Section 2

ELECTRICAL LINE DUCTS 

Chapter 2.1

WIRINGS

SCOPE, DEFINITIONS

2.1.1. The present chapter of the Code shall cover wirings of power, lighting and secondary circuits with AC and DC voltage up to 1 kV laid inside buildings and structures, on their external walls, at the premises of enterprises, institutions, urban districts, yards, household plots, at construction sites with the use of installation wires of all sections as well as unarmored cables with rubber or plastic insulation in metal, rubber or plastic sheaths with phase core cross-section  up to 16 mm2 (for cross-section larger than 16 mm2 – see chapter 2.3).

Lines comprised of uninsulated wires inside buildings must comply with the requirements presented in chapter 2.2, outdoors – in chapter 2.4.

Taps from high-voltage lines to inputs (see 2.1.6 and 2.4.2) made with the use of insulated and uninsulated wires must be laid in compliance with the requirements of chapter 2.4, and taps made with the use of wires (cables) on a suspension strand - in accordance with the requirements of the present chapter.

Cable lines laid directly underground must comply with the requirements presented in chapter 2.3.

Additional requirements for wirings are presented in chapters 1.5, 3.4, 5.4, 5.5 and in section. 7.

2.1.2. A wiring is a set of wires and cables with associated fasteners, supporting protection structures and parts installed in accordance with the present Code. 

2.1.3. A cable, cord, protected wire, unprotected wire and special wire – definitions as according to GOST.

2.1.4. Wirings are divided into the following types:

1. Exposed wiring is wiring laid on the surface of walls, ceilings, on girders and other construction elements of buildings and structures, on supports etc. 

For exposed wiring the following methods of laying wires and cables shall be used: directly on the surface of walls, ceilings etc., on hangers, strands, rolls, insulators, in conduits, ducts, flexible metal hoses, on trays, in electrotechnical skirts and platbands, by flexible suspension etc.

Exposed wiring can be fixed, mobile and portable.

2. Eenclosed wiring is wiring laid inside the construction elements of buildings and structures (inside walls, floors, foundations, inserted floors) as well as on inserted floors in the floor background, directly under raised floor etc.

For enclosed wiring the following methods of laying wires and cables shall be used: in conduits, flexible metal hoses, in ducts, closed conduits and voids of construction structures, in plastered grooves, under plaster as well as embedment in construction structures during their fabrication.
2.1.5. Outdoor wiring is wiring laid on external walls of buildings and structures, under shelters etc., as well as between buildings on supports (not more than four spans 25 m long each) clear of streets, roads etc.

Outdoor wiring can be exposed and enclosed.

2.1.6. Input from an overhead power transmission line is wiring connecting taps from a high-voltage line with internal wiring starting from insulators installed on the external surface (wall, roof) of a building or structure to the terminals of an input equipment. 

2.1.7. A hanger as a bearing element of wiring is a steel wire stretched right up to the surface of a wall, ceiling etc, designed for fixing to it wires, cables or their bundles. 

2.1.8. A strip as a bearing element of wiring is a metal strip fixed right up to the surface of a wall, ceiling etc, designed for fixing to it of wires, cables or their bundles.

2.1.9. A strand as a bearing element of wiring is a steel wire or a steel strand stretched overhead and designed for handing to it wires, cables or their bundles.

2.1.10. A duct is an enclosed void structure with a rectangular or other cross-section, designed for laying wires and cables in it. A duct must serve as protection against damage to wires and cables laid in it. 

Ducts may be solid or with opening covers, with solid or perforated walls and covers. Solid ducts must have only solid walls from all sides and must have no covers.

Ducts may be used in rooms and in outdoor installations.

2.1.11. A tray is an open structure designed for laying in it of wires and cables.

A tray is not a protection against external mechanical damage to wires and cables laid in it. Trays must be fabricated of incombustible materials. They may be solid, perforated or grated. Trays may be used in rooms and in outdoor installations.

2.1.12. An attic-floor room is such a nonproduction room above the upper floor of a building, whose ceiling is the roof and which has bearing structures (roofing, girders, trusses, beams etc.) made of incombustible materials. 

Similar rooms and crawl floors located directly under the roof, whose inserted floors and structures are made of incombustible materials, shall not be considered attic-floor rooms.

GENERAL REQUIREMENTS 

2.1.13. Permissible sustained currents for wires and wiring cables must be assumed according to chapter 1.3 taking into account with the surrounding temperature and method of laying.

2.1.14. Sections of current-conducting cores of wires and cables in wirings must be not less than those presented in table 2.1.1. Sections of cores for charging lighting fittings must be assumed as per 6.5.12-6.5.14. Sections of grounding and neutral protective conductors must be selected in compliance with the requirements of chapter 1.7.

Table 2.1.1. Minimum cross-sections of current-conducting 

cores of wires and wiring cables 

	
	Core section, mm2


	Conductors 
	copper

	aluminum


	     Cords for connection of domestic electrical appliances


	0.35 
	-

	     Cables for connection of mobile and portable electrical appliances in industrial installations


	0.75 
	-

	     Twisted two-core wires with stranded conductors for fixed laying on rolls.


	1 
	-

	     Unprotected insulated wires for fixed wiring indoors:


	
	

	     directly on foundations, rolls, cleats and strands


	1 
	2.5



	     on trays, in ducts (except for solid ones):


	
	  

	     for cores connected to screw terminals 


	1 
	2



	     for cores connected by brazing: 
	  
	

	     one-wire

	0.5


	-



	     stranded (flexible)
	0.35 
	-



	     on insulators

	1.5 
	4 

	     Unprotected insulated wires in outdoor wirings:


	
	

	     on walls, structures or on supports on insulators


	2.5 
	4



	     inputs from overhead lines 
	
	

	     under shelters on rolls 

	1.5 
	2.5 

	     Unprotected and protected insulated wires and cables in conduits, metal hoses and solid ducts


	1 
	2 

	     Cables and protected insulated wires for fixed wirings (without conduits, hoses and solid ducts):


	
	

	     for cores connected to screw terminals 


	1 
	2



	     for cores connected by brazing: 


	  
	

	     one-wire

	0.5


	-



	     stranded (flexible)

	0.35 
	-



	     Unprotected and protected wires and cables laid in enclosed ducts or imbedded (in building structures or under plaster) 


	1 
	2 


2.1.15. In steel and other mechanical strong conduits, hoses, ducts, trays and enclosed ducts of building construction structures common laying wires and cables (except for those under mutual redundancy) is allowed for:

1. All circuits of one unit.

2. Power and monitoring circuits of several machines, panels, boards, consoles etc. united by a manufacturing process.
3. Circuits feeding a composite lamp.

4. Circuits of several groups of one type of lighting (working or emergency) with the total number of wires in the conduit, eight at most.

5. Lighting circuits up to 42 V with circuits higher than 42 V, if the wires of a circuit up to 42 V are laid in a separate insulating conduit.

