IEC/TR 62271-303:2008

IEC IEC/TR 62271-303

®
®

Edition 1.0 2008-07

TECHNICAL
REPORT

RAPPORT
TECHNIQUE

High-voltage switchgear and controig
Part 303: Use and handling of sulp:

hexafluorure de soufre (SFg)


https://standards.iteh.ai/catalog/standards/iec/e2536bc2-3926-429f-b695-a31e2b371055/iec-tr-62271-303-2008

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2008 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or
IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pay; résidence.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

About IEC publications

The technical content of IEC publications is kept
latest edition, a corrigenda or an amendment mi
" Catalogue of IEC publications: www.iec.ch/sear
The IEC on-line Catalogue enables you to search by\a varigty b cr|t ia (referencé number, text, technical committee,...).
It also gives information on projects withdrawn an

Stay up to date on aII new IEC pu i . i i ice/a month all new publications released. Available
on-line and also by email.

Vocabulary online.
= Customer SerV|ce € . sts

If you wish to give us k on\this b|IC ion or need further assistance, please visit the Customer Service
Centre FAQ or contact

Email: csc@iec.ch
Tel.: +41 22 919 02 1

Fax: +41 22 919(63\0\

Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

= Catalogue des publications de la CEl: www.iec.ch/searchpub/cur_fut-f.htm

Le Catalogue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents critéeres (numéro de référence,
texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

® Just Published CEI: www.iec.ch/online news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

" Electropedia: www.electropedia.org

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et
définitions en anglais et en frangais, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé
Vocabulaire Electrotechnique International en ligne.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch

Tél.: +41 22 919 02 11

Fax: +41 22 919 03 00



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch
https://standards.iteh.ai/catalog/standards/iec/e2536bc2-3926-429f-b695-a31e2b371055/iec-tr-62271-303-2008

|E(; IEC/TR 62271-303

Edition 1.0 2008-07

TECHNICAL
REPORT

RAPPORT
TECHNIQUE

Partie 303: Utilisation'e

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION

ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE XC
CODE PRIX

ICS 29.130.10 ISBN 2-8318-9915-X

® Registere dtdmakfthlt national Electrotechnical Commission
Marque déposée de la Commission Eltthqlt nationale


https://standards.iteh.ai/catalog/standards/iec/e2536bc2-3926-429f-b695-a31e2b371055/iec-tr-62271-303-2008

-2- TR 62271-303 © |IEC:2008

CONTENTS
FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 5
INTRODUGCTION ...t et e ettt et et et et e e e e e et e et e et e eaaeennes 7
S o oY o = Y 8
2 NOIMaAtiVe FEfErENCES o 8
3 Terms and definitioNs . ... e 8
4  Storage and transportation of SFg ... 11
4.1 Storage of containers filled with SFg..........cccoo 11
4.2 Transportation of containers filled with SFg...................Z00 05 13
4.3 Storage and transportation of electric power equipment containing SFg..\............
4.4 Responsibilities .....oouiiiiniii i NN e N e e NG e
5 Safety and first @id ... N N N e N e
5.1 General safety rules ........ccooooiiiiiiii N DO N e e re e
5.1.1 Protection of personnel...........ooooi NN N rr e Neeemenneenaenaenaennns
5.1.2 Handling of contaminated safety equipm
5.1.3 Pressurised equipment and tools o
5.1.4 i
5.1.5 Facilities and servicee
5.2
5.3
5.3.1
5.3.3 Breafk Jiffi /s
6 Training and certification
6.1 Gene@ ....................................................................................................... 20
T2 I - 11 a1 g o 0o Yo [N == N N N 20
.............................................................................. 21
enance not implying gas reCoVery.......cooccovviiiineinneennnns 21
pstallation and commissioniNg.......oovviiiiicii 22
1 — Maintenance implying gas reCovery ..........ccooccovveiiieniinninnnnn. 22
e 22 — Decommissioning of electric power equipment at the
.................................................................................................. 23
6.3  CertifiCaliON .o e 23
7  SFg handling during installation and commissioning ...................... 23
7.1 Evacuation, filling and checking the SFg quality after filling ................................... 23
7.2 Topping-up of SFg pre-filled compartments to the rated pressure/density .............. 25
7.3 Filling sealed pressure SYStemMS. . ... 27
8 SFg handling during normal service life ... 27
8.1 Re-filling of SFg to the nominal pressure/density ....................... 27
8.2 Checking the SFg quality.............ociiiiiiii 28
8.2.1 Measurement of the SFg quality with portable equipment........................... 29
8.2.2 Sampling and shipment of SF for off-site analysis.................................... 29
9 SFg recovering and reclaiming during maintenance................ccccccciiiiiiiiiii 30

