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PREFACE

This Standard was prepared by the Standards Australia Committee EL-007, Industrial Switchgear and
Controlgear.

The objective of this Standard is to provide procedures for handling of SFs during installation,
commissioning, normal and abnormal operations, and disposal at the end-of-life of high-voltage
switchgear and controlgear.

This Standard is identical with, and has been reproduced from IEC 62271-4 Ed.1.0 (2013), High-
voltage switchgear and controlgear assemblies, Part 4: Handling procedures for sulphur hexafluoride

(SFs) and its mixtures.

As this Standard is reproduced from an International Standard, the following applies:
(a) In the source text ‘this part of IEC 62271 should read ‘this Australian Standard’.
(b) A full point substitutes for a comma when referring to a decimal marker.

References to International Standards should be replaced by references to Australian Standards, as

follows:

Reference to International Standard Australian Standard

IEC AS

60050 International Electrotechnical 1852 International electrotechnical vocabulary
Vocabulary

60050-441 Chapter 441: Switchgear, controlgear 1852.441Chapter 441: Switchgear, controlgear
and fuses and fuses

60050-601 Chapter 601: Generation, 1852.601 Chapter 601: Generation, transmission
transmission and distribution of and distribution of electricity—General
electricity—General

62271 High-voltage switchgear and 62271 High-voltage switchgear and controlgear
controlgear

62271-1  Part 1: Common specifications 62271.1 Part 1: Common specifications

Only normative references that have been adopted as Australian or Australian/New Zealand Standard
have been listed.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the application of
the annex to which they apply. A ‘normative’ annex is an integral part of a Standard, whereas an
‘informative’ annex is only for information and guidance.
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INTRODUCTION

As agreed with TC 10, annexes A, E, F, G, H and | will be removed from this document as
soon as the revised editions of IEC 60376 and IEC 60480 have been published.
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AUSTRALIAN STANDARD

High-voltage switchgear and controlgear

Part 4:
Handling procedures for sulphur hexafluoride (SFg) and its mixtures

1 General

1.1  Scope

This part of IEC 62271 applies to the procedures for handling of SFg during installation,
commissioning, normal and abnormal operations, disposal at the end-of-life of high-voltage
switchgear and controlgear.

These procedures are regarded as minimum requirements to ensure the safety of personnel
working with SFg (see Annex B) and to minimize the SFg emission to the environment.

This standard generally applies also to gas mixtures containing SFg. The particularities for
their handling are covered in Annex J.

NOTE 1 Throughout this standard, use of the term High-Voltage (refer to IEC 60050-601:1985, 601-01-27) means
a rated voltage above 1 000 V. However the term Medium Voltage (refer to IEC 60050-601: 1985, 601-01-28) is
commonly used for distribution systems with voltages above 1 kV and generally applied up to and including 52 kV.

NOTE 2 Throughout this standard, the term “electric power equipment’” stands for “high-voltage and
medium-voltage switchgear and controlgear”.

NOTE 3 Throughout this standard, the term “pressure” stands for “absolute pressure”.

1.2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60050-441, International Electrotechnical Vocabulary — Chapter 441: Switchgear,
controlgear and fuses

IEC 60050-601, International Electrotechnical Vocabulary — Chapter 601: Generation,
transmission and distribution of electricity — General

IEC 60376, Specification of technical grade sulphur hexafluoride (SFg) for use in electrical
equipment

IEC 60480, Guidelines for the checking and treatment of sulphur hexafluoride (SFg) taken
from electrical equipment and specifications for its re-use

IEC 62271-1, High-voltage switchgear and controlgear — Part 1: Common specifications

EN 1089-3, Transportable gas cylinders. Gas cylinder identification (excluding LPG). Colour
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2 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-441 and
IEC 60050-601, as well as the following apply.

2.1

abnormal release of SFg

release from equipment in service due to a failure in the pressure system or mistake in the
handling process

Note 1 to entry: An abnormal SFy leak is usually an unwanted and continuous emission of gas at a higher rate
than the equipment designed leak rate. As soon as an abnormal SFy leak is detected, appropriate measures to
locate and eliminate it should be arranged.

2.2
handling of SFg
any process which might involve transfer of SFg

2.3

evacuation

transfer of a gas different from SFgz (e.g. air or N,) which can be released into the
atmosphere. The operation is performed utilising a vacuum pump

2.4
recovery of SFg
transfer of SFg from the gas compartment into a reclaimer or storage container

Note 1 to entry: The operation is normally performed utilising a recovery compressor.