2.1.16. Common laying circuits under mutual redundancy, circuits of working and emergency lighting as well as circuits up to 42 V with circuits higher than 42 V (see exceptions in 2.1.15, clause 5 and in 6.1.16, clause 1) is prohibited in one conduit, hose, duct, bundle, enclosed duct of a construction structure. Laying these circuits is allowed only in different sections of ducts and trays having solid longitudinal partitions of incombustible material with fire resistance rating not less 0.25 hour. 

It is allowed to lay emergency (exit) and working lighting circuits on different sides of profiles (channel, angle etc.).

2.1.17. Only wires and cables with sheaths made of slow-burning or incombustible materials, and unprotected wires with insulation made of slow-burning or incombustible materials should be used for wiring in cable structures, production rooms and electrical equipment rooms.

2.1.18. When using AC and DC, laying phase and neutral (or direct and reverse) conductors in steel conduits or in insulating conduits with a steel enclosure must be carried out in one common conduit.

It is allowed to lay phase and neutral working (or direct and reverse) conductors in separate steel conduits or in insulating conduits with a steel enclosure if load sustained current in conductors does not exceed 25 A.

2.1.19. When laying wires and cables in conduits, solid ducts, flexible metal hoses and enclosed ducts replacement of wires and cables must be made possible.

2.1.20. Construction elements of buildings and structures, which enclosed ducts and voids are used for wire and cable laying must be incombustible.

2.1.21. Connection, tapping and termination of wire and cable cores must be carried out using pressing, welding, brazing and clamping (screw, bolts etc) in accordance with duly approved applied instructions. 

2.1.22. At points of connection, tapping and joining of wire and cable cores a spare length of wire (cable) must be available to ensure reconnection, retapping or rejoining.

2.1.23. Points of connection and tapping of wires and cables must be accessible for examination and repair.

2.1.24. At points of connection and tapping wires and cables must not be subject to mechanical stress.

2.1.25. Points of connection and tapping of wires and cables as well as connection and tapping clamps etc. must have insulation equal to insulation of cores of the whole sections of these wires and cables.

2.1.26. Connections and tappings of wires and cables, except for wires laid on insulating supports, must be made in branch-joint boxes, in insulating enclosures of connection and tapping clamps, in special recesses of building structures, inside enclosures of units, apparatuses and machines of an electrical installation.     When laid on insulating supports connections and tappings of wires should be made directly at an insulator, cleat or on them as well as on a roll.

2.1.27. The design of connecting and branch-joint boxes and clamps must comply with the methods of laying and environment conditions.

2.1.28. Connecting and branch-joint boxes and insulating enclosures of connection and tapping clamps must be, as a rule, made of incombustible or slow-burning materials. 

2.1.29. Metal elements of wirings (structures, ducts, trays, conduits, hoses, boxes, brackets etc.) must be protected against corrosion in accordance with environment conditions.

2.1.30. Wiring must be implemented taking into account a possibility of its replacement in points of crossing with expansion and settlement joints.  

SELECTION OF THE TYPE OF WIRING, SELECTION OF WIRES AND CABLES AND METHOD OF THEIR LAYING 

2.1.31. Wiring must comply with environment conditions, purpose and value of structures, their design and architectural particular qualities. Wiring must have colour marking along all its length for its easy identification:

pale blue colour – for marking of a neutral operational or a middle conductor of an electric main;

two-colour combination of green and yellow colours – for marking of a protective and a neutral protective conductor;

two-colour combination of green and yellow colours with pale blue marks at the ends of a line made during assembling – for marking of a combined neutral operational and neutral protective conductor; 

black, brown, red, violet, grey, rose, white, orange, turquoise - for marking of a phase conductor.

2.1.32. When selecting the type of wiring and the method of wire and cable laying, the requirements of electrosafety and fire safety must be taken into account.

2.1.33. The types of wiring, wires and cables and the method of laying should be selected in accordance with table 2.1.2.

If there are two or more simultaneous conditions characterizing the environment, the wiring must comply with all of them. 

2.1.34. Sheaths and insulation of wires and cables used in wirings must comply with the method of laying and environment conditions. In addition, insulation must comply with the main rated voltage.

If there are special requirements stipulated by an installation characteristics, insulation of wires and protective sheath of wires and cables must be selected with these requirements taken into account (see also 2.1.50 and 2.1.51).

2.1.35. Neutral operational conductors must have insulation equal to the insulation of phase conductors.

In normal production rooms it is allowed to use steel pipes and strands of exposed wirings as well as metal enclosures of openly installed current distributors, metal structures of buildings, structures of production purpose (for example, girders, columns, crane tracks) and machinery as one of the operational conductors of a line in mains up to 42 V. In this case continuity and adequate conductivity of these conductors, visibility and reliable welding of joints must be ensured.

The use of the said structures as an operational conductor is not allowed if structures are located in close vicinity to combustible parts of buildings and structures. 

2.1.36. Laying wires and cables, conduits and ducts with wires and cables in terms of fire safety must meet the requirements of table 2.1.3.

2.1.37. When laying exposed protected wires (cables) with sheaths of combustible materials and unprotected wires the clear distance from a wire (cable) to the surface of foundations, structures, parts of combustible materials must make up not less than 10 mm. If it is impossible to provide the said distance, the wire (cable) should be divided from the surface by a layer of incombustible material jutting out to both sides of a wire (cable) to not less than 10 mm.

2.1.38. When laying enclosed protected wires (cables) with sheaths of combustible materials and unprotected wires in enclosed recesses, in voids of construction structures (for example, between a wall and coating), in grooves etc. with presence of combustible structures, it is necessary to protect wires and cables with a continuous layer of incombustible material from all sides. 

2.1.39. When laying exposed conduits and ducts of slow-burning materials on incombustible and slow-burning foundations and structures the clear distance from a conduit (duct) to the surface of structures, parts of combustible materials must make up not less than 100 mm. If it is impossible to provide the said distance, the conduit (duct) should be divided from all sides of these surfaces by a continuous layer of incombustible material (plaster, compact gypsum, cement mortar, concrete etc) 10 mm thick at least.

2.1.40. When laying enclosed conduits and ducts of slow-burning materials in enclosed recesses, in voids of construction structures (for example, between a wall and coating), in grooves etc. conduits and ducts should be divided from all sides from surfaces of structures, parts of combustible materials by a continuous layer of incombustible material 10 mm thick at least. 

2.1.41. Short sections where wirings cross elements of building structures of combustible materials must be made in compliance with the requirements of 2.1.36-2.1.40. 
2.1.42. At places where due to high environmental temperature the use of wires and cables with insulation and sheaths of standard thermal resistance is impossible or results in inexpedient increase of nonferrous metal consumption, wires and cables with insulation and sheaths of increased thermal resistance should be used. 

2.1.43. In wet and especially wet rooms and in outdoor installations the set-up of wires and insulating supports as well as bearing and supporting structures, conduits, ducts and trays must be water-resistant. 

2.1.44. In dusty rooms it is not recommended to use methods of laying at which dust accumulates on wiring elements and its removal is difficult.

2.1.45. In rooms and outdoor installations with chemically active environment all elements of the wiring must be resistant to the environment or protected from its impact.