9.1 Recovery and reclaiming of SFg from any compartment of controlled and/or
closed pressure systems containing non-arced and/or normally arced SFg............ 30


https://standards.iteh.ai/catalog/standards/iec/e2536bc2-3926-429f-b695-a31e2b371055/iec-tr-62271-303-2008

TR 62271-303 © |IEC:2008 -3 -

9.2 Recovery and reclaiming from any compartment of controlled and/or closed
pressure systems containing heavily arced SFg...................... 32

10 Dismantling of SFq electric power equipment at the end-of-life ................................... 34

10.1 End-of-life of controlled and/or closed pressure systems ...........ccooeeiviiiiiiiniineennnen, 35
10.2 End-of-life of sealed pressure Systems ..........ccociiiiiiiiiiii i 35
10.3 Recovery and reclaiming of SFg at the end-of-life of sealed pressure systems ...... 36
10.4 Dismantling of electric power equipment at the end-of-life....................... 38
10.5 By-products at the end-of-life ... 39
11 Description of SFg handling equipment................. 40

T 1 RECIAIM BT .. e
11.1.1 External and internal pre-filters............oooiii i e
11.
11.
11.
11.
11.

A= T TU] 4o 1 o 1010 1] o B UPRRRD-S W VU N T N

Main and auxiliary COmMpPreSSOrS......covviiiiiiiee e e Ne e e e e e N e e A e enenns

External and internal gas storage containers

Evaporator and gas storage container heg
11. Gas piping and pipe junctions
11. Control instruments ...................... /...,
11.1.9 Safety valves..........cccoeeeeniennls

11.2 Flexible hose connections

[ .\ N N N, . -
o N ORNWN

11.3.5 Alar

11.4 Cylinderfor g
Annex A (inform

Figure 4 — Checking the SFg quality on-site ..., 29
Figure 5 — SFg sampling and shipment ... 30
Figure 6 — Recovering and reclaiming from any compartment of controlled and/or

closed pressure systems containing non-arced and/or normally arced SFg ..., 31
Figure 7 — Recovering and reclaiming from any compartment of controlled and/or

closed pressure systems containing heavily arced SFg................... 33
Figure 8 — End-of-life of controlled and/or closed pressure systems............c..cooeveiieiiieennnnn. 35
Figure 9 — End-of-life of sealed pressure systems.........ccccoiiiiiiiiiiiii e, 36
Figure 10 — SFg recovery and reclaiming at the end-of-life of sealed pressure systems ........ 37
Figure 11 — Dismantling of electric power equipment ... .. ..., 39

Figure 12 — General pUrpOSE FrECIAIMET ... .iuiit i 41


https://standards.iteh.ai/catalog/standards/iec/e2536bc2-3926-429f-b695-a31e2b371055/iec-tr-62271-303-2008

-4 - TR 62271-303 © |IEC:2008

Figure A.1 — Pressure/temperature/density characteristics for SFg [9]....................... 48
Table 1 — Methods for storage of SFg ... 12
Table 2 — Container types and labelling required for storage and transportation of SFg......... 13
Table 3 — International regulations for shipment of SFg................ 14
Table 4 — Measures when working with SFg electric power equipment ................ccccceeee. 15
Table 5 — Safety measures when opening and/or accessing gas compartments .................... 16
Table 6 — Neutralising SOIULIONS ... e 17
Table 7 — Additional safety Measures ... ...

