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Introduction

The Regulations relating to electrical supply installations were laid down by the Directorate for Civil Protection and Emergency Planning  (DSB) …………… and entered into force ………… pursuant to Section 2 of Act No. 4 of 24 May 1929 on the supervision of electrical installations and electrical equipment. These Regulations replace the regulations of 18 August 1994 for electrical installations – supply installations.

The objective of these regulations is that electrical supply installations be designed, constructed, operated and maintained such that they do not endanger life, health and property, whilst fulfilling their intended function.

This guide to the Regulations is directed at owners and users of electrical  supply installations.  Those in charge of the design, construction, alteration, operation and maintenance of installations are responsible for ensuring that installations comprised by the activity conform with the requirements of the regulations.  Anyone who is responsible for the design, construction or alteration of installations shall issue a declaration of conformity with the requirements of the regulations for the installation.

The guide elaborates and explains the text of the regulations.  Indicated in the guide are the concrete specifications and norms on which DSB bases its understanding of the requirements of the regulations.

By utilising the body of experience which is incorporated in the guide on the individual articles of the regulations and in recognized norms, one achieves the degree of safety assumed by the regulations.  The guide aims to give supplementary comments on the provisions in the regulations, to give the owner/user – and others whom the regulations concern – guidance on how the requirements of the regulations may be satisfied.  The regulations make functional requirements, while the guide gives detailed solutions and information.  In cases where there is inconsistency between the guide and a norm, use of the guide will ensure that the safety requirements of the Regulations are met.

The safety requirements of the Regulations are normally deemed met by compliance with solutions/recommendations in the guide.  Where the guide uses the term “must” or “shall”, the suggested solution is considered to be the one which fully meets the regulations’ requirements.  The choice of another solution shall in such cases be justified/documented.  Where the guide uses the terms “should” or “may”, the suggested solution is considered to be one of several ways in which the regulations’ requirements can be met.  The choice of another solution in such cases need not be justified.

The regulations have emphasized risk assessment and use of risk analysis in connection with electrical supply installations.  If a new installation is to be constructed, a risk analysis must first be conducted.  Based on the risk analysis and the nature of the installation, a relevant, recognized international norm shall be chosen as a basis for the design of the installation.  It is possible to use different norms for different parts of an installation.  In a few places the guide recommends the use of specific standards to fulfill regulation requirements.  If other solutions are chosen, then these must be comparable or better and be analysed/documented by a competent agency or person.

If a relevant, recognized, international norm for the installation does not exist, national norms or publications drawn up by trade organizations may be chosen, provided that these satisfy the requirements of the Regulations.

It is the duty of enterprises to whom the provisions in the regulations apply to have internal control measures which ensure that the requirements of the Regulation are met, cf. Regulations relating to Systematic Health, Environmental and Safety Activities in Enterprises (Internal Control Regulations) laid down by Royal Decree of 6 December 1996.

To make it as easy as possible to locate guidance on the individual articles of the Regulations, the articles are specially marked as introductions to the text in the guide.

Moreover, we refer to the DSB home page www.dsb.no for an overview of all of DSB’s publications.

Regulations on electrical supply installations

Laid down by the Directorate for Civil Protection and Emergency Planning  ………… pursuant to Section 2 of Act No. 4 of 24 May 1929 on the Supervision of Electrical Installations and Electrical Equipment, cf. the Ministry of Justice and the Police resolution on delegation of authority of 1 September 2003.

First part: Introductory provisions and definitions 

Chapter 1 Introductory provisions

§ 1-1
Purpose

Electrical installations shall be designed, constructed, operated and maintained such that they fulfill their intended function without endangering life, health and property.

§ 1-2
Scope

The Regulations are applicable to the design, construction, operation and maintenance of electrical supply installations.  This encompasses electrical installations with appurtenant buildings for production, transmission and distribution of electrical energy, together with high voltage installations in industrial companies, etc.

The regulations are not applicable to:

· low voltage electrical installations in buildings and industries other than mentioned above

· electrical equipment which is offered or sold for use in electrical installations

· electrical installations onboard ships and floating or mobile installations, including mobile drilling platforms, etc. (maritime installations)

· electrical installations on contrivances for the exploitation of petroleum deposits in Norwegian inland waters, Norwegian sea territory, and that part of the continental shelf which is subject to Norwegian jurisdiction

· electrical installations onshore for petroleum processing installations which are encompassed by the Petroleum Safety Authority Norway’s regulations

· electrical installations in aircraft

· telecommunication installations

Installations which are not in use

Installations which are not in use shall be either removed or maintained according to these Regulations.

§ 1-3
For whom these regulations are intended

Owner/user of electrical installations shall ensure that installations to which these Regulations apply at all times satisfy the requirements laid down in the Regulations.

Those in charge of design, construction, alteration, operation or maintenance of electrical installations are responsible for ensuring that installations comprised by the activity conform to the requirements of the Regulations.

§ 1-4
Dispensation

The supervisory authority may grant dispensation from these Regulations.

Basis for dispensation

Dispensation from requirements and safety level in the Regulations is only granted in special circumstances.  A decision concerning dispensation from the provisions of the Regulation shall be given in writing.

§ 1-5
Definitions
Cable: an insulated conductor, or several conductors insulated from one another, encompassed by one or more jointly protective sheaths.

Contact line installation:  complete system which constitutes a part of the power feed to traction materiel, such as electric lines, cables, poles/masts, cantilevers, yokes, fastenings, switches, breakers, draining transformers, impedance coils, rail bonds, earthings, etc.

Distribution station:  distribution transformer with appurtenant installations for end user supply. 

Drain transformer:  an electrical 1:1 ratio transformer with a winding for contact line current and a winding for return current.  An isolating transformer which reduces vagabond currents in railway installations.

Earth: the conductive soil, the electrical potential of which is conventionally taken as equal to zero everywhere.

Earth fault current, IF: current which passes from conducting phase to earth or earthed components at the fault location.


For one-phase earth faults, this is:

· in systems with isolated neutral, the capacitive earth-fault current, IC
· in systems with resonant neutral earthing, the residual earth-fault current, IRes 

· in systems with low impedance neutral earthing, the line-to-earth short-circuit current, I”k1
Earthing: all methods and measures which give a good conductive connection to earth.

Electrical shock: effect on body as result of electrical current through a human or an animal.

High voltage installation: installation with nominal voltage greater than 1000 V alternating current or greater than 1500 V direct current.
Low voltage installation: electrical installation for nominal voltage up to and including 1000 V alternating current or up to and including 1500 V direct current. 

Nominal value: value of a quantity used to identify a component, device, equipment or system.

Overhead line:  the entire system of poles/masts, conductors, insulators, guys and backstays etc. 

Return period:  mean interval between successive recurrences of climatic action of at least defined magnitude.

Telecom installation: (telecom network) Installation for transmission of electronic communication with appurtenant infrastructure, equipment and installations.

Touch voltage (UT):  that part of earth potential rise under fault conditions which can influence a person by current passing through the body from hand to feet (horizontal clearance one metre to exposed limb). 

Uninsulated component/part: part of installation which does not have such insulation, enclosure or shielding that it can be regarded as safe to touch.

Definitions in the Guide

The Guide takes as its basis the following central definitions:

Recognized international standards:  IEC, CENELEC, IEEE and Norwegian translations of these.

Del: ” Clearance electrical” minimum air clearance required to prevent a disruptive discharge between bare phase conductors and objects at earth potential during lightning or switching overvoltages. Del may be either the clearance between conductor and mast or the clearance between conductor and extraneous conductive objects.

Dpp: ”Clearance phase to phase” minimum air clearance required to prevent a disruptive discharge between phase conductors during lightning or switching overvoltages.

Dynamic clearance:  transient clearance between live part and non-live part when one of the parts is in motion.

Earth potential rise, UE:  voltage between an earthing system and referance earth.
Global earth:  (widespread earthing system) earthing system which consists of coupled  neighbouring local earthing systems and which ensures that dangerous touch voltages do not occur.  Such a system may be said to constitute a surface with the same equipotential level.
Public road:  road open for traffic for the general public.  Other roads and nature trails are to be considered as terrain.

Reference earth:  a part of the earth which is regarded as conductive, whose electric potential by definition is regarded as equal to zero, and which is outside the area of influence of all earthing systems.

Specified conductor temperature:  conductor temperature chosen for construction of the power line to fulfill requirements to reliable operation and safety.

Specified ice load:  ice load chosen from statistical data or other available information for construction of the power line to fulfill requirements to reliable operation and safety.

Specified wind load:  wind load chosen from statistical data or other available information for construction of the power line to fulfill requirements to reliable operation and safety.

Second part: General provisions 

Chapter 2  General requirements to design, construction, alteration, operation and maintenance

§ 2-1
Design, construction, operation and maintenance 

Electrical installations shall be designed, constructed, operated and maintained such that they fulfill their intended function without endangering life, health and property.

Installations and equipment shall be suitable for the stresses to which they may be exposed and for the surrounding in which they shall operate. Installations shall be professionally constructed.

Methods for fulfilling safety requirements

The Regulations, Guide and standards together indicate the level of safety which shall be the basis for fulfilling the requirements.

Appendix 1 lists some relevant standards and publications.

§ 2-2
Risk assessment

A risk assessment shall be carried out to survey risks in and related to the electrical installation.  When constructing the installation, the solutions shall be chosen on the basis of the risk assessment. This shall be documented. 

§ 2-3
Consequences of power outages

The network company shall upon request inform the end user about expected operating reliability so that the end user can assess the consequences of any power outages.

§ 2-4
Basic safety requirements related to faults

Electrical installations shall be such that safety is maintained in connection with the first fault or first erroneous operation.  All faults shall be disconnected or corrected as soon as possible in order to maintain safety.

§ 2-5
Protection against electric shock 

Installations shall be such that they prevent unintentional contact or dangerous proximity to live components of the installation, or be insulated in such a way that they are protected against direct contact.

Installations shall be such that they give protection in the event of direct contact with components of the installation which may become live under fault conditions in the installation. 

§ 2-6
Protection against thermal and mechanical damage 

Installations shall be such that they can not cause danger because of high temperature, flame arc or mechanical stress during normal operation, overcurrent, fault currents or climatic and weather conditions.

§ 2-7
Protection against dangerous overvoltage, undervoltage and earth faults

Installations shall be such that they withstand normally occurring voltages, including overvoltages which may be expected. 

Transmission of high voltages to low voltage installations or other objects and installations shall be avoided.

Installations shall be such that undervoltage, earth fault or loss of one phase does not cause consequential damages as far as this is technically and economically feasible.

§ 2-8
Voltage transmitted to telecom networks

Installations shall be constructed such that excessive voltages are not transmitted to  telecom networks under normal operations and in fault situations.

Limit values for transmitted voltages and currents to telecom networks

The Norwegian Post and Telecommunication Authority determines requirements for maximum transmitted voltages in Regulation No. 636 of 26 June 2000 on electric safety in telecom networks. 

§ 2-9
Electric and magnetic fields 

Installations shall be such that they withstand the influence of any electric and magnetic fields which may arise.  Installations shall be such that the influence of electric and magnetic fields does not create unnecessary disturbance and health hazards.

Limit values for electric and magnetic fields

The Norwegian Radiation Protection Authority (NRPA) determines the limits for the electrical and magnetic fields with which installations must comply.

NRPA has made the following statement:

”Low frequency magnetic fields have come under scrutiny because of suspicions that they may cause health problems of one kind or another, although this is, in principle, a matter of such weak fields that it is difficult to identify any clear causal relationship.  Magnetic fields from power lines have come under particular scrutiny.  However, there is no physical difference between these fields and other 50 Hz magnetic fields.  If such fields were to have any significance for health, this would be the case regardless of the source from which the fields originate.

Certain scientific studies have indicated a statistical correlation between magnetic fields from power lines and the occurrence of cancer.  However, the research has hitherto not provided an answer as to whether it is the power lines’ magnetic fields that are the actual cause of this correlation.  Neither do the research results show any other clear correlations between such magnetic fields and other diseases or health problems.  Meanwhile, knowledge about effects of such fields is as yet insufficient.  Therefore, no scientifically valid data exist today indicating in which way it potentially would be relevant health-wise to regulate for instance residential construction in relation to power lines.  Neither is there a scientific basis for introducing general radiation hygienic limit values which will be relevant in relation to the magnetic fields in housing and day-care centres near power lines.

On this basis, NRPA has no authority to impose restrictions on the building of power lines or the development of areas adjacent to power lines.  It is therefore up to other authorities to decide in each individual case for how large an area land usage restraints should be issued due to proximity to power lines. Such restraints should be based on an overall evaluation of health-related as well as social, environmental, land planning and socio-economic issues.

Pending more unequivocal scientific data, NRPA will nevertheless recommend a strategy of caution in connection with new housing developments, day-care centres and power lines. This strategy will take into account the uncertainty and anxiety which has spread amongst the general public as a result of the scientific findings.  For the time being, this can, for instance, be achieved by using a wider building ban zone when planning new housing developments, day-care centres and playgrounds in the vicinity of power lines than is required by the “Regulations on electrical supply installations”. There is, however, still reason to await upcoming research results and an overall evaluation of these in relation to previous research before, if applicable, implementing major costly measures on existing installations.”

§ 2-10
Protection against fire

Installations shall be localized, constructed and protected in such a way that fires do not occur.  Equipment where sparks, flame arcs, explosions or high temperatures may arise, that equipment shall be constructed, localized and protected in such a way that fire can not break out in these surroundings.

§ 2-11
Monitoring and  control systems

Installations shall have necessary monitoring, protective gear, regulation and control equipment to ensure that they function as intended and in a safe manner.

§ 2-12
Danger signs and labelling

Installations shall have danger signs, labelling and identification, such that erroneous operation and accidents are avoided.  Danger signs, labelling and identification shall be durable, clear, readily visible and written in Norwegian.

Operational labelling and danger signs 

In addition to the manufacturer’s labelling, cables, equipment, protective gear and other material shall be labelled unambiguously, so that they are identifiable and operations can be carried out safely.

High voltage masts and gates, fences and doors for high voltage installations shall be marked with danger signs.  There shall be at most 50m between the danger signs on fences surrounding an outdoor installation.  High voltage rooms shall have exterior signs identifying the installation.

Masts along high voltage power lines shall be marked with number plates such that they can be identified.

Wooden poles along high voltage power lines shall, at a distance of 4.0 m from the butt-end, be marked with manufacturer and the year of preservation.

§ 2-13
Work related to operations and maintenance of installations 

Installations shall be such that staff safely and efficiently can perform tasks in connection with operations and maintenance, under all conditions and in all places in the installation. 

Network segmentation, voltage testing, earthing and short-circuiting

Installations shall be equipped with sufficient possibilities for network segmentation, voltage testing, earthing and short-circuiting.