2.5
topping-up with SFg
filling a pre-filled compartment with SF4 to the rated filling pressure

Note 1 to entry: Pre-filled compartments are closed pressure systems filled in the factory prior to shipment. They
contain SF, at a typical pressure between 0,12 MPa to 0,15 MPa allowing for a faster and easier commissioning
on-site.

2.6
re-filling with SFg
filling a compartment with SF4 to the rated filling pressure to assure continuity of service

2.7

reclaim of SFg

a series of SFg handling procedures including recovery and minimum SFg refining process
such as filtering dust, by-products, moisture, oil, etc.

Note 1 to entry: A standard reclaimer is described in Annex D; while a cryogenic reclaimer is described in
Annex I.

Note 2 to entry: Sometimes the words “reclaiming” or “reclamation” may be used with the same meaning as
“reclaim”.

2.8

gas-insulated metal-enclosed switchgear

metal-enclosed switchgear in which the insulation is obtained, at least partly, by an insulating
gas other than air at atmospheric pressure

Note 1 to entry: This term generally applies to high-voltage switchgear and controlgear.

[SOURCE: IEC 60050-441: 1984, 441-12-05]
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2.9

gas-filled compartment

compartment of switchgear and controlgear in which the gas pressure is maintained by one of
the following systems:

e controlled pressure system;

o closed pressure system;

e sealed pressure system

Note 1 to entry: Several gas-filled compartments may be permanently interconnected to form a common gas-
system (gas-tight assembly).

Note 2 to entry: The definition is the same as in IEC 62271-1.

2.10

controlled pressure system for gas

volume which is automatically replenished from an external compressed gas supply or internal
gas source

Note 1 to entry: Examples of controlled pressure systems are air-blast circuit-breakers or pneumatic operating
mechanisms.

Note 2 to entry: A volume may consist of several permanently connected gas-filled compartments.

Note 3 to entry: The definition is the same as in IEC 62271-1.

2.11
closed pressure system for gas
volume which is replenished only periodically by manual connection to an external gas source

Note 1 to entry: Example of closed pressure systems are SFg single pressure circuit-breakers.

Note 2 to entry: The definition is the same as in IEC 62271-1.

2.12

sealed pressure system

volume for which no further gas or vacuum processing is required during its expected
operating life

Note 1 to entry: Examples of sealed pressure systems are tubes of vacuum circuit-breakers or some SFg
circuit-breakers.

Note 2 to entry: Sealed pressure systems are completely assembled and tested in the factory.

Note 3 to entry: The definition is the same as in IEC 62271-1.

2.13
technical grade SFg
SFg gas having a very low level of impurities in accordance with IEC 60376

2.14

used SFg

gas removed from an item of electrical equipment, initially filled with SFg according to
IEC 60376 or IEC 60480

Note 1 to entry: If after filling, the gas is removed for any purpose during the life of the equipment, e.g. repair,
service, maintenance, the gas will be transferred and is considered as used gas.

Note 2 to entry: Annex G provides information regarding the by-products of used SFg, which occur in both
gaseous and solid form.

2.15
used SFg suitable for reuse on site
used SFg having a maximum impurity level in accordance with IEC 60480 Documents
Document Sharing Hub
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Note 1 to entry: If necessary, service units with appropriate filters and adsorber materials should be used.

2.16

used SFg suitable for reuse at the gas manufacturer

used SFg exceeding the maximum acceptable impurity level stated in IEC 60480, suitable for
reuse by the gas manufacturer

Note 1 to entry: If necessary to meet the specification, service units with appropriate filters and adsorber
materials should be used.

2.17
used SFg not suitable for reuse
used SFg not falling under the category defined under 2.15 or 2.16

Note 1 to entry: Used SFy not suitable for reuse is disposed according to local or international regulations on
waste management.

2.18
non-arced SFg
used SFg having less than approximately 1 ml/l (0,1 % by volume) of gaseous by-products

Note 1 to entry: Non-arced SF is typically expected to be in any compartment after filling and prior to energising
or after insulation testing or in insulation compartments which never experienced arcing.

2.19

normally arced SFg

used SFg having between approximately 1 ml/l (0,1 % by volume) and approximately 10 ml/I
(1 % by volume) of gaseous by-products.

Note 1 to entry: Normally arced SFg is typically expected to be in circuit breakers or switches after normal (load
or fault) operations.

Note 2 to entry: A small amount of solid by-products, mainly metal fluorides and tungsten oxifluorides, may be
present as well.