2.1.46. Wires and cables with light-fugitive external insulation or sheath must be protected from impact of direct rays.

2.1.47. At places where mechanical damage to wiring is possible, exposed wires and cables must be protected from it by their protective enclosures; if these enclosures are not available or they are not enough resistant to mechanical impact – by conduits, ducts, guards or the use of enclosed wiring.

2.1.48. Wires and cables must be used only in the fields specified in standards and specifications for cables (wires). 

2.1.49. For fixed wirings mainly wires and cables with aluminum cores must be used. For exceptions, see 2.1.70, 3.4.3, 3.4.12, 5.5.6, 6.5.12-6.5.14, 7.2.53 and 7.3.93.

Table 2.1.2. Selection of the type of wirings, methods of their laying and wires and cables 

	Environmental conditions 


	Type of wiring and method of laying 
	Wires and cables 

	Exposed wirings


	Dry and wet rooms

	On rolls and cleats
	Unprotected one-core wires


	Dry rooms

	Idem 
	Twisted two-core wires



	Rooms of all types and outdoor installations 
	On insulators as well as on rolls designed for use in wet places. In outdoor installations rolls for wet places (of large sizes) may be used only in places where direct ingress of rain and snow in the wiring is excluded (under shelters)


	Unprotected one-core wires 

	Outdoor installations 
	Directly on the surface of walls, ceilings and on hangers, strips and other bearing structures


	Cable in non-metal and metal sheaths  

	Rooms of all types 
	Idem 
	Unprotected and protected one-core and stranded wires. Cables in non-metallic and metal sheaths 



	Rooms of all types and outdoor installations


	On trays and in ducts with opening covers 
	Idem 

	Rooms of all types and outdoor installations (only special wires with a suspension strand for outdoor installations or cables)
	On strands 
	Special wires with a suspension strand. Unprotected and protected one-core and stranded wires. Cables in non-metallic and metal sheaths 



	Enclosed wirings



	Rooms of all types and outdoor installations 
	In non-metallic conduits of combustible materials (non-self-extinguishing polyethylene etc.). In enclosed ducts of building structures. Under plaster


	Unprotected and protected, one-core and stranded wires.

Cables in a non-metallic sheath 

	
	Exceptions:
	

	
	1. The use of insulating conduits with a metal sheath in wet and especially wet rooms and outdoor installations is prohibited.


	

	
	2. The use of steel conduits and steel solid ducts with a wall thickness of 2 mm and less in wet and especially wet rooms and outdoor installations is prohibited.


	

	Dry, wet and especially wet rooms 
	Imbedded in building structures during their fabrication.


	Unprotected wires 

	Exposed and enclosed wirings


	Rooms of all types and outdoor installations 
	In metal flexible hoses. In steel conduits (normal and thin-walled) and in solid steel ducts. In non-metallic conduits and non-metallic solid ducts of slow-burning materials. In insulating conduits with a metal sheath 

	Unprotected and protected one-core and stranded wires. Cables in a non-metallic sheath 

	
	Exceptions:

	

	
	1. The use of insulating conduits with a metal sheath in wet and especially wet rooms and outdoor installations is prohibited.


	

	
	2. The use of steel conduits and steel solid ducts with a wall thickness of 2 mm and less in wet and especially wet rooms and outdoor installations is prohibited.


	


Table 2.1.3. Selection of the types of wirings and methods of laying wires and cables as per fire safety conditions 

	Type of wiring and method of laying on foundations and structures


	

	of combustible 

materials 
	of incombustible and slow-burning materials 
	Wires and cables 

	Exposed wirings


	On rolls, insulators or with a underlaid incombustible materials 1
	Directly 
	Unprotected wires; protected wires and cables in a sheath of combustible materials



	Directly 
	"
	Protected wires and cables in a sheath of incombustible and slow-burning materials



	In conduits and ducts of incombustible materials 
	In conduits and ducts of slow-burning incombustible materials 
	Unprotected and protected wires and cables in a sheath of combustible, slow-burning materials



	Enclosed wirings


	With underlaid incombustible materials1 and subsequent plastering or protection from all sides by a continuous layer of other incombustible materials


	Directly 
	Unprotected wires; protected wires and cables in a sheath of combustible materials 

	With underlaid incombustible materials1 
	"
	Protected wires and cables in a sheath of slow-burning materials



	Directly 
	"
	Idem of incombustible


	In conduits and ducts of slow-burning materials with incombustible materials1 laid under conduits and ducts and subsequent plastering2 


	In conduits and ducts of combustible materials – imbedded, in grooves etc, in a continuous layer of incombustible materials3
	Unprotected wires and cables in a sheath of combustible, slow-burning and incombustible materials 

	Idem of incombustible materials - directly 
	Idem of slow-burning and incombustible materials - directly


	

	______________
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Underlay of incombustible materials must jut out on every side of a wire, cable, conduit or duct to not less than 10 mm 
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Conduits shall be plastered with a continuous layer of plaster, compact gypsum etc. with a thickness of not less than 10 mm above the conduit.
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A continuous layer of incombustible material around the conduit (duct) may be a layer of plaster, compact gypsum, cement mortar or concrete etc. 10 mm thick at least.




It is not allowed to use wires and cables with aluminum cores for connection to electric devices installed directly on vibration-isolating supports.

In museums, art galleries, libraries, archives, and other storages of national standing only wire and cables with copper cores should be used.

2.1.50. To feed portable and mobile electrical appliances cords and flexible cables with copper cores dedicated to this purpose should be used with possible mechanical impacts taken into account. All cores of the said conductors including the grounding core must be in a common sheath, braiding or must have a common insulation.

For machinery with limited range of movement (cranes, mobile saws, door gears etc.) current distributors with configuration protecting the wire and cable cores from breaking should be used (for example, flexible cable loops, carriages for mobile suspension of flexible cables).
2.1.51. If there are oils and emulsions at the place of wires laying, wires with oil-resistant insulation should be used or they must be protected against their impact.
EXPOSED WIRINGS INSIDE ROOMS 

2.1.52. Exposed unprotected insulated wires directly on foundations, rolls, insulators, strands and trays should be laid:

1. At voltage higher than 42 V in rooms without an increased hazard and at voltage up to 42 V in all rooms – at a height of not less than 2 m from the floor level or service platform. 

2. At voltage higher than 42 V in rooms with an increased hazard and especially hazardous rooms – at a height of not less than 2.5 m from the floor level or service platform. 

These requirements shall not apply to down conductors to breakers, sockets, starters, boards, lamps installed on a wall. 

In production rooms unprotected down conductors to breakers, sockets, apparatuses, boards etc. must be protected from mechanical impact up to a height of not less than 1.5 m from the floor level or service platform.

In amenity rooms of industrial enterprises, residential and public buildings the said down conductors may not be protected from mechanical impact.

In rooms accessible only to the specially trained staff the height of laying exposed unprotected insulated wires shall not be rated.

