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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
USE AND HANDLING OF SULPHUR HEXAFLUORIDE (SF)
IN HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR

FOREWORD

1) The IEC (international Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international cooperation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards.
Their preparation is entrusted to technical committees; any IEC National Committee interested in the
subject dealt with may participate in this preparatory work. International, governmental and
non-governmental organizations liaising with the IEC- also participate in this preparation. The IEC
collaborates closely with the International Organization for Standardization (ISO) in accordance with
conditions determined by agreement between the two organizations.

2) The formal decisions. or agreements of the IEC on technical matters, prepared by technical committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

3) They have the form of recommendations for international use published in the form of standards, technical
reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply |IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The main task of IEC technical committees is to prepare International Standards. In excep-
tional circumstances, a technical committee may propose the publication of a technical
report of one of the following types:

e type 1, when the required support cannot be obtained for the publication of an
International Standard, despite repeated efforts;

e type 2, when the subject is still under technical development or where for any other
reason there is the future but not immediate possibility of an agreement on an Inter-
national Standard;

e type 3, when a technical committee has coliected data of a different kind from that
which is normally published as an International Standard, for example "state of the art".

Technical reports of types 1 and 2 are subject to review within three years of publication to
decide whether they can be transformed into International Standards. Technical reports of
type 3 do not necessarily have to be reviewed until the data they provide are considered
to be no longer valid or useful.
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IEC 1634, which is a technical report of type 2, has been prepared by sub-committee 17A:
High-voltage switchgear and controlgear, of IEC technical committee 17: Switchgear and

controlgear.

The text of this technical report is based on the following documents:

Committe draft Report on voting
17A(Sec)433
10(Sec)334 17A/449/RVC
17C(Sec)155

Full information on the voting for the approval of this technical report can be found in the
reports on voting indicated in the above table.

This document is issued in the type 2 technical report series of
publications (according to G.4.2.2 of part 1 of the IEC/ISO Directives) as
a “prospective standard for provisional application® in the field of
high-veltage switchgear and controlgear because there is an urgent
requirement for guidance on how standards in this field should be used to
meet an identified need.

This document is not to be regarded as an "Intemational Standard". It is
proposed for provisional application so that information and experience
of its use in practice may be gathered. Comments on the content of this
document should be sent to the IEC Central Office.

A review of this type 2 technical report will be carried out not later than
three years after its publication, with the options of either extension for a
further three years or conversion to an Intemational Standard or
withdrawal.
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INTRODUCTION

SF6 gas has been used in electrical switchgear and controlgear for more than 30 years. lts
application is mainly in equipment for rated voltages exceeding 1 kV up to the highest
rated voltages for which switchgear and controlgear are manufactured. It is estimated that
several millions of the different types of SF-filled units are currently in service.

The long experience with SF¢ in electrical switchgear and controlgear has demonstrated
that there are no major problems concerning its use, provided that certain elementary
precautions and procedures are established and observed.

A number of international and national standards and codes of practice exist, covering
various aspects of SF; gas. Additionally, many articles and technical papers on SFg and
its use have been written. An extensive literature survey is given in a report prepared by
WG 23.03 of CIGRE [1]*; the report includes the results of a survey concerning the safety
of personnel working with GIS equipment. Very few injuries were reported including only
one with any permanent consequences. The report states: "It should be noted that in all
cases where injury occurred, the individuals concerned did not wear proper protective
clothing and did not adopt proper safety procedures”.

SFg is used in closed or sealed pressure systems. The small quantity of SFg which may
leak into the atmosphere does not deplete the ozone layer and has a negligible influence
on the greenhouse effect. :

The by-products of SF created in switchgear and controlgear by thermal effects (heating,
arcing, spark, dlscharge, etc.) may have toxic properties. However, the real toxicity
depends on the concentration in the switchgear and controlgear room and the exposure
time. Taking these factors into consideration it is shown that the presence of SFg does not
impose a greater risk to the operator under normal (operating) or abnormal (internal fault,
fire) conditions than the other materials used in any other type of switchgear and
controigear (metals, plastics, etc.).

The overall toxicity and health risks to persons due to arced SFg should be estimated
using the quantity of thionyl fluoride (SOF,) generated. SOF, decomposes in time in the
presence of moisture to form suphur dioxide (SO,) and hydrogen fluoride (HF). The toxic
effects of this mixture are not greatly different from those due to SOF,,.

Five situations are dealt with concerning working with SF4:

a) Working with new SF: filling.
b) SFg switchgear and controlgear under normal service conditions: ieakage.

c) Working with used SF which may contain decomposition products: maintenance or
extension of switchgear and controlgear.

*  The figures in square brackets refer to annex G, "Bibliography™.
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d) Abnormal situations: e.g. internal fault or external fire provoking opening of the
enclosure.

1) During and immediately after the fault: operator safety.
2) After the fault or external fire: restorative work.
e) ‘End of iife of equipment: recycling, disposal.

Approximate concentration limit values are given below for the different situations. These
values are indications for those cases where measurements can be made and are related
to the threshold limit value (the TLV) of the corresponding gas. If these values are
exceeded, ventilation should be used until the concentrations fall to acceptable values. If
this cannot be achieved, respirators should be used.

For situation a) (filling):
1 000 ppmv of SF.

