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Abstract: Significant aspects of handling SF; gas used in electric power equipment such as gas
recovery, reclamation, recycling in order to keep the gas permanently in a closed cycle and aid to
prevent any deliberate release in environment are described. The purpose of this guide is to provide
state-of-the-art technologies and procedures to reduce SF4 gas emission to a minimum level for
the electric power equipment to preserve the environment. All the aspects for consideration during
commissioning and recommissioning, topping up, refilling, checking the gas quality at site, sampling
and shipment for off-site gas analysis, and recovering and reclaiming during normal operation and
at the end of the life of power equipment while dismantling will be included in this guide. The state-
of-the art tools and measuring devices including the necessary personnel protective equipment is
also presented. The basis for the preparation of this guide is CIGRE Brochure No. 276, Guide for
preparation of customized “Practical SF4 handling instructions,” August 2005 edition, developed by
the Study Committee B3, Task Force B3.02.01.

Keywords: |IEEE C37.122.3™, SF6analysis, SF6handling, SF6reclaiming, SF6recovery,
SF6safety, SF6transportation
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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 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 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 this standard, 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 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
IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position
of [EEE, 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).

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 in revisions to an IEEE standard is welcome
to join the relevant IEEE 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
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.

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.ieee.org/content/iece-standards/en/about/contact/index.html.
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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
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

3 Available at: https://ieeexplore.icee.org/browse/standards/collection/ieee.
4 Available at: https://standards.ieee.org/standard/index.html.
3 Available at: https://standards.ieee.org/about/sasb/patcom/materials.html.
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filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.

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, and interference protection practices and all applicable
laws and regulations.
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Introduction

This introduction is not part of IEEE Std C37.122.3-2024, IEEE Guide for Sulfur Hexaflouride (SF6) Gas Handling for
High-Voltage (over 1000 Vac) Equipment.

The purpose of this document is to provide practical recommendations for a customized “Practical SF,
Handling Instruction Guide” that applies to all equipment and can become a standardized document containing
standard information and procedures covering the following:

— Commissioning or recommissioning

— Topping-up

— Refilling

—  Checking gas quality on-site

— Sampling and shipment for off-site gas analysis
— Recovery and reclaiming

— Recovery and reclaiming at the end of life when the electric power equipment is dismantled

The guide is organized into individual sections that can be bound together to form a customized “Practical
SF, Handling Instructions” manual. The standard manual describes the SF, handling procedure according to
the state-of-the-art technique. Following the procedures in this guide promotes operational efficiency, work
safety, and environmental benefits such as the following:

—  Safer operation of the equipment

— Optimization of resources and tools required

— Minimization of out-of-service time for equipment

— Standard training of personnel handling SF

— Reduction of the amount of gas released during handling operations down to minimum practical levels
— Help to avoid any deliberate release (e.g., flushing to the atmosphere)

— Reduction of SF6 losses during commissioning, operation, and service to minimize emissions
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IEEE Guide for Sulphur Hexaflouride
(SF6) Gas Handling for High-Voltage
(over 1000 Vac) Equipment

1. Overview
1.1 Scope

This guide describes aspects of the handling of SF, gas used in electric power equipment, such as gas filling,
recovery, reclamation, testing, quality analysis, and recycling, in order to keep the gas permanently in a closed-
loop system and to avoid any release into the environment.

1.2 Purpose

To provide technologies and procedures to minimize SF, gas emissions for electric power equipment to
preserve the environment. This guide will include all the aspects for consideration during filling, topping up,
checking the gas quality, sampling and shipment for off-site gas analysis, reprocessing, and recovery during
normal operation and at the end of the life of power equipment while dismantling. This guide also presents the
tools and measuring devices including the necessary personal protective equipment.

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 t0).%’

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).

¢ The 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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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

ASTM D2472, Standard Specification for Sulfur Hexafluoride.®
IEC 60376, Specification of technical grade sulfur hexafluoride (SF,) for use in electrical equipment.’

IEC 60480, Guidelines for the checking and treatment of sulfur hexafluoride (SF;) taken from electrical
equipment and specification for its reuse.

IEC 62271-1, High-voltage switchgear and control gear—Part 1: Common specifications.