2.1.53. Within crane spans unprotected insulated wires should be laid at a height of not less than 2.5 m from the level of a crane trolley platform (if the platform is located above the crane bridge floor) or from the crane bridge floor (if the floor is located above the trolley platform). If it is not possible, protection devices must be installed to prevent the staff on the crane trolley and bridge from making accidental contact with wires.  The protection device must be installed along all the length of wires or on the crane bridge within the limits of wire location.

2.1.54. The height of laying exposed protected insulated wires, cables as well as wires and cables in conduits, ducts with protection class rating not less than IP20, in flexible metal hoses from the floor level or service platform shall not be rated.
2.1.55. If unprotected insulated wires cross unprotected or protected insulated wires with a distance of less than 10 mm between wires, additional insulation must be applied on every unprotected wire at places of crossing.

2.1.56. If unprotected and protected wires and cables cross pipelines, clear distance between them must be not less than 50 mm, and pipelines containing combustible and inflammable liquids and gases – not less than 100 mm. If the distance from wires and cables to pipelines is less than 250 mm, wires and cables must have additional protection against mechanical damage to a distance of not less than 250 mm to both sides of the pipeline. 
If wires and cables cross hot pipelines, they must be protected from impact of high temperature or must be of an appropriate version.

2.1.57. When laid in parallel the distance from wires and cables to pipelines must be not less than 100 mm, and to pipelines with combustible and inflammable liquids and gases – not less than 400 mm.
Wires and cables laid parallel to hot pipelines must be protected from impact of high temperature or must be of an appropriate version.

2.1.58. At places of passage of wires and cables through walls, inserted floors and at places of their exit outside wiring replacement must be enabled. For this purpose wires must be laid through walls in a conduit, duct, opening etc. To prevent ingress and accumulation of water and spread of fire at places of passage through walls, inserted floors or exit outside gaps between wires, cables and a conduit (duct, opening etc.) as well as spare conduits (ducts, openings etc.) should be filled up with an easy removable compound of incombustible material. Filling up must make possible replacement, laying additional new wires and cables and ensure the fire resistance rating not lower than the fire resistance rating of the wall (inserted floor). 

2.1.59. When laying unprotected wires on insulating supports, wires must have additional insulation (for example, using an insulating conduit) at places of passage through walls or inserted floors.  At passage of these wires from one dry or wet room to another dry or wet room, all wires of one line may be laid in one insulating conduit.

At passage of wires from one dry or wet room to a wet room, from one wet room to another wet room or at places of exit of wires outside a room, each wire must be laid in a separate insulating conduit. If wires go from a dry or a wet room to a wet room or outside of a building all connections must be made in the dry or wet room.

2.1.60. On trays, supporting surfaces, strands, hangers, strips and other bearing structures wires and cables may be laid close one to another in bundles (groups) of a different form (for example, circular, rectangular in several layers).

Wires and cables of each bundle must be fixed one to another.

2.1.61. In ducts wires and cables may be laid in several layers with order or random (spreading) mutual location. The sum of sections of wires and cables calculated on the basis of their external diameters, including insulation and external sheaths must not exceed: for solid ducts 35% of a duct finished section, for ducts with opening covers – 40%.

2.1.62. Permissible sustained currents for wires and cables laid in bundles (groups) or in several layers must be assumed taking into account reduction factors allowing for a number and location of wires (cores) in a bundle, number of mutual location of bundle (layers) as well as availability of conductors without load. 

2.1.63. Conduits, ducts and flexible metal hoses of wirings must be laid so that moisture can not accumulate including from condensation of vapours the air contains.

2.1.64. In dry non-dusty rooms without vapours and gases which would negatively influence on the insulation and sheath of wires and cables, conduits, ducts and flexible metal hoses may be connected without sealing.
Joining of conduits, ducts and flexible metal hoses between them and with ducts, bodies of electric equipment etc. must be carried out as follows: 

in rooms containing vapours or gases negatively influencing on insulation and sheaths of wires and cables, in outdoor installations with possible ingress in conduits, ducts and hoses of oil, water and emulsion - with sealing; in this case ducts must have continuous walls and sealed continuous or solid covers, separable ducts – with sealing in places of separation, and flexible metal hoses – sealed; 

in dusty rooms – with sealing of connections and taps of conduits, hoses and ducts for protection against dust. 

2.1.65. Joining of steel conduits and ducts used as grounding or neutral protective conductors must comply with the requirements presented in this chapter and chapter 1.7.

ENCLOSED WIRINGS INSIDE ROOMS 

2.1.66. Enclosed wirings in conduits, ducts and flexible metal hoses must be made in compliance with the requirements presented in 2.1.63-2.1.65; in all cases they must have sealing. Ducts for enclosed wirings must be solid.

2.1.67. Laying a wiring in air ducts and air shafts is prohibited. These ducts and shafts may be crossed by individual wires and cables in metal conduits. 

2.1.68. Wires and cables above suspended ceilings should be laid in accordance with the requirements of this chapter and chapter 7.1.

WIRINGS IN ATTIC-FLOOR ROOMS
2.1.69. The following types of wirings may be used in attic-floor room:

exposed;

wires and cables laid in conduits as well as protected wires and cables in sheaths of incombustible or slow-burning materials – at any height; 

unprotected insulated one-core wires on rolls or insulators (in attic-floor rooms of production buildings – only on insulators) – at a height not less than 2.5 m, if the height to wires is less than 2.5 m, they must be protected against touching and mechanical damage; 

enclosed: in walls and inserted floors of incombustible materials – at any height.

2.1.70. Exposed wirings in attic-floor rooms must be made of wires and cables with copper cores.

Wires and cables with aluminum cores may be used in attic-floor rooms of: buildings with incombustible inserted floors – when laid exposed in steel pipes or enclosed in incombustible walls and inserted floors; production buildings of agricultural purpose with combustible inserted floors – when laid exposed in steel pipes with prevention of ingress of dust inside conduits and connecting (branch-joint) boxes; in this case threaded connections must be used.

2.1.71. Connection and tapping of copper and aluminum cores of wires and cables in attic-floor rooms must be made in metal connecting (branch-joint) boxes by welding, pressing or using clamps corresponding to the material, section and number of cores. 

2.1.72. Wiring in attic-floor rooms laid with the use of steel conduits must also comply with the requirements presented in 2.1.63-2.1.65.

2.1.73. Taps from lines laid in attic-floor rooms to electrical appliances installed outside of attic-floor rooms shall be allowed if exposed lines and taps are laid in steel conduits or enclosed in incombustible walls (inserted floors).
2.1.74. Switching device in circuits of lamps and other electrical appliances installed directly in attic-floor rooms must be installed outside of these rooms.

OUTDOOR WIRINGS
2.1.75. Unprotected insulated wires of outdoor wiring must be located or protected in such a way so that they can not be touched from places frequented by people (for example, balcony, porch).

Exposed wires laid on walls must be located from the said places at a distance not less than, m:
	When laid horizontally: 


	  

	under a balcony, porch as well as above a roof of a production building.