§ 2-14
Common routing of lines

If the lines in common routes have different owners, a written agreement between the owners shall exist, as to who has the operational responsibility.  If not, then the supervisory authority may designate who has the operational responsibility.

§ 2-15
Alteration

Whenever altering an installation, it must be ensured that the alteration measures do not diminish safety.  These Regulations shall be applied to existing installations in situations in which the use or the premise of the installation is changed in such a way that they impact significantly on safety.

These Regulations shall be complied with when rebuilding and expanding electric installations.

§ 2-16
Upgrading older installations 

The supervisory authority may in individual rulings decide that an older installation or parts of an installation shall have the same safety level as defined in these Regulations, if the installation or parts of the installation are considered by the authorities to be unsatisfactory with regard to function or safety.

§ 2-17
The surroundings

Installations shall be such that they are not unnecessarily displeasing, bothersome or damaging to their surroundings.

Chapter 3 Documentation and notification 

§ 3-1
Inspection, declaration of conformity and documentation 
Before commissioning, new and rebuilt installations shall be inspected and to the necessary extent be tested for verification that they satisfy the requirements in this Regulation.

To the degree that this is practically feasible, the installations shall also be tested functionally.  Inspection, tests and function tests shall be documented.

Anyone who is responsible for the design, construction or alteration of installations shall issue a declaration of conformity with the installation’s regulatory requirements . An overview of the standards employed, and of publications, specifications and other documentation that facilitate the assessment of whether the installation is in accordance with these regulatory requirements, shall be drawn up in support of such a declaration. Where the standards have not been employed, a detailed description of the solutions that have been chosen to fulfil these regulatory requirements must be provided. The declaration of conformity shall include an appendix with documentation regarding inspections, tests and function tests, in addition to the installation’s technical documentation.  Declarations of conformity and appendices shall be submitted to the owner of the installation.

Declaration of conformity

Declaration of conformity and appended documentation must at least contain the following:

· the name and address of the owner, the one(s) responsible for the design, construction or alteration of the installation

· identification of the installation

· designation of standards that have been employed in their entirety or in part, and other publications and technical specifications on which the installation is based

· documentation from inspection, tests and function tests

· affirmation that the installation fulfils the requirements of these Regulations

· signature(s) of the one(s) responsible for design, construction or alteration of the installation and

· date of the declaration

§ 3-2
Storage of documentation

The owner of the installation shall at all times store the declaration of conformity and up to date documentation as defined in § 3-1.

§ 3-3
Notification 

Before construction and alteration of electric installations to which these Regulations are applicable, the owner/user shall notify the supervisory authority. 

The following installations are exempt from the notification requirement:

· installations with territorial concessions

· mobile generator installations

· fixed generator installations with output under 30 kVA

· installations with nominal voltage not exceeding 50 V alternating current and 120 V direct current as long as they are not located in areas of explosion hazard.

Notification documentation

Notification shall at least contain:

· details of what the notification includes

· name of the enterprise(s) responsible for design and construction

· interface between executing parties in cases of separate contracting  

· expected point in time of completion

§ 3-4
Notification of accidents/incidents

The owner of an electric installation shall as soon as possible notify the supervisory authority of injuries on persons and/or major material damage which has been directly or indirectly caused by electric installations.

Third part: Specific requirements for electric installations

Chapter 4 High voltage installations

§ 4-1
Scope


The provisions in this chapter apply to the construction of high voltage installations with voltage over 1000 V alternating current and 1500 V direct current.

Exempt from the provisions in this chapter are:

· overhead lines

· contact and power installations for railroads and tram lines, but not appurtenant transformer stations, etc.

High voltage installations to which the provisions apply

Scope includes,  among other things:

· power stations

· transforming stations

· substations

· cable routes

· appurtenant buildings and enclosures

§ 4-2
Insulation

The insulation level of the installation shall be adapted to the operating voltage and the installation’s construction, such that reliable operations are ensured. Clearances shall be adapted to the insulation level.

Installations shall be monitored such that insulation faults are detected and disconnected.

Coordination of insulation

Any assessments to identify the optimal level of insulation as a part of the coordination of insulation, shall be done according to standards.  If  no assessment of optimal insulation level is carried out, then the insulation clearances given in bold print in tables 4-1 and 4-2 shall be used.

Assessment of optimal insulation level shall be carried out pursuant to IEC 60071. Optimal insulation level results in acceptable operational reliability in the event of overvoltages. Managing overvoltage is part of insulation co-ordination. Clearances for the identified insulation level are found in tables 4-1 and 4-2.

In order to verify that installations which do not comply with the clearance requirements in tables 4-1 and 4-1, do comply with the requirements for withstand voltage in the same tables, the insulation shall be tested and assessed pursuant to IEC 61936-1.

Table 4-1
Minimum clearance in air (N) for voltage range from 1 kV to 245 kV

	Nominal voltage
(Un)

KV
	Highest system voltage for equipment (Um)

KV
	Rated short duration 
50Hz withstand voltage

KV
	Rated lightning impulse withstand voltage
1,2/50 (s (a
peak value

kV
	Minimum clearance
phase – earth
and
phase – phase  (c
N(d

	
	
	
	
	Indoors

mm
	Outdoors

mm

	3
	3,6
	10
	20

40
	60

60
	120

120

	6
	7,2
	20
	40

60
	60

90
	120

120

	10
	12
	28
	60

75

95
	90

120

160
	150

150

160

	15
	17,5
	38
	75

95
	120

160
	160

160

	20
	24
	50
	95

125

145
	160

220

270

	30
	36
	70
	145

170
	270

320

	45
	52
	95
	250
	480

	66
	72,5
	140
	325
	630

	110
	123
	185b
239
	450 b
550
	900

1100

	132
	145
	185 b
230

275
	450

550

650
	900

1100

1300

	150
	170
	230 b
275

325
	550 b
650

750
	1100

1300

1500

	220
	245
	275 b
325 b
360

395

460
	650 b
750 b
850

950

1050
	1300

1500

1700

1900

2100

	      a) Lightning pulse withstand voltage may be used for phase – phase and phase – earth.

b) If values are deemed to be insufficient to establish compliance with the necessary phase – phase withstand voltage, then phase – phase resistivity tests will be necessary.

c) Applies to rod – earthed parts

d) ”N” is used in other tables for clearances



	


Table 4-2

Minimum clearance in air (N) for voltage range greater than 245 kV

	Nominal

Voltage

Un

kV
	Highest system voltage for equipment 
(c (Um) 

kV
	Rated
lightning impulse withstand voltage  (a 1,2/50 (s
(peak value)


kV
	Rated switching withstand voltage  phase – earth 
250/2500 (s
(peak value)


kV
	Minimum clearance
phase-earth
	Rated switching withstand voltage
phase – phase
250/2500 (s (peak value) 

kV
	Minimum clearance 
phase - phase

	
	
	
	
	Conductor –structure 


mm
	Rod – structure

N(C

        mm
	
	Conductor – conductor (parallel)

mm
	Rod – conductor

mm

	275
	300
	850/950


	750


	1600

1700b
	1900


	1125


	2300


	2600



	
	
	950/1050
	850
	1800

1900 b
	2400
	1275
	2600
	3100

	380
	420
	950/1050


	850


	1800

2200 b
	2400


	1360


	2900


	3400



	
	
	1175/1300
	950
	2200

2400 b
	2900
	1425
	3100
	3600

	
	
	1300/1425
	1050
	2600
	3400
	1575
	3600
	4200

	a) Lightning pulse withstand voltage may be used for phase – phase and phase – earth.

b) Minimum clearance necessary for upper value of lightning pulse withstand voltage.

c) ”N” is used in other tables for clearances.




Minimum clearance under special conditions

The minimum clearance between installation parts that may be in anti-phase shall be 120% of the clearances given in the tables.

The minimum clearance between the installation parts which have unequal voltage levels shall be at least 125% of the clearances for the highest voltage level.

If a conductor swings out of line due to a short-circuit, then at least 50% of the clearance given in the tables must be maintained.

If a conductor swings out of line due to wind, then at least 75% of the clearance given in the tables must be maintained.

Condition of insulation 

Electric installations shall in their entirety have adequate insulation.

Installations shall be provided with:

- Equipment that gives warning of insulation faults and earth faults in the installation.

- Equipment for disconnection in case of one-phase earth-fault.

- Equipment for rapid, automatic disconnection in case of two-phase earth-fault.

Cable and overhead networks shall have a minimum resistance to earth. If minimum resistance to earth falls short of this lower limit, then a warning shall automatically be given. Alternatively, the installation may be disconnected.

The limits are:

· For cable networks:




minimum 1000 ohms

· For overhead networks and combined networks:
minimum 3000 ohms

§ 4-3 
Insulation fault measures

Two-phase earth faults and short-circuits shall be disconnected rapidly and automatically.

One-phase earth faults shall be disconnected as rapidly as possible and within the following time limits.  The limits do not include possible re-connections:

· Solid earthed neutral:





  3  sec 
· Resistance earthed neutral:




30  sec

· Distribution networks (overhead networks and combined 

cable/overhead networks), with insulated neutral earthing
or with resonant neutral earthing:



10  sec

· Cable distribution networks (without overhead line) with 
global earthing, with insulated neutral or networks with
resonant neutral earthing: 



         240   min

· Transmission networks with insulated neutral or
with resonant neutral earthing:




30  min

· Industrial networks with insulated neutral or
with resonant neutral earthing:




30  min

Cable distribution networks, transmission networks and industrial networks with long disconnection times shall be monitored continuously and clearance for disconnection of earth faults started immediately.

§ 4-4 
Equipment and cables

Equipment and cables shall have electric, mechanical and environmental characteristics which are adapted to their application and the environment in which they will be used. Equipment and cables shall be safely deployed.

Circuit breakers, switches and earthing switches

Circuit breakers, switches and earthing switches shall have devices providing visible or other reliable indication of the breaker contact’s position.  The position indicator shall be clearly visible to the operator.

Circuit breakers, switches and earthing switches shall be installed such that they can not be operated unintentionally.  It shall be possible to block and/or lock the position of the circuit breakers, switches and earthing switches.

Current transformers 

Fuses shall not be located in circuits from current transformers.

Protection and labelling of cables 

Cables shall be laid in such a way that they are not damaged.  Cables shall have armouring or protective metal sheathing.

Trenched cables shall normally be protected in one of the following ways:

· minimum 0.4 m depth of backfill:  cables shall be protected by overcoverage boards or equivalent protection

· with depth of backfill greater than 0.6 m, it is not necessary to protect the cables with additional protection.

In special cases, cables laid on solid rock or similar ground may have less overcoverage than 0.4 m.  Such cables shall be protected with strong half-conduit, or equivalent protection.

Trenched cables shall be laid sufficiently deep that they are not damaged by agricultural machines, etc.  Where trenched cables are brought up in the open, the cable shall be protected by sectional iron, etc., to a minimum height of 1.5m over the ground. Where possible, the cable trench shall be fitted with warning ribbon.  Cables shall be marked with voltage in the form of clear embossing of the cable sheath, etc, at spacing intervals of approximately 1.0m.  Cables which are laid in the same trench or in some other way come near each other, must be marked in order to avoid confusion.  The location of the cable shall be drawn in on maps, etc.

Connection points and cable terminations

Cable shields and armouring of  conductive material, together with protective, conductive conduit for cables without metallic shielding or armouring shall usually be earthed at both ends.

It is permissible to earth the conductive armouring / shielding, etc. of single conductor cables at only one end when this is desirable with regard to reduction of losses in armouring / shielding, etc.

When cable shielding, etc. is earthed at only the one end, a sign with information about this shall be posted at the other end. At the end which is not earthed, the cable shielding must be protected against direct contact.

Crossing and close routing between cables

When cables are parallel-routed or cross each other, short-circuits and earth faults must be prevented from causing dangerous voltages in other cables.

Crossing and close routing between cables in the sea

When cables are parallel-routed in the sea, the clearance between these shall be sufficient to allow work on the cables to be performed efficiently.  Crossing shall be avoided if possible.

Beach landing for subsea cables shall be marked with warning signs.

To protect subsea cables it may be necessary to post anchorage prohibition signs near the cable.

Cables which are temporarily uncovered or laid directly on the ground

In special cases, cables with voltage up to 72.5 kV may be uncovered or be laid directly on the ground for a period of time of up to three  months, provided that the site is inspected at least once a week.  The cables shall be laid in a mechanically safe manner.  In frequented places, etc. the cables shall be laid in a protected manner and trenches shall be cordoned off.

Indoor installations – clearance from high voltage isolated lines to telecom installations

The clearance between high voltage isolated lines and cables, and isolated telecom lines shall be at least 30mm + 5mm for every 1000 V of operating voltage in the high voltage installation.

If both cabling systems use armoured cable or separate, earthed conduit, then no specific clearance between the lines is required.  For fibre-optic cable there is no clearance requirement.

§ 4-5 
Installations


Installations shall be such that they are safe for personnel, the public and surroundings. Installations shall be such that reliable operation is ensured. Necessary documentation shall be available so that operation and inspection can be carried out in a satisfactory manner.

Clearances in high voltage installations

Clearances in high voltage installations shall be in accordance with table 4-3. 

Fences, walls and gates shall be built with barbed wire, etc. at the top, making them difficult to climb.  Fences shall be of sturdy construction with openings no larger than IP1X.  Fences, walls and gates shall be constructed in such a manner and with such a low clearance to the ground that ingress is prevented.

A bar shall be placed behind cubicle doors if the width of the door exceeds 0.5m.  A bar, etc., may be used as protection by distribution transformers and in generator pits, etc. when the distance measured from floor via the bar to components that are live is at least N + 2.5m.  The bar shall be of non-conductive material, colour coded yellow/black or with equivalent marking and be placed at a height from 1.2 to 1.4m.
Table 4-3

Clearances in high voltage installations

	
	Minimum clearance
m (a,b

	
	

	Outdoor installations with fences
	

	Height of fences, walls and gates 
	2.5

	Clearance from fence to components that are live 
	N + 2.5

	Clearance from the ground to lower edge of insulators 
	2.5

	Clearance from the ground to components that are live 
	N + 3.0

	Clearance to roof from lines entering the building 
	N + 3.0

	Height of transport passages
	N + 4.5

	
	

	Electrical transformer, breaker and switch installations on masts
	

	Clearance from the ground to live components 
	N + 5.0

	Clearance from the ground to lower edge of insulators for apparatus and other installation components
	4.5

	Clearance from a substation at ground level to live components on the mast
	N + 4.0

	
	

	Indoor installations of open design
	

	Height of protection
	1.8

	Height of cubicle protection
	2.2

	Clearance from cubicle door to live parts.  This clearance is to be extended beyond the door ends. 
	N

	Height from floor to live components in service passages and similar places
	N +2.5

	Height from floor to lower edge of insulators in service passages and similar places
	2.5

	Width of service passages (also applies where operating gear reduces the width)
	1.0

	a) ”N” is found in tables 4-1 and 4-2

b) Allowance has been made for 0.7m compact snow in connection with determination of minimum distances in the table. If depth of compact snow exceeds 0.7m, then this must be compensated by larger minimum distances or snow removal. 