This is the TLV for new SFG.

For situations b) (leakage), c) (maintenance and extension) and e) (end of life):
1,6 ppmv of SOF, or 200 ppmv SF.

The value given for SOF, is the TLV of SOF,. This does not take account of the possible
hydrolysis of SOF, whereby SO, and HF are formed. In order to take account of this and
to simplify the requirements for measurement and interpretation, a concentration limit
of 200 ppmv SF is also given. This value corresponds to a mixture of the ambient air with
SF_ which has been subjected to medium decomposition. It takes account of the TLVs of
the potentially toxic components SOF,, SO, and HF.

For situation d)2) (after an internal fault or external fire):
1,6 ppmv of SOF, or 20 ppmv SFG.

The value given for SOF, is the TLV of SOF,. An alternative concentration limit of
20 ppmv SFg is given which corresponds to a mixture of the ambient air with a small
volume of SF, which has been subjected to high decomposition. 1t takes account of
the TLV of SOF, and allows for possible (although unlikely) hydrolysis.

For situation d)1) (for example during and immediately after an internal fault), evacuation
will be the initial response. For such short-term exposure there is no established limit for
the SOF,, concentration.

In order to assess the potential risks to health in such exceptional cases, the likely SOF,
concentrations in the switchroom atmosphere are calculated for various fault situations.
These concentrations are then compared with a reference value for non-repetitive
momentary exposure.

A reference value of 500 ppmv SOF, in air has been adopted. This is taken from toxico-
logical research performed on rabbits which were exposed for a period of 1 h. It is
assumed that in a fault situation, the exposure time would be significantly shorter than this
and that momentary exposure of persons to this level will not present unacceptable risk.

Documents

Full document details: IEC TR 61634-1995


http://www.avadocuments.com/doc/iec-tr-61634-1995
http://www.avadocuments.com/doc/iec-tr-61634-1995

1634 © IEC:1995 -17 -

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
USE AND HANDLING OF SULPHUR HEXAFLUORIDE (SFg)
IN HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR

Section 1: General

1.1 Scope

Up to now there has been no international document giving guidance with regard to the
safety of personnel working with SF¢. To give such guidance is the aim of this report.

It is impossible to incorporate all the existing instructions relating to SFg in this report,
which considers mainly safety aspects and gives basic information and guidelines for
working with SF used in switchgear and controlgear during normal and abnormal service
conditions.

These recommendations should be considered as the minimum necessary to ensure the
safety of personnel who work with SF. '

This report is concerned with switchgear and controlgear filled with industrially pure SF,
gas. ‘

1.2 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this technical report. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this technical report are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. Members
of IEC and ISO maintain registers of currently valid International Standards.

IEC 56: 1987, High-voltage alternating-current circuit-breakers

IEC 298: 1990, A.C. metal-enclosed switchgear and controlgear for rated voltages above
1 kV and up to and including 52 kV

IEC 376: 1971, Specification and acceptance of new sulphur hexafluoride

IEC 480: 1974, Guide to the checking of sulphur hexafluoride (SFg) taken from electrical
equipment

IEC 517: 1990, Gas-insulated metal-enclosed switchgear and controlgear for rated
voltages of 72,5 kV and above

IEC 695-7-1: 1993, Fire hazard testing — Part 7: Guidance on the minimization of toxic
hazard due to fires involving electrotechnical products — Section 1: General
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1.3 General characteristics of SF gas

Clean, unused SF; gas has no colour, smell or taste. It is non-combustible and is chemi-
cally inert at room temperatures. Although in principle a mixture of 20 % oxygen and 80 %
pure SF¢ can be inhaled without adverse eftect, it is generally accepted that the maximum
concentration permitted in a working environment during an 8 h period of exposure
is 1 000 ppm by volume (see A.5). This value is not related to toxicity, but is an estab-
lished limit for all non-toxic, harmless gases which have not been present in the
atmosphere for a long period of time.

The general properties of new SF are described in section 2 of IEC 376 and in annex A of
this report. Acceptable methods of working with new SF are given in section 2 of this
report.

Guidance for working safely with SF is required for the following reasons:

a) SFg gas is about five times heavier than air and will, if released into the atmosphere
in a sufficient quantity, tend to accumulate initially in low-lying areas. This could
present a danger of asphyxiation due to oxygen deficiency if personnel are working, for
_example, below ground in ducts or trenches. After a period of time depending on the
amount of air movement, the SF, becomes diffused into the surrounding atmosphere.

b) SF,; decomposes at high temperatures (above about 500 °C in the absence of
catalytic material). Decomposition may occur if the gas is heated for example by a
flame and will occur if there is an electric arc, spark or other electrical discharge within
it. Some of the decomposition products may have toxic effects, but under normal
service conditions in switchgear and controlgear these are contained within a well-
controlled and enclosed environment.

When maintenance is required, or if gas is exhausted into the atmosphere, precautions
are needed to ensure the safety of personnel (see sections 4 and 5).

c) SFg gas, when released into the atmosphere, has a relatively long life. It is there-
fore desirable to minimise the quantity released. Annex D provides information concern-
ing the effects of SF, gas on the environment.

