areas)

There is sufficient experience to demonstrate that polymer insulators do not require cleaning as

frequently as porcelain or glass insulators. If necessary, polymer insulators can be cleaned. It is

recommended to consult with the insulator manufacturer to determine the cleaning method and

modality to be used.

7.1.2 Results

The results of effectiveness and efficient insulator cleaning can be judged by the following.
7.1.2.1 Visible (clean-shiny)

Surface condition of both the top and bottom of the insulator skirts should be visually clean and

shiny after the water or solvents have dried. There should be no visible residue.

146 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this the standard.
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7.1.2.2 Insulator vibration (ringing)

Mechanical vibration (ringing) of insulator skirts under impact of high-pressure washing and

exhibiting evidence of efficient swirling cleaning action.
7.1.2.3  Absence of corona

Blue corona discharges extend from the metal cap to the porcelain during energized high-pressure

washing and may be heard for a few seconds after completion of cleaning.

If this discharge continues for more than a few seconds, it may indicate incomplete washing of the

insulators, in which case the wash stream should be reapplied.
7124 Clarity of runoff

Clarity of the water runoff may also indicate the effectiveness of contamination removal. Clarity of

water runoff may be difficult to observe due to distance, sunlight, wearing of sunglasses, etc.

7.2 Work methods

{2 T :csion lineinsul

Porcelain and glass insulators with—galvanized-hardware are the most common insulators to be

cleaned. Any cleaning technique or solvent used should not damage or deteriorate the units #em to

be cleaned.

Ceramic insulators can be cleaned in a number of ways, and electrical circuits can remain they—ean

either-be energized or de-energized, depending on potential risk. De-ionized water (versus filtered)

or specialty solvents may be more effective or lower risk solutions. Themostcommonmethodsused
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e)—Compressed-air-cleaning—corneob-and-CO pellets
o Hot wiping (usi livels .
g—Hand-cleaning

7.2.1 Energized

It is a very common practice to clean ceramic insulators with lines in an energized mode and

reclosing devices disabled. There are certain conditions that can exist that make energized insulator

cleaning prohibitive.

7.2.2 De-energized

All of the methods discussed in this document 6+ may alse be utilized in-additionto-hand-cleaning;
when the facility is de-energized (and grounded). When the system is de-energized (and grounded),
the requirements of water resistivity are the same as for an energized system. However, the

clearance issue is not there, thereby allowing different washing conditions.

8. Insulator cleaning

8.1 Wash equipment location

The wash equipment location is defined as the physical equipment location from which insulator

cleaning is performed. Examples of work equipment location can be ground/vehicle-based,

structure-based or helicopter-mounted.
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8.1.1 Ground/Vehicle-based

8.1.1.1 Trucks or aerial lifts

Truck types Chassis; from small 4-wheel-drive wehieles to 10-wheel-drive diesels—of27216-ke(60

000-1b} are being used. Small all-wheel-drive trucks equipped with water pump only pick up water

from tanker trucks or trailers. Medium and heavy trucks pump/engine or power takeoff (PTO-)-
equipped may carry the water and accomplish the washing. The truck may also carry a skid-

mounted tank pump and aerial manlift to use when cleaning from a basket.

A chassis-mounted boom with a remotely controlled tip monitor is a popular arrangement. Greund-
to-tip—heights—of 198 m—to—411-m (65ftto135—ft)are—in—use: Washing requires many more
extensions/retractions than the use of a crane/derrick in line construction or maintenance. Wear and
tear require a tough rigid boom that can tolerate the repetitive cycles required in the washing
function. Artienlated-aerial-unitsto-43-1-m(135-f)-are-inuse: An insulated upper arm and a basket
with non-conductive hose that is equipped with a hand-held gun are used. Existing aerial lift
equipment can be used seasonally for washing transmission, distribution, and substation insulators.