Operating gear for installations on masts

At manually operated switches on masts, the following safety measures shall be implemented:

· From the operating handle an equipotential connection shall be laid to a cable coil in the ground under the operating location.  This is not to be regarded as earthing, but as potential gradient control.  Alternatively, methods described in §4-11 Earthing systems may be used.

· If no other components at the base of the mast are earthed, then an isolator shall be installed in the operating device.

· If there are components at the base of the mast which are earthed or an earthing conductor has been installed from top down to the base of the mast, then the operating handle shall also be earthed.

§ 4-6
Electric installations on poles and masts

Fuses shall be placed such that they are readily accessible for replacement. It shall be possible to carry out all operation and changing of fuses at mast stations from the ground.  Installations with fuses shall have a multi-phase switch, so that the fuses may be serviced in a voltage-free state.

When renewal or major maintenance is required for existing installations that have servicing from a platform, the installation shall be rebuilt in such a way that it can be operated from the ground.  The rebuilding shall be done in accordance with these Regulations.

§ 4-7
Buildings

Buildings and rooms for high-voltage installations shall be built and equipped in order to provide safety for persons within and outside the installations.  Buildings and rooms shall be suitable for their purpose and be such that substantial material damage is avoided in case of faults, erroneous operation or fire.

The Planning and Building Act

The Planning and Building Act with regulation No. 33 of 22 January 1997, relating to building requirements and construction products (TEK), applies to the design of buildings for high voltage installations.

With regard to fire safety, particular reference is made to TEK § 7-2 and “Thematic guide: fire protection in electricity supply”.

Placement of generators, transformers and distribution installations

Generators, transformers, apparatus and distribution installations, etc. shall be placed in separate rooms.  When special conditions dictate, metal-enclosed installations with enclosure rating IP4X may nevertheless be placed in rooms for other purposes. The installations must be of sturdy construction and have lockable cabinet doors.

Rooms for high voltage installations located in buildings, either for other purposes or adjoining such a building, shall be constructed as fire-safe rooms (EI60 or REI60). Such rooms shall preferably have a door into the open air.  Fire and other influences shall not be able to spread to neighbouring rooms.

Ventilation ducts shall have mortise-locks.

Generator, transformer and distribution installation security

Doors to rooms for electrical installation facilities shall have cylinder locks or equivalent secure locking arrangements. 

Areas for electric equipment shall be constructed in such a way that intrusion of water is avoided and condensation is limited.

Extraneous installations such as water pipes, steam pipes and gas lines shall not generally be placed in or be carried through rooms for electric installations and electric equipment.

Detached substations, etc.

Detached stations, such as substations, shall be built of such materials and positioned in such a way that fire and other influences are prevented from spreading to neighbouring buildings or surroundings.

Emergency lighting

Large indoor stations shall have emergency lighting.

Exits from high-voltage installation rooms

High voltage installation rooms where people may be present shall have at least one exit from the room. The exit shall have one or more doors that may be opened from within and without the use of keys or other access tools.

Doors from high voltage installation rooms shall open outwards. They shall be equipped in such a way (with a panic bar or similar device) that they may be opened from the inside using a knee, elbow or other part of the body, or by a person crawling or wriggling.

Doors, passages and staircases along the main access route from high voltage installation rooms shall be dimensioned and designed in such a way that injured persons may be transported out on a stretcher.

If the length of a high voltage installation room exceeds 10m, the room shall be built with two exits.

Pressure stresses in buildings

In building construction, allowance shall be made for expected mechanical stresses and pressure caused by flame arcing and possible oil vapour explosions.  Transformer rooms or high voltage installation rooms shall in as far as possible be built so that walls and ceilings will not collapse or be scattered apart as a result of a flame arc or oil vapour explosion.  The pressure shall, as far as possible, be relieved through suitable relief vents to the outdoors, and in such a way that this in itself involves as little danger as possible.

In housing, commercial buildings, office buildings, buildings containing assembly rooms, schools, etc., oil-immersed transformers shall be placed against outer walls.  Oil-immersed transformers should preferably be located outdoors.

§ 4-8
Installations from which evacuation is difficult

In installations from which evacuation may be difficult, such as underground installations, wind power plants, installations in rock chambers, etc., measures shall be taken to ensure safe evacuation in case of fire or accidents. 

Use of mineral oil, etc.

Mineral oil-immersed transformers, devices, etc. shall be avoided where possible.  In substations located in road tunnels, etc., oil-immersed transformers, devices, etc. are not allowed.  Large, mineral oil-immersed transformers shall be located in rooms for high voltage installations with pressure-relief that is separate from access and evacuation routes.

Control rooms, dining rooms and similar rooms which are intended for permanent occupation by humans shall be dimensioned to withstand foreseeable external shock pressure.  The dimensioning requirement also applies to windows toward machine rooms.  Ventilation air to accommodations must not be drawn in through high-voltage installation rooms.

Rescue rooms, accommodations and escape routes

Where there are not at least two independent escape routes, rescue rooms shall be established. 

Rescue rooms shall be dimensioned to withstand any foreseeable external shock pressure.  The size of the room must be at least 1m2 of free floor space for every person that is normally present in the station.

Rescue rooms shall be equipped with air accumulators for the number of persons for which the rescue room is dimensioned.  The air supply shall be sufficient for at least four hours’ consumption.  In addition, necessary first aid equipment shall be in place.

The rescue room shall have communication to a staffed watchroom outside of the station and to the station entrance. The communication equipment must be protected against damage from overvoltage, fire, pressure stresses, etc.  It is not permissible to use the communication cable for any other purpose inside of the station entrance.

Accommodations shall be dimensioned to withstand a foreseeable shock pressure.  Escape routes shall be clearly marked, provided with guide rails, etc., and be devoid of extraneous articles that may obstruct or impede escape.

Emergency power installations

Automatic, sufficiently dimensioned, independent emergency power installations shall be set up for power supply to important objects such as control installations, emergengy lighting installations, drainage equipment, cooling systems and similar safety installations.

Separate accumulator batteries, motor generator installations with automatic start-up, or independent and reliable external power supplies may be used as emergency power installations.

Emergency lighting

Stations in rock chambers and underground stations shall have emergency lighting.

§ 4-9
Safety measures and safety equipment

Installations shall be constructed and secured such that operations and maintenance may be performed in a safe manner for personnel, the public and the surroundings.  Property shall be secured against fire and other damage.  Necessary safety equipment shall be accessible.

Safety equipment

Safety equipment shall be located in an easily accessible, perspicuous, clean, dry and suitable place.  Safety equipment shall be kept in good repair.

Protection from flame arcing

The installation shall be such that operations/service personnel are protected if a flame arc occurs. Cell doors shall be constructed with sheet casing, with a minimum height of 2.2m.

Protection in the event of fire in transformers and reactors outdoors

Oil-immersed transformers with an aggregate oil volume of up to 1000 l may be placed against a building when the wall facing the transformer is constructed with fire resistance class of minimum EI 60 or REI 60, respectively.

Oil-immersed transformers with an aggregate oil volume of up to 1000 l may be placed at a clearance of at least 1m from minor buildings and garages for up to two cars when the wall facing the transformer has non-flammable outer cladding.  The clearance between such a building and a major building shall be at least 2m.

Transformer stations shall be constructed such that fire in a transformer with an oil volume greater than 1000 l does not ignite other equipment or the surroundings.  The transformer shall therefore have a clearance “G” to building elements.  Recommended values for “G” are given in table 4-4.

Where transformers with an oil volume less than 1000 l are located near flammable walls, protection measures against fire may be necessary, depending upon the usage and construction of the building.

Table 4-4

Minimum clearances for installation of outdoor transformers

	
Transformer type


	
Fluid volume, Litres


	Clearance, G, to

	
	
	other transformers or to non-flammable surfaces on buildings,

m
	flammable surfaces on buildings,

m

	Oil-immersed transformers (O)
	> 1000, < 2000
	3
	7.6

	
	>= 2000, < 20000
	5
	10

	
	>= 20000, < 45000
	10
	20

	
	>= 45000
	15.2
	30.5

	With little flammable fluid (K) without special protection
	> 1000, < 3800


	1.5
	7.6

	
	>= 3800
	4.6
	15.2

	With little flammable fluid (K), but with special protection
	Clearance, G, to building surface or nearby transformer

	
	Horizontal clearance in m
	Vertical clearance in m

	
	0.9
	1.5

	Dry transformers
            (A)      
	Fire class
	Clearance to surface of building or nearby transformer

	
	
	Horizontal in m
	Vertical in m

	
	F0
	1.5
	3.0

	
	F1/F2
	None
	None

	Note:  by special protection is meant:

· Strength of transformer tank to resist bursting

· Transformer tank pressure relief

· Protection against low current

· Protection against high current

For examples of special protection, see ”Factory Mutual Global standard 3990” etc.                                              


The value of G may be reduced by using automatic fire-fighting equipment. If the clearance, G, can not be achieved, partitions may be used in accordance with Figure 4-1.

Figur 4-1 

Fire protection between transformer and building
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Protection against fire in connection with transformers and reactors indoors

Minimum requirements to installation of transformers and reactors indoors are given in table 4-5.

Table 4-5

Minimum requirements to installation of transformers and reactors

	Types of transformers and reactors
	Fluid volume litres
	Safety measures

	Oil-immersed transformers and reactors (O)
	<= 1000
	EI 60 or REI 60

	
	> 1000
	EI 90 or REI 90, alternatively REI 60 with automatic sprinkler system

	With less flammable fluid (K) without special protection
	
	EI 60 or REI 60, alternatively automatic sprinkler system

	With less flammable fluid (K) with special protection
	<= 10 MVA and highest voltage for equipment 38 kV
	EI or REI 60, alternatively clearance 1.5 m horizontally and 3.0 m vertically

	
Dry transformers and reactors (A)
	Fire class
	

	
	F0
	EI 60 or REI 60, alternatively clearance 0.9 m horizontally and 1.5 m vertically

	
	F1/F2
	Non-flammable walls

	Note 1:  REI denotes a bearing system (wall), while EI denotes a non-bearing system (wall). 
R stands for the ability to bear load, E stands for the ability to endure fire.  I is the heat insulation and 60/90 stands for resistance capability in minutes.
Note 2:  By special protection is meant:

· Strength of transformer tank to resist bursting

· Transformer tank pressure relief

· Protection against low current

· Protection against high current

For examples of special protection, see ”Factory Mutual Global standard 3990” etc.                                              


Laying of cables

In stations which  are difficult to evacuate and stations greater than 30 kV, cables for emergency power, control and communications shall be laid separately from other cables and protected against fire damage by mechanical separation or flame-retardant construction.

Cables shall be layed in compliance with provisions regarding fire safety in buildings.  Cable bushings in fire barriers shall be caulked to maintain the fire cell’s fire class.

Other equipment with flammable fluid

For other equipment with flammable fluid in excess of 100 l in individual cells, the requirements to fire protection for transformers and oil recovery in these Regulations apply.

Equipment with insulating fluid, oil recovery and oil pits

Where equipment with insulating fluid is located, recovery installations, thresholds or other measures shall be in place. This is in order to ensure that the fluid does not flow out of the room or out into the environment in case of leakage.

For oil-immersed mast transformers up to 200 kVA, no oil recovery installation is required.  Oil-immersed transformers and reactors with oil volumes in excess of 1000 l shall have an oil pit with a collecting tank or an automatic fire-extinguishing installation.  The oil pit shall have a contrivance, such as a rock filter, etc., for extinguishing any fire in the oil.  Thresholds, collecting tanks and oil pits shall have a combined volume able to receive the entire quantity of oil, in addition to rainwater and extinguishing fluid.

If using a rock filter, it shall be of washed river rock, about 300 mm thick, with a grain size of 40/60mm or 60/90mm.

Protection against leakage of SF6
Rooms with SF6 installations shall be ventilated so that no health hazard arises.

§ 4-10
Protection, control and auxiliary systems

Installations shall have the auxiliary systems and equipment for monitoring, control and protection which are necessary for carrying out operations and maintenance in a safe manner.

Control functionality for high voltage equipment

It shall be possible to lock out the remote control at the point of local control. Lock-out shall be indicated on the remote control.

Functional testing of  protection and control equipment

Protection and control equipment shall be furnished and installed such that it can be functionally tested on a routine basis and be maintained in a safe manner.

Emergency power supply

Important objects shall have an emergency power supply.  Examples of important objects  are protection, control installations, emergency lighting installations, drainage equipment, cooling systems and similar installations.  The emergency power supply shall be sufficiently dimensioned and independent of the regular supply.

Compressed air installations

The installation shall have satisfactory capacity, also for intermittent operation.  Compressed air installations shall be operable under the anticipated climatic conditions.

High-frequency interference in control installations

Measures shall be implemented to avoid harmful high-frequency interference in control installations.  High-frequency interference may come from:  couplings in high voltage installations, lightning strikes in high voltage installations and earthed components, discharges across overvoltage protection and spark gaps, couplings in low voltage installations, high-frequency radio transmitters, electrostatic discharges, etc.

The measures that may be implemented include:

· Suitable construction of  instrument transformers, effective shielding between primary and secondary circuits, together with testing of high-frequency characteristics

· Protection against lightning strikes

· Improved earthing system and earthing connections

· Cable shielding in the secondary circuit

· Incoming and outgoing pairs for the same function should be in the same cable

· Control cables should not be laid together with other cables.

Low-frequency interference in control installations

Measures shall be implemented to avoid harmful low-frequency interference in control installations.  Low-frequency interference may come from:  short circuits, earth faults and electromagnetic fields produced by equipment such as bus bars, power cables, coils, transformer, etc.

The measures that may be implemented include:

· Control cables should be laid separately from power cables, either by clearance or in divided ducts.

· One phase power cables should be laid with triangular stacking rather than in flat configuration.

· Control cables should not be laid parallel to bus bars and power cables.

· Control cables should be laid far from coils and one-phase transformers.

· Control cables should not be laid in loops.

· Parallel coupling of two coils in different cabinets should be avoided.

· All conductors in the same circuits should be in the same cable.

· Cables with twisted pairs are recommended for low signal levels.

§ 4-11
Earthing systems

Earthing systems shall be adapted to the electric installation and be dimensioned and constructed such that in fault situations in the electric installation no danger to life, health and property arises, within or outside the installation itself.

