IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61936-1:2010

IEC IEC 61936-1

®

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 2.0 2010-08

colour
inside
Power installations exceeding
Part 1: Common rules
Installations électriq en : i puissance supérieure a 1 kV —



IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2010 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 pays de résidence.

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch (\
N\

About the IEC

The International Electrotechnical Commission (IEC) is the leading globa
International Standards for all electrical, electronic and related tech

About IEC publications

The technical content of IEC publications is kept under consfg g Vi . Please make sure that you have the
latest edition, a corrigenda or an amendment mi

" Catalogue of IEC publications: www.iec.ch/searshpub
The IEC on-line Catalogue enables you to search by \a variety ® i c€ number, text, technical committee,...).
It also gives information on projects, withdrawn andTeplaced pub 3

" |EC Just Published: www.iec.ch/online _news/justpub,

Stay up to date on all new IEC publications. Just Rublished details\twice
on-line and also by email.

" Electropedia: www.electropedia.

epares and publishes

in English and French, with equi i iti | languages. Also known as the International Electrotechnical

Vocabulary online.

® Customer Service w w.iec.ch/web sts

If you wish to give us yo k onMhis p blicgtion or need further assistance, please visit the Customer Service
Centre FAQ or contact

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919 3

A prop

La Commissi ue Anternationale (CEI) est la premiére organisation mondiale qui élabore et publie des

A propos des pubti
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

IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61936-1

Edition 2.0 2010-08

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Power installations exceeding
Part 1: Common rules

Installations électriq
Partie 1: Régles com

9,

e puissance supérieure a 1 kV —

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE XD
CODE PRIX

ICS 29.020; 29.080.01 ISBN 978-2-88912-099-4

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

-2- 61936-1 © IEC:2010

CONTENTS
O L L L @ T PP 7
INTRODUGCTION ..ottt e e e e e et e e et e et e e e e e e ea e e e eaaeeneees 10
LIS Yoo o1 YT 11
2 NOIMALIVE TEIEIENCES ... it e s 12
3 Terms and definitions ... 14
3.1 General defiNifioNS. ... e 14
3.2 Definitions concerning installations ... 16
3.3 Definitions concerning types of installations .............cc.cooiiiiiiiiic e 17
3.4 Definitions concerning safety measures against electric shock ...[...........ccoeevnnnis 17
3.5 Definitions concerning clearances..........cccoccevevviiiieiieineennen.,
3.6 Definitions concerning control and protection
3.7 Definitions concerning earthing .........c...oooiiiiii G Ne e\
4  Fundamental requirements ........c..cooiiiiiiiiiiii e NG
4.1 General...coooiiiiiii e S NN NN s N
4.1.1 General requirements
4.1.2 Agreements between supplier (manufa
4.2 Electrical requirements .......................
4.2.1 Methods of neutral PN
4.2.2 \Voltage classification
4.2.3 Currentin normal ope
4.2.4
4.2.5
4.2.6
4.2.7
4.2.8
4.3.10 Dimensioning of supporting structures............ccoooiviiiiiiiii 28
4.4 Climatic and environmental conditions ..o 28
A4 GENEIAl e 28
4.4.2 Normal CONAItIONS .....uiiniiii i 29
4.4.3 Special conditioNS .. ..o 30
4.5 Special reqUIremMeNnts ... e 31
4.5.1 Effects of small animals and micro-organisms...........cccccoovviiiiiiiinineineennn. 31
452 INOISE LBV ..o 31
S R I - o =] o o T 31
D INSUIAL ON . e 32

LT B €= 1= = 1 T 32



IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

61936-1 © IEC:2010 -3-

5.2 Selection of insulation level. ... 32
5.2.1 Consideration of methods of neutral earthing .............cc.ooi . 32
5.2.2 Consideration of rated withstand voltages ..............ccoooiiiiiiii e, 32
5.3 Verification of withstand values........ ... 32
5.4  Minimum clearances of live parts ..o 33
541 GeNEIAl e 33
5.4.2 Minimum clearances in voltage range l...........ccooiiiiiiii 33
5.4.3 Minimum clearances in voltage range ll...........ccoooiiiiiii 33
5.5 Minimum clearances between parts under special conditions .....................clL 35
5.6 Tested CONNECLION ZONES .. ..o 36
6 EQUIPMENt . e e NG e e e
6.1  General reqUIremMeNts .......cciviiiiiiiiiii e N e N e
6.1.1  SeleCtion ..o DN NG N N e N
6.1.2 ComMPlANCE ....oiviiiiicici e e e\ e\ e D e NG e DL e
6.1.3 Personnel safety
6.2 Specific requiremMents ........oooviiiiiii e L NG N  Ni e ee e re e e e aaaaa
6.2.1  SWitching deVICES .....oiviiiiiiiiiiie s e G e N N o e e reeeeneeneenaas