ISO 14040, Environmental Management—Life cycle assessment—Principles and framework. '

3. Definitions, acronyms, and abbreviations
3.1 Definitions

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

cylinder scale: A device to measure the weight or mass of a gas cylinder and is calibrated and within the
regulation requirements for accuracy.

energized: Qualifies a conductive part of the electrical equipment that has an electric potential difference with
respect to a relevant reference. The reference potential is usually earth or an equipotential frame.

evacuation: The transfer of air and moisture from the electric power equipment to the atmosphere.

guides: Documents in which alternative approaches to good practice are suggested, but no clear-cut
recommendations are made.

pure gas: A gas made up of identical atoms or molecules used for insulation and/or switching within electric
power equipment.

recondition: Sulfur hexafluoride (SF,) gas processing to remove other vapors (i.e., air, N,, CF,, etc.) to
improve the purity of the SF, gas being processed to meet the purity specified in the applicable standards and
specifications for SF,.

reconditioned gas: Gas that has been processed to improve purity for reuse in gas insulated equipment (GIE)
in its pure form or as part of a mixture.

recover/SF6 recovery: To remove sulfur hexafluoride (SF,) in any condition from a gas insulated equipment
(GIE) and store it in an external container.

8 ASTM publications are available from the American Society for Testing and Materials (https://www.astm.org/).

°[EC publications are available from the International Electrotechnical Commission (https://www.iec.ch) and the American National
Standards Institute (https://www.ansi.org/).

1"ISO publications are available from the International Organization for Standardization (https://www.iso.org/) and the American
National Standards Institute (https://www.ansi.org/).

"IEEE 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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recovery system: Device for recovery and processing of sulfur hexafluoride (SF;) gas to remove moisture and
by-product contaminants.

recycle: To recover sulfur hexafluoride (SF,) from any gas insulated equipment (GIE) or other container and
scrub said SF, for immediate reuse. In general, recycled SF is SF that is cleaned using single or multiple
passes through devices, such as replaceable filter-core (through desiccant and aluminum oxide filter cores)
which remove contaminants such as SF¢ by-product (acidity), moisture, particulate matter, and oil mist
(through charcoal filter cores).

separation process: To recondition sulfur hexafluoride (SF;) gas by the process of separation of other vapors
(i.e., air, N,, CF,, etc.) from SF; by means of increasing pressure and lowering the temperature of gas being
processed.

tight drilling system: When connection to a gas-filled compartment via available openings (e.g., filling
points, pressure gauge) is not provided, then a tight drilling system should be used. This generally consists of
a drill fitted with a hollow bit connected to hoses with appropriate gasket systems to help avoid leakage during
and after drilling.

top-off/topping-off: Filling a pre-filled or partially filled gas compartment with a gas or gas mixture to the
filling pressure (density) for insulation and/or switching at the specified mixing ratio, if applicable

3.2 Acronyms and abbreviations

ASTM American Society for Testing and Materials
CF4 carbon tetrafluoride
CIGRE International Council on Large Electric Systems
EPA Environmental Protection Agency
GIE Gas Insulated Equipment
GWP global warming potential
HV high voltage
IEC International Electrotechnical Commission
IPCC Intergovernmental Panel on Climate Change
MFM mass flow meter
MV medium voltage
N, nitrogen
OEM original equipment manufacturer
ppmv parts per million by volume
ppmw parts per million by weight
SF, sulfur hexafluoride
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4. General background
4.1 General

Since the early 1960s, SF, has been successfully used by the electric industry in power equipment for the
high-voltage (HV) transmission and medium-voltage (MV) distribution of electricity (e.g., gas-insulated
substations, gas insulated bus, circuit breakers, transformers, and cables) because of its properties.

Fluorinated gases introduced into the atmosphere can be Hydrofluorocarbons, perfluorocarbons, sulfur
hexafluoride, and nitrogen trifluoride. These gases are synthetic and have been found to be powerful
greenhouse gases, as reported by the Environmental Protection Agency (EPA), the Intergovernmental Panel
on Climate Change (IPCC), and other international committees.

Other agencies, working groups, committees, and associations such as the EU, United Nations Framework
Convention on Climate Change (UNFCCC), and the UN Environment Program have either reported similar
findings or have adopted programs and policies as a result of the impact which fluorinated gases have on the
environment.

It is important to note that fluorinated gases are not emitted from natural occurrences. They are mainly emitted
due to activities that are related to human activities. These activities are a variety of industrial processes that
include but may not be limited to the following:

—  Aluminum and semiconductor manufacturing
— Refrigeration

— Aerosol propellants

— Foam blowing agents

— Solvents

—  Fire retardants

— Transmission and distribution using gas-insulated equipment (i.c., SF, gas).