Dimensioning of the earthing system at power frequency

The earthing system, except temporary earth, shall be constructed to fulfil the following requirements: 

· provide security against dangerous touch voltages, also at maximum earth fault current

· prevent damage to property and equipment

· be dimensioned to endure corrosion and mechanical stresses throughout the lifetime of the electric installation

· be dimensioned to withstand thermal stresses from fault currents

These requirements apply to each individual voltage level.

Dimensioning of earth electrodes

Earth electrodes shall be made copper, steel or steel with copper casing.  Earth electrodes shall be able to resist corrosion and mechanical stress during the lifetime of the electric installation.  The earth electrode shall have a minimum cross section of 25mm2 for copper or 50mm2 for steel.  Further, the earth electrode shall be chosen according to CENELEC HD 6371 S1.

Dimensioning of main earthing conductor and bonding conductor

Main earthing conductor and bonding conductor shall be made of copper, steel or steel with copper casing. Main earthing conductor and bonding conductor shall be able to resist corrosion and mechanical stress during the lifetime of the electric installation. Main earthing conductor and bonding conductor shall have a minimum cross section of 16mm2 for copper or 50mm2 for steel.

Dimensioning with regard to temperature

Earthing conductors and earth electrodes shall be dimensioned with regard to temperature such that the materiel does not weaken and the surroundings are not damaged.  The currents for which allowance is to be made are provided in CENELEC HD 6371 S1.  The fault current can follow several paths in the earth electrode system.  Therefore an individual earth electrode may be dimensioned for the part of the earth current which will pass through this electrode.

Requirements for touch voltages

Touch voltage (UT) shall be less than permissible touch voltage (UTp). 

Permissible touch voltage (UTp) limits in the event of earth fault are indicated in figure 4-2.  The figure indicates the maximum permissible voltage from bare hand to bare feet. When determining the touch voltage (UT) additional resistances such as shoes, gravel surface, etc. may be included. CENELEC HD 6371 S1 Appendix C provides further information.

Earth faults shall be disconnected automatically or manually to limit the time of the touch voltage in the event of earth fault.

It is not necessary to determine allowed values for step voltage. Allowed values for step voltage are higher than touch voltages. Earthing systems which satisfy the requirements for touch voltage will therefore also at the same time yield harmless step voltages.

Figure 4-2

Permissible touch voltage UTp for limited current-flow duration
(UTp ( 75V as t ( ()
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Key to diagram:

Berøringsspenning = Permissible touch voltage

Strømmens varighet = Current-flow duration

Requirements on earthing installations to comply with permissible touch voltages in the event of earth fault

Compliance with permissible touch voltage UTp in figure 4-2 is achieved if one of the following prerequisites is fulfilled:

· The installation is a part of a global earthing system

· The rise in earth potential UE in the event of earth fault shall not exceed double the permissible touch voltage

·  The rise in earth potential UE in the event of  earth fault shall not exceed four times the permissible touch voltage at the same time as measures described in the section below, “Measures for reducing touch voltage”, shall be implemented.

If the above prerequisites are not met, then the touch voltage UT shall be calculated or measured. The touch voltage UT shall not exceed the permissible touch voltage UTp. For calculation of the touch voltage UT, additional resistances pursuant to CENELEC HD 637 S1 appendix C may be used.

The flow chart in figure 4-3 provides an illustration of the above requirements, provided that the installation is not a part of a global earthing system.

Possible transferred potentials shall be investigated and dealt with.  CENELEC HD 637 S1 specifies methods for measuring and calculating earthing systems. CENELEC HD 637 S1 is translated into Swedish with the designation SS 421 01 01.

Measures for reducing touch voltage

Description of measures for reducing touch voltage. The measures have been given the designation M.


Table V-1 

Prerequisites for use of measures, M, to ensure compliance with the requirements for permissible touch voltage UTp (see figure 4-2)

	Fault duration
tF

	Rise in earth potential
UE

	 Outer walls and fences


	Inside the installation

	
	
	
	Indoors


	Outdoors



	tF <5s


	UE <= 4xUTp

	M1 or M2


	M3


	M4.1 or M4.2



	
	UE > 4xUTp

	Ensure that UT <= UTp

	M3


	M4.2



	tF >=5s


	UE <= 4xUTp

	M1 or M2


	M3


	M4.2



	
	UE > 4xUTp

	Ensure that UT <= UTp



M 1
Measures at outer walls of buildings with indoor installations

One of the measures M 1.1 through M 1.3 may be employed as protection against external touch voltages.

M 1.1
Use of non-conducting material in outer walls (for example brick, concrete, wood) and avoidance of use of earthed metal parts when they may be touched from the outside.

M 1.2
Potential gradient control by use of horizontal earth electrodes placed approximately 1m from outer walls and no deeper than 0.5m.

M 1.3
Insulation of operating location: the surface of the insulating material shall be large enough to prevent touching earthed conductive components with the hands from a place outside of the insulated surface.

If touching is only possible sideways, then a width of 1.25m is sufficient.

The insulation of the place of operation is sufficient in the following cases:

- a layer of crushed rock with a thickness of at least 100mm

- a layer of asphalt with sufficient substratum (such as coarse sand)

- an insulating mat with an area of at least 1000mm x 1000mm and thickness of at least 2.5mm or a construction with equivalent insulation.

M 2
Measures at outer fences of outdoor installations

One of the measures M 2.1 through M 2.3 may be employed as protection against touch voltages at outer fences.  At gates in external fences, M 2.4 shall also be taken into account.

M 2.1
Use of fences in non-conducting material or plastic-coated fencing (bare and conductive fence pales and stays may be used).

M 2.2
Control of potential gradient by use of horizontal earth electrode placed approximately 1m outside of the fenced-in enclosure and not deeper than 0.5m, when the fence is made of conductive material.  Bonding of the fence to the earthing system is optional (see nevertheless M 2.4). 

M 2.3
Insulation of the operating location as described in measure M 1.3 and bonding of the fence, either as specified in CENELEC HD 637 S1 Appendix F or by bonding to the earthing system.

M 2.4
If gates in the outer fence are connected to the earthing system, either directly or through other earth conductors or cable shielding (for example, a staff locator system), then the opening area of the gates shall have potential gradient control or insulation in accordance with measure M 1.3.

When the gates in a separately earthed, fenced-in enclosure are connected to the main earthing system, the gates shall be separated from the conductive parts of the fence by an insulating border which is at least 2.5m.  This may be achieved with a fence made of non-conductive material or a conductive fence which is insulated at each end.  The separation must also be ensured when the gates are open.


M 3
Measures for indoor installations

For indoor installations measures described in M 1.3 to M 3.3 may be employed.

M 3.1
Bonding through electrodes formed as a grid, cast into the foundation and connected to the earthing system in at least two places.  The cross-section of the electrodes should be at least 50mm2 and have a maximum mesh width of 10m.  Reinforcing mats may alternatively be used.

If reinforcing bars in concrete are used to carry fault currents, then the reinforcing bars’ conductivity shall be verified by calculations.  If reinforcing mats are used, then neighbouring reinforcing mats shall be connected at least one place and collectively; the mats shall be connected at least two places.

Horizontal electrodes which are buried in the ground near the outer walls and connected to the earthing system may be used at existing buildings.

M 3.2
Operations platforms of metal shall be connected to other earthed components which may be touched from the operations platform.

M 3.3
Insulation of the operations platform from the earth potential rise after measure M 1.3.  Earthed metal components which may be touched simultaneously from the operations platform shall be connected.

M 4
Measures in outdoor installations 

M4.1
Measures at the operating location:

Alternative 1: Control of potential gradient through horizontal earth electrodes at a distance of approximately 1m around the equipment which is to be operated.  The earth electrode is laid at a depth of approximately 0.2m.  All metal components which may be touched from the operating location shall be earthed to the horizontal electrode.

Alternative 2: Operations platforms of metal shall be earthed, and bonded to metal components which may be touched from the place of operation.

Alternative 3: Insulation of the operating location as specified in measure M 1.3. 

Earthed metal components which may be touched simultaneously from the operations platform shall be bonded.

M 4.2
Embedment of a horizontal earth electrode around the earthing system in the form of a closed ring. A meshed earth grid shall be embedded inside the ring.  The largest mesh shall not be greater than 10m x 50m.  Components of the installation which are located outside the ring and which are connected to the ring, must in addition have a separate earth electrode.

The earth electrode is to be installed in order to have control of potential gradient.  The earth electrode must be in the form of a ring around the installation components at a distance of approximately 1m.  The earth electrode shall lie at a depth of approximately 0.2m.

Figure 4-3

Flow chart for construction of an earthing system

















Installation of earth conductors and earth electrodes

Earth electrodes shall be laid such that they will not be mechanically damaged.

Racks with sufficient conductivity, stability and mechanical strength may be used as earth conductors for equipment which is fastened directly on the rack.  The rack shall be connected to the earthing system at a sufficient number of points.

CENELEC HD 637 S1 makes installation recommendations for earth conductors and earth electrodes.

Potentials transferred to the surroundings

Measures must be implemented in order to avoid that potential rise is transmitted to the surroundings and leads to dangerous voltages.

Cables, conductive fences, metal pipes, insulated metal pipes, etc., may cause a rise in potential in a station to be transmitted to the surroundings.

Earthing of equipment and installations

All exposed, conductive components which are a part of the electrical installation shall be earthed.  Isolation zones may be used in special cases.  Conductive components which are not a part of the electric installation shall also be earthed in order to avoid danger and discomfort from flame arcing, capacitative or inductive influence.

Earthing methods are provided in CENELEC HD 637 S1.

Common or separate earthing system for high and low voltage installations

Earth for high and low voltage installations may be common or separate.  If earth for high and low voltage installations is to be common, then the requirements described in “Requirements for a common earthing system for high and low voltage installations” must be fulfilled.  If these requirements are not fulfilled, then earth must be separate for high and low voltage installations.

Requirements for a common earthing system for high and low voltage installations

The neutral point of the low voltage winding, PEN conductor or neutral point discharger may be connected with the earthing system of the high voltage installation if the following conditions are met in relation to earth faults:

· Dangerous touch voltages shall not occur in low voltage networks or at the end user’s.  This requirement is fulfilled if the rise in potential in the earthing system does not exceed the values in table 4-6.

· Dangerous voltage stresses shall not occur in the end user’s low voltage equipment as a result of potential rise in the low voltage installation’s neutral point or earthing system.  This requirement is fulfilled if the voltage stress in the low voltage installation does not exceed the values in table 4-6.

Low voltage installations inside area of high voltage earth

In a low voltage installation inside the area of a high voltage installation’s earthing system, the protection and system earthings shall be connected to a common earthing system. Requirements in “ Requirements for a common earthing system for high and low voltage installations” are then deemed fulfilled for these low voltage installations.

Low voltage installations outside area of high voltage earth

The requirements in “ Requirements for a common earthing system for high and low voltage installations” are deemed fulfilled if one of the following conditions is met:

· The high voltage installation’s earthing system is connected to a global earthing system.

· The requirements in table 4-6 are fulfilled.

Separate earthing systems

If the requirements for a common earthing installation for high and low voltage installations are not met, then the earthing systems must be separate.  The earth electrodes must be separated such that any rise in potential in the area of the high voltage installation’s earthing system will not be transferred to the low voltage installation.  In the low voltage installation, the values in table 4-6 in the case of an earth fault in the high voltage installation must be complied with.

For installations with voltage under 52 kV, a minimum clearance of 20m between the earth electrodes may be used.  Documented calculations as defined in CENELEC HD 637 S1 may also be taken as a basis for the clearance between the earth electrodes.

Within this clearance around the high voltage installation, there shall be no contact between the low voltage installation’s earthing system and the earth.  If this is not possible, then the necessary measures shall be implemented.

Where the low voltage components are exposed to high voltage earth, it may be necessary to connect low voltage earth installations to the high voltage earthing system. This for the sake of  personnel protection.
If  earthing systems for high voltage and low voltage are separate, then the insulation on the low voltage installation must be dimensioned with regard to rise in potential and duration in the event of fault in the high voltage installation.

Table 4-6 

Requirements for common earthing systems for supply of low voltage installations outside of high voltage earthing systems

	Type of low voltage installation 1)
	Duration of fault
	Requirements for common earthing system

for HV and LV 2) 3)

	
	
	For touch voltage
	For voltage in equipment

	TT 4)
	tF <= 5 s
	Not applicable
	UE <= 1200 V

	
	tF >   5 s
	
	UE <= 250 V

	TN 5)
	
	UE <= UTp 6)
	Not applicable

	
	
	UE <= X UTp 7)
	

	IT 8) 
	tF <= 5 s
	Not applicable
	UE <= 1200 V

	
	tF >   5 s
	
	UE <= 250 V

	IT 9)
	tF <= 5 s
	UE <= UTp 
	UE <= 1200 V

	
	tF >   5 s
	
	UE <= 250 V

	IT 10)
	tF <= 5 s
	UE <= X UTp 
	UE <= 1200 V

	
	tF >   5 s
	
	UE <= 250 V


	The normal value of X is 2. Experience shows that values up to 5 may be accepted in special cases.

1) For definitions of types of  low voltage installations, see HD 384.3. IT systems with PE conductors connected to the earthing system of the high voltage installation are dealt with in section 9.4.2, as they are normally used in industrial installations. Other IT systems have not been evaluated.

2) UE is the earth potential of the common earthing system. It can be calculated pursuant to appendix N.

3) It is necessary to make allowance for transformer stastions’ potential being influenced by induced voltages, for example through cable shields connected to nearby installations.

4) Allowance must be made for withstand voltage of the low voltage installation (cf.HD 384.4.442)

5) Allowance must be made for touch voltages (personal safety).

6) Connection of the low voltage installation’s PEN conductors or the low voltage installation and the high voltage earthing system has only been established at the transformer.

7) To gain control over the imposed voltage in the neutral point, the low voltage installation’s PEN conductors are connected to earth in several places.

8)   High voltage earth and neutral voltage arrester are connected. No connection between high voltage earth and end user earth.

               
9)   High voltage earth and neutral voltage arrester are connected. There is a connection between high voltage earth and end user earth.


     10)  High voltage earth and neutral voltage arrester are connected. There is a connection between high voltage earth and end user earth. This is connected to earth in several places.





Earthing measures against lightning overvoltages

For effective protection against lightning overvoltages, the connection to earth electrodes shall be as short and straight as possible.

Measurements of the earthing system

Methods for measurement of the earthing system and touch voltages are specified in 

CENELEC HD 637 S1.

Documentation of earthing systems

Evaluations, choices, calculations, measurements, construction and inspection of earthing systems shall be documented.

Inspection of earthing systems

Important and exposed components of earthing systems shall be inspected periodically, and at least every tenth year.  This shall be done by visual inspection, measurement and, as necessary, subsequent calculations.

Chapter 5 Low voltage installations

§ 5-1
Scope

The provisions in this chapter apply to construction of low voltage installations with voltages up to and including 1000 V alternating current and 1500 V direct current.