2.20
heavily arced SFg
used SFg having more than approximately 10 ml/l (1 % by volume.) of gaseous by-products

Note 1 to entry: Heavily arced SF is typically expected to be in any gas compartments after internal arc fault or
circuit breakers or switches after interruption failure or circuit breakers after successful interruptions of several
short circuits at high amplitude in relation with its ratings.

Note 2 to entry: A large amount of solid by-products, mainly metal fluorides and tungsten oxifluorides, is expected
as well.

2.21
SFg mixture
gas mixture formed by SFg and a complementary gas, typically N, or CF,

3 SFg handling during installation and commissioning

3.1 General

This clause provides guidance for working with technical grade SFg, according to IEC 60376
or used SFg suitable for reuse on site, according to IEC 60480 i.e. when a gas compartment is
filled, after the switchgear and controlgear has been installed on site.

3.2 Evacuation, filling and checking the SFg quality after filling

This subclause applies to switchgear compartments of pressure systems that currently
contain a gas different from SFg (typically air or N,) at ambient pressure_ or slight

overpressure (typically 0,1 MPa to 0,15 MPa). Documents
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The following detailed sequence of operations for air/N, evacuation and SFg filling in each
compartment shall be performed according to Figure 1 and Table 1, except as otherwise
specified in the handling procedure detailed by the Original Equipment Manufacturer in the

Operating Instruction Manual.

1 Prepare SF4 handling equipment
Adsorber installation

Evacuation

Vacuum stabilisation phase

Vacuum holding phase (optional step)
Documentation

Filling with SFg

o N O g b~ W N

Documentation
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IEC 2089/13

Pressure/density sensor inspection
Tightness inspection

SFg4 quality checking

Documentation

SF rated filling pressure

Initial pressure in the gas compartment
Evacuation pressure < 2 kPa

Vacuum stabilisation time > 30 min

Figure 1 — Evacuation, filling and checking the SFg quality after filling
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Table 1 — Evacuation, filling and checking the SFg quality after filling

Step Procedure
. Check that the SF; handling equipment is working properly and the gas connections
6
1 Prepare SF¢ handling are clean and dry to avoid contamination. Check the validity of the calibration of
equipment ) ] ; ;
instruments subject to calibration.
2 Adsorber installation _chkly insert the adsorber materials in the compartment. Start evacuation
immediately afterwards.
3 Evacuation Connect the vacuum pump and leave it running to reach 2 kPa.
4 Vacuum stabilisation Leave the vacuum pump running for at least 30 min and then disconnect the
phase vacuum pump by closing the valve. Read the pressure gauge. @
Vacuum holding phase The pressure in the compartment should remain lower than 2 kPa for the time which
5 ) gp may be required by the Original Equipment Manufacturer in the Operating
(optional step) .
Instruction Manuall.
Record at least the manufacturer, equipment type reference, serial number and
6 Documentation compartment reference to identify the gas compartment, the evacuation pressure
(i.e. the residual air content), ambient temperature and date for further reference.
Connect the SF, container and fill the compartment until the SF rated filling
7 Filling with SF pressure is reached. Use a safety valve, a regulator to allow a good control of the
filling process and a calibrated gauge to avoid overfilling.? ©
Record at least the manufacturer and serial number to identify the gas
8 Documentation compartment, the final filling pressure, ambient temperature and date for further
reference.
9 Pressure/density Check the functionality of the pressure/density sensor. The operation can be
?: sensor inspection performed during the filling operation and shall not be considered as a calibration.
'g Check the tightness of at least all permanent connections made on site as
c 10 | Tightness inspection requested by the Original Equipment Manufacturer in the Operating Instruction
%’ Manual.
o . . Wait for the time specified by the Original Equipment Manufacturer in the Operating
Q
g 11 | SFg quality checking Instruction Manual before measuring the moisture content and the SF percentage.d
IS
§ Record at least the manufacturer and serial number to identify the gas
5} ocumentation compartment, the functionality of the pressure/density sensor, the moisture content,
12 [ D tati t t, the f ti lity of th /d it th ist tent
§ the SF content, ambient temperature and date for further reference.
2y
@ a8 The vacuum duration can be prolonged in order to better remove moisture when for example the ambient
‘g temperature is freezing, except as otherwise specified by the Original Equipment Manufacturer in the Operating
= Instruction Manual.
Q
% b SFg to be introduced into the gas compartment may be either technical grade SF; or used SF suitable for
o reuse on site.
e
g ¢ No SF4 check is required if the gas comes from the supplier in sealed containers, or if the gas is stored in
« sealed containers with an appropriate label or certificate to guarantee the gas is suitable for reuse. In all other
5 cases, the SF4 quality may be checked prior to the filling operation (see 4.2).
bl
N
‘;‘ 4 If the gas compartment has a small volume, re-filling after SFg quality checking may be required.
o
>
a4
<
[
o
~ 3.3 Topping-up of SFg pre-filled compartments to the rated filling pressure/density
=
% This subclause applies to compartments of pressure systems pre-filled in the factory prior to
> shipment. They contain SFg at above atmospheric pressure (typically 0,12 MPa to 0,15 MPa),
5 allowing for a faster and easier commissioning on-site.
I
2
z The following detailed sequence of operations for SFg topping-up in each pre-filled
s compartment shall be performed according to Figure 2 and Table 2, except as otherwise
2 specified in the handling procedure detailed by the Original Equipment Manufacturer in the
® Operating Instruction Manual.
2
[S]
(5]
<
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t IEC 2090/13
1 Prepare SFg handling equipment 6 SFg quality checking
2 Topping-up with SFg 7 Documentation
3 Documentation Prm SFg rated filling pressure
4 Pressure/density sensor inspection Pp Initial SF4 pressure in the gas-filled
compartment
5 Tightness inspection