Table 8 — Commissioning or re-commissioning of SF5 compartments........[.......N¢.cooooe,
Table 9 — Topping-up of SFg pre-filled compartments to the rated pre
Table 10 — SFg re-filling to the nominal pressure/density ................ N\ NN G NN G2
Table 11 — Checking the SFg quality on-site ... o NN N N N
Table 12 — SFg sampling and shipment...............coooo NN e N Y
Table 13 — Recovering and reclaiming from any compartm

Table D.9 — Arc energies for interruptions ... .. ... 72
Table D.10 — Arc energies for internal faults .............cooooiiiii e, 72
Table D.11 — SOF, production rates .............ccccciiiiiiiiiiii 73
Table D.12 — Quantities of SOF, formed..................... 73
Table D.13 — SFg leakage rates ... 73

Table D.14 — SOF, leakage rates ... 74


https://standards.iteh.ai/catalog/standards/iec/e2536bc2-3926-429f-b695-a31e2b371055/iec-tr-62271-303-2008

TR 62271-303 © |IEC:2008 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 303: Use and handling of sulphur hexafluoride (SF)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
aII national electrotechnical committees (IEC National Committees) The object of [E is to promote

this end and in addltlon to other activities, IEC publishes International Standard Specifications,
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides (hé¥reafter Q as “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC N erested
in the subject dealt with may participate in this preparatory work e ona mehtal and
non-governmental organizations liaising with the IEC also participate ¢ ioq. collaborates
closely with the International Organization for Standardization (ISO) in acgordan P ditioris determined

0 N
consensus of opinion on the relevant subjects since each i mi \ epresentation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations fori i 3 accepted by IEC National
Committees in that sense. While all reason Q are\ ™ at the technical content of IEC
Publications is accurate, IEC cannot be e i
misinterpretation by any end user.

4) In order to promote international uniformity i i undertake to apply IEC Publications
transparently to the maX|mum extent posgible in th' i and regional publications. Any divergence
in the latter.

5) IEC provides no marking indicate i dl and cannot be rendered responsible for any
equipment declared to be i i i E i

7) No liability should att ’
members of its te aftonal Committees for any personal injury, property damage or

other damage of an her direct or indirect, or for costs (including legal fees) and
expenses arising o icati ge of, or reliance upon, this IEC Publication or any other IEC
Publications.

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 62271-303, which is a technical report, has been prepared by subcommittee 17A:
High-voltage switchgear and controlgear, of IEC technical committee 17: Switchgear and
controlgear.

This first edition of IEC/TR 62271-303 cancels and replaces the first edition of IEC 61634
published in1995. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition.

IEC 62271-303 is a major revision of the old IEC 61634. The former sections of IEC 61634
are removed and replaced by the chapters of the CIGRE brochure n. 276.
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IEC 61634 was issued in 1995 when the focus was on safety. In 2008, safety is a very well
known and established concept and the focus is nowadays on the environmental compatibility.
SFg must be kept in a closed cycle and any intentional release must be forbidden. The
implementation of the SF4 reuse concept suggested in the CIGRE brochure was updated with
the most recent information. Today SFg can be recovered and reclaimed for either being
reused on-site or given back to the gas supplier and reused as raw material for the production
of "technical grade SFy". Detailed procedures for appropriate SFg5 handling are given together
with the description of the state-of-the-art equipments and measuring devices.

More in detail, clause by clause:

— The former Section 1 was removed and replaced with Clause 1 "Scope", Clause 2
"Normative references" and Clause 3 “ Terms and Definitions”.

"Training and certification", and Clause 11 "Description of SFg
taken from the CIGRE brochure and their content was revised.