Skid or trailer wash equipment is also utilized.
8.1.1.2 Trailer

A wash trailer can be towed behind existing truck equipment. Trailer brake actuation, electric

vacuum, air, or combinations provide stopping ability and allow towing vehicles with varying brake

systems to tow the trailer. The trailer can be towed behind an existing +0-6-mto39-8-m~(35-ft+e-65+H

aerial lift for transmission or distribution washing er-an-existing274-mto-383+-m{(90-fto125-F lift
for—transmission. Metal towers can be climbed, with the line worker carrying a hand line up the

tower, and then pulling the gun to him/ her. Two people can wash from one trailer on high-voltage
vee-string requirements if the pump power unit is equipped to produce pressure and flow for two-

gun simultaneous operation. Voltages of up to 800 kV are being washed by this method.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:10:16 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 957-2024


http://www.avadocuments.com/doc/ieee-957-2024
http://www.avadocuments.com/doc/ieee-957-2024

Substation washing often requires a vehicle, low in height, with flotation tires to avoid substation
gravel disturbance. A short-coupled trailer can be used in a substation, and two-gun cleaning can be
accomplished. The throttle can be lowered for flood washing the more delicate apparatus. Higher
bus insulators can be cleaned Ysed with a boom of 9.1 m to 12.2 m (30 ft to 40 ft);. The same self-
contained trailer can be used in various applications, providing increased vehicle utilization in all
the maintenance functions. During dry summer months, the trailer becomes an excellent firefighting

vehicle.

8.1.2 Structure-based

Structure-mounted equipment can include fixed nozzles mounted on various structure types. For

example, towers can be equipped with nozzles permanently mounted and directed toward the

insulators. A portable or fixed water supply can be connected to the standpipe to wash the

insulators remotely. Standpipe systems are permanently fixed to the structure and can be operated

manually or automatically through electronic controls.

8.1.3 Helicopter-mounted platforms

When access to insulators is difficult, rugged, or remote, or when high mobility is required for rapid

washing operations over long distances, overhead washing by helicopter is an option. However, as

with any piece of equipment, helicopter-mounted wash systems have limitations to be considered

when evaluating their use. In addition to considering the structure type and helicopter accessibility,

the following are some other factors to be considered before deciding to use helicopter-mounted

washing equipment:

—  Structure access: While an aircraft is isolated from ground, there are minimum approach

distances that must be maintained at all times. Unless a wash boom is tested and certified,

and the water resistivity is monitored, minimum approach distances as per IEEE Std 516

must be maintained from the structure and adjacent phases while washing is in progress. By

design, many structures, do not allow access for aerial-mounted wash booms while

maintaining necessary minimum approach distances.
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— Wind: Wind has a significant impact on insulator washing from a helicopter. It affects the

maneuverability and positioning of the aircraft around the structure, and the effective spray

distance of the system. Attention needs to be given to affect of the wind on overspray so as

not to compromise the functionality of adjacent insulators to the ones being washed.

— Risk: Washing insulators with a helicopter is a cost effective method of managing insulator

contamination, but great attention must be given to managing the associated risks and

hazards. Working in or around populated areas, industrial areas have high public exposure

and special mitigations may be required to do the work.

—  Perception: The general perception of the public needs to be managed as there is a tendency

to misinterpret the work being performed. Besides the concerns associated with risk and

hazard, people are suspicious of the spray. Any effort to keep the public informed removes

some of the associated anxiety associated with the work

—  Scheduling: Performing aerial insulator washing is influenced by a variety of circumstances

that make accurate scheduling difficult. Planning and flexibility are essential for effective

operations.

— Logistics: Planning is an essential aspect for safe, cost effective, and efficient operations.

Access to lines, location of resupply locations, and access to water are critical considerations.

The mounting framework for the system components must be designed to support the weight and

be in compliance to any OHSA and FAA regulations. The configurations can be internal, external, or

a combination of internal and external components.

Helicopter aircraft have Suchaireraft-are limited inthe-ameountof wash water carrying capacity they

ean-earry. To compensate for this, the pumping system and hand-held or guided gun with wand are

usually powered with a higher pressure, lower volume system than ground-carried systems. With

this self-contained, isolated, and ungrounded system, the spray nozzle can be safely positioned

closer to the insulators that are to be cleaned. Considerations-have-to-be-madefor-the structure-type
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Most helicopter-mounted cleaning equipment consists of 5 main components. The information

regarding the pump, the water tank and nozzle is covered in other areas of this document. In

addition to these devices, the helicopter must also be equipped with a special spray boom and a

specially designed and certified mounting system.