7.2

7.3

6.2.2 Power transformers and reactors
6.2.3
6.2.4 Instrument transforme
6.2.5 Surge arresters

6.2.6 Capacitors..................
6.2.7 Linetraps .......c.coconfnenn.
6.2.8 Insulatorgn........

6.2.9
6.2.10

0 R T I = U g T o Yo o 01U (P 45
7.1.4  AisleS and @CCESS @r€aS ..cuiuiuiiiiiei e 46
T 1.5 LIgNiNg e 46
7.1.6  Operational safety........oooii 46
T A7 LabelliNg o 46
Outdoor installations of open design ..........c.oviiiiiiiii 46
7.2.1 Protective barrier ClearanCes. ... .o 47
7.2.2 Protective obstacle clearances...........ocooiiiiiiii 47
7.2.3 BoUuNdary Clea@ranCes ........oouuiiiuiiiiiii e 47
7.2.4 Minimum height over access area...........cooviiiiiii i 47
7.2.5 Clearances t0 BUIldiNgS .....ccuuiiiiiii e 48
7.2.6 External fences or walls and access doOrs ........ocoeeiiiiiiiiiiiiiiiiiiiieee 48

Indoor installations of open desigNn .......ccoviiiiiiiii 48



IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

—4 - 61936-1 © IEC:2010

7.4 Installation of prefabricated type-tested switchgear ...........co.coiiiii 49
T4 GENEIAl e 49
7.4.2 Additional requirements for gas-insulated metal-enclosed switchgear ......... 49

7.5 Requirements for bUIldiNgs ... oo

7.5.1  INtrodUCHION ..o e
7.5.2  Structural ProviSiONS ... e
7.5.3 RoOMS for SWItCNGEar .......ieiiiii
7.5.4 Maintenance and operating areas ...........cooeeiiiiiiii i
485 T T T Yo ] - TS
7.5.6 Draining of insulating lQuids ..........ccoiiiiiiii
7.5.7 Air conditioning and ventilation.............coooiiii e L NG
7.5.8 Buildings which require special consideration
7.6 High voltage/low voltage prefabricated substations..........._ /N NG o G- NG N e ennes
7.7 Electrical installations on mast, pole and tower ........... ...\ N NG Ne NG e,
Safety measures.......cooviiiiii e S NN N\ e D e
8.1  General .coccooiiiiiiiiiii e OGN N e e
8.2 Protection against direct contact
8.2.1

8.2.2
8.3
8.4
8.4.1
8.4.2

8.8.2 SFgleakage
8.8.3 Failure with loss of SFg and its decomposition products ....................ccee. 72
8.9 Identification and Marking ..ottt 72
8.9.1  GBNEIAI oot 72
8.9.2 Information plates and warning plates ..........cooivii i 72
8.9.3 Electrical hazard WarNiNg ........co.viiiiii e e e 73
8.9.4 Installations with incorporated capacitors ...........cccovviiiiiiiiici 73
8.9.5 Emergency signs for emergency exitsS .......coovviiiiiiiiiiii e 73
8.9.6 Cable identification Marks ........coooiiiiiii i 73
Protection, control and auxiliary systems........ccooiiiiiii i 78
9.1 Monitoring and control SYStEMS ... ....ciuiiiiii 78
9.2 DC and AC sUPPIY CIFCUIS ...nienie e 79

0.2.1  GNBIAl o e 79



IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

61936-1 © IEC:2010 -5-

9.2.2  AC SUPPIY e e 79
0.2.3 DO SUPPIY ettt e 80
9.3  Compressed air SYSTEMS. . ... 80
9.4 SFggas handling plants...............oooo 81
9.5 Hydrogen handling plants.........co.ooi i 81
9.6 Basic rules for electromagnetic compatibility of control systems .....................o..cee. 82
0.6.1  GeNEIAl ..o e 82
9.6.2 Electrical noise sources in high voltage installations...............cc.coooii, 82
9.6.3 Measures to be taken to reduce the effects of high frequency
INEEIEIENCE ... 82
9.6.4 Measures to be taken to reduce the effects of low frequen