The text of this technical report is based on

Enquiry dr%ft (\ hggo&on voting

\}7A/81 7IRVC

qval of this technical report can be found in the

e reconfirmed,

e withdrawn,
e replaced by a revised edition, or
e amended.
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INTRODUCTION

SFg technology is used in switchgear and controlgear, for more than 30 years. Its application
is mainly in electric power 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 SFg-filled units are currently in service.

Three methods for gas containment are technically available, according to IEC 62271-1:

e controlled pressure system;

NOTE 1 Controlled pressure systems are no longer used for new equipment, because of the unacceptable
leakage rate (see IEC 62271-203).

e closed pressure system: modern high-voltage electric po
standardized values for leakage rates are 0,5 % and 1 % pe
compartment;

are 20, 30 and 40 years.

NOTE 2 To fulfil the expected operating life requirement
considered to be less than 0,1 % per year.

hould be adopted in order to
enefits such as:

Recently, theNatest\practical recommendations on the use of SFg technology applied to
switchgear and controfgear have been published by WG B3.02 of CIGRE Study Committee B3
[1]1. This information is used to revise IEC 61634 into the present technical report.

1 Figures in square brackets refer to the Bibliography.
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HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -

Part 303: Use and handling of sulphur hexafluoride (SF)

1 Scope

The scope of this technical report is to address the procedures for safe and environmental
compatible handling of SFg during installation, commissioning, normal and abnormal
operations, disposal at the end-of-life of high-voltage switchgear and contr6 . Storage and
transportation of SFg are also covered.

NOTE 1 For the use of this technical report, the term “ hig
voltage above 1 000 V. However, the term “ medium voltage”( (reférence |
distribution systems with voltages above 1 kV and generally apphed up/t

601-01-27) is the rated
8) is commonly used for

oandi i .
Qp erit” stands for “high-voltage and

NOTE 2 Throughout this technical report,
medium voltage switchgear and/or controlgear”

2 Normative references

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

IEC 62271-100, High-voltage switchgear and controlgear — Part 100: Alternating-current
circuit-breakers

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE There are many different types of electric power equipment which use SFg as a dielectric and/or
arc-quenching medium.

31
abnormal release of sulphur hexafluoride (SFg)
release from equipment in service due to a failure in the pressure system
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NOTE An abnormal SFg release is usually an un-wanted and continuous emission of gas. As soon as an
abnormal SFg leakage is detected, appropriate measures to locate and eliminate the leak should be immediately
arranged.

3.2
handling of sulphur hexafluoride (SFg)
any process which might involve transfer of SFg

3.3

evacuation

transfer of a gas different from SFg (for example air or N,) from the gas compartment to the
atmosphere. The operation is performed utilising a vacuum pump

3.4

recovery of sulphur hexafluoride (SFg)
transfer of SFg from the gas compartment into a reclaimer or storage
is normally performed utilising a recovery compressor

operation

3.5
topping-up with sulphur hexafluoride (SFg)
filling with SFg a pre-filled compartment to the SF4 rated

assembhes with an external metal enclosure intended to be

insulation=e 3 itthgear and controlgear
Igear assemblies with an external insulation enclosure and completely

assembled, excep external connections

NOTE The external insulation may be supplied with a (semi-) conducting layer.

[IEV 441-12-06, modified]

3.9

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 This term generally applies to high-voltage switchgear and controlgear.

[IEV 441-12-05]
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3.10

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;

e closed pressure system;

e sealed pressure system.

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

NOTE 2 This definition reproduces 3.6.6.1 of IEC 62271-1.

3.11
controlled pressure system for gas

NOTE 3 This definition reproduces 3.6.6.2 of

3.12
closed pressure system for gas
volume which is replenished only periodicall

byNna

onnection to an external gas source

NOTE 1 Example of closed prg gle pressure circuit-breakers.

NOTE 2 This definition re

3.13
sealed pressur

volume for which
operating life

NOTE 2

NOTE 3 efinition xeproduces 3.6.6.4 of IEC 62271-1.