1.4 Application of SF in switchgear and controlgear

The main features of SF; which determine its suitability for use in electrical equipment
are:

— its high dielectric strength;
— its excellent arc-quenching capabilities;
- its high chemical stability and non-toxicity.

1.5 Definitions
There are many different types of switchgear and controlgear which use SFg gas as a

dielectric and/or arc-quenching medium. For the purpose of this Technical Report, the
following definitions apply:
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1.5.1 Rated voltage
medium-voltage: Rated voltages from 1 kV up to and including 52 kV.
high-voltage: Rated voltages above 52 kV.

This distinction is made because there are often significant differences in design, construc-
tion and size between the two categories.

1.5.2 Construction

enclosed equipment: Equipment using mainly air as the primary insulating medium. The
SF is contained in switching enclosures made from metal or cast resin. SF-filled medium-
voltage circuit-breaker and load-break switch equipment is frequently of this type of
construction. :

SF¢-insulated cubicles: Medium-voltage Ring Main Units (RMU) are frequently of this
type of construction.

gas-insulated or GIS: Equipment using mainly SF as the primary insulating medium.
Compartments within a gas-insulated assembly, containing various functional modules
(circuit-breakers, switches, busbars), may be physically isolated from each other, such
that each can be regarded as a separate gas enclosure.

6pen terminal apparatus: ltem of equipment for direct connection to lines or cables.

1.5.3 new SF: New or supplier Quality SF is SFg which complies with the requirements
for purity stated in IEC 376. These requirements and the properties of the gas are detailed
in annex A.

New SFg is chemically non-reactive at normal temperatures, has no colour, smell or taste
and it is non-toxic [2]. It is an asphyxiant, acting by displacement of the air. As such it can
constitute a hazard if released in quantity and especially into a confined space.

Any SFg not complying with the above definition will be regarded as used SF (see section 4).

1.5.4 leakage: Leakage from equipment in:service is the unplanned, usually continuous,
emission of gas from a sealed or closed system. Leakage occurs at seals and joints and
by molecular diffusion through certain enclosure materials. Leakage does not include
releases of gas due to intervention with the systems intended to contain it.

1.5.5 used SFg: SF; which may have been contaminated by impurities or which has been
subjected to operating conditions after energisation of the switchgear and controlgear.

Annex B provides information regarding the decomposition products of SFg, which occur
as gaseous and solid by-products. The quantities of decomposition products are small but
some of them may have toxic effects, so certain precautions are required when handling
used SF,.

6

1.5.6 handling: Any process which might involve contact of workers with used SFg or
SF4 decomposition products.
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This includes removing the gas from an item of switchgear or controlgear either
completely or as a sample to be tested, opening a gas-filled enclosure, cleaning out an
open enclosure and working inside large enclosures.

1.6 Types of gas enclosure

A gas enclosure as normally used in SF, switchgear and controlgear is classified as
either:

— closed pressure system, or

— sealed pressure system.

(See annex EE of IEC 56, annex GG of IEC 298 and annex DD of IEC 517.)

For a closed pressure system, replenishment of losses due to leakage may be necessary
and periodic maintenance involving removal and replacement of the gas is possible.

For a sealed pressure system, the SF, gas is in "sealed-for-life" enclosures, which are
never opened during the service life of the equipment.

1.7 Quantities of SF; used In switchgear and controlgear

SF, gas in switchgear and controlgear is generally at relatively low pressure (0,1 MPa
to 0,9 MPa absolute); the quantity used in a gas-filled compartment depends on the rating
and design of the equipment. The quantity varies approximately between 0,1 kilogram in
one pole of a medium-voltage switching device and several hundreds of kilograms in the
largest compartment of a large high-voltage GIS substation.

The world production of SF; gas per year is estimated to be between 5 000 and 8 000
tonnes (1990). Of this, between 2 000 and 4 000 tonnes is used in high-voltage switchgear
and controlgear.

1.8 Other uses of SF; gas

The remainder of the SFg produced annually is used in other high-voltage applications, for
example in cables, tubular transmission lines, transformers and electrostatic generators
and in non-electrical applications such as for leak detection, studies requiring a tracer gas,
foundry practices and double glazing.

1.9 Guidance for working with SF, gas and its decomposition products

This report deals with working with SF, gas and those of its chemical derivatives which
are produced in switchgear and controlgear during normal service and under certain
abnormal conditions. Two main aspects are covered:

— the effects on humans of exposure to SFg and its decomposition products;
- the effects on the environment of SF; and its decomposition products.

The risks associated with contact with SF gas and suitable precautions are discussed for
each stage in the normal life cycle of an item of equipment and under abnormal
conditions.
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1.9.1 Equipment life cycle — sections 2 to 6
1.9.11  Filling

Manufacture and commissioning of the equipment. It is filled with new SF;. Section 2
deals with this stage.

1.9.1.2  Normal service

The equipment is installed and in service. It releases a small amount of SFg due to
leakage, which may contain decomposition products. This is covered in section 3.

1.9.1.3 Maintenance

SF_, possibly containing gaseous decomposition products may have to be removed.
Access may be required to enclosures containing solid decomposition products. Section 4
provides guidance for safe working.

1.9.1.4 Abnormal release

Abnormal incidents, during which SF gas is released, due to abnormal leakage, internal
fault, or external fire are dealt with. Such incidents occur very infrequently. Guidance is
given in section 5.