Figure 2 — Topping-up of SF4 pre-filled compartments

to the rated filling pressure/density

Table 2 — Topping-up of SFg pre-filled compartments

to the rated filling pressure/density.

Step

Procedure

1 Prepare SFy handling
equipment

Check that the gas connections are clean and dry, hoses are evacuated and no
leaks on connection fittings exist to avoid contamination. Check the validity of the
calibration of instruments subject to calibration.

2 | Topping-up with SFg

Connect the SF container and fill the compartment until the SF rated filling
pressure is reached. Use a safety valve, a regulator to allow a good control of the
filling process and a calibrated gauge to avoid overfilling.2 ©

3 | Documentation

Record at least the manufacturer, equipment reference, serial number and
compartment reference to identify the gas compartment, the final filling pressure,
ambient temperature and date for further reference.

Pressure/density
sensor inspection

Check the functionality of the pressure/density sensor. The operation can be
performed during the filling operation and shall not be considered as a calibration.

5 | Tightness inspection

Check the tightness of at least all permanent connections made on site as requested
by the Original Equipment Manufacturer in the Operating Instruction Manual.

6 | SF4 quality checking

Wait for the time specified by the Original Equipment Manufacturer in the operating
instruction manual before measuring the moisture content and the SF percentage.®

7 | Documentation

Record at least the manufacturer and serial number to identify the gas compartment,
the functionality of the pressure/density sensor, the moisture content, the SF
content, ambient temperature and date for further reference.

reuse on site.
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3.4 Filling sealed pressure systems

The large majority of medium-voltage switchgear and controlgear uses sealed pressure
systems, as defined in 2.12. Typically this type of equipment is filled with SFq in the factory
and no further SFg handling is required during its expected operating life.

Under some abnormal circumstances (e.g. in case of damage) it may be required to re-fill or
re-commission the equipment on-site. The Original Equipment Manufacturer should be
contacted for this purpose.

4 SF4z handling during normal service life

4.1 Re-filling of SFg to the rated filling pressure/density

This subclause applies to compartments (usually indicated by the first alarm/indication of the
pressure/density monitor) of closed pressure systems to assure continuity of service. In case
of an abnormal leak, appropriate corrective measures to locate and eliminate the leak shall be
immediately arranged.

The following detailed sequence of operations for SFg re-filling in each compartment shall be
performed according to Figure 3 and Table 3 except as otherwise specified in the handling
procedure detailed by the Original Equipment Manufacturer in the Operating Instruction
Manual.

IEC 2091/13

1 Identify the nature of the leak 4 Documentation
2 Prepare SFg handling equipment Prm SFg rated filling pressure

3 Re-filling with SFg Pp Initial StF6 prtessure in the gas-filled
compartmen

Figure 3 — SFg re-filling to the rated filling pressure/density
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Table 3 — SFg re-filling to the rated filling pressure/density

Step Procedure

1 Identify the nature of | Check the last time the gas compartment was re-filled to understand whether the leak
the leak is abnormal.

Check that the gas connections are clean and dry, hoses are evacuated and no leaks
on connection fittings exist to avoid contamination. Check the validity of the calibration
of instruments subject to calibration.

2 Prepare SF
handling equipment

Connect the SF container and fill the compartment until the SF rated filling pressure
3 | Re-filling with SFg is reached. Use a safety valve, a regulator to allow a good control of the filling process
and a calibrated gauge to avoid overfilling. @

Record at least the manufacturer, equipment type reference, serial number and
4 | Documentation compartment reference to identify the gas compartment, the final filling pressure,
ambient temperature and date for further reference.