	2.5 

	under a window 


	0.5 

	under a balcony 


	1.0 

	under a window (from a window sill)

	1.0 

	When laid vertically to a window 


	0.75 

	Idem, but to a balcony 


	1.0 

	From the ground.
	2.75 


When hanging wires on supports near buildings, the distance from wires to balconies and windows must be not less than 1.5 m at maximum deviation of wires.

An outdoor wiring on the roofs of residential and public buildings and entertainment centers is not allowed except for inputs to buildings (centers) and taps to these inputs (see 2.1.79).

In terms of touching unprotected insulated wires of outdoor wiring should be considered as uninsulated.

2.1.76. The distance from wires crossing fire lanes and tracks for transportation of loads to the ground (road) level in a traffic area must be not less than 6 m, outside of a traffic area – not less than 3.5 m.

2.1.77. The distance between wires must be: for a span up to 6 m – not less than 0.1 m, for a span of more than 6 m – not less than 0.15 m. The distance from wires to walls and supporting structures must be not less than 50 mm.

2.1.78. Wires and cables of outdoor wiring in conduits, ducts and flexible metal hoses must be laid in accordance with the requirements presented in 2.1.63-2.1.65; in all cases they must have sealing. Laying wires in steel conduits and ducts underground outside of buildings is not allowed.
2.1.79. It is recommended to lay inputs to buildings through walls in insulating conduits so that water can not accumulate in the passage and penetrate inside a building.
The distance from wires upstream an input and wires of the input to the ground level must be not less than 2.75 m (see also 2.4.37 and 2.4.56).

The distance between wires at entrance insulators as well as from wires to projecting parts of a building (overhang etc.) must be not less than 0.2 m.

It is allowed to lay inputs through the roof in steel conduits. In this case the vertical distance from wiring of a tapping to the input and from wiring of input to the roof must be not less than 2.5 m.

For low buildings (trade pavilions, kiosks, buildings of the container type, mobile booths etc.) on the roofs of which people don’t stay, the clear distance from tap wires to the input and input wires to the roof may be assumed not less than 0.5. In this case the distance from wires to the ground level must be not less than 2.75 m.
Chapter 2.2

CURRENT DISTRIBUTORS WITH VOLTAGE UP TO 35 KV

SCOPE, DEFINITIONS

2.2.1. The present chapter of the Code shall cover AC and DC current distributors with voltage up to 35 kV. Additional requirements to current distributors laid in explosion and fire hazard areas are presented in chapters 7.3., and 7.4 respectively. The chapter shall not cover special current distributors for electrolysis installations, low-voltage circuits of electroheat installations as well as current distributors which installation is covered by special rules and standards.

2.2.2. A current distributor is a device designed for transmission and distribution of electric energy consisting of uninsulated and insulated conductors and associated insulators, protective sheaths, branch devices and supporting and bearing structures.

2.2.3. Depending on the type of conductors current distributors are divided into flexible (using wires) and rigid (using rigid busbars).
A factory-made rigid current distributor up to 1 kV supplied by packaged sections is called a busbar.

Depending on their function busbars are divided into:

main, designed mainly for connection to them of distribution busducts and power distribution units, boards and separate heavy-duty electrical appliances;

distribution, designed mainly for connection to them of electrical appliances;

trolley, designed for feeding of mobile electrical appliances;

lighting, designed for feeding lamps and electrical appliances of small power.

2.2.4. A current distributor with power of 1 kV going outside of an electrical installation is called extended.

GENERAL REQUIREMENTS 

2.2.5. In industrial enterprise mains of 6-35 kV for one-way transmission of power higher than 15-20 МV·А with voltage 6 kV, more than 25-35 МV·А with voltage 10 kV and more than 35 МV·А with voltage 35 kV, as a rule, rigid and flexible current distributors mainly upstream the lines comprised of a large number of cables laid in parallel should be used.
Exposed current distributors should be used in all cases when it is possible as per conditions of the plot plan of a power supply facility and environment.
2.2.6. In places where the air contains chemically active substances damaging live parts, supporting structures and insulators must be of an appropriate version or other measures must be taken to protect them from the said impact.

2.2.7. Calculation and selection of conductors, insulators, fixtures, structures and apparatuses of current distributors should be carried out both for normal operational conditions (corresponding to working voltage and current) and for operation under short circuit conditions (see chapter 1.4).

2.2.8. Live parts must have marking and colour coding in accordance with the requirements of chapter 1.1.

2.2.9. Live parts of current distributors should be comprised, as a rule, of aluminum, steel and aluminum and steel wires, conduits and buses of a profile section. 

2.2.10. For grounding of live parts of current distributors fixed grounding blades or portable grounding devices in accordance with the requirements 4.2.25 (see also 2.2.30, clause 3) must be used.

2.2.11. Mechanical loads on current distributors as well as surrounding rated temperatures should be determined in accordance with the requirements presented in 4.2.46-4.2.49. 

2.2.12. The configuration and design of current distributors must ensure a possibility of easy and safe installation and repair.

2.2.13. Outdoor current distributors higher than 1 kV must be protected from lightning overvoltage in accordance with the requirements of 4.2.167 and 4.2.168.
2.2.14. In AC current distributors with symmetrical load at current of 1 kA and higher it is recommended, and at current of 1.6 kA and higher measures should be taken to reduce electric energy losses in bus clamps, fixtures and structures due to the impact of magnetic field.

At currents of 2.5 kA and higher, in addition, measures must be envisaged for reduction and grading of inductive resistance (for example, location of bands in packets along the side of a square, use of dual phases, profile buses and circular and square hollow conduits, cross connection). For extended flexible current distributors it is also recommended to use internal phase cross connections; their number must be determined by calculations depending on the length of a current distributor.
For nonsymmetric loads the value of current at which measures to prevent reduction of electric energy losses due to the impact of magnetic field are required must be determined by calculations for every specific case.

2.2.15. When temperature changes, transformer vibration, uneven settlement of a building etc. may entail hazardous mechanical stresses in conductors, insulators and other elements of current distributors, measures should be envisaged to remove these stresses (compensators or similar devices). On rigid current distributors compensators must also be installed at crossing points of expansion and settlement joints of buildings and structures.

2.2.16. It is recommended to make fixed connections for current distributors using welding. For connection of tappings with flexible current distributors compression-type clamps may be used.

Conductors of different materials must be joined in a way to prevent corrosion of contact surfaces. 

2.2.17. Sections of current distributors higher than 1 kV as per sustained permissible current in normal and postemergency modes should be selected taking into account expected increase of loads, but not more than 25-30% of the rated ones. 

2.2.18. For current distributors made of uninsulated wires sustained permissible currents should be determined as per chapter 1.3 using the factor 0.8 without internal phase cross connection of wires and 0.98 with internal phase cross connections of wires.

CURRENT DISTRIBUTORS WITH VOLTAGE UP TO 1 KV 

2.2.19. Places of tappings from current distributors must be accessible for servicing.

2.2.20. In production rooms current distributors of version IP00 should be located at a height of not less than 3.5 m from the floor and service platform level, and current distributors up to IP31 – not less than 2.5 m.