Sulfur hexafluoride (SF;) is used as an insulator and arc-quenching gas in electrical gas insulated transmission
and distribution equipment, including circuit breakers, switches, transformers, and insulated electrical bus
ducts. The global warming potential (GWP) of SF, is 24 300, which as a result, the Intergovernmental Panel on
Climate Change (ARG report) has classified SF, gas as the most potent greenhouse gas.

As consequence of the environmental impact of greenhouse gases, the Environmental Protection Agency
(EPA) has instituted the Greenhouse Gas Reporting Program (GHGRP). The program requires specific
facilities that “emit significant quantities of these compounds” to report annual emissions to the EPA as part of
the GHGRP.

Greenhouse gas emitters that are subject to the GHGRP may include producers of fluorinated gases (F-gases)
as well as other emitters of fluorinated greenhouse gases (F-GHGs). The program does require companies
“that supply these compounds (i.e., producers, importers, and exporters)” to report the quantity of the gas
supplied annually for analysis of emissions and overall impact on the environment. The reports are public and
are available on the EPA GHGRP website.

In summary, the policies differ from country to country. However, the goal is the same. Reporting programs
such as the GHGRP, the EU policies and other international agreements are striving for reduction of F-gases to
lessen the impact of greenhouse gases on the environment. The policies include eliminating and replacing high
(GWP) F-gases with substances that have lower or no GWP and improved handling and processing techniques
to eliminate emissions. Furthermore, the processes of destruction and recycling are also included as part of the
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local, regional, and global policies. Recycling aids in reducing CO, emission during the production processes
and also reduces the need to continue to introduce new F-gases into the supply. This may be especially true
for F-gases that have the ability to be 100% recyclable with little to no emissions and negative impact on
performance.

This guide is intended to serve as recommended practice in the handling of SF in the absence of established
procedures or manufacturer recommendations. '?

4.2 Gas characteristics

SF, offers both excellent electric insulation and arc extinguishing capability in a stable form which is
advantageous for use in switchgear.

4.2.1 Molecular structure

SF, is a synthetic gas formed by six atoms of fluorine gathered around a centrally situated atom of sulfur. The
chemical formula is SF, and the molecular weight is 146.05 g/mol.

The chemical bond between fluorine and sulfur is known as one of the most stable existing atomic bonds. Six
of these bonds grant the molecule very high chemical and thermal stability. In addition, the compatibility of
SF, with material used in electric constructions is similar to that of nitrogen (N,) up to temperatures of about
180 °C (356 °F).

4.2.2 Properties

Pure SF is odorless, tasteless, non-toxic, non-corrosive, non-flammable, and chemically inert at ambient
temperature. It does not support combustion. At its nominal temperature and pressure of 20 °C and 101.3 kPa
(14.7 psi) 20 °C (68 °F and)], SF, is about five times heavier than air. [2] Its density is 6.1 g/L (0.38 1b./ft%).

The solubility of SF, in water (7000 ppmv) is four times lower than that of air.

4.2.3 Thermodynamic and electric properties

As the critical temperature and pressure of SF, are 45.54 °C and 3.759 MPa (113.97 °F and 545.197 psi),
respectively, it can be liquefied by compression and is usually transported as a liquid in cylinders or containers.

The heat capacity of one mole of SF is around three times greater than air.

SF, is strongly electronegative (i.e., it tends to attract free electrons). It has a unique combination of physical
properties, including high dielectric strength (about three times that of air), high thermal interruption
capabilities (about 10 times that of air), and high heat transfer performance (about twice that of air).

4.2.4 Environmental

SF, does not harm the ecosystem; biological accumulation in the food chain does not occur. It is an inert gas
with very low solubility in water and therefore presents no danger to surface water, groundwater, or the soil.

SF, has no impact on the stratospheric ozone layer—its ozone depletion potential is 0. However, SF is a
potent greenhouse gas with a global warming potential (GWP100) of 25 200. It is also a persistent greenhouse
gas with an atmospheric lifetime of 650 to 3200 years. The difference in the figures is a consequence of the
adoption of different calculation models.

12 Additional details are available from the EPA in the IPCC, 2007: Climate Change 2007: Synthesis Report. Contribution of Working
Groups I, II, and I1I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (see the information at the
following website https://www.epa.gov/ghgemissions/overview-greenhouse-gases#f-gas)
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The GWP of SF, alone is not adequate to measure the environmental impact of electric power equipment
based on SF, technology. The environmental impact of any specific application should be evaluated and/or
compared using the life-cycle assessment approach, as regulated by ISO 14040.