INtErferencCe ..o B 83
9.6.5 Measures related to the selection of equipment....... N
9.6.6 Other possible measures to reduce the effects of interferences...x....>....... 84
10 Earthing systems . ..o NG N N e e N Ve e 84
10.1 General ..cooiiiiiii e NG e e s e N e
10.2 Fundamental requirements ..........c.ccociiiiiiiiii o NG
10.2.1 Safety Criteria ..o e NG e e ra et e e e e
10.2.2 Functional requirements...........ooooloe oo N e e e e e e
10.2.3 High and low voltage earthing
10.3 Design of earthing systems<.....\..:
10.3.1 General .....ccoooveii DG D
10.3.2 Power system faults./...........0. 0
10.3.3 Lightning
10.4 Construction of
10.5 Measureme
10.6 Maintainability
10.6.1
10.6.2

Annex A (normative)”Values of rated insulation levels and minimum clearances based

on current practice in SOME COUNTIIES ... i i e 92
Annex B (normative) Method of calculating permissible touch voltages ................ccc.cooein. 95
Annex C (normative) Permissible touch voltage according IEEE 80..........cc.ccooiiiiiiiiiiniinnnnn. 96
Annex D (normative) Earthing system design flow chart................coooii e, 97
Annex E (informative) Protection measures against direct lightning strokes ......................... 97
L= 1] [ o o | =1 1 7278 101

Figure 1 — Protection against direct contact by protective barriers/protective obstacles
within closed electrical operating areas ..........coooiiiiiiiii i 55

Figure 2 — Boundary distances and minimum height at the external fence/wall ....................... 56

Figure 3 — Minimum heights and working clearances within closed electrical operating
2] L= = 1 PP P PP 57

Figure 4 — Approaches with buildings (within closed electrical operating areas)...................... 58



IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

-6- 61936-1 © IEC:2010

Figure 5 — Minimum approach distance for transport...... ... 59
Figure 6 — Separating walls between transformers.............ccoociiiiiiii i, 74
Figure 7 — Fire protection between transformer and building ..o 75
Figure 8 — Sump with integrated catchment tank.................cocoii 76
Figure 9 — Sump with separate catchment tank.............. 76
Figure 10 — Sump with integrated common catchmenttank....................coccoi . 77
Figure 11 — Example for small transformers without gravel layer and catchment tank............. 77
Figure 12 — Permissible touch voltage UTp ............................................................................. 89
Figure C.1 — Permissible touch voltage UTp according IEEE 80.......cccooiiiiiii
Figure E.1 — Single shield Wire ..o

Figure E.2 — Two shield WIres........cooiiiiiiiiiii e .

Figure E.3 — Single lightning rod............cooiiiii S

Figure E.4 — Two lightning rods ..o

Table 1 — Minimum clearances in air — Voltage range | k VLA S NV I 34

U, <245 kV for Highgstyvoltage [ atiop U,,, not standardized by IEC based on
current practice i L J N N P 93
Table A.3 — Value [ fiorevels and minimum clearances in air for U, >

245 KV for highes wstallation U, not standardized by IEC based on
current practicedn i



IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

61936-1 © IEC:2010 -7-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER INSTALLATIONS EXCEEDING 1 kV AC -

Part 1: Common rules

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of I[E is to promote
international co-operation on all questions concerning standardization in the electrigal\and ele ronic flelds To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides q
Publication(s)”). Their preparation is entrusted to technical committees; any | i 9 if{tee ipterested
in the subject dealt with may participate in this preparatory work. ti

Publications is accurate, IEC cannot b
misinterpretation by any end user.

In order to promote international uniformity;,
transparently to the maximum extent posgi
between any IEC Publication and the corre
the latter.

All users should@e
No liability shall c

members of its techn{cal

mittees undertake to apply IEC Publications
and regional publications. Any divergence

‘\ e

~JECshalN not\Be held responsible for identifying any or all such patent rights.

patent right

International Standard IEC 61936-1 has been prepared by IEC technical committee 99: System
engineering and erection of electrical power installations in systems with nominal voltages
above 1 kV a.c. and 1,5 kV d.c., particularly concerning safety aspects.

This second edition cancels and replaces the first edition, published in 2002. It constitutes a
technical revision.