The height of installation of current distributors of version IP20 and higher with insulated buses, as well as current distributors IP40 and higher shall not be rated. The height of installation of current distributors of any version with voltage of the AC main 42 kV and less and DC main 110 V and lower shall be not rated either.
In rooms visited only by qualified servicing staff (for example, in building crawl floors etc.) the height of installation of current distributors of version IP20 and higher shall not be rated.
In electrical equipment rooms of industrial enterprises the height of installation of current distributors of version IP00 and higher shall not be rated. Places where there is a possibility of accidental contact with current distributors of version IP00 must be fenced.

In places of possible mechanical damage current distributors must have additional protection.

Current distributors and guards located above passages must be installed at a height of not less than 1.9 m from the floor and service platform.

Cages of current distributors must have a mesh with cells of not more than 25 x 25 mm. 

Structures current distributors are installed or must be made of incombustible materials and have fire resistance rating of not less than 0.25 h. 

The units of passage of current distributors through inserted floors, partitions and walls must exclude the possibility of spread of fire and smoke from one room into another.

2.2.21. The distance from live parts of current distributors without sheaths (version IP00) to pipelines must be not less than 1 m, and to process equipment – not less than 1.5 m.

The distance from busbars with enclosures (versions IP21; IP31; IP51; IP65) to pipelines and process equipment shall not be rated.

2.2.22. The clear distances between conductors of different phases and poles of current distributors without enclosures (IP00) and from them to the walls of buildings and grounded structures must be not less than 50 mm, and to combustible elements of buildings – not less than 200 mm.

2.2.23. Switching and protective devices for tappings from current distributors must be installed directly on current distributors or near the point of tapping (see also 3.1.16). These devices must be located and guarded in such a way to prevent accidental touching of live parts. Appropriate gears must be used (rods, ropes) for operational control of apparatuses installed at inaccessible height from the level of the floor or the service platform. Apparatuses must have signs indicating their status (switched on, switched off); these signs must be visible from the floor or service platform.

2.2.24. Insulators of incombustible materials (porcelain, steatite etc.) should be used for current distributors.

2.2.25. Warning safety posters must be afixed along all the route of current distributors without protective enclosures (IP00) every 10-15 m as well as at places frequented by people (landings for crane operators etc).

2.2.26. Gears must be used (for example, insulating spacers) to prevent inadmissible approach of phase conductors to each other and to the enclosure of a current distributor at the moment of passage of short circuit currents. 

2.2.27. The following additional requirements shall be applied to current distributors within crane spans:

1. Open current distributors without protective enclosures (IP00) laid on girders should be located at a height of not less than 2.5 m from the bridge floor or trolley platform level; if current distributors are laid lower than 2.5 m, but not lower than the lowest chord of the inserted floor, guards to prevent accidental contact with them from the bridge floor or trolley platform must be installed. It is allowed to install a guard in the form of a shelter on the crane under the current distributor.

2. Sections of current distributors without protective enclosures (IP00) above yards for crane repairs (see 5.4.16) must have guards preventing contact with live parts from a crane trolley platform. No guard is required if a current distributor is located above this platform at a level of not more than 2.5 m, or if insulated conductors are used in these places; in the latter case the minimum distance to them shall be determined taking into account conditions of repairs.

3. Laying current distributors under a crane without the use of special protective measures against mechanical damage is allowed in the crane dead space. Special protective measures against mechanical damage shall not be required for busbars in any enclosures for current of upto 630 A located near process equipment outside of a crane dead space.

CURRENT DISTRIBUTORS WITH VOLTAGE HIGHER THAN 1 KV 

2.2.28. In production rooms it is allowed to use current distributors of version 1P41 and higher: current distributors must be located at a height of not less than 2.5 m from the floor or service platform level.
In production rooms visited only by the qualified servicing staff (for example, in building crawl floors etc.) the height of installation of current distributors of version IP41 and higher shall not be rated.
In electrical equipment rooms it is allowed to use current distributors of any version. The height of installation from the floor or service platform level for current distributors of versions lower than IP41 – not less than 2.5 m, IP41 and higher – shall not be rated.

2.2.29. Current distributors of any version may be used outdoors (see also 2.2.5 and 2.2.13).

2.2.30. When installing current distributors in tunnels and galleries the requirements of 4.2.82, as well as the following requirements must be complied with:

1. The width of maintenance galleries for current distributors without an enclosure (IP00) must be not less than: 1 m, if located on one side and 1.2 m, if located on both sides. For a current distributor more than 150 m long, the width of a maintenance gallery with servicing of the equipment from both one and two sides must be increased by comparison with the said values by not less than 0.2 m.

2. The height of a guard of current distributors without an enclosure must be not less than 1.7 m from the floor level.

3. At the beginning and the end of a current distributor as well as in intermediate points fixed grounding blades or a device for connection of portable grounding should be installed. The number of points of installation of portable grounding must be selected so that the voltage between two adjacent points of grounding installation induced during a short circuit from adjacent current distributors does not exceed 250 V.
2.2.31. In tunnels and galleries with installed current distributors the lighting system must be arranged in accordance with the requirements of section 6. The lighting system of tunnels and galleries must be fed from two power supplies with alternate connection of lamps to both of them.

In places where current distributors without enclosures (IP00) are laid, lighting fittings must be installed so that their servicing can be safe. In this case lighting wiring in tunnels and galleries must be screened (cables with metal enclosures, wiring in steel conduits, etc.).

2.2.32. When constructing tunnels and galleries for current distributors the following requirements must be complied with:

1. Structures must be made of incombustible materials. Bearing building structures of reinforced concrete must have fire resistance rating not less than 0.75 h, of rolled steel – not less than 0.25 h.

2. Ventilation system must be arranged so that the difference of temperatures of inlet and outlet air at a rated load does not exceed 15°С. Ventilation outlets must be covered with blinds or meshes and protected by canopies.

3. The internal space of tunnels and galleries must not be crossed by any pipelines.

4. Tunnels and galleries must be equipped with communication devices. Communication devices and places of their installation must be determined during specific design.

FLEXIBLE CURRENT DISTRIBUTORS WITH VOLTAGE HIGHER THAN 1 KV 

2.2.33. Outdoor flexible current distributors must be laid on separate supports. Combined laying current distributors and pipelines on common supports is not allowed.

2.2.34. It is recommended to assume the distance between wires of a split phase equal to not less than six diameters of used wires.

2.2.35. The distance between live parts and from them to grounded structures, buildings and other facilities as well as to roadbeds or railway tracks must be assumed as per chapter 2.5.

2.2.36. The convergence of current distributors and buildings and structures containing explosion-hazardous rooms as well as with explosion-hazardous outdoor installations shall be determined in accordance with the requirements of chapter 7.3.

2.2.37. Check of distances from current distributors to crossed structures should be carried out taking into account additional weight load on wires from phase-to-phase and internal phase spacers and possible maximum temperature of a wire in the postemergency mode. Maximum temperature during operation of a current distributor in the postemergency mode shall be assumed equal to + 70°С.

2.2.38. It is recommended to locate the phases of an extended current distributor circuit on corners of an equiangular triangle.