1.9.1.5 End of life

The SF4 has to be removed and the equipment is recycled or disposed of. This is dealt
with in section 6.

1.9.2 Technical information

General teéhnical information concerning SFg gas, its decomposition products, their
sources and toxicities and their effects on the environment and humans is given in the

.annexes.

Section 2: Working with new SF; gas

This section provides guidance for working with new SF, i.e. when a gas enclosure is
filled, either in the factory or after the equipment has been instalied on site.

2.1 Purchasing

SFg is supplied by manufacturers as a liquid in containers of various sizes at a pressure of
approximately 2,2 MPa gauge. All SF, purchased should meet the requirements of
IEC 376 and consignments should be accompanied by a certificate of compliance.

2.2 Handling and storage of cylinders

Cylinders shall be handled carefully and stored in a cool, dry, well-ventilated area away
from flammable or explosive material. They should be protected from direct sunlight,
mounted clear of wet ground and secured to prevent falling over, with their outlet valves
upwards.
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Cylinders should be clearly labelled to identify their contents; cylinders containing new gas
should be physically separated from those containing used gas.

As with any pressurised gas, there is a risk of explosion of cylinders if they are
excessively heated as might occur in a fire. Storage outdoors with suitable protection from
weather and intense solar radiation is recommended.

2.3 Equipment for handling new SF

New SFg has to be transferred from a cylinder at high pressure into the gas enclosure
of the switchgear and controlgear or controlgear to be filled. The filling pressure is
invariably much lower than the cylinder pressure. Equipment used for filling should comply
with the following requirements:

— pipework should be adequately protected against mechanical damage;
— valves and regulators should be maintained or replaced as necessary;

— pressure gauges should be calibrated regularly;

— delivery pipes and associated valves should be arranged so that they can be evacu-
ated along with the enclosure to be filled in order to avoid a need for purging.

2.4 Working with new SF,

Workers handling new SFg gas should be familiar with the properties of the gas (see
annex A) and with the contents of this section.

As is the case with any pressurised gas, a sudden escape of SF gives rise to a local drop
in temperature and may result in freezing. When working on high-pressure piping, valves
or connectors where there is a risk of a sudden release, suitable gloves should be worn.

2.41 Indoor working

When handling new SF indoors, some gas may accumulate in the air, so adequate ventil-
ation should be provided. If there is a possibility that SF; may be released into the work
area then open fire, smoking, heating exceeding 200 °C and welding without special
precautions should not be permitted.

2.4.1.1 Maximum concen_tration of SF6 in work areas

Where new SF gas is handled in an indoor environment such as a factory or substation
where equipment is being filled, SF; may accumulate over a period of time. Written proce-
dures for periodically measuring the SF; concentration should be provided along with
equipment for performing such measurements.

The maximum permissible concentration of SFy in a workroom is 1 000 ppm by volume
(ppmv). If the concentration exceeds this level, the area should be ventilated so as to
restore the concentration to below 1 000 ppmv.
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Particular attention should be given to low-lying areas such as cable-ducts, cellars, etc.,
where SFg gas could accumulate. If work is to be carried out in such an area, it should be
ventilated adequately using forced air movement if necessary.

2.41.2  Safety information for work areas

In workrooms where SF, gas is handled, an appropriate safety notice should be displayed.
This should state at least that smoking and open fire are not permitted.

2.42 Outdoor working

Where new SF, has to be handied outdoors, natural ventilation generally prevents ac-
cumulation of the gas. Special precautions as detailed in 2.4.1 are therefore only required
if work is to be carried out in close proximity to the equipment.

2.5 Filling switchgear and controlgear with new SF¢

The large majority of medium-voltage switchgear and controlgear uses sealed pressure
systems, as defined in 1.6. This type of equipment is filled with SF in the factory and no
further handling of the gas is required during its life.

High-voltage switchgear and controlgear and medium-voltage equipment of certain types
use closed pressure systems as defined in 1.6. Such equipment may require filling or
topping up on site.

The procedures used during manufacture and commissioning should be defined to ensure
that four fundamental requirements are met:

a) that personnel working on the equipment are not subjected to unacceptable risk;
b) that losses of gas into the atmosphere are kept to a minimum;

c) that enclosures, when filled, do not leak at a rate greater than that specified for the
equipment; '

d) that enclosures when filled, contain gas of the required quality, as specified by the
manufacturer.

2.5.1 Filling procedures

The most common method of filling an enclosure is by evacuating the air from the
enclosure and the filling pipework to a specified residual pressure using a vacuum pump,
before introducing the SF. This method will be referred to as the evacuation method.

If a method other than the evacuation method is to be used, it shall be specified by the
manufacturer.

The method chosen is likely to affect the purity of gas in the equipment and for this reason
the evacuation method is preferred.
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Filling other than at the time of manufacture should be carried out in accordance with the
manufacturer’s instructions.

Manufacturers’ instructions for filling should specify at least the following:

a) the filling method;

b) if the evacuation method is used, the maximum allowable residual pressure,
expressed in millibars, to be achieved during evacuation, prior to introducing any SF.
The time during which the enclosure is maintained under vacuum may also be consid-
ered important; if so it should be stated;

c) the required filling pressure at a specified temperature (preferably 20 °C) or the
required SF density. It should be noted that the temperature of the gas may differ from
the temperature of the ambient atmosphere. Account may also need to be taken of
cooling of the gas as it passes through a pressure-reducing valve. If filling at other than
the specified temperature requires a correction to the filling pressure to maintain
the SFg density within a given range, this should be stated, and guidance should be
given for performing the correction.