Exempt from the provisions in this chapter are contact and rail power installations for railways and tram lines. Transformer stations, etc., belonging to contact and rail power installations are regulated in this chapter.

Low voltage installations to which the provisions apply

The scope includes among other things:

· power stations

· transformer stations

· substations

· cable installations

· appurtenant buildings and fenced-in enclosures

· low voltage overhead lines, lighted trails and road lighting installations. Mechanical dimensioning, insulation and clearances are described in the chapter on low voltage overhead lines.

Telecom installations

Regulations for electrical safety in telecom installations shall be used for telecom installations with galvanic separation from low voltage installations.

Installations up to and including power supply plugs or plinths on or in the telecom equipment are considered to be low voltage installations.

§ 5-2 
Insulation

In order to ensure reliable operations, the insulation level of the installation shall be adapted to the construction of the installation.

The installation shall automatically disconnect or indicate a fault in the event of earth fault in the installation or connected installations.  In the event of earth fault in the installation or connected installations, the earth fault must be corrected or disconnected as soon as possible and no later than within four weeks. 

Measurement of insulation condition

The insulation resistance for low voltage installations shall comply with relevant standards. 

Insulation resistance shall be measured for new buildings and following expansion or repairs.

Generator installations and transformer installations shall have a permanent contrivance for measurement of the insulation condition of the installation. For transformers on masts/poles, transportable measuring equipment may be used.

All installations shall in addition have automatic disconnection or fault indication at a limit value for earth faults in the installation and connected installations.  The limit value for earth faults is determined by the owner of the installation.

§ 5-3 
Equipment and cables

Equipment and cables shall have electrical, mechanical and environmental characteristics which are adapted to the area of application and the environment in which they will be used.  Equipment and cables shall be safely placed and laid.

§ 5-4
Installations

Installations shall be such that they are safe for personnel, the public and surroundings.  Necessary documentation shall be available so that operation and inspection can be carried out in a satisfactory manner.. 

Exposed materiel

Exposed materiel shall be placed such that there is no danger of accidental contact. Exposed materiel must only be used in such a way that it is inaccessible for extraneous persons. In mast/pole stations, exposed materiel shall be placed minimum 4.0m above the ground.

Electrical installations on masts and poles

Fuses shall be placed such that they are readily accessible for replacement. Installations with fuses shall have a multi-phase switch, so that the fuses may be serviced in a voltage-free state.

Clearances in low voltage station installations

Clear height in service passages shall be at least 2.0m.

Unobstructed width of service passages shall be at least 0.7m.

Overvoltage and neutral point discharger

In low voltage installations which are connected to a high voltage installation through a transformer, the neutral point of the low voltage winding shall be provided with a neutral point discharger, provided that the winding is not operationally earthed.

Correspondingly, in installations with a delta connection, one of the phases shall be provided with a discharger.

No discharger is required for a transformer for melting purposes, etc., when this could entail operational inconvenience.

Wire and cable installation

Wires and cables shall be placed and protected such that they are not exposed to mechanical damage and corrosion.

Voltage system

For supply of installations a TNC system may only be used up to the first distribution point. For street lighting installations, etc., a TNC system may not be used.

Separation from low voltage lines to telecom installations

In open-trenching of cables the clearance between low voltage cables and telecom cables shall be at least 10mm.

When telecom cables are laid in conductive pipe, sheath, etc., these shall be earthed.  Low voltage and telecom cables shall not be laid in the same conduit unless the telecom cable is constructed as a low voltage cable.  Low voltage boxes and telecom installations shall have separate compartments.

Protective insulation tubing shall be used at crossing points between freely laid low voltage and telecom cables and shall enclose one of the sets of cables 50mm to each side of the crossing.

§ 5-5
Earthing systems

Earthing systems shall be dimensioned and constructed such that in fault situations in the electric installation life, health and property are not endangered within or outside of the installation itself.

Dimensioning of the earthing system at power frequency

The earthing system shall be constructed to fulfill the following requirements:

· give personnel safety against dangerous touch voltages, also at maximum earth fault current

· prevent damage to property and equipment 

· dimensioned to withstand corrosion and mechanical stress throughout the lifetime of the electrical installation

· dimensioned to withstand thermal stress from fault currents

These requirements apply to each individual voltage level.

Methods for measurement of the earthing system and touch voltages are specified in CENELEC HD 637 S1.

Dimensioning of  earth electrodes

Earth electrodes shall be made of copper, steel or steel with copper coating. Earth electrodes shall be able to withstand corrosion and mechanical stress during the lifetime of the electrical installation. The earth electrode shall have a minimum cross-sectional area of 25mm2  for copper or 50mm2  for steel.

Dimensioning of  main earth electrode and potential bonding conductor

Main earth electrodes and potential bonding conductor  shall be made of copper, steel or steel with copper coating. Main earth electrodes and potential bonding conductors  shall be able to withstand corrosion and mechanical stress during the lifetime of the electrical installation. Main earth electrodes and potential bonding conductors  shall have a minimum cross-sectional area of 16mm2 for copper or 50mm2 for steel.

Dimensioning with regard to temperature

Earthing conductors and earth electrodes shall be dimensioned with regard to temperature such that the materiel does not weaken and the surroundings are not damaged.

Dimensioning with regard to touch voltages

Limits for touch voltage with regard to earth faults are provided in figure 5-1.
It is not necessary to determine permissible values for step voltage.

Figure 5-1

Permissible touch voltage UTP for limited current-flow duration
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Key to diagram:
Berøringsspenning = Permissible touch voltage

Strømmens varighet: Current-flow duration

Installation of earthing conductors and earth electrodes

Racks with sufficient conductivity, stability and mechanical strength may be used as earthing conductors for equipment which is fastened directly on the rack.  The rack shall be connected to the earthing system at a sufficient number of points.

Horizontal earth electrode should be buried at a depth of 0.5-1m for mechanical protection. In addition, it is recommended that the earth electrode is laid so that it will not be exposed to frost.

Earthing of conductive equipment and installations

All exposed components which are a part of the electrical system shall be earthed. In special cases, isolated zones may be used.

Part four: Specific requirements for overhead lines

Chapter 6 High voltage overhead lines

§ 6-1
Scope


The provisions in this chapter apply to the construction of high voltage overhead lines with voltage greater than 1000 V alternating current and 1500 V direct current.

Exempt from the provisions in this chapter are:

· Electric installations, including transformers on poles/masts and overhead installations within fenced-in station areas

· Contact line installations for railroads and trams

§ 6-2
Mechanical dimensioning

High voltage overhead lines shall be dimensioned to withstand the climatic conditions to which they may be exposed. In calculating the mechanical stresses, allowances shall be made for ice loads, and the stresses imposed by wind and temperature. The lines shall be dimensioned on the basis of a risk assessment, and normally with a return time of minimum 50 years.

Requirements for conductors, poles and masts

Conductors shall have a rupture strength of minimum 14 kN. If rupture in the event of falling trees is unacceptable and other measures are not implemented, the conductors must have greater rupture strength. If they are to be climbed in, wooden poles shall have an earth band diameter of minimum 0.22m. Wooden poles shall be equipped with top caps or equivalent protection. Wooden poles and wooden constructions shall be impregnated in an approved manner and protected as necessary against insects and birds.

Requirements for reinforced suspension

In cases in which the fall of lines leads to great risk, the use of reinforced suspension shall be considered. 

Reinforced suspension is required in the following instances:

· In transformer masts or poles, when the mast or pole has an outgoing low voltage overhead line.

· In crossings between high voltage overhead cables and other lines, including aerial funiculars etc., the uppermost line shall have reinforced suspension in the crossing mast or pole.

· Where high voltage overhead lines cross places that are much frequented and motorways, the suspended line that crosses the place or motorway in question shall have reinforced suspension.

Construction of reinforced suspension

When using line post insulators, two insulators standing next to one another shall be used. There shall be a free space equal to at least ¾ of the insulator diameter between them. When installed, the connection over the extra insulator shall not be under mechanical tension. It shall be made of the same material, and have the same cross-section as the line in the crossing span. The conductor connections to the extra insulator shall be able to withstand a force minimum 90% of the line’s rupture strength. Instead of two insulators, a  non-disruptive insulator may be used.

When using tensile or catenary chains, parallel chains shall be used (one extra chain relative to what would be necessary otherwise). If chains that would normally retain their mechanical strength are used, even though the insulator component is defect, an extra parallel chain is not required. Any loop, made of a single piece or spliced, at the point of reinforcement shall sustain at least 90% of the load at rupture. Only glass insulators are considered to retain their mechanical strength when the insulator component is defective.

When using reinforced suspension, there shall be no branches causing a reduction of the reinforcement method in the event of a fire or corrosion in the branch clamps.

For parallel line post insulators, any branching shall be done within the loop of the extra insulator.

Overvoltage protection shall be installed to the extent this is necessary.

§ 6-3 
Insulation

The overhead line installation shall be dimensioned for foreseeable switching and lightning overvoltages. The insulation level shall be stipulated after an assessment based on the instructions for insulation coordination provided in the relevant standards. For voltages up to and including 24kV the conductors shall be insulated unless conditions at the site are such that the supervisory authorities do not consider this technically possible.

Insulation coordination

EN 60071-1 and EN 60071-2 describe insulation coordination. EN 50341 describes practical insulation coordination for lines.

Overvoltage protection

The line installation shall withstand and be protected against overvoltage from switching and lightning in accordance with the insulation level chosen.

Insulation of conductors

In line installations with voltage up to and including 24kV, conductors with insulation coating shall be preferred over bare conductors. Conductors with insulation coating shall always be used in places where it is expected that fishing rods, kites etc. are used. For long spans across valleys, areas in which salt results in corrosion problems and in other special instances, bare lines may be used.

§ 6-4
Clearances, crossings and close routings

Overhead line installation shall have sufficient clearance to the surroundings to avoid danger to the public and property. 

As security against flashover in the event of lightning and switching overvoltages, live components shall have sufficient clearance between each other and to components with earth potential.

Clearances

The basic clearances Del and Dpp can be calculated according to the method provided in the appendix to the standard CENELEC EN 50341. Alternatively, the clearances provided in table 6-1 can be used. For other voltage values than given in table 6-1, reference is made to the standard CENELEC EN 50341/50423.

CENELEC 50341/50423 provides clearances that shall be used in spans, poles and masts.

Minimum clearances for crossing and close routings are provided in table 6-2.

Table 6-1

Values for Del and Dpp for nominal and maximum system voltage for the most commonly used voltage levels.

	Nominal 
system voltage

kV
	Maximum system voltage kV
	Del 

metres
	Dpp
metres

	10
	12
	0.12
	0.15

	20
	24
	0.22
	0.25

	                    30
	36
	0.35
	0.40

	                    45
	52
	0.60
	0.70

	66
	72.5
	0.70
	0.80

	110
	123
	1.00
	1.15

	132
	145
	1.20
	1.40

	220
	245
	1.70
	2.00

	275
	300
	2.10
	2.40

	380
	420
	2.80
	3.20


Table 6-2 

Minimum clearances for crossings and close routings in metres.

	
	Voltage greater than 1 kV up to and including 45 kV
	Voltage greater than 1 kV

	
	Coated line
	Overhead cable
	Bare line

	
	Phases
	Earth
	Phases
	Earth
	Phases
	Earth

	Height above ground
	
	
	
	
	
	

	For specified conductor temperature
	6.0
	4.0
	5.0
	4.0
	5.5 + Del,  but   > 6.0
	4.0

	For specified ice load
	4.0
	3.0
	4.0
	3.0
	3.5 + Del,  but   > 4.0
	3.0

	For specified wind load
	6.0
	4.0
	5.0
	4.0
	5.5 + Del,  but   > 6.0
	4.0

	Direct clearance to sloped terrain
	
	
	
	
	
	

	For specified conductor temperature
	4.0
	3.0
	3.0
	3.0
	4.0 + Del,  but   > 4.5
	3.0

	For specified ice load
	4.0
	3.0
	3.0
	3.0
	4.0 + Del,  but   > 4.5
	3.0

	For specified wind load
	3.0
	2.0
	2.0
	2.0
	2.5 + Del,  but   > 3.0
	2.0

	Direct clearance to trees/vegetation 
	
	
	
	
	
	

	For specified conductor temperature
	1. 5
	1. 5
	1. 5 
	1. 5
	2.0 + Del,  but   > 3.0
	1. 5

	For specified ice load
	1. 5
	1. 5
	1. 5
	1. 5
	2.0 + Del,  but   > 3.0
	1. 5

	For specified wind load
	1. 5
	1. 5
	1. 5 
	1. 5
	2.0 + Del,  but   > 3.0 
	1. 5

	Height above public roads, parking lots, pavements, cycling lanes and non-electrical railroad tracks
	
	
	
	
	
	

	For specified conductor temperature
	7.0
	6.0
	6.0
	6.0
	6.5 + Del,  but   > 7.0
	6.0

	For specified ice load
	7.0
	6.0
	6.0
	6.0
	6.5 + Del,  but   > 7.0
	6.0

	For specified wind load
	7.0 
	6.0
	6.0 
	6.0
	6.5 + Del,  but   > 7.0
	6.0

	Height above contact line for railroad, trams, trolley bus or aerial funicular 
	
	
	
	
	
	

	For specified conductor temperature
	4.0
	3.0
	3.0
	3.0
	3.5 + Del,  but   > 4.0
	3.0

	For specified ice load
	4.0
	3.0
	3.0
	3.0
	3.5 + Del,  but   > 4.0
	3.0

	For specified wind load
	4.0
	3.0
	3.0
	3.0
	3.5 + Del,  but   > 4.0
	3.0

	Vertical clearance between the upper line set and the lower line set. One line set consists of phase and any earth conductor.
	