2.2.39. The design of an extended current distributor must provide for the use of portable grounding devices allowing safe operations in a disconnected circuit.
The number of points of installation of portable grounding devices must be selected as per 2.2.30, clause 3. 

2.2.40. When calculating wires of flexible current distributors the following must be taken into account:

1. Tension and stress in wires at different combinations of external loads must be assumed depending on permissible standard tension per phase given the strength of used supports and units taking up forces.

Standard tension per phase should be assumed, as a rule, not less than 9.8 kN (10 tf).

2. Additional weight loads on wires from phase-to-phase and internal phase spacers must be taken into account.

3. Wind force on wires must be calculated as per 2.5.30.

Chapter 2.3
Change introduced by the resolution of the Ministry of Fuel and Energy dated 13.07.98 (clause 2.3.24) 

CABLE LINES WITH VOLTAGE UP TO 220 kV 

SCOPE, DEFINITIONS 

2.3.1. The present chapter of the Code shall cover cable power lines up to 220 kV as well as lines comprised of control cables. Cable lines with higher voltage shall be comprised as per special designs. Additional requirements to cable lines are presented in chapters 7.3, 7.4 and 7.7.

2.3.2. A cable line is a line for transmission of electric energy or its separate impulses comprised of one or several parallel cables with straight-through, stop joints and end bells (terminations) and fasteners, and for oil-filled lines, in addition, with feeding devices and an oil pressure signaling system. 

2.3.3. A cable structure is a structure dedicated to location in it of cables, potheads as well as oil feeding devices and other equipment designed for normal operation of oil-filled cable lines. Cable structures include: cable tunnels, cableways, ducts, blocks, cable chute, levels, double floors, cable racks, galleries, chambers, feeding points.

A cable tunnel is an enclosed structure (corridor) with supporting structures located in it for laying cables and potheads with a free passage along all its length allowing to lay cables, carry out repair and examination of cable lines.

A cable channel is an enclosed and buried (partially or completely) into soil, floor, inserted floor etc. nonaccessible structure designed for location in it of cables which laying, examination and repair can be carried out only with removed slabs. 

A cable chute is a vertical cable structure (as a rule, of a rectangular section) whose height is several times more than the cross-section; it is fitted with brackets or a ladder for people to move along it (accessible chutes) or a completely or partially removable wall (nonaccessible chutes).

A cable level is a part of a building limited by the floor and inserted floor with a distance between the floor and projections of the inserted floor of not less than 1.8 m. 

A double floor is a cavity limited by the walls of a room, the inserted floor, and floor of a room with removable slabs (on the whole surface of its part).
A cable block is a cable structure with conduits (channels) for laying in them of cables with associated pits.

A cable chamber is an underground cable structure covered by a removable concrete slab designed for installation there of potheads and pull of cables in blocks. A chamber with an entry manhole is a cable pit.

A cable rack is an above-ground or surface exposed horizontal or slanted extended cable structure. A cable rack can be accessible and nonaccessible.

A cable gallery is an above-ground or surface completely or partially closed (for example, without side walls) horizontal or slanted extended accessible cable structure.

2.3.4. A duct is - see 2.1.10.

2.3.5. A tray is - see 2.1.11.

2.3.6. A cable oil-filled line of low and high pressure is a line in which sustained permissible excess pressure makes up:
0.0245-0.294 MPa (0.25-3.0 kgf/cm[image: image4.wmf]2

) for low pressure cables in a lead sheath;

0.0245-0.49 MPa (0.25-5.0 kgf/cm[image: image5.wmf]2

) for low pressure cables in an aluminum sheath;

1.08-1.57 MPa (11-16 kgf/cm[image: image6.wmf]2

) for high pressure cables.

2.3.7. A section of a low pressure oil-filled cable line is a section of the line between stop joints or a stop joint and end bells.

2.3.8. A feeding point is an above-ground, surface or underground structure with feeding apparatuses and equipment (feed tank, pressure tank, feeding units etc.).

2.3.9. A distributor device is a part of a high pressure cable line between the end of a steel pipeline and one-phase end bells.

2.3.10. A feeding unit is an automatic device consisting of tanks, pumps, pipes, by-pass valves, gates, automatic equipment board designed for feeding a high pressure cable line with oil.

GENERAL REQUIREMENTS
2.3.11. Design and construction of cable lines must be carried out on the basis of feasibility calculations taking into account the main development, responsibility and function of a line, route pattern, method of laying, cable makeup etc

2.3.12. When selecting the route of a cable line, where possible, areas with soils aggressive to metal enclosures of cables should be avoided (see also 2.3.44).

2.3.13. According to applicable rules of electrical mains protection, guard bands as large as areas above cables must be established above underground cable lines: 

for cable lines higher than 1 kV 1 m on both sides from the outermost cables;

for cable lines up to 1 kV – 1 m on both sides from the outermost cables; if cable lines are laid in cities under sidewalks - 0.6 m towards buildings and structures and 1 m towards the traffic area of a street.

In accordance with the said rules for underwater cable lines up to and higher than 1 kV there must be established a guard band defined by parallel straight lines at a distance of 100 m from outermost cables.

The guard bands of cable lines shall be used in accordance with the rules of electrical mains protection.

2.3.14. The route of a cable line must be selected taking into account minimum consumption of the cable, maintenance of its integrity during mechanical impacts, protection from corrosion, vibration, overheating and prevention of damage of adjacent cables by electric arc upon occurrence of short circuit in one of the cables. When laying cables one should avoid that cables cross other cables, pipelines etc.

When selecting the route of a low pressure oil-filled cable line the lay of the land shall be taken into account for rational location and use of feeding tanks on the line.

2.3.15. Cable lines must be laid in a way to exclude in them dangerous mechanical stress and damage during installation and use; for this purpose:

cables must be laid with a spare length sufficient for compensation of possible earth motion and temperature deformation of the cables themselves and structures on which they are laid; it is prohibited to lay the spare cable in the form of a ring (coil);

cables laid horizontally on structures, walls, inserted floors etc. must be rigidly fixed at end points, immediately at terminations, on both sides of bends and at straight-through and stop joints; 

cables laid vertically on structures and walls must be fixed in a way to prevent deformation of sheaths and breaking of connections of cores in joints due to the impact of the own weight of cables. 

structures on which unarmored cables are laid must be made in a way to prevent mechanical damage of cable sheaths; at places of rigid fastening the sheaths of these cables must be protected against mechanical damage and corrosion using elastic liners;

cables (including the armored ones) located at places where mechanical damage is possible (traffic of motor transport, machinery, handling of loads, access for unauthorized persons) must be protected to a height of 2 m from the floor or ground level and to a depth of 0.3 m underground;

when laying cables near other operational cables, measures must be taken to prevent damage of the latter;

from hot surfaces cables must be laid at a distance preventing heating of cables higher than the permissible temperature; in this case at places of installation of valves and flanged joints cables must have protection against inrush of hot substances.

2.3.16. Protection of cable lines from stray-currents and soil corrosion must comply with the requirements of this Code and SNiP 3-04.03-85 Protection of Building Constructions and Structures against Corrosion of the Russian Federation Construction Committee. 