When filling an enclosure with SF, the filling equipment should include means for moni-
toring the pressure or density in the enclosure.

A pressure-reducing regulator, preferably including in the lower pressure output line an
adjustable over-pressure relief device, should be used when transferring SF, gas from a
pressurised vessel or cylinder.

When the required filling pressure or density is reached, means should always be avail-
able for quickly turning off the flow of gas.

Filling other than with automated delivery equipment should be closely monitored to avoid
accidental over-filling.

2.5.2 Gas" tightness of equipment filled with SF

Requirements for establishing that acceptable levels of gas tightness are achieved in
switchgear and controlgear installations containing SF, are stated in appendix EE of
IEC 56, annex GG of IEC 298 and annex DD of IEC 517.

In cases where equipment is to be assembled and filled on site, manufacturers’ instruc-
tions should state that checking for leaks should be performed following installation.
Suitable methods and any special equipment required should be specified.

2.5.3 Checks on SFy gas quality after filling

The quality of the gas in an enclosure after it has been filled may be influenced by the
condition of the enclosure before filling, or by lmpuntles introduced from filling equipment.

Manufacturers’ instructions should state whether it is necessary to check the quality of the
gas in an enclosure after it has been filled. If this is to be done, the impurities to be
checked should be identified and maximum acceptable quantities for each impurity should
be given.

Procedures for checking SF, gas removed from enclosures are given in IEC 480.
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2.6 Release of SF; gas to the atmosphere during filling

SF¢ gas does not contribute to stratospheric ozone depletion nor significantly to the green-
house effect [3] (see annex D). However, because SF; is manufactured rather than
naturally occurring and because of its long lifetime, precautions should be taken to mini-
mise the quantity of SF gas which is released to the atmosphere.

2.6.1 Release of SF; gas to the atmosphere during filling of medium-voltage equipment

Factory installations for filling enclosures with SF; gas should be designed and operated
so that the quantity of SF released to the atmosphere is negligible.

For medium-voltage equipment which is to be filled after erection on site, care should be
taken to minimise the amount of SF released. If such equipment has to be emptied during
installation or commissioning, means for storing the gas should be provided. Due to the
low operating pressures, small volumes and relatively small numbers of these types of
equipment, the quantity of SF released during filling and commissioning is negligible.

2.6.2 Release of SF gas to the atmosphere during filling of high-voltage equipment

The manufacture and commissioning of high-voltage equipment involves the handling
of relatively large quantities of SF gas, particularly in the case of GIS equipment. Gas
handling installations should be designed to minimise the quantity of SF; gas which is
released to the atmosphere.

When new SF has to be removed from an enclosure for any reason, equipment should be
available to-allow it to be stored.

Section 3: Leakage of SF6 from equipment in service

This section examines the effects of leakage of SF; from equipment in service and
together with the conclusions of annex C, shows that operators are subjected to negligible
risk, even at leak rates much higher than the maximum rates normally specified by manu-
facturers. This conclusion is supported by the findings of CIGRE working group 23.03 [1].

3.1 Types of gas-filled enclosure

Three types of gas-filled enclosure are defined in annex EE of IEC 56, annex GG of
{EC 298 and annex DD of IEC 517. These are:

a) controlled pressure system: an assembly which is automatically refilled from an
internal or external gas source;

b) closed pressure system: an assembly which is refilled only periodically by manual
connection to an external gas source;
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c) sealed pressure system: an assembly for which no further gas processing is
required during its expected operating life. Sealed pressure systems are completely
assembled, filled and tested in the factory.

Medium-voltage switchgear and controlgear of the metai-enclosed or insulation-enclosed
type most commonly contain switching enclosures of category c), sealed pressure
systems.

Medium-voltage switchgear and controlgear of the gas-insulated type normally uses a
closed pressure system category b) but may use a sealed pressure system category c) if it
is factory-assembled.

The majority of high-voltage switchgear and controlgear uses closed pressure systems,
category b). Sealed pressure systems, category c), are used in some equipment types.

Category a) is not relevant to equipment manufactured currently but certain items of
category a) equipment are in service. The number of category a) units is very small
however and for this reason this type of equipment is not covered by this report. The
principles for calculating exposure levels outlined in annex C could be adopted if
necessary to assess the risks of exposure where controlled pressure systems are in use.

3.2 The implications of leakage

Switchgear and controlgear containing SF gas is designed, manutactured and tested to
ensure that losses of the gas are kept to a minimum.

Preferred maximum permissible relative leakage rates of 1 % and 3 % of the total initial
mass of SFy gas per annum are specified in IEC 56, IEC 298 and IEC 517, for closed
pressure systems The lower leakage rate limit of 1 % per annum is readily accepted by
manufacturers and is easily achieved using standard materials and sealing techniques.