	
	
	
	
	

	For specified conductor temperature
	2.0
	2.0
	1.0
	1.0
	1.0+Dpp,  but   > 3.0
	2.0

	For specified ice load
	2.0
	2.0
	1.0
	1.0
	1.0+Dpp,  but   > 3.0
	2.0

	For specified wind load
	2.0
	2.0
	1.0
	1.0
	1.0+Dpp,  but   > 3.0
	2.0

	Horizontal clearance to the outer edge of waterways and to public roads, including hard shoulders
	
	
	
	
	
	

	For specified conductor temperature
	2.0
	2.0
	2.0
	2.0
	2.0 + Del
	2.0

	For specified ice load
	2.0
	2.0
	2.0
	2.0
	2.0 + Del
	2.0

	For specified wind load
	2.0
	2.0
	2.0
	2.0
	2.0 + Del
	2.0

	Horizontal clearance to the axis of the railroad track
	
	
	
	
	
	

	For specified conductor temperature
	8.0
	8.0
	8.0
	8.0
	8.0
	8.0

	For specified ice load
	8.0
	8.0
	8.0
	8.0
	8.0
	8.0

	For specified wind load
	5.0
	5.0
	5.0
	5.0
	5.0
	5.0

	Vertical clearance in addition to chartered vertical clearance for waterways
	
	
	
	
	
	

	For specified conductor temperature
	2.0
	2.0
	2.0
	2.0
	2.0 + Del
	2.0

	For specified ice load
	2.0
	2.0
	2.0
	2.0
	2.0 + Del
	2.0

	For specified wind load
	2.0
	2.0
	2.0
	2.0
	2.0 + Del
	2.0

	Horizontal clearance to important buildings and classified areas for petrol stations, to regular storage areas, and to storage areas for explosives and very flammable liquids
	
	
	
	
	
	

	For specified conductor temperature
	4.0
	4.0
	3.0
	3.0
	5.5 + Del,  but > 6.0
	6.0

	For specified ice load
	4.0
	4.0
	3.0
	3.0
	5.5 + Del,  but > 6.0
	6.0

	For specified wind load
	2.0
	2.0
	2.0
	2.0
	3.5 + Del,  but > 4.0
	4.0


	
	Voltage greater than 1 kV to and including 45 kV
	Voltages greater than 1 kV

	
	Coated line
	Overhead cable
	Bare line

	
	Phases
	Earth
	Phases
	Earth
	Phases
	Earth

	Direct clearance to less important buildings  
	
	
	
	
	
	

	For specified conductor temperature
	4.0
	3.0
	3.0
	3.0
	4.5 + Del,  but   >5.0
	3.0

	For specified ice load
	4.0
	3.0
	3.0
	3.0
	3.5 + Del,  but   > 4.0
	3.0

	For specified wind load
	2.0
	2.0
	2.0
	2.0
	2.5 + Del,  but   > 3.0
	2.0

	Horizontal clearance to permanenet sports facilities and their spectator areas, children’s playgrounds and graveyards
	
	
	
	
	
	

	For specified conductor temperature og islast
	6.0
	6.0
	6.0
	6.0
	5.5 + Del,  but   > 6.0
	6.0

	For specified wind load
	4.0
	4.0
	4.0
	4.0
	3.5 + Del,  but   > 4.0
	4.0

	Horizontal clearance to camping sites and larger swimming facilities
	
	
	
	
	
	

	For specified conductor temperature og islast
	2. 5
	2. 5
	2.0
	2.0
	2.0 + Del,  but   > 2.5
	2. 5

	For specified wind load
	1.0
	1.0
	1.0
	1.0
	0.5 + Del,  but   > 1.0
	1.0

	Horizontal clearance between parallel lines on commen poles/masts and between parallel lines on different poles/masts
	
	
	
	
	
	

	For specified conductor temperature
	1.0
	1.0
	1.0
	1.0
	Dpp,  but   > 1.0
	1.0

	For specified ice load
	1.0
	1.0
	1.0
	1.0
	Dpp,  but   > 1.0
	1.0

	For specified wind load
	1.0
	1.0
	1.0
	1.0
	 Dpp,  but   > 1.0
	1.0

	Horizontal clearance between the vertical axis with a swung conductor and parts of telecom  lines
	
	
	
	
	
	

	For specified wind load
	2.0
	1.0
	1.0
	1.0
	1.0 + Dpp,  but   > 2.0
	1.0

	Direct clearance to anntenas, street lighting poles/mast, flag poles, advertising signs etc.
	
	
	
	
	
	

	For specified conductor temperature
	2.0
	2.0
	2.0
	2.0
	3.5 + Del,  but   > 4.0
	2.0

	For specified ice load
	2.0
	2.0
	2.0
	2.0
	2.5 + Del,  but   > 3.0
	2.0

	For specified wind load
	2.0
	2.0
	2.0
	2.0
	1.5 + Del,  but   > 2.0
	2.0

	Direct clearance to permanent cranes and other tall constructions
	
	
	
	
	
	

	For specified conductor temperature
	6.0
	5.0
	6.0
	5.0
	5.5 + Del,  but   > 6.0
	5.0

	For specified ice load
	5.0
	4.0
	5.0
	4.0
	4.5 + Del,  but   > 3.0
	4.0

	For specified wind load
	4.0
	3.0
	4.0
	3.0
	3.5 + Del,  but   > 2.0
	3.0


Agricultural areas etc.

In areas where tall machinery is likely to be used, the line height shall be adapted to this.

Funiculars

When the high voltage overhead line crosses below a funicular etc., a suitable superstructure must be built, or other measures implemented.

Vertical clearances for high voltage lines. Vertical clearances between the lowest phase or earth conductor on the upper line set and the phase or earth conductor on the lower line set.

Table 6-2 states minimum clearances.

For crossings between high voltage overhead lines, the line with the highest voltage shall be routed on top. Coated lines and overhead cables, however, shall be placed underneath, regardless of voltage.

For crossings on common poles/masts, the vertical clearance shall be minimum Dpp, and not less than 2m.

For crossings between high voltage overhead lines and low voltage overhead lines, the high voltage overhead line shall be routed on top.

When the clearance from the low voltage line to the nearest high voltage mast is less than 3m + Dpp,  the crossing shall be on a common mast. The vertical mast clearance between the line sets shall be minimum 1m + Dpp, and no less than 2m. If the line sets have different owners, crossing on a  common mast is only permitted when the high voltage line is constructed with coated lines or as an overhead cable.

When crossing between high voltage overhead lines and telecom lines, the high voltage overhead line shall be routed on top.

Clearance from high voltage lines to buildings, petrol station areas and storage areas

Table 6-2 states the minimum clearances.

If there is a danger of ice from overhead lines falling onto buildings, the high voltage overhead lines with large span lengths and sags, or with vertical height greater than 40m, shall have a horizontal clearance between the building and the nearest phase conductor, without any extension of the conductor, of at least one fourth of the height. Clearance over 30m is not required. This requirement does not apply to less important buildings.

Crossings are permitted above less important buildings with maximum base area of 50m2, provided that the buildings are not used for residential purposes, and that people are inside the buildings on an occasional basis only, or for short periods of time. The distance from less important buildings to other buildings must be minimum 4m. For smaller garages for up to two cars, the distance to an important building may be reduced to 2m.

Shooting ranges, airports, aviation obstacles, national parks and areas designated as protected

High voltage overhead lines shall not come within the stipulated safety limits of shooting ranges.

For shooting ranges, the instructions are provided in the regulation no. 548 of 1 July 1988 on the building, supervision and approval of civil shooting ranges.

Airports, aviation obstacles, national parks and areas designated as protected are regulated by other authorities.

Temporary installations

The networks electric operational manager shall stipulate distances from high voltage overhead lines to temporary constructions, areas in which events are held on a temporary basis, machinery and equipment in construction areas as well as other temporary activities.

Waterways

Table 6-2 states minimum distances.

Crossing waterways requires the permission of the Norwegian Coastal Administration. All crossings of waterways shall be reported to the Norwegian Coastal Administration, with a copy to the Hydrographic Survey of Norway. 

When crossing waterways, high voltage lines shall have a vertical clearance of 2m + Del, in addition to the chartered vertical clearance for waterways stipulated by the Norwegian Coastal Administration, measured under the most unfavourable line load conditions.

If the Norwegian Coastal Administration has not stipulated a chartered vertical clearance for a particular waterway, the high voltage overhead line shall have a vertical clearance above the highest astronomical tide of at least 6m + Del measured under the most unfavourable line load conditions.

If the Norwegian Coastal Administration has not stipulated a chartered vertical clearance for a particular waterway, postings for free vertical clearance for ships shall be set to  vertical clearance above the highest astronomical tide for the overhead line, minus 2m +Del.

To the extent required, warning signs shall be placed at suitable locations near the landing site, stating the chartered vertical clearance. The signs shall be located so they are easily visible from the sea, and the sign shall only state the chartered vertical clearance.

The signs shall be constructed according to the standard set by the Norwegian Coastal Administration.

The Norwegian Coastal Administration’s navigable waterway standard classifies waterways into routes (main waterway, secondary waterway, etc.), and stipulates chartered vertical clearance for different types of waterways. Chartered vertical clearance is based on highest astronomical tides (HAT). Act No. 51 of 8 June 1984 on ports and waterways, etc may also cover rivers and lakes.

Crossing navigable lakes and rivers

For crossings of navigable lakes and rivers etc. to which Act No. 51 of 8 June 1984 on ports and waterways, etc., does not apply, high voltage overhead lines shall have a vertical clearance above the highest normal water level allowing for sufficient free vertical clearance for ships expected to sail in the area. The vertical clearance of lines above the highest normal water level shall be minimum 6m + Del measured under the most unfavourable load conditions.

To the degree required, warning signs shall be placed in suitable locations at crossing sites stating the free vertical clearance. The signs shall be constructed according to the standards stipulated by the Norwegian Coast Directorate. The free vertical clearance shall be set to the vertical clearance of the line above the highest normal water level under the most unfavourable load conditions, minus 2m + Del.

§ 6-5
Common routing

Common routing of the line installation shall be constructed such that it does not lead to unnecessary danger through transferred voltages, induced voltages or conductor contact. It shall be possible to carry out work on the line installations in a safe manner.

Common routing high voltage – high voltage

Two or more line sets with the same or different voltages can be routed commonly on a series of masts.

Common routing must not lead to operational problems, or to the insulation level in the line sets being exceeded due to induced voltages.

The line sets shall be constructed with bare lines, coated lines or as overhead cables. The following requirements for minimum distances apply:

· For common routing, the clearance between bare lines, between coated lines and between bare and coated lines, shall be minimum 1.25 Dpp for the highest voltage, but not less than 1.0m. This clearance also includes earth conductors. 

· For common routing, clearance between lines and overhead cables shall be minimum Del, but not less than 1m. This clearance also includes earth conductors. 

·  For common routing between the line and the overhead cable, the cable shall lie underneath.

· For common routing, clearance between overhead cables shall be minimum 1.0m. This clearance also includes earth conductors. The clearance can be reduced if the overhead cables have the same voltage.

Common routing for high voltage – low voltage

Common routing is only permitted when both high voltage overhead lines and low voltage overhead lines are constructed with coated lines or as overhead cables.

The high voltage overhead line/cable shall be on top. 

Requirements for minimum clearances (also in the span):

· For common routing, minimum clearance between the coated high voltage overhead line and the low voltage overhead line/cable shall be 2.0m + Del, and 1.0m + Del to any earth conductor.

· For common routing, minimum clearance between high voltage overhead cable and low voltage overhead line/cable shall be 1.0m. 

The line sets shall have overvoltage protection.

For common routing involving high voltage coated lines, there shall be a red warning ring 0.3m above any low voltage overhead line/cable. The provision does not apply to transformer masts.

Common routing high voltage – telecom installations

Common routing between high voltage overhead line and overhead line for telecom installations are permitted when high voltage overhead lines have been constructed with coated lines or as overhead cable, and telecom lines are constructed as self-supporting cables with insulated suspension lines or similar.

High voltage overhead lines/cables shall be positioned uppermost.

Requirements for minimum clearances (also in the suspended area):

· For common routing between coated high voltage overhead line and telecom cables the minimum clearance between the line sets shall be 2.0m + Del, and 1.0m + Del to any earth conductors.

· For common routing with high voltage overhead cables and telecom cables, the minimum clearance between the line sets shall be 1.0m.

The line sets shall have overvoltage protection.

The equipment connected to the telecommunication line shall be protected adequately. Metallic suspension lines shall be earthed at both ends.

For common routing of high voltage overhead lines and telecommunication cables, a red warning ring shall be fixed 0.3m above the telecom cable.

For common routing of high voltage overhead lines, low voltage overhead lines and telecom lines, a red warning ring shall be fixed 0.3m above the low voltage overhead line, and a yellow warning ring 0.3m above the telecom cable.

Common routing of power lines and telecom lines is not permitted on transformer masts.

The telecom line shall be at least 4.0m above the ground and at least 6.0m above public roads.

Common routing high voltage – fibre-optic cable

In a common routing context, fibre-optic cables are be considered telecom cables. 

Fibre-optic cables without a metallic suspension line may also be routed together with earth lines or high voltage overhead lines with bare lines. Fibre-optic cables can be spun on earth lines or high voltage overhead lines if constructed for this purpose. The manufacturer’s installation instructions must be followed.

§ 6-6
Safety measures

It shall be possible to identify masts. It shall be difficult for the public to climb the masts.

Protection against climbing

Masts shall be designed to make it difficult for the public to climb them. They shall normally have a non-climbing zone of minimum 2.5m. For tall or inaccessible masts, it should be considered whether this is necessary, or whether other measures may be adequate.

§ 6-7
Earthing system

The earthing system, except temporary earth, shall be constructed to fulfill the following requirement:

· Provide security against dangerous touch voltages, also at maximum earth fault current

· Prevent damage to property and equipment

· Be dimensioned to endure thermal stresses from fault currents

· Be dimensioned to endure corrosion and mechanical stresses throughout the lifetime of the electric installation

· Give the line necessary operational reliability 

Dimensioning, installation and testing of earthing systems

The requirements apply to every single voltage level.

The earthing system shall be dimensioned so that it is serviceable throughout the entire lifetime of the line.

Dimensioning of the earthing system shall be based on probable future fault currents.

Dimensioning, installation, testing and documentation of the earthing system shall be carried out pursuant to EN 50341-1 and EN 50341-3-16.

Chapter 7 Low voltage overhead lines

§ 7-1
Scope


The provisions in this chapter apply to mechanical dimensioning, insulation and clearances when constructing low voltage overhead lines with voltage up to and including 1000 V alternating current and 1500 V direct current. Otherwise, the chapter on electrical installations applies.

Exempt from the provisions in this chapter are:

· Overhead contact line systems for railroads and trams

· Transformer installations and switch installations covered by the chapter on electrical installations.

Low voltage overhead lines included in this provision

The scope includes, among other things, roadway lighting installations and lighted ski trails.

Electrical  installations like transformers and switches on mast and poles are not part of the overhead line installation.

§ 7-2
Mechanical dimensioning

Low voltage overhead line installations shall be dimensioned to withstand the climatic conditions to which they may be exposed. Lines and overhead cables shall not come into dangerous proximity to other objects as a result of mechanical stress.

Conductor and pole/mast requirements

Conductors shall have a rupture strength of minimum 4 kN. Wooden poles shall have a minimum earth band diameter of 0.16m, if they are to be climbed. Wooden poles shall be equipped with a top cap or equivalent protection. Wooden poles and wooden constructions shall be impregnated in a recognized manner, and be protected against insects and birds as required.

Additional requirements from the Norwegian Public Roads Administration may apply.