The main changes with respect to the previous edition are listed below:

new table of references for additional agreements between manufacturer/contractor/planer
and user/orderer/owner (4.1.2)

addition of minimum clearances in air not standardized by IEC but based on current
practice in some countries (Annex A)

deletion of nominal voltages (Table 1, Table 2, Clause 5)
addition of regulations for fuses (6.2.15)

simplification of regulations for escape routes (7.5.4)
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e deletion of special regulations for operating aisles (7.5.4)

e modification of clearances for fire protection (Table 3)

e modification of safety criteria for earthing systems (10.2.1)

e modified curves of permissibly touch voltages (Figure 12, Annex B)

e deletion of numbering of subclauses without headlines

e change of "should" to "shall" in many cases or change of subclauses with "should" to a note

The text of this standard is based on the following documents:

FDIS Report on voting
99/95/FDIS 99/96/RVD

Full information on the voting for the approval of this standard can
voting indicated in the above table.

* reconfirmed,
e withdrawn,

* replaced by a revised ed
*+ amended.

The following di

installations shall have a minimum height of 2,0 m. They shall fulfil the same
al fence. The minimum height of live parts behind a barrier shall be N + 300 mm with

(Finland)
e 7.2.2: Rails, chains and ropes are not allowed as obstacles (Sweden)
e 7.2.2: The height H for outdoor installations shall be at least # = N + 2 500 mm, with a minimum of 3 000 mm

(Sweden)

. 7.2.4: The height H for outdoor installations shall be at least H = N + 2 500 mm, with a minimum of 3 000 mm
(Sweden)

e 7.2.4: The height H for outdoor installations shall be at least H = N + 2 600 mm, with a minimum of 2 800 mm
(Finland)

e 7.2.6: The height of the external fence shall be at least 2 000 mm. The local conditions of snow shall be taken
into account (Finland)

e 7.2.6: The height of the external fence shall be at least 2 500 mm (Australia)
e 7.3: The use of indoor installations of open design is not allowed (Finland)

e 7.3: A rail shall be of not conductive material in the colours yellow/black behind (cell) doors and openings wider
than 0,5 m (Norway)

1 At the time of writing, future parts are still under consideration.
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e 7.3: Rails, chains and ropes are not allowed as obstacle (Sweden)

e 7.4.1: Outside closed electrical operation areas equipment and cables shall either be constructed with an
earthed intermediate shield or be protected against unintentional contact by placing out of reach. With an
earthed intermediate shield, a metal enclosure for equipment or a screen for cables are understood (Sweden)

e 7.5.4: Gangways longer than 10 m shall be accessible from both ends. Indoor closed restricted access areas
with length exceeding 20 m shall be accessible by doors from both ends (See IEC 60364-7-729) (Sweden)

e 7.5.8: Installations that are difficult to evacuate like Installations in underground, in mountains, wind-power
stations e.g. special conditions shall be imposed to secure safe evacuation in case of fire or accident (Norway)

e 7.7: The minimum height H' of live parts above surfaces accessible to the general public shall be:
- H'=5 500 mm for rated voltages U, up to 24 kV
- H'= N+ 5300 mm for rated voltages U, above 24 kV (Finland)

e 8.2: Exposed conductive parts shall be earthed. Also extraneous conductive parts which by faults, induction, or
influence could become live and be a hazard to persons or damage to property shall be earthed (Sweden)

e 8.2.1.2: The minimum height of protective barriers is 2 300 mm (Finland)

e 8.2.1.2: Rails, chains and ropes are not allowed as obstacles (Sweden)
e 8.2.2.1: Outside closed electrical operation areas equipment and cables sha

or barriers is not practicable (Finland)
e 8.7.2.1: For transformers with below 1000 | special conditio

e 8.9.1: Warning signs, markings and identifications shal
in other language (Norway)

e 10.2.1 and Annex B: Health & Safety E
designed according to tolerable voltages bas
given in Table 1 of IEC60479-1:2005 (UK)

at’HV earthing systems should be
ceeded by 5% of the population, as

The contents of@:o igendum™Qf March 2011 have been included in this copy.
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that it contains colouks ichhare considered to be useful for the correct understanding
of its confents. Us ou erefore print this document using a colour printer.

N




IEC 61936-1 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

-10 - 61936-1 © IEC:2010

INTRODUCTION

There are many national laws, standards and internal rules dealing with the matter coming
within the scope of this standard and these practices have been taken as a basis for this work.

This part of IEC 61936 contains the minimum requirements valid for IEC countries and some
additional information which ensures an acceptable reliability of an installation and its safe
operation.

The publication of this standard is believed to be a decisive step towards the gradual alignment
all over the world of the practices concerning the design and erection of high voltage power
installations.
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