The gastightness of sealed pressure systems is specified in terms of the expected oper-
ating life; preferred values are 10, 20 and 30 years. For equipment using sealed pressure
systems, manufacturers report that they are able to achieve relative leak rates of less
than 0,1 % per annum. The filling pressure of medium-voltage sealed for life equipment is
often just above atmospheric pressure and this reduces the tendency to leak. The
combined use, during cumulative leakage measurement, of electron capture detectors and
gas collectors, the latter made possible by the small size of the gas enclosures of medium-
voltage equipment, allows absolute leakage rates at room temperature, as low as 10™

atmospheric cm®/second (equivalent to 3,15 - 10~ % litres per year) of SF, to be measured.

Quantities of SF gas lost due to leakage vary according to the type of equipment and are
greater for higher voltage equipment because these usually contain greater amounts of
gas at higher pressures and because sealing surfaces are much larger. The leakage
of SFy gas from switchgear and controlgear shall be minimised for the following three
reasons:

a) functional impairment

The switching capacity and/or insulation level of the equipment may be reduced if the
SF density falls as a consequence of abnormal leakage (see clause 3.3).
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b) safety of personnel

Depending on the nature of the installation, the atmosphere local to the equipment may
contain SFy and its by-products as a consequence of leakage. The risk to health in
such a case shall be considered. This is covered in clause 3.4.

c) environmental effects

The effect on the atmosphere of SF6 used in electrical equipment, shall be considered.
This includes SFg gas which is released to the atmosphere during filling and
maintenance as well as the effects of leakage during service. The quantity of SF, gas
lost to the atmosphere due to leakage is discussed in clause 3.5.

3.3 Abnormal leakage

Abnormal leakage is covered in clause 5.2.

3.4 Safety of personnel

Leakage from equipment in service is of gas which may contain impurities. The degree of
contamination of the gas varies according to the type of equipment and its service history
and will be the greatest for circuit-breakers which have interrupted short-circuit current [4].

Annex C deals in detail with the risks of exposure to SF; by-products emitted by leakage.
It is shown that the quantity of SF, leaked per day at normal leak rates is very small and
the concentration of impurities it contains is low. The effects of natural dilution into the
surrounding atmosphere are considered as this further reduces the concentration of impuri-
ties by a large factor. The effects of adsorbents are neglected in the analyses, but when
these are installed, as is normal in circuit-breakers, the purity of the gas leaked is greatly
improved. It is shown that contamination of the local atmosphere as a result of leakage is
insignificant.

Operation of high-voltage switchgear and controlgear containing SFg is similar to that
of any other type of SF, equipment in this voltage range. Therefore personnetl in charge of
SF¢ equipment do not need special training to carry out their duty, because handling
of SF is not implied.

NOTE -~ For cold climate applications, the quantity of adsorbent should be reduced in order to limit
excessive SF adsorption. The action on decomposition products is correspondingly reduced.

3.4.1 Outdoor installations

In outdoor installations, leaked gas will disperse rapidly and provides no risk. It is unlikely,
due to the effects of diffusion (Dalton mixing law) into the surrounding atmosphere, that
leaked SF would accumulate in low-lying areas.

3.4.2 Indoor installations

The effects of leakage from typical indoor medium- and high-voltage equipment are
examined in annex C. The results (see C.4.5 and C.4.6) clearly show that, for leak rates
as high as several thousand times the normal permitted rates, the risks are negligible.
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Buildings containing indoor SFg-filled equipment should be provided with ventilation
designed to deal with SF4 released during installation and maintenance (see section 4).
The results presented in annex C show that natural ventilation would normally be
adequate to prevent the accumulation of SF released due to leakage.

SF6 may accumulate in cable ducts, cellars or other low-lying areas; these should be
ventilated if they are to be entered.

3.5 Environmental implications of leakage

SFg gas does not contribute to stratospheric ozone depletion or significantly to the green-
house effect [3] (see annex D). It is however desirable to minimise the release of any gas,
which is not present normally in the atmosphere, so it is relevant to consider the quantity
of SF6 released to the atmosphere as a result of leakage.

3.5.1 Estimation of leakage from medium-voltage equipment

Medium-voltage equipment contains only smail quantities of gas, at relatively low
pressures. The quantity of SF, leaked from individual units is therefore small, although
since the numbers in service are large, the total amount released has to be considered.

There are currently in service throughout the world about 500 000 medium-voltage SF
circuit-breakers and around 1,5 million load-break switch units. The total installed mass
of SF¢ for medium-voltage equipment is believed to be between 1 000 and 1 500 tonnes.
Even at a leak rate of 1 % per annum all medium-voltage units currently in service
throughout the world could only contribute between 10 and 15 tonnes of SF, to the
atmosphere annually. The actual quantity of SF released will be very much less than this
as actual average leak-rates are much lower than 1 % per annum.

3.5.2 Estimation of leakage from high-voltage equipment

The quantity of gas released to the atmosphere due to leakage from high-voltage
equipment may be estimated as for medium-voltage equipment. There are in service
some 40 000 open-terminal high-voltage SF('5 circuit-breakers and about 20 000 GIS units.
The total installed mass of SF is believed to be between 10 000 and 20 000 tonnes. The
total quantity of SF released world-wide due to leakage from high-voltage equipment
would be in the range of 100 to 200 tonnes if all units were leaking at 1 % per annum. The
true average leak rate is believed to be considerably lower than this.