3.14
technical grade sulphur hexafluoride (SFg)
SFg gas having a very low level of impurities in accordance with IEC 60376

3.15

used sulphur hexafluoride (SFg)

gas removed from an electrical equipment, initially filled with SFg according to IEC 60376 or
IEC 60480. If after filling, the gas is removed for any purpose during the life of the equipment,
for example repair, service, maintenance, the gas will be transferred and is considered as
used gas

NOTE Annex C provides information regarding the by-products of used SFg, which occur as gaseous and solid.

3.16
used sulphur hexafluoride (SFg) suitable for reuse on site
used SFg complying with the maximum acceptable impurity level in IEC 60480
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NOTE If necessary, service units with appropriate filters and adsorber materials should be used.

3.17

used sulphur hexafluoride (SFg) suitable for reuse at the gas manufacturer

used SFg exceeding the maximum acceptable impurity level in IEC 60480, but complying with
the specification for gas reuse given by the gas manufacturer

NOTE If necessary to meet the specification, service units with appropriate filters and adsorber materials should
be used.

3.18
used sulphur hexafluoride (SFg) not suitable for reuse
gas complying with 3.15 but not complying with 3.16, and/or 3.17.

NOTE Used sulphur hexafluoride not suitable for reuse is disposed according to loca : al regulations
on waste management.

3.19
non-arced sulphur hexafluoride (SFg)
used sulphur hexafluoride (SFg) having less than approx Q A of gaseous
by-products

3.21

NOTE 1 € oride is typically expected to be in any gas compartments after internal arc
fault and/op sircw R eak switches after interruption failure and/or circuit breakers after successful
interruptisqs o ort cirguits at high amplitude in relation with its ratings.

NOTE 2 A larg
well.

e.amounkh of Solid by-products, mainly metal fluorides and tungsten oxifluorides, is expected as

4 Storage and transportation of SFg

Storage and transportation of SFg, either in containers or in electric power equipment is
always carried out in accordance with local and international regulations.

NOTE An empty SFg container may still contain a residual amount of SFg. It should be stored and transported in
the same way as for a filled container.

4.1 Storage of containers filled with SFg

In general, SFg can be stored in two ways either as a gas at less than 2 MPa or as a liquid up
to 5 MPa. Gaseous storage has the advantage of reducing the recovery and filling times but
requires large storage volumes and is therefore generally restricted to small volume
equipment or used in fixed location gas handling facilities. Liquid storage gives the ability to
reduce storage volumes and economically transport large quantities of SFg.
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Containers are 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. Special valve protections should be
adopted to avoid any potential damage on the valve itself.

Containers are refillable (non refillable containers are banned) and clearly labelled to identify
their contents; containers containing technical grade SFg and used SFg suitable for reuse on
site should be physically separated from those containing used SFg suitable for reuse at the
gas manufacturer or used SFg not suitable for reuse.

Table 1 gives an overview of all possible storage methods on which a storage container may
be based.

Table 1 — Methods for storage of SFg

Method Requirements )
Requires relatively sm diffgrential
. (typically 100:1) but es. Gas
Gaseous Typical pressure lower than 2 MPa. cannot be liquefigd’i

SFg remains in the gaseous state | rpqrefore it is limi ities Jtypically 200 kg)

Typical pressure equal to 3 MPa.

and stationm
rec ry pressure differential
cooling aggregate. Performance

Liquid- Employs additional cooling system to
cooling cool SFg after compression, whic ence processing speed.
assisted allows SFg to be stored in quuin@ rements. Limited storage

form uired\and genegrally not suitable for transportation
Liquid- Typical pressure equal to 5 MPa.
pressure SFg compressed to 5 MPa liquefigs
only by pressure only

tainers comply with local and international
labelling should be done according to local and

regulations on pressurised
international re 3

NOTE International and periodically revised by the Committee of Experts on the
Transport of Dangekous\Gbods the Globally Harmonized System of Classification and Labelling
(GHS) of the Ecopomi i urepe of the United Nations

Table 2 gives\an ohtainer types and required labelling. For practical reasons it is
recom { ferentjally use transportable storage containers, wherever possible.
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