8.1.3.1 Wash boom

Wash booms are the medium of delivering the water from the tank to the nozzle. They can be

constructed of insulated material or aluminum alloy and are designed in accordance with all

associated regulations and specifications. Booms can be fixed in place extending out the front of the

aircraft and operated by a specially trained and qualified pilot. Other boom designs are moveable

and are operated by a second person, also trained and certified, positioned in the passenger area of

the aircraft. To reduce the potential of conflict between the main rotor of the helicopter and the

structure or insulators being washed, the boom extends out beyond the diameter of the rotor disk.

Under no circumstances can the operation of the wash system impair the safe operation of the

aircraft.

8.2 Cleaning methods and equipment

The types of contaminants present on the insulator surface can influence the cleaning method that
should be used. Some contaminants, such as bird excrement, can become very conductive when wet.
For contaminants that become conductive when wet, the high-pressure wash or flooding method
should not be used on energized lines. The high-pressure wash and flooding methods are most
effective when used to clean soluble contaminants. Adhesive insoluble deposits may limit the
effectiveness of water cleaning methods. These types of deposits and extremely stubborn
compounds may constrain the cleaning methods to either hand cleaning with chemical agents and
scrubbing or through use of the compressed-air; dry-cleaning method. Hand cleaning is an
expensive procedure. Only by experience with a particular contaminant can the most effective and

economical cleaning process be determined.
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The method used for insulator cleaning is also dependent on the insulator material, construction,

whether or not the line is energized, and the type of containment to be removed. Cleaning insulators

at distribution voltages entail different concerns than higher voltages due to lesser clearance

distances. However, the methodology is consistent, regardless of voltage.

8.2.1 Water washing

Methods used to wash insulators will vary depending on voltage, application, and physical

properties of the insulators.

There are circumstances where washing with the line energized is prohibitive. Following are

situations where an assessment should be completed to make the decision to wash under energized

condition:

— Damaged insulators: Damage to single or multiple insulators may compromise the

insulating characteristics to the extent the spraying of water may result in a flashover.

— Cement growth: This is a condition where the grout holding the insulator together has

deteriorated and cracked. This cracking can extend into the porcelain and reduce both

electrical and mechanical capabilities. It is more common in insulators located in deadends

and angles where the grout is more accessible to moisture. Introducing water under pressure

may cause failure of insulator(s).

When water washing insulators using the live-line work method, they should be washed so that the

watersheds just cleaned will maintain adequate insulation. (For example, on vertical insulators the

washing would be started at the bottom and work upwards.) One of the main concerns of washing

is the potential problem of overspray. When overspray presents a problem, washing from different

positions may help, but will take more time and reduce production.

The equipment required to conduct power washing is composed of: a water tank, pump and motor,

various valves, nozzles, piping system, and control system.
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8.2.1.1 Technical considerations for energized cleaning with water

83— Leakageecurrent

For the purpose of this guide, leakage current is defined as the current that flows through normally
non-conducting elements such as hoses. Refer to IEEE Std 80 80-2000 and IEC 60479-2:2019 66479~
A The level of 1 mA is the approximate perception threshold current that a person detects as a slight
tingling sensation in his hands or fingers due to current flow. When the nozzle grounding braid is
properly grounded, no appreciable leakage current should flow through a person’s body during the
washing operation. Nevertheless, a person should anticipate the possibility that the nozzle
grounding braid can accidentally open or become disconnected. For this reason, leakage current in

the wash stream should be limited to 2 mA.

The washing equipment, the wand, the structure, and the washing equipment operator persesn

should be at the same potential at all times during insulator cleaning. Refer to IEEE Std 1048 1048-

2003 for more details about temporary grounding.

In substations, nozzle operators using hand-held nozzles should wear rubber boots, rain clothes, and
rubber gloves to avoid getting wet. In addition, the wet hose is in direct contact with the ground.
The operator has both hands on the nozzle while the stream is contacting energized equipment. It
should not be difficult under these circumstances to limit the leakage current by adjusting washing

distance, pressure, orifice, and water resistivity.
The parameters that influence the leakage current in the wash water stream are as follows:
— Line voltage
— Distance from the nozzle tip to the energized parts
—  Water resistivity or conductivity
— Water pressure
— Nozzle orifice diameter

— Nozzle design (continuous stream or intermittent pulses)
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Currents exceeding 1 mA or 2 mA are to be guarded against by the following;:
— Using water that falls within the acceptable range of conductivity or resistivity
— Replacing worn nozzles

—  Carefully maintaining safe working distance
8.2.1.1.1 Working distance

Nozzle-to-conductor distance for a given line voltage and nozzle diameter is the most important
parameter that influences the leakage current and the washing effectiveness of the water stream.
Washing effectiveness and the magnitude of leakage current both decrease with increasing nozzle-
to-conductor distance. In cases where the wash distance is limited by the tower dimensions,

demineralized water can be used.

Table 1 4 gives minimum distance between the energized parts and the nozzle tip for various line

voltages when working from conventional platforms such as ground-based, vehicle and structure-

mounted equipment.

Table 1—Minimum distance for energized washing®

Line voltage Minimum nozzle- Minimum water Minimum nozzle Maximum orifice
(kV) to-conductor resistivity pressure diameter
distance Q xcm (% in) kPa (psi) mm (in)
m (ft)

13 and below 1.82(6) 1300 (512) 2758 (400) 4.76 (3/16)
13 and below 1.82(6) 1300 (512) 2758 (400) 6.35(1/4)
16 2.13(7) 1300 (512) 2758 (400) 4.76 (3/16)
345 2.44(8) 1300 (512) 2758 (400) 6.35(1/4)
345 2.44(8) 1300 (512) 2758 (400) 4.76 (3/16)
69 2.74(9) 1300(512) 2758 (400) 4.76 (3/16)
69 3.66(12) 1300 (512) 2758 (400) 6.35(1/4)
115 3.05(10) 1300 (512) 2758 (400) 4.76 (3/16)
115 3.96(13) 1300 (512) 2758 (400) 6.35(1/4)
230 3.66(12) 1300 (512) 2758 (400) 4.76 (3/16)
230 4.57(15) 1300 (512) 2758 (400) 6.35(1/4)
345 3.92(13) 1300(512) 2758 (400) 4.76 (3/16)
345 5.22(17) 1300 (512) 2758 (400) 6.35(1/4)
500 427 (14)* 50000 (19 685) 5516 (800) 6.35(1/4)
500 6.10(20) 3000 (1181) 3792(550) 7.94 (5/16)
500 dc 6.10 (20)* 50000 (19 685) 5516 (800) 6.35(1/4)
New

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:10:16 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 957-2024


http://www.avadocuments.com/doc/ieee-957-2024
http://www.avadocuments.com/doc/ieee-957-2024

Minimum nozzle- Minimum water Minimum nozzle Maximum
voltage to-conductor e s <
. resistivity pressure
distance
KV \ m Qem kPa / nmm
(kV) NG (m) ( ) (kPa) A (mm)
13 & below \82 1300 2758 4.76
13 & below 1.82 1300 /ﬂs 6.35
16 213 1300 2758 476
\\ //
34.5 2.44 \30(/ 2758 6.35
345 244 A 2758 476
bl

69 274 ,/ 1300 \\ 2758 476

69 3.66/ 1300 \2758 635

115 /ﬁ 1300 )‘5\ 476
115 3.90 1300 2758 6.35
230 / 3.66 1300 2758 4.76

/za( 457 1300 2758 N

345 3.92 1300 2758 4.76

A (continued)

=1
$ th'(:i_l;:}';::;]:i‘(:iile_ Minimum water Minimum nozzle W
ag . resistivity pressure diameter
istance /
(kV) (m) \\(Q'cm)//(kPﬂ} (mm)
345 5.22 30 2758 6.35
500 42 50 000 S16 6.35
5 L— . 3 3702 9
00 -~ 6.10 000 792 ~ 7.94
/Qﬂ'dc/ 6.10 50 000 5516 \65\

NOTE—The 345 kV distances were interpolated using 230 kV and 500 kV and found to be in line

with industry practice.

* @ The distance is limited by tower dimensions and configuration. Because of the limited nozzle-to-

conductor distance, demineralized water with resistivity of 50 000 2 x * cm (19 685 Q x * in) or

greater can be used.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 10:10:16 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 957-2024


http://www.avadocuments.com/doc/ieee-957-2024
http://www.avadocuments.com/doc/ieee-957-2024