Fastening

Overhead lines shall only be fastened to poles/masts and buildings. The lines shall be hung on insulators or other fastening devices. On wooden poles, through bolts shall be used at end and angle points when fastening insulated lines with a cross-section of more than 25mm². When fastening lines to buildings, the fastening device shall be constructed to withstand the stresses that are to be expected.

§ 7-3
Insulation

Conductors and other live parts without insulation coating are not permitted in line installations.

§ 7-4
Clearances, crossings and close routings 

Overhead line installations shall have sufficient clearance to their surroundings to avoid danger to the public and to property.

Live components shall have sufficient clearance between each other and to parts of the installation with earth potential as security against spark-over and in order to avoid danger related to crossings and close routings.

Clearance of low voltage overhead lines

Table 7-1

Minimum clearances for low voltage overhead lines, in metres:

	
	Bare line in metres

New bare line installation not permitted
	Coated line in metres

	Height above ground


	4.0
	40

	Height above road


	6.0


	6.0

	Vertical clearance at freely suspended crossings with low voltage overhead line
	Adequate
	Adequate

	Vertical clearance at crossings on pole/mast shared with low voltage overhead line, voltage differences ( 500 V
	0.1
	0.1

	Vertical clearance at crossings on pole/mast shared with low voltage overhead line, voltage differences ( 500 V
	0.3
	0.3

	Vertical clearance at freely suspended crossings with bare telecom overhead line
	Not permitted
	1.0

	Vertical clearance at freely suspended crossings with coated telecom overhead line /cable
	1.0
	1.0

	Vertical clearance on pole/mast shared with telecom overhead line at crossings 
	1.0
	0.5

	Vertical above railroads, trams


	7.0
	7.0

	Direct clearance to buildings and other objects


	1.5
	0.1

	Height above roofs, balconies, scaffolding etc.


	4.0
	2.5

	Height above much frequented areas


	Not permitted
	6.0

	Direct clearance to insulated wire antennae


	Not permitted
	1.0

	Direct clearance to rigid antennae


	2.0
	2.0

	Height at crossing of waterway
	Chartered vertical clearance + 2.0 
	Chartered vertical clearance + 2,0

	Height when crossing navigable lakes, rivers, etc.

	6.0
	6.0


Agricultural areas, etc.

In areas where tall machinery is expected to be used, the clearance of the lines above ground shall be adapted to this.

Height above ground

Low voltage overhead lines shall, in the worst-case scenario, have an aboveground height of minimum 4m. When routed into buildings, this height can be reduced to 2.5m.

Clearance to trees and bushes

Branches shall not be able to damage conductors and installations mechanically. When the air is calm, the branches shall be at a distance of minimum 0.5m from conductors and the installation. Foliage and twigs may be in contact with conductors and installations in calm weather. For lines with bare conductors, the surrounding areas must be cleared so that trees cannot be used for climbing, thus preventing contact with the conductors. This can be achieved through ensuring that either 

· The lower part of the tree has a non-climbing area of 2.5m, or

· The trees shall have a zone free of thick branches from the upper conductor to 2.0m below the lower conductor. The zone shall have a horizontal breadth of minimum 1.0m from a vertical plane along the line.

The provision on clearing for lines with bare conductors in subsection two, does not apply to areas frequented by few people, and at the same time are at least 200m from residential housing and cabins.

Clearance to roads

Low voltage overhead lines shall, in the worst-case scenario, have a height of minimum 6m above the roadway when crossing any road open to public traffic. Other roads and nature trails shall be considered natural terrain.

Clearance and crossing between telecom and low voltage lines

The intersecting angle shall be as straight as possible and not usually less than 45(.

The low voltage line shall be uppermost.

The clearance between the poles/masts of one of the lines and the other line’s centre line shall be minimum 3.0m.

Crossing railroads and tram lines

Railroads and tramlines shall be crossed in the same way as high voltage lines.

Crossing overhead funiculars, etc.

Where low voltage overhead lines are to cross overhead funiculars, etc., safety measures must be carried out in accordance with local conditions.

Close routings to buildings and parts of buildings, etc.

Low voltage overhead lines shall not be routed within reach of windows, outbuildings, roofs and other places that are usually accessible without the use of special facilities, such as ladders, etc.

Crossing waterways

Waterways shall be crossed in the same way as high voltage lines. Del is considered zero for low voltage.

Crossing of navigable lakes and rivers, etc., to which the Act on ports and waterways does not apply

Crossing of navigable lakes and waterways, etc., to which Law no. 51 of 8 June 1984 on ports and waterways etc. does not apply, shall be done as for high voltage lines. Del is considered zero for low-voltage.

Shooting ranges, airports, aviation obstacles, national parks and areas designated as protected 

Overhead lines shall not enter stipulated safety limits for a shooting range. Instructions for shooting ranges are provided in regulation no. 548 of 1 July 1988 on installation, supervision and approval of civil shooting ranges.

Other authorities regulate airports, aviation obstacles, national parks and areas designated as protected.

§ 7-5
Common routing

Common routing of line installations shall be constructed such that no unnecessary danger of transferred voltages, induced influences or line contact arises. It shall be possible to carry out work on the line installations in a safe manner.

Common routing low voltage – low voltage

Two or more line sets can be routed on the same line poles/masts.

Lines with a voltage differences of more than 500 V shall have a vertical clearance of minimum 0.3 m. The clearance shall be adapted such that the line sets cannot, under the most unfavourable conditions, come into contact with each other along the span.

In common routing involving different voltage levels, each individual line set shall be labeled with the voltage level.

Common routing low voltage – telecom installation

Common routing between low voltage overhead lines and telecom overhead lines is permitted when the telecom lines are constructed with self-supporting cable with insulated suspension wire. For low voltage installations with nominal voltage above 400 V, the installation shall be constructed with insulation.

The low voltage overhead line is to be placed uppermost. A yellow warning ring shall be placed between the line sets. The clearance from the warning ring to the suspended line or the low voltage overhead line shall be minimum 0.2m for installations with nominal voltages below or equal to 400 V, and minimum 0.7m for installations with low voltages above 400V. The clearance from the warning ring to a bare low voltage line shall be minimum 0.7m. The telecom overhead cable shall be located minimum 0.3m below the upper edge of the warning ring. The clearances shall also be adapted so that the line sets cannot, in the worst-case scenario, come into contact with each other along the span.

The telecom overhead line shall be at least 4m above the ground, and at least 6m above roads open to the general public traffic.

The metallic suspension wire for the telecom overhead cable shall be cut and divided at the last common routing pole/mast and at common routing poles/masts where one enters and leaves the common routing. In common routing of several low voltage overhead lines, the suspension wire shall be cut and divided at the last common pole/mast for every low voltage line.

In an area surrounding the telecom cable there shall be a free zone, where there shall not be any uninsulated metallic components with earth connection. The free zone includes an area of 2.7m, measured from the warning ring and downwards, and 1.5m from the pole/mast to all sides. Backstays, cables, etc., that are routed through the free zone, must be insulated or isolated.

Common routing of low voltage lines – fibreoptic cables

In connection with common routing, fibre-optic cables must be considered as telecommunications cables. Fibre-optic cable can be spun on a low voltage overhead line. The manufacturer’s installation instructions must be followed.

Antennae on low voltage poles and masts

Antennas for telecom installations, etc. may be placed on low voltage poles/masts if the low voltage installation has been constructed as a cable installation. The antenna installation may be placed both above and below the low voltage cable. If the installations have different owners, a written agreement shall exist between the owners regarding who has operational responsibility. The clearance from the antenna to the low voltage overhead cable shall be minimum 0.5m for installations with nominal voltages under or equal to 400 V, and minimum 1.0m for installations with low voltage above than 400 V.

§ 7-6
Earthing system

Protective earthing of low voltage overhead lines shall be constructed in accordance with earthing system requirements for low voltage installations, §5-5.
Part five: Specific requirements for electrical rail and tram installations

Chapter 8 Electrical railroad installations

§ 8-1
Scope

The provisions in this chapter apply to the construction of fixed electrical installations for electrical railroad with nominal voltage 15 kV, phase to earth. The provisions comprise regulations for fixed power supply systems for traction and contact line systems in which one of the wires is earthed directly at the feeder station (converter or transformer station), as well as for 1000 V train heating installations with directly grounded neutral point or phase conductor.

Exempt from the provisions in this chapter are:

· Converter stations

· Transformer stations

§ 8-2
Mechanical dimensions of contact line installations

Contact line installations shall be dimensioned to withstand the climatic conditions to which they may be exposed. Mechanical stresses shall not lead to lines and overhead cables coming into dangerous proximity to other objects.

Specific requirements for dimensioning contact line installations

Contact line installations are covered by EN 50119 and EN 50149.

§ 8-3
Insulation and isolation clearances of contact line installations

The insulation level for insulators, cables and equipment connected to the contact line installation’s high voltage component shall be dimensioned for voltages that may occur in order to ensure adequate operational safety.

Insulation and isolation clearances

The isolation clearance for insulators, cables and equipment connected to the contact line installation’s high voltage component shall be dimensioned for voltages between phase and earth in accordance with EN 50163 (17.25 kV). The installation shall be dimensioned for temporary excess voltages. Contact line installations are normally constructed with bare lines. EN 50124-1 describes insulation coordination in railroad installations in greater detail. For requirements for the minimum isolation clearances in the contact line installation itself, the values described in EN 50119 apply. For contact line installations, the static air isolation clearance between high voltage live components and earth / earthed objects shall be minimum 150 mm. The dynamic isolation clearance shall be minimum 100 mm. The static isolation clearance applies in connection with installations under no load. Dynamic isolation clearance is a non-permanent state that only applies in connection with passing trains. For other installations in connection with supply installations for contact lines and traction, air isolation clearances apply on the basis of the insulation level chosen, described in EN 50124-1.

Sectioning

If insulators are used as separation between live installations and earthed/disconnected installations, the isolation clearance can be reduced pursuant to EN 50122-1, but not below 150 mm.

§ 8-4
Clearances and obstacles to the contact line installation at crossings and close routing.

The contact line installation shall have adequate clearance to the surroundings in order to avoid danger to persons and property.

In order to ensure safe operations, live components shall have adequate clearance between each other, and to installation components with earth potential.

The height of the contact line above railhead

The height of the contact line above railhead shall be no less than 5.0 m, measured at a right angle to the plane of the track. At particular places where existing structures (tunnels, bridges, snow guards, etc.) make a lower contact line necessary, heights as low as 4.8 m above railhead can be acceptable.

The height of the contact line above the level crossing

At level crossings open to public traffic the lowest high voltage component in the contact line installation, which will usually be the contact line, shall be no less than 5.5 m above the road surface. Signs shall be set up for road users at all level crossings adapted to vehicles, indicating the maximum permissible height for vehicles 1.0m below the lowest high voltage component, rounded down to the nearest 0.1m.

The height of the contact line above the floor

Contact lines that are carried into buildings, engine sheds, etc. shall not be lower than 5.0 m above the floor and railhead.

Clearance between high voltage components in the contact line installation and buildings

Buildings shall be placed no less than 6.0m horizontally from the nearest live high voltage component. For tall buildings this horizontal clearance shall be increased up to 10.0m along a line of sight 45o relative to the plumb line, which is tangent to the lowest live high voltage component in the installation. See figure 8.1.  

For railroad-related technical outbuildings, electro-technical buildings such as relay buildings, radio kiosks, block stations, etc., which are only occasionally occupied by people, the clearance from the building to the live high voltage component can be reduced to 5.0m of directly measured clearance.

When it is desirable to place buildings within the boundary line in figure 8-1, above or below tracks with contact line installations, this may be permissible if there is robust and permanent mechanical and electrical protection from the contact line installation. Above tracks, at the building end, protective measures in the form of obstacles shall be in place. 

Buildings and constructions with a vertical clearance of minimum 10.0m to the live high voltage component do not require protective measures.

Figure 8-1 

Minimum clearance between buildings and live components of contact line installations
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Clearance between high voltage components in contact line installations and railroad-related technical constructions

Building constructions such as platform roofs, etc., or small buildings/kiosks or cabinets which people cannot normally occupy, and that are a natural part of railroad operations, may be built closer than 5.0m from live high voltage components. Such constructions shall be constructed such that access by climbing, etc., is impeded, and shall be equipped with warning signs.

Contact line installations in engine sheds, carriage sheds, and similar buildings

Contact line installations that are carried into buildings shall be equipped with a protective section outside of the building, so that pantographs on engines or motor carriages cannot short-circuit the sectioning and unintentionally carry voltage into the building. As a rule, the protective section shall be disconnected. The switch system for the protective sectioning shall both disconnect and earth the installation inside the building.

It shall only be possible to activate the contact line installation in the building under conditions stipulated in guidelines that are specifically approved by the installation owner (technical catches and manual procedures).

Clearance and obstacle requirements

For requirements for clearance and obstacles, reference is made to EN 50122-1:1997 (paragraph 5.1) with additional requirements as described below.

Clearance protection

In places that are accessible to the public, the clearance to the live high voltage component shall at least be as indicated in figure 8.2, “Generally accessible place.” If these clearances cannot be attained, obstacles shall be used.


Figure 8-2 

Minimum clearances between areas accessible to people and accessible live high voltage components in outdoor contact line installations for ”places that are generally accessible to the public”
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*) The clearance to the insulator (earthed side) can be reduced to as little as 4.5m.

**) When modifying existing constructions that hinder full height, such as tunnels, bridges, snow guards, etc., it is acceptable for R to be reduced to 4.5m. This is under the assumption that there is little snow in these areas, or that snow clearing is done.

Protection using obstacles in places accessible to the general public

If the clearance in figure 8-2 cannot be maintained, obstacles such as screens, fences, etc. shall be used to protect against direct contact with live high voltage components. The obstacles shall be constructed such that the clearance from the accessible place to the live high voltage parts, measured in a straight line from the nearest accessible area outside of the obstacle, is at least equal to the clearance in figure 8-2. Obstacles shall be positioned such that it will, as a general rule, be impossible to be between the obstacle and the live high voltage component. The obstacles shall comply with the requirements in EN 50122-1:1997, with the following amendments to paragraph 5.1.3:

· Where the text of the standard, including the figures, uses clearances of 2.25m and 0.5m, these clearances shall be increased to 4.0m and 2.0m, respectively.

· The height of fences and screens shall be no less than 2.0m where the standard states 1.8m, and minimum 1.8m where the standard states 1.5m.

· The cross-section of the mesh in wire fences for vertical obstacles shall be:

· Solid construction for clearances less than 1.0m from the obstacle to live high voltage components

· Maximum mesh 150mm2 for clearances 1.0 to 3.0m from obstacle to live components 

· Maximum mesh 2500mm2 for clearances more than 3m from the obstacle to the live components.