@ SF4 to be introduced into the gas compartment may be either technical grade SF or used SFy suitable for
reuse on site.

As the amount of SFy used for re-filling is very small in comparison to the amount of SF; in the related
compartment, it is not necessary to perform a SFy quality check after the re-filling operation.

4.2 Checking the SFg quality
4.2.1 General

The measurement of the SFg quality is usually done on-site, using portable equipment.
Off-site analysis may exceptionally be performed to cross-check unsatisfactory on-site results,
by sampling the gas and sending it to a qualified chemical laboratory.

Typical SFg quality checks according to IEC 60480 are moisture content (e.g. water content in
mg/kg), SFg percentage, and total reactive gaseous by-products giving rise to residual acidity
content (e.g. total amount of reactive gasses in ul/l).

NOTE Adequate corrections for measurements made at other temperatures than 20 °C are specified by the
Original Equipment Manufacturer in the Operating Instruction Manual.

The total reactive gaseous by-products shall be checked first to prevent damage of other
portable equipment, if the history of the gas-filled compartment is unknown.

4.2.2 Measurement of the SFg quality with portable equipment

This subclause applies to SFg filled compartments of controlled and closed pressure systems
or SF¢ filled containers to check the quality of the gas with portable equipment.

The following detailed sequence of operations for an on-site SFg quality check shall be
performed according to Figure 4 and Table 4, except as otherwise specified in the handling
procedure detailed by the Original Equipment Manufacturer in the Operating Instruction
Manual.

Characteristics of portable equipment are described in Annex D.
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P
O O O OO S
t
IEC 2092/13
1 Prepare portable equipment 4 Disconnect the portable equipment
2 Connect the portable equipment 5 Documentation
3 Read the portable equipment Pp SFg pressure in the gas-filled compartment
Figure 4 — Checking the SFg quality on-site
Table 4 — Checking the SFg quality on-site
Step Procedure

Check that the portable equipment is working properly, the ambient conditions are within
the working range, e.g. temperature,? the gas connections are clean and dry, hoses are
evacuated and no leaks on connection fittings exist to avoid any false measurements.
Check the validity of the calibration of instruments subject to calibration. Use short
connections to minimise SF release.

1 Prepare portable
equipment

Connect the

2 | portable Connect the portable equipment. Make tight connections and establish gas flow.?
equipment

3 Read the portable Refer to the operating instruction manual provided by the portable equipment
equipment manufacturer.
Disconnect the

4 | portable Stop the gas flow and disconnect the portable equipment. ©

equipment

Record at least the manufacturer, equipment type reference, serial number and
compartment reference to identify the gas compartment, the reading and the date for
further reference.

5 | Documentation

a8 Typical temperature ranges for portable equipment are given in Table D.2.

b Sampled SFg4 should be recovered or pumped back into the gas filled compartment.

¢ If the gas compartment has a small volume, re-filling after SFg quality checking may be required.

4.2.3 Sampling and shipment of SFg for off-site analysis

This subclause applies to SFg filled compartments of controlled or closed pressure systems or
SFg filled containers to cross-check unsatisfactory SFg quality measurements obtained
on-site.

The following detailed sequence of operations for SFg sampling and shipment shall be
performed according to Figure 5 and Table 5 except as otherwise specified in the handling
procedure detailed by the Original Equipment Manufacturer in the Operating Instruction
Manual.

Characteristics of cylinders for SF5 samples are described in Annex D.
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p
OO O O Os et
t
IEC 2093/13
1 Prepare SFy sampling equipment 4 Disconnect the sampling cylinder
2 Documentation 5 Shipment
3 Connect the sampling cylinder Pp SFg pressure in the gas-filled compartment
Figure 5 — SFg sampling and shipment
Table 5 — SFg sampling and shipment
Step Procedure

Evacuate the sampling cylinder.? Check that the gas connections are clean and dry,
hoses are evacuated and no leaks on connection fittings exist to avoid contamination of
the sample and use short connections to minimise SF release.

1 Prepare SF
sampling equipment

Tag the sampling cylinder with at least the following information and keep a record: the
manufacturer, equipment type reference, serial number and compartment reference to
identify the gas compartment, The SF pressure, ambient temperature and date for
further reference.

2 | Documentation

3 Conngct the. Connect the sampling cylinder. Make tight connections and establish gas flow.
sampling cylinder

4 Dlscor_mect t_he Stop gas flow and disconnect the sampling cylinder.?
sampling cylinder

Transportation to the laboratory is done in accordance to local and international

5 | Shipment regulations, as described in Annex A.

a8 Clause D.7 describes cylinders suitable for gas sampling.

b If the gas compartment has a small volume, re-filling after SFg quality checking may be required.