2.3.17. Designs of underground cable structures must be calculated with weight of cables, soil, road surface and load of traffic taken into account.

2.3.18. Cables structures and constructions cables are laid on must be made of incombustible materials. It is prohibited to install temporary facilities, and store materials and equipment in cable structures. Temporary cables must be laid in compliance with all requirements applied to cables liners upon authorization of the operator. 

2.3.19. Exposed cable lines must be laid with direct impact of solar irradiation as well as thermal radiation from different types of heat sources taken into account. When laying cables at a geographic latitude higher than 65°, protection from solar irradiation is not required.

2.3.20. Radii of the internal curve of cable bend must have ratios to their external diameters not less than the values specified in standards and specifications for appropriate grades of cables.
2.3.21. Radii of the internal curve of cable core bend when making cable fittings must have ratios to the given diameters not less than the values specified in standards and specifications for appropriate grades of cables.  

2.3.22. Forces of tension during laying cables and pulling them in conduits shall be determined by mechanical stresses permissible for cores and sheaths.

2.3.23. Every cable line must have its number or designation. If a cable line consists of several parallel cables, each of them must have the same number with added letters A, B, C etc. Exposed cables as well as all cable joints must have tags with designation on cable and end bell tags of the grade, voltage, section, number and name of the line; the straight-through joint tags must include the number of joint and date of installation. Tags must be resistant to environmental impacts. On cables laid in cable structures tags must be located along the length every 50 m at least.

2.3.24. The guard bands of cable lines laid underground in unbuilt areas must be marked by information signs. Information signs should be installed not less than every 500 m as well as at places of change of cable line direction. Information signs must contain the width of cable line guard bands and the phone numbers of cable lines’ owners. (see the appendix “Requirements to Information Signs and their Installation”)

SELECTION OF METHODS OF LAYING
2.3.25. When selecting methods of laying power cable lines up to 35 kV the following must be taken into account:

1. When laying cables underground it is recommended to lay no more than six power cables in one trench. When laying a larger amount of cables it is recommended to lay them in separate trenches with a distance between groups of cables not less than 0.5 m or in channels, tunnels, on racks and in galleries.

2. Laying cables in tunnels, on racks and in galleries is recommended if the number of power cables going in one direction makes up more than 20.

3. Laying cables in blocks shall be used under conditions of lack of space on the route, at places of crossing railway tracks and passages, if there is a probability of metal spill etc.

4. When selecting methods of laying cables in cities initial cash outlay and costs associated with operation and repair as well as ease and economic feasibility of servicing of structures must be taken into account.

2.3.26. In the areas of electric generating plants cable lines must be laid in tunnels, ducts, channels, blocks, on racks and in galleries. Laying power cables in trenches is allowed only to distant ancillary facilities (fuel storages, workshops) if their number does not exceed six. In the areas of electric generating plants with total capacity up to 25 kV cables may also be laid in trenches.

2.3.27. In areas of industrial enterprises cable lines must be laid underground (in trenches) in tunnels, blocks, channels, on racks, in galleries and on building walls. 

2.3.28. In areas of substations and switchgears cable lines must be laid in tunnels, ducts, channels, conduits, underground (in trenches), in surface reinforced concrete trays, on racks and in galleries. 

2.3.29. In cities and villages separate cable lines should, as a rule, be laid underground (in trenches) outside traffic areas (under sidewalks), in yards and technical bands in the form of grass-plots. 

2.3.30. In streets and squares with many utilities it is recommended to lay cable lines in the amount of 10 and more in the group in cable galleries and cable tunnels. When crossing streets and squares with improved surfaces and intensive traffic, cable lines must be laid in blocks and conduits.

2.3.31. When laying cable lines in permafrost areas, physical phenomena associated with permafrost should be taken into account: heaving soil, frost cracks, landslides etc. Depending on local conditions cables may be laid underground (in trenches) under the annual thawed layer, in the annual thawed layer in dry soils with good permeability, in artificial embankments for course frame brought soil, in trays on the ground surface, on racks. It is recommended to lay cables together with heat supply pipelines, water supply pipelines, sewerage pipelines etc. in special structures (headers).

2.3.32. Different methods of cable laying in the areas of permafrost must be used with the following taken into account: 

1. The most suitable soils for laying cables in earth trenches are soils with good permeability (rocks, pebble, gravel, crushed stone and coarse sand); heaving soil and subsiding soil are not suitable for laying cable lines. Cables may be laid directly in the soil if their number does not exceed four. It is prohibited to lay cables in conduits buried underground as per soil and frost and climatic conditions. At places of crossing with other cable lines, roads and underground utilities should be protected by reinforced concrete slabs.

Cables may be not laid near buildings. Input of cables from a trench into a building without a ventilated basement must be carried out above the ground level.

2. Cables may be laid in channels at places where annual thawed layer consists of nonfrost-susceptible soils and has an even surface with an inclination of not more than 0.2% ensuring flowing of surface waters. Cable channels should be made of water-proof reinforced concrete and covered on the outside by a reliable waterproofing compound. At the top channels must be covered by reinforced concrete slabs. Channels may be buried into soil or installed without burying (on the ground). In the latter case a bed of dry soil 0.5 m thick at least must be made under the channel and near it. 

2.3.33. Inside buildings cable lines may be laid directly on building structures (openly and in ducts and conduits), in channels, blocks, tunnels, conduits installed in floors and inserted floors as well as on machinery bases, in chutes, on cable levels and in double floors.

2.3.34. Oil-filled cables may be laid (with any number of cables) in tunnels and in galleries and underground (in trenches); the method of their laying shall be specified by the design.
CABLE SELECTION 

2.3.35. For cable lines laid along routes running in different soils and under different environment conditions, structures and cable sections should be selected for areas with the most difficult conditions, if the length of sections with low-duty conditions does not exceed the cable factory length. If the length of separate sections of a route with different conditions of laying is significant, appropriate structures and cable sections should be selected for each of them.
2.3.36. For cable lines laid along a route with different conditions of cooling, cable sections must be selected for a section of the route with the worst conditions of cooling if its length does not exceed 10 m. For cable lines up to 10 kV, except for underwater ones, it is allowed to use cables of different sections, but not more than three provided than the length of the shortest section makes up not more than 20 m (see also 2.3.70).

2.3.37. For cable lines laid underground or underwater mainly armored cables must be used. Metal sheaths of these cables must have an upper coating for protection from chemical impact. Cables with other designs of external protective coating (unarmored) must have the necessary resistance to mechanical impact during laying in all types of soils, pulling in blocks and conduits as well as resistance to thermal and mechanical impact during operation and repairs.

2.3.38. The pipelines of cable oil-filled lines of high pressure laid underground and in water must have protection against corrosion in accordance with the design.

2.3.39. In cable structures and production rooms without hazard of mechanical damage during operation it is recommended to lay unarmored cables, and with hazard of mechanical damage during operation armored cables or protection against mechanical damage must be used.

Outside cable structures it is allowed to lay unarmored cables at inaccessible height (2 m