Section 4: Handling of used SF

This section deals with operations involving SF, which has been inside a switchgear
or controlgear enclosure and which may have become partially decomposed or
contaminated. Such operations include removing and replacing the SF; during
maintenance or extension.
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4.1 Circumstances where handling of used SFg is hecessary
The need to handie used SF arises where:

a) topping up of the SF in closed pressure systems is carried out;

b) the gas has to be removed from an enclosure to allow maintenance, repair or exten-
sion to be carried out;

¢) the gas has been wholly or partially expelled due to an abnormal release;
d) the gas has to be removed at the end of the life of an item of equipment;

e) Samples of the gas must be obtained or the gas pressure measured through tempo-
rary connection of measuring apparatus.

The safety provisions in this section are applicable to ail four situations; situations c)
and d) are further considered in sections 5 and 6 respectively.

Situations a) and b) arise mainly with respect to high-voltage equipment and may arise
with medium-voltage GIS equipment in particular if it is required to add further equipment
to an existing switchboard. They do not arise with equipment using sealed pressure
systems.

4.2 Equipment required when handling used SF
4.2.1 Gas handling equipment

Where used SFg has to be removed from an enclosure, precautions should be taken to
prevent avoidable release of the gas into the atmosphere and in particular into the work
area.

Gas recovery equipment should be used where possible to aliow the gas to be stored,
usually under pressure. Such equipment should be capable of evacuating the enclosure to
remove as much of the gas as possible.

Gas recovery equipment is available which is specially designed for use with SFg and is
provided with re-processing facilities for removing gaseous and solid decomposition
products. This type of equipment is preferred, particularly for the removal of more heavily
contaminated SF, for example from circuit-breaker enclosures.

4.2.2 Personal safety equipment

Workers engaged in handling used SFy should be provided with personal safety equip-
ment. Suitable equipment is listed in annex E (see clause E.2 and E.3.1). Manutacturers’
instructions and users’ codes of practice should specify which items of equipment are
required for each type of activity listed in clause 4.1.

No specific safety equipment is normally required for operations involving only the topping
up of an enclosure with SF, gas apart from gloves, safety glasses and detection
equipment, which may be considered desirable for checking the condition of the working
atmosphere (see 4.3.4.1).
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4.3 Working with used SF

Workers handling used SF should be familiar with the properties of SF, decomposition
products and should be aware of the risks to health and the precautions necessary to
minimise them. General safety recommendations are given in annex E (see clause E.1).

4.3.1 Training of workers

Specific safety training should be given to workers required to handle used SFg. It is not
considered necessary that such workers have any pre-qualifying training or qualifications.

Workers should be trained in the use of SFg-handling equipment used to transfer gas from
an enclosure into a storage vessel; the manufacturer s operating instructions for such
equipment should be complied with whenever it is used.

The first-aid instructions according to E.3.2 should be included in the safety training.

4.3.2 Facilities and services

Where enclosures containing used SF have to be emptied and opened, it is desirable that
adequate washing facilities for workers be available, and a supply of water for preparing
cleaning solutions may be required.

4.3.3 OQutdoor working

When working outdoors, while removing used SF; from an enclosure, no special precau-
tions are necessary other than those to prevent personnel from being directly exposed to
the used SFg or its decomposition products. When opening or entering enclosures
outdoors, certain precautions should be taken.

- Wind could cause solid SFg decomposition products to be blown around before they
can be removed with a vacuum cleaner. If it is windy, steps should be taken to prevent
this. _

— Rain or high ambient humidity will accelerate hydrolysis of certain decomposition
products, resulting in the production of hydrofluoric acid HF. For this reason, any
residual gas and solid decomposition products should be removed quickly after an
enclosure is opened. Temporary shelter may be required to prevent the ingress of rain
while this is being carried out.

4.3.4 Indoor working

Indoor installations should be provided with adequate ventilation, sufficient to ensure that
the requirements of 4.3.4.1 can be met.

4.3.4.1 Maximum concentration of used SF in work areas

When used SFg has to be removed from an enclosure in an indoor installation, it is
necessary o ensure that the concentrations of potentially toxic decomposition products
remain at safe levels in the working area.
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This is ideally achieved by direct measurement of the concentrations of the main contri-
butor to toxicity, thyonyl fluoride SOF, and of the by-products of SOF, hydrolysis, sulphur
dioxide SO, and hydrogen fluoride HF (see C.3.2.1).

NOTE - Methods for making and interpreting such measurements are under consideration.

A practical alternative method is to measure the concentration of (used) SF¢ in the air.
This measurement should be made whenever there is a possibility that used SFg has been
released into the atmosphere.

The SF4 concentration shall not exceed 200 ppmv.

Ventilation should be provided, preferably using forced air movement to prevent the
accumulation of used SF.

The maximum SF, concentration of 200 ppmv is explained in F.4.1 and is applicable to
SFg which has undergone fow to medium decomposition as defined in 4.3.5.1, items a)
and b). If there is reason to believe that the level of decomposition may be higher than
should normally be expected, for example if abnormal arcing is known or believed to have
occurred within an enclosure (see 4.3.5.1, item c)), then the precautions presented in
5.3.3 should be taken.