5 SFgrecovery and reclaim during maintenance

5.1 General

This clause contains the procedures for SFgz recovery and reclaim from any gas-filled
compartment during maintenance.

Once SFg has been recovered and reclaimed, it can be either reused on site, stored or
transported off site for further reuse or disposal, according to IEC 60480.

5.2 SFgrecovery and reclaim from any compartment of controlled or closed pressure
systems containing non-arced or normally arced SFg

This subclause applies to any compartment of controlled or closed pressure systems
containing non-arced or normally arced SFg, when it is recovered for maintenance.

The partial SFg pressure in the gas compartment prior to flooding with (dry) air and opening
shall be lower than 2 kPa.

Figure 6 and Table 6 can be adopted as an example of the detailed sequence of operations
for SFg recovery and reclaim from any compartment of controlled or closed press:ﬁﬁﬁﬁ t
containing non-arced or normally arced SFg, except as otherwise specified in t Hjen S
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procedure detailed by the Original Equipment Manufacturer in the Operating Instruction

Manual.

There are cases where the SFg residual pressure of 2 kPa cannot be reached using the
procedure given in Figure 6 and Table 6, despite the use of adequate recovery facilities (e.g.
due to leakage of the switchgear, small pumping apertures in the switchgear). In such cases
other methods may be applied to reach the partial SFg pressure of 2 kPa (e.g. dilution

method) in the gas compartment prior to opening.

NOTE The partial SF4 pressure is the pressure of SF; occupying alone the whole volume of the gas compartment.
For pure SFg if the procedure detailed in Figure 6 and Table 6 is followed, SF is the only gas in the gas
compartment and therefore the partial SF, pressure is practically equal to the SF residual pressure.

The safety rules given in Annex B should be followed.

1 Prepare SF4 handling equipment 7
2 Connect external pre-filters (optional step) 8
3 SFg4 recovery 9
4 Minimise residual SF content Pp
5 Documentation Pa
6 Flood with (dry) air Pr

Accessed by MONASH UNIVERSITY LIBRARY on 12 Jun 2015 (Document currency not guaranteed when printed)

www.standards.org.au

Full document details: AS IEC 62271.4-2015

IEC 2094/13

Open the gas compartment

Remove solid by-products and adsorbers
when present

Neutralisation, if required
SFg pressure in the gas-filled compartment
Atmospheric pressure

SFg residual pressure < 2 kPa

Figure 6 — Example of recovery and reclaim from any compartment of controlled or
closed pressure systems containing non-arced or normally arced SFg
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Table 6 — Example of recovery and reclaim from any compartment of controlled or
closed pressure systems containing non-arced or normally arced SFg

Step

Procedure

Prepare SFg handling
equipment

Check that the SF handling equipment is properly working, the filters and pre-filters
are still active and connected, and the gas connections are clean and dry, hoses are
evacuated and no leaks on connection fittings exist to avoid contamination. Check the
capacity and the condition of the storage containers are compatible with the gas
compartments to be reclaimed. Check the validity of the calibration of instruments
subject to calibration.

Connect external
pre-filters (optional
step)

Connect one or multiple external pre-filters between the gas-filled compartment and
the inlet of the SF4 handling equipment.

SFg4 recovery

Connect the gas-filled compartment. Use the main compressor stage as soon as the
SFg residual pressure in the compartment approaches the pressure in the storage
container. Use a safety valve and a calibrated gauge to avoid overfilling of the
storage container.?

Minimise residual SF
content

6

Connect the auxiliary compressor stage when the SF residual pressure in the
compartment approaches 100 kPa and leave it running until a pressure lower than
2 kPa is reached.

Documentation

Record at least the manufacturer, equipment type reference, serial number and
compartment reference to identify the gas compartment, the SF residual pressure py,
the SFg residual quantity, ambient temperature and the date for further reference.

Flood with (dry) air

Disconnect the compressor and let the air enter slowly into the gas compartment.”

Open the gas
compartment

Apply safety rules according to Annex B. Carefully open the gas compartment.

Remove solid
by-products and
adsorbers when
present

Immediately use vacuum cleaner or wipe with a clean lint free rag to collect the solid
by-products, if present. Place adsorber materials in a plastic bag. Seal the plastic bag
with tape and tag it.

Neutralisation, if
required

If solid by-products were collected, use 10 % by weight soda solution or equivalent to
wash and neutralise all parts and then wash with clean water, according to Annex B.