· The following supplement applies to the cross-section of the meshed wire fences for vertical obstacles, in which the accessible place is higher than the live high voltage component and the horizontal clearance from the accessible place to the live component is less than 1m:

· Solid construction of minimum 1.0m height and a wire fence with maximum mesh of 150mm2  for fence height 1m and upwards, or 

· Maximum mesh 150mm2 in which a horizontal obstacle is used in accordance with figure A2 in the standard.

· The sum of the height of a vertical obstacle and the clearance between the top of the obstacle and the nearest live high voltage component shall be minimum 4.0m. The clearance from the top of the vertical obstacle to the live component shall be minimum 1.0m in accordance with figure 18 in EN 50122-1.

· If an obstacle is placed more than 2.0m from the accessible place, it can be made with a wire fence with mesh size of maximum 150mm2. The clearance from the edge of the obstacle to the live component may in that case be less than 2.0m.

§ 8-5
Safety measures

Masts shall be identifiable. Masts shall be such that they are difficult to climb for the general public.

Warning signs

Warning signs shall be fitted on all contact line masts and all obstacles for protection against high voltage (fences, bridge protection, screens and climbing protection) as well as at all level crossings. For extended protective constructions, signs shall be placed at both ends and at least every 15m.

Climbing protection in contact line masts

Climbing protection shall be constructed such that there is a slick, non-climbing zone of minimum 1.8m. The lower edge of the climbing protection shall be fitted minimum 1.0m and maximum 2.0m above the ground.

§ 8-6
Accessible potential differences and touch voltages.  Accessible currents in earth and conductors

Installations shall be constructed such that accessible potential differences, touch voltages and currents in earth and earth wires do not present any danger for injury to persons or damage to equipment or materials. 

Return current circuit

The return current circuit, including both tracks and wires, shall be constructed such that undesired currents in earth, longitudinal earth conductors and cable shields do not cause overload or dangerous touch voltages.

The return current circuit shall also be constructed such that, given ordinary operating currents in the contact line installations, currents in earth do not disturb or damage other installations, cables or conducting constructions.

Accessible potential differences and touch voltages

Maximum permissible touch voltage (in the event of faults) and accessible potentials (in operation) shall not exceed values stated in EN 50122-1.

Methods for verification (calculation and/or measurement) of accessible potential differences and touch voltages are provided in EN 50122-1.

Protective earthing and bonding 

All exposed (conducting) installation components within the overhead contact line zone and pantograph zone (see figure 8-3), as well as all obstacles (fences and screens) for protection against direct contact with high voltage components, shall be directly connected with the traction earth. This also applies to all exposed (conducting) installation components that are positioned such that simultaneous touch (clearance below 2.5m) with objects that are connected to the traction return current circuit is possible.

The recommended method is to install bonding to the traction return current circuit (track). If it is established that rails or exposed (conducting) installation components cannot be directly connected to the traction earth, a voltage limiter shall be used to establish a path for the current in case the rails or the exposed installation components become live.

The above provisions do not apply to constructions of less than two metres horizontal extent, and which at the same time do not contain or carry any electrical equipment. (Nevertheless, obstacles shall always be connected to traction earth.)

The bonding to the return current circuit shall be constructed in such a way that connected conductors (protective conductors, neutral conductors, PEN conductors) can not be overloaded by the traction current, nor shall the connected conductors affect the functioning of other installations along the track (signal and safety installations, telecom cables, etc.).

If protective conductors in cables (with insulation for voltages up to and including 1000 V) need to be insulated in order to prevent current flow, they shall normally be earthed at the supply end, and insulated at the other end. Insulated conductors (PE conductors, cable shield) shall be insulated at least equal to the cable’s insulation level, and should be considered as live conductor.

Figure 8-3 

The overhead contact line zone
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§ 8-7
Stationary train heating facilities, 1000 V

The train heating post shall have an earth conductor or a bonding to the track it is supplying. The track area covered by the train heating facility shall have a safe path for the return current to the train heating post, dimensioned for maximum current output. It shall not be possible to connect the power supply from the train heating post to other power supplies through connected rolling stock.

Practical construction of the train heating facility

The power supply to new stationary train heating facilities shall be carried out in one of the following ways:

· Three-phase transformer supplied from the local electricity supply, with directly earthed neutral point, three-phase four-conductor system, 1730 V phase-phase, 1000 V phase-neutral. The neutral conductor is connected to the track and earth.

· Three-phase or one-phase transformer supplied from the local electricity supply with respectively 1000 V three-phase three-conductor system or 1000 V one-phase two-conductor system, in which one of the conductors is connected to the track and earth. 

· One-phase, two-conductor system supplied from the contact line installation in which one of the phases is connected to the track and earth.

Chapter 9 Electric tram installations

§ 9-1
Scope


The provisions in this chapter apply to the construction of fixed electrical installations for electrical trams with nominal voltage up to and including 1000 V AC and 1500 V DC. 

Exempt from the provisions in this chapter are:

· Converter stations

· Transformer stations

§ 9-2
Mechanical dimensioning

The contact line installations shall be dimensioned to withstand the climatic conditions to which they may be exposed. Mechanical stresses shall not lead to lines and overhead cables coming into dangerous proximity to other objects.

Specific requirements for the dimensioning of contact line installations

Contact line installations are covered by EN 50119 and EN 50149.

§ 9-3
Clearances and obstacles to the contact line installation at crossings and close routings.

The contact line installation shall have sufficient clearance to the surroundings to avoid danger of  personal injury and damage to property.

Live components shall have adequate clearance between each other and to installation components with earth potential to ensure safe operations.

The height of the contact line above railhead/level crossings

The height of the contact line above the railhead shall not be less than 5.0m measured at a right angle from the plane of the track.

Protection against direct contact 

Protection against direct contact with live components in the contact line installation shall be attained through clearance or by using obstacles.

Protection against direct contact is not necessary for circuits with nominal voltage up to and including 25 V alternating current, and 60 V direct current.

When clearances to live parts is to be set, all insulators that are directly connected to live parts shall be considered as live parts. Synthetic rope with an insulating sheath is not considered as a live part. .

For clearance and obstacle requirements, reference is made to EN 50122-1 (paragraph 4.1) with additional requirements as described below.

Protection against electrical shock through clearance

For accessible places the clearance to live components shall be at least as given in figure 
9-1, ”Accessible places.” If achieving these clearances is impossible, obstacles shall be used.

Figure 9-1  

Minimum clearances from accessible places to live components in outdoor contact line installations. 
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Protection against electrical shocks using obstacles

If stipulated clearances to live components cannot be complied with, obstacles shall be installed. Obstacles shall be designed and devised so that they block any direct contact with live components. 

Obstacles of conducting material shall be bonded to the traction return circuit.

Obstacles shall be positioned so as to (under normal circumstances) make it impossible to stand between the obstacle and the live components.

Obstacles shall comply with the requirements supplied in EN 50122-1, with the following amendments to paragraph 4.1.3: 

· Where the standard, including the figures, uses clearances of 1.45m, these shall be increased to 1.5m. 

· Where the standard states 1.8m, the height of fences and screens shall be minimum 2.0m. Where the standard states 1.35m, the height shall be minimum 1.8m.

· The cross-section of the mesh in wire fences for vertical obstacles shall be:

· Solid construction for clearances less than 1.0 from the obstacle to live components 

· Maximum mesh 150mm2 for clearances 1.0 to 3.0 from the obstacle to live components.

· Maximum mesh 2500mm2 for clearances more than 3m from the obstacles to live components.

· For the cross-section of the mesh in wire fences for vertical obstacles in which the accessible place is higher than the live high voltage component and horizontal clearance from the accessible place to the live component is less than 1m, the following supplements apply:

· Solid construction at minimum height of 1.0m. Wire fence with maximum mesh of 150mm2 for fence height from 1m and upwards, or,

· Maximum mesh 150mm2 where a horizontal obstacle is used in accordance with figure A1 in the standard.

· The sum of the height of a vertical obstacle and the clearance between the top of the obstacle and the nearest live high voltage component shall be minimum 4.0m. The clearance from the top of the vertical obstacle to the live component shall be minimum 1.0m in accordance with figure 18 in EN 50122-1.

· If an obstacle is placed more than 2.0m from the accessible place, it can be made  of wire fence with a mesh size of maximum 150mm2. The clearance from the edge of the obstacle to the live component may in that case be less than 2.0m. 

§ 9-4
Safety measures

Masts shall be of such a nature that they are difficult to climb for the general public.

Climbing protection for masts, etc.

Masts and other equipment which is easy to climb shall be equipped with appropriate protection against climbing.

§ 9-5
Accessible touch voltages, differences in potentials, current in earth and earth conductors

Installations shall be constructed so that accessible touch voltages, differences in potentials, currents in earth and earth conductors shall not constitute any danger for personal injury or damage to equipment or materials.

Protection against indirect contact

In order to avoid vagabonding currents in installations with direct current, tracks shall not be earthed. All exposed conducting components shall therefore be connected to the return current circuit.

Voltage-limiting equipment shall be used to establish a separation between exposed installation components and the return circuit. This is in order to obtain rapid interruptions and comply with requirements for maximum permissible voltage rise.  Alternatively, masts and other equipment can be insulated from earth and be connected directly to the return circuit.

Backstays for insulated masts shall be insulated to avoid danger of contact in the event of the equipment on the masts not being earthed.

Equipment in class II complies with the requirements for protection against indirect contact.

Protection against high voltages on the track system

The general assumption when an increase in voltage is evaluated is that the path of the current runs from hand to feet. When carrying out maintenance work it may be necessary to consider more dangerous paths of current through the body. Table 9-1 states values for maximum permissible touch voltage in direct current installations as a function of the disconnection time. For workshops and similar places the maximum permissible touch voltage is 60 V.

In order to decide whether a touch or accessible voltage may occur, the voltage of the track system shall be analyzed, both for normal conditions and for error conditions, on the basis of a voltage drop in the return current circuit.

Other standard methods for calculating touch or accessible voltage may be used. In such cases, the result shall be confirmed by measurements.

Table 9-1

Values for permissible touch voltage

	Time before disconnection (s)
	Greatest permissible DC voltage

	0,02
	940

	0,05
	770

	0,1
	660

	0,2
	535

	0,3
	480

	0,4
	435

	0,5
	395

	0,6
	310

	0,7
	270

	0,8
	240

	0,9
	200

	1,0
	170

	<= 300
	150

	> 300
	120


§ 9-6
Special provisions for installations for trolley buses

Contact lines shall be insulated for nominal voltage in relation to one another and in relation to earth.

Construction of contact line installations, etc.

The insulation condition of non-earthed contact lines shall be recorded.

If the negative contact line is earthed and protection against vagabonding currents is required, the contact line shall only be earthed at one point on either feeder section of the contact line.  If there is a shared power system for trams and trolley buses, a conductor on the installation for trolley buses shall be connected to the propulsion system’s earth in several places.

If the negative contact line is earthed then equipment for disconnecting is not permitted. If the negative contact line is not earthed, it must be possible to disconnect from the supply, the negative line simultaneously with the positive line. 

§ 9-7
Substations and switching stations

The construction of substations, switching stations, etc., shall comply with the requirements in the third part of these Regulations, “Specific requirements for electric installations.”

Part six: Final provisions

Chapter 10 Supervision, complaints, penalties, etc.

§ 10-1
Supervision

The supervisory authority or anyone authorised by the supervisory authority audits compliance with these instructions.

§ 10-2
Decrees

The supervisory authority or anyone authorised by the supervisory authority issues instructions and takes other individual decisions as necessary  for implementation of the provisions supplied in, or in pursuance of, these Regulations.

§ 10-3
Appeals

Decisions made in pursuance of these Regulations may be appealed in accordance with the Act of 10 February 1967 on procedures in administrative matters (the Public Administration Act).

§ 10-4 Penal provisions

Breach of these Regulations or of decrees made in pursuance of these Regulations, is penalised pursuant to the Act of 24 May 1929 on the supervision of electrical installations and electrical equipment, §14.

§ 10-5 Responses to breaches of these Regulations

If there is a breach of these Regulations or decrees made in pursuance of them, the provisions regarding instructions, coercive fines, stop of operations  and other responses listed in the Act of 24 May 1929 on the supervision of electrical installations and electric equipment apply.

§ 10-6 Installations which do not have a satisfactory safety level

The supervisory authority may implement the measures listed in the Act of 24 May of 1929 on supervision of electrical installations and electrical equipment in relation to installations that are shown not to have a satisfactory safety level, even if they have been constructed pursuant to approved standards if the standard has, over time, proven not to fulfil the safety requirements.

§ 10-7
Entry into force. Repeal of other regulations.

These Regulations enter into force on xx (date) xxx (Month) xxxx (year).

From the same date, the regulations of 18 August 1994 for electrical installations – supply installations, are repealed.

§ 10-8
Transitional regulations

Electrical installations may be designed and constructed in accordance with the regulations of 18 August 1994 for electrical installations – supply installations, until 1 July 2006.

With the exception of earthing systems, overhead lines with nominal voltage from 1kV up to and including 45kV may be designed and constructed pursuant to the provisions in the regulations of 18 August 1994 for electrical installations – supply installations, until 1 July 2008.

” Insulation fault measures” § 4-3 shall also apply to existing installations from the year 2008.

”Electrical installations on poles/masts” § 4-6  shall also apply to existing installations from the year 2015.

 Appendix 1
Some relevant standards and publications.

Listed below are some relevant standards and publications that may be useful.

Important, recognised international standards:

· IEC 61936-1 Power installations exceeding 1kV a.c.- Common rules. (also published in Norwegian as NEK……….)

· CENELEC HD 637 S1 Power installations exceeding 1kV AC. (also published in Swedish, as SS 421 01 01)

· CENELEC EN 50341-1 Overhead electrical lines exceeding AC 45 kV. General requirements – Common specifications. (also published in Norwegian as NEK……….)

· CENELEC prEN 50423-1 Overhead electrical lines exceeding AC 1 kV up to and including AC 45 kV. General requirements – Common specifications. (also published in Norwegian as NEK……….)

· EN 50122-1 Railway applications – Fixed installations. Protective provisions relating to electrical safety and earthing.

Relevant, recognised international standards:

· IEC 71-1 Insulation co-ordination. Definitions, principles and rules.
· IEC 71-1 Insulation co-ordination. Scope guide.
· IEC 60909 Short-circuit current calculations in three-phase a.c. systems
· IEEE Standards

· IEEE 80-2000 The IEEE Guide for Safety in AC Substation Grounding

· IEEE 141-1993 Electric power distribution for industrial plants

National standards, publications and specifications:

· NEK standards (Norsk elektroteknisk komité, a.k.a. the Norwegian electro-technical committee)

· NEK 400 Electrical low voltage installations.

· NEN 62.75 Norwegian standards for power cables. Load tables.

· REN publications (Rational electrical network operations)

· REF publications
· REF Publication no. 6 hlk (1/90) BLX - installation
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