When enclosures are first opened, depending on the degree of evacuation applied during
gas removal, residual used SF; may enter the atmosphere. At this time, any workers
present should use respirators as described in annex E (see clause E.2, item h)), at least
until it is confirmed that the above criterion for SF, concentration is satisfied.

4.3.4.2 Safety information for work areas

A notice stating that open fire, smoking, heating to more than 200 °C and welding without
special precautions are prohibited and giving first-aid instructions (see clause E.3) should
be displayed while used SF is being handled in an indoor location.

4.3.5 Condition of the SF6 in an enclosure
4.3.5.1 Expected condition of the SF

The condition of the used SF; in an enclosure will depend on the types and energies
of any electrical discharges or arcs which have occurred within it. Four commonly
encountered situations are:

a) SFgis in an enclosure which does not contain active parts of a circuit-breaker and
which is not linked to a circuit-breaker enclosure so that an exchange of gas could
occur.

Gas: zero to low decomposition.
Solids: little or no powder deposits.
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b) SFgis in an enclosure containing active parts of a circuit-breaker, or linked to such
a compartment.

Gas: medium decomposition.
Solids: quantity of deposits will depend upon the current interruption history.

c) SFg is in any enclosure in which abnormal arcing has occurred but where the
enclosure has not opened to the atmosphere due to pressure relief or burn-through. In
this case an internal fault has occurred but a circuit-breaker has cleared the fault
before the pressure in the enclosure has risen sufficiently to cause a release of SF.

Gas: unknown but high decomposition should be expected.

Solids: large quantity of deposits expected. Their compositions depend on which
materials have been heated by the arc.

d) As c) but where some or all of the SF; gas has already been exhausted to the
atmosphere due to pressure relief or burn-through.

Gas: a mixture of partially decomposed SF; and the ambient air. Hydrolysis of
fluoride decomposition products may have occurred, leading to a higher
degree of acidity than would occur in the other cases.

Solids: Large quantity of solids, much of which may have been expelied.

Precautions required in case d) are given in clause 5.3.

4.3.5.2 Sampling and testing SF; from an enclosure

If it is intended that the SF; is to be re-used without processing, tests for the following
should be performed:

— moisture content;

— oxygen content;

— acidity;

— hydrolysable fluoride content.

Methods for the above tests are detailed in IEC 480.

Manufacturers’ instructions should give permitted concentration limits for each of the
above impurities which, if not exceeded, would allow the gas to be used again after
storage. The gas should not however be regarded as new SFg; rather as SFg which may
be re-used without further treatment. The following handling precautions for used SFg
should be applied.

If the recommended limits for the above values are exceeded, the SF; may be

re-conditioned using appropriate equipment, or returned to a supplier for re-conditioning.

4.3.6 Removing used SFy from an enclosure

Before SF is removed from a switchgear and controlgear enclosure, sampling and testing
(see 4.3.5.2) may be carried out so that the level of decomposition is known prior to
further handling of the gas.
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Gas recovery equipment, as described in 4.2.1, should be provided wherever possible to
allow SF4 to be removed whilst minimising leakage to the atmosphere. Such equipment
would normally comprise at least a compressor, suitable means for controlling the flow of
the gas and a storage vessel or vessels. It will preferably contain means for re-processing
contaminated SF.

Gas which has not been re-processed within the recovery equipment may be returned to
the supplier for re-processing to its new condition.

Recovered gas should be tested for impurities using the methods given in IEC 480, before
it is re-used. :

Manufacturers’ instructions should recommend suitable handling equiprhent and provide
procedures for its use, covering at least the following:

- the flow rate of SF; being removed may need to be controlled to prevent an
excessive amount of powder from entering recovery equipment;

- the highest final pressure to which an enclosure should be evacuated should be
stated. A few hundred millibars should be achievable, where only a compressor is used
to create a partial vacuum upstream. It may be desirable to avoid the use of a vacuum
pump in certain circumstances because of the sensitivity of vacuum pumps to powders;
a powder filter could reduce the flow rate to an unacceptably low level;

— any further action required should be described. For example purging with dry air or
nitrogen and then allowing time for any powders to settle may be necessary prior to
opening the enclosure.

4.3.7 Opening and entering an enclosure

The following applies to cases a), b) and c) of 4.3.5. Manufacturers’ instructions for main-
tenance, extension or repair should recommend suitable precautions to ensure:

- that as little as possible SF; gas remains in an enclosure following emptying;

— that personnel are adequately protected from the effects of any remaining SF; and
associated impurities;

— that the importance of excluding moisture is understood, to minimise acid formation
through hydrolysis;
- that solid SF by-products are adequately removed. Means for this should be recom-

mended, for example a vacuum-cleaner, reserved for "SF; use only" and clearly
marked accordingly, fitted with a suitable dust filter (see clause E.2, item j));

— that personnel are aware of the irritant nature of solid by-products and are equipped
with suitable protective clothing, respirators and eye protection (see clause E.2);

-~ that items such as tools, clothes and components removed are in a suitable
condition for further handling. Cleaning with a neutralising solution is generally
required; details of makeup and preferably means for assessing whether a used
solution can be used again, should be given (see 6.5.6 and 6.5.7);

—~ that instructions are given for the handling and disposal of filter bags or canisters
containing contaminated adsorbent material (see 6.5.5).
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