2 In case of liquid storage the weight of the storage container is controlled in order to avoid overfilling. The filling
factor is smaller than 0,8 kg/l for safety reasons.

Dry air or N, from the bottle may be introduced in the compartment to reduce moisture contamination.

5.3 Recovery and reclaim from any compartment of controlled or closed pressure
systems containing heavily arced SFg

This subclause applies to any compartment of controlled or closed pressure systems
containing heavily arced SFg, when it is recovered for maintenance.

The partial SFg pressure in the gas compartment prior to flooding with (dry) air and opening
shall be lower than 2 kPa.

Figure 7 and Table 7 can be adopted as an example of the detailed sequence of operations
for SFg recovery and reclaim from any compartment of controlled or closed pressure systems
containing heavily arced SFg except as otherwise specified in the handling procedure detailed
by the Original Equipment Manufacturer in the Operating Instruction Manual.

There are cases where the SFy residual pressure of 2 kPa cannot be reached using the
procedure given in Figure 7 and Table 7, despite the use of adequate recovery facilities (e.g.
due to leakage of the switchgear, small pumping apertures in the switchgear). In such cases
other methods may be applied to reach the partial SFg; pressure of 2 kPa (e.g. dilution
method) in the gas compartment prior to opening.
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NOTE The partial SF4 pressure is the pressure of SF; occupying alone the whole volume of the gas compartment.
For pure SFg if the procedure detailed in Figure 7 and Table 7 is followed, SFy is the only gas in the gas
compartment and therefore the partial SF, pressure is practically equal to the SF residual pressure.

The safety rules given in Annex B should be followed.

1 Prepare SF4 handling equipment 9

2 Connect external pre-filters 10
3 SFg4 recovery 11
4 Minimise residual SF content Pp
5 Documentation Pa
6 Flood with (dry) air Pr
7 Settling down of solid by-products tg
8 Open the gas compartment
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Remove solid by-products, adsorber
materials and removable parts

Neutralisation
Documentation

Initial SFg pressure in the gas-filled
compartment

Atmospheric pressure
SFg residual pressure < 2 kPa

Settling down time > 1 h

Figure 7 — Example of recovery and reclaim from any compartment of controlled
or closed pressure systems containing heavily arced SFg
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Table 7 — Example of recovery and reclaim from any compartment of controlled
or closed pressure systems containing heavily arced SFg

Step Procedure

Check that the SFg handling equipment is properly working, the filters and
pre-filters are still active and connected, and the gas connections are clean and
Prepare SFg handling dry, hoses are evacuated and no leaks on connection fittings exist to avoid
equipment contamination. Check the capacity and the condition of the storage containers are
compatible with the gas compartments to be reclaimed. Check the validity of the
calibration of instruments subject to calibration.

2 Connect external Connect one or multiple external pre-filters in series between the gas-filled
pre-filters compartment and the inlet of the SF handling equipment.

Connect the gas-filled compartment. Use the main compressor stage as soon as
the SF residual pressure in the compartment approaches the pressure in the
storage container. Use a safety valve and a calibrated gauge. Use an external
storage container and avoid its overfilling.?

3 SFg4 recovery

Connect the auxiliary compressor stage when the SF residual pressure in the
compartment approaches 100 kPa and leave it running until a pressure lower than
2 kPa is reached.

Minimise residual SF6
content

Record at least the manufacturer, equipment type reference, serial number and
compartment reference to identify the gas compartment, the SF residual pressure

5 Documentation p,, the SF residual quantity, ambient temperature and the date for further

reference.
6 Flood with (dry) air Disconnect the compressor and let the air enter slowly into the gas compartment.”
7 Settling down of solid Wait at least 1 h to give enough time for the remaining solid by-products to settle
by-products down in the gas compartment.
8 Open the gas Apply safety rules according to Annex B. Carefully open the gas compartment.©

compartment

Remove solid
by-products, adsorber
materials and
removable parts

Immediately use a vacuum cleaner to collect the solid by-products. Place adsorber
materials and removable parts in plastic bags. Seal plastic bags with tape and tag
them.

Use 10 % by weight soda solution or equivalent to wash and neutralise all parts

10 | Neutralisation and then wash with clean water, according to Annex B.

Record all relevant information concerning service behaviour. Include some

11 | Documentation .
pictures.

a8 In case of liquid storage the weight of the storage container is controlled in order to avoid overfilling. The filling
factor is smaller than 0,8 kg/I for safety reasons.

Dry air or N, from the bottle may be introduced in the compartment to reduce moisture contamination.