SF, has to be used in a closed cycle. When gas removal from containment is needed, a proper handling
procedure should be implemented to help avoid any deliberate release into the atmosphere.

The yearly SF, emission rate from the overall electric industry accounts for approximately 0.1% of all man-
made CO, equivalent emissions.

4.3 Characteristics of electric power equipment

The tightness of certain older installed gas-insulated power equipment, especially for HV systems, could be
a significant issue for environmental impact. Nevertheless, it has to be kept in mind that handling SF, during
installation, on-site testing, and maintenance activities may contribute significantly to the overall emissions.

State-of-the-art electric power equipment is designed and manufactured for tightness so that it is compatible
with environmental protection guidelines. This implies the following:

— Very low leakage rates due to the quality of the encapsulation, including its material, the machining
process, the design of gaskets, the sealing material itself, and the factory testing procedures

— Very low handling losses due to smaller gas compartments, reduced maintenance frequency, more
sophisticated tools and instruments to handle and check the gas quality, and specific training of
designated personnel

In addition to these items noted, procedures for installation, service, maintenance, repair, and proper disposal
should be described by the manufacturer in as detailed a manner as possible. Specially trained personnel
should carry out the practical work.

4.3.1 Controlled pressure systems (obsolete)

In controlled pressure systems, a volume is automatically replenished from an external or internal gas source.
The volume may consist of several permanently connected gas-filled compartments.

Controlled pressure systems are no longer used in new equipment because of their high leakage rate. It is
recommended that controlled pressure systems in old equipment be replaced by closed-pressure systems
because of the unacceptable leakage rate.

4.3.2 Closed-pressure systems

In closed-pressure systems, a volume is replenished only periodically by manual connection to an external gas
source. High-voltage (above 72.5 kV) SF, single-pressure circuit breakers are examples of closed-pressure
systems.

It is recommended that:

— Leak checks are performed to meet standard requirements.
—  When SF, conditions are checked, that gas be recaptured from analysis equipment.

— Appropriate record-keeping procedures are used.
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4.3.3 Sealed-pressure system

Sealed-pressure systems have gas volumes that are completely sealed. It is not expected that any gas or vacuum
processing will be performed over the expected operating life. Sealed-pressure systems are completely
assembled and tested in the factory.

Much state-of-the-art MV electric power equipment uses a sealed-pressure system. These systems are
commercially designated “sealed for life,” as they require no on-site gas handling for their entire life duration,
typically 40 years. End-of-life disposal is performed under the responsibility of the user and is supported by
the manufacturer. Third parties, such as service companies, may also carry out end-of-life disposal.

During the product life of these systems, SF, is handled in a controlled environment only twice: for gas filling
at the beginning and for gas recovery at the end. Given the limited handling, handling losses can be considered
to be of the same order of magnitude as leakage losses. Today a typical leakage rate is lower than 0.1% per year
for each gas compartment

4.3.4 Description of the installed system

Among all characteristics defined by the current IEC Standards in force and given in the instruction manual
from the manufacturer, those most relevant to SF¢ handling are highlighted in Table 1.

Table 1—Equipment characteristics related to SF; handling

Equipment characteristic Clos:}tls-t[; ll'::zsure Sealse;is-t[:;zsssure
SF, mass per compartment/substation X X
Volume per compartment/substation X X
Rated SF; filling pressure at 20 °C (68 °F) X X
Leakage rate in % p.a. per gas compartment X X
Designation of {iifferent compartments X X
(e.g., breaker, disconnector, and bus bar)
Number of separate compartments X X
Location of safety overpressure control means X X
System used to observe the pressure in each containment X When relevant
Precautions when handling SF, containments X —
Record-keeping X When relevant
Typical time betwegn two consecutive X .
maintenance operations in years
Typical time between two consecutive SF; measurements in years Required —
Location of SF, valves X When relevant
Location of gas-tight spacers X When relevant
Pressure levels and number of alarms/indicators X When relevant

4.3.5 Description of the monitoring system for controlled and closed-pressure systems

In order to operate safely, switchgear needs a minimum gas pressure/density. In the case of controlled or
closed-pressure systems, visual indications and/or acoustic alarms are set as a function of that threshold. If
the gas pressure/density reaches its minimum threshold, standard operations can no longer be maintained and,
according to specific users’ requirements, appropriate countermeasures (e.g., alarm, automatic lockout, or
switching features) come into effect.
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