¢ If the gas compartment is already open to the atmosphere (e.g. due to operation of a rupture disc or enclosure
burn-through), the procedure may be followed starting from step 8.

6 Dismantling of SFg electric power equipment at the end-of-life

6.1 General

This clause covers the different phases when electric power equipment is dismantled at the
end-of-life. From the environmental point of view, this is an important stage in the life cycle of
a product.

End-of-life dismantling is performed according to local regulations under the Owner / User’s
responsibility and supported by the Original Equipment Manufacturer as his knowledge and
experience are essential. Third parties, such as qualified service companies, may also carry
out end-of-life dismantling. End-of-life of electric power equipment is considered at the
designing stage of state-of-the-art equipment.
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Dismantling of electric power equipment and related treatment of used SFg, gas
compartments, powders, adsorber materials and effluents shall be conducted with due regard
to personnel and environmental safety, as described in Annex B.

6.2 End-of-life of controlled or closed pressure systems

Figure 8 describes the typical procedure to follow during end-of-life of controlled or closed
pressure systems.

| Electric Power Equipment |

| SF¢ analysis or known history |

Y Y
Up to approx. 1% by vol. More than approx. 1% by vol.
of SF4 gaseous by-products of SFg gaseous by-products
A Y
On-site SF¢ recovery On-site SF, recovery
and reclaim as per 5.2 and reclaim as per 5.3
Y \7
On-site SFg storing, handling, On-site dismantling as per 6.5 or shipment of
reuse or off-site SF shipment electric power equipment to dismantling site
A4 \ 2
Off-site SF storing, Dismantling of electric power
handling, reuse or disposal equipment at dismantling site as per 6.5

IEC 2096/13

Figure 8 — End-of-life of controlled or closed pressure systems

If the past history of a gas-filled compartment is unknown, the gas shall be analysed and
handled in safe conditions according to Clause 5. Once SFgz has been recovered and
reclaimed, it can be either reused on-site, or stored or transported off-site for further reuse or
disposal, according to Annex A. The electric power equipment can be either dismantled
on-site or shipped to a dismantling site.

6.3 End-of-life of sealed pressure systems

Sealed pressure systems are typically shipped to the dismantling site as shown in Figure 9. If
requested, SF4 recovery and dismantling could be performed on-site. The procedure for SFgq
recovery remains the same and is reported in 6.4.
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Electric Power Equipment

Y

Shipment to
dismantling site

Y

SF¢ recovery and reclaim
at dismantling site as per 6.4

N 4
SF¢ storing, handling, Dismantling of electric
reuse or disposal power equipment as per 6.5

IEC 2097/13

Figure 9 — End-of-life of sealed pressure systems

Sealed pressure systems may be shipped to the dismantling site before removal of SFg, this
operation being typically conducted by service companies. These companies shall implement
the necessary handling and storage means to avoid any shocks that may crack or break the
enclosure, in particular resin-based enclosures. Experience shows that the risk of the SFg
being dispersed in the environment during handling and transportation is extremely low, if the
transportation instructions issued by the Original Equipment Manufacturer are followed.

6.4 SFgrecovery and reclaim at the end-of-life of sealed pressure systems

SFg recovery and reclaim at the end-of-life of any sealed pressure systems may be performed
at the dismantling site. When sealed pressure systems are fitted with connecting facilities,
dedicated tools according to specifications given by the Original Equipment Manufacturer in
the Operating Instruction Manual should be used for the SFg recovery. If not, then tight drilling
systems shall be used.

The partial SF4 pressure in the gas compartment prior to opening shall be lower than 2 kPa.

Figure 10 and Table 8 can be adopted as an example of the detailed sequence of operations
for SFg recovery and reclaim at the end-of-life of sealed pressure systems, except as
otherwise specified in the handling procedure detailed by the Original Equipment
Manufacturer in the Operating Instruction Manual.

There are cases where the SFy residual pressure of 2 kPa cannot be reached using the
procedure given in Figure 10 and Table 8, despite the use of adequate recovery facilities (e.g.
due to leakage of the switchgear, small pumping apertures in the switchgear). In such cases
other methods may be applied to reach the partial SFg; pressure of 2 kPa (e.g. dilution
method) in the gas compartment prior to opening.

NOTE The partial SF4 pressure is the pressure of SF; occupying alone the whole volume of the gas compartment.
For pure SF; if the procedure detailed in Figure 10 and Table 8 is followed, SF; is the only gas in the gas
compartment and therefore the partial SF, pressure is practically equal to the SF residual pressure.

The safety rules given in Annex B should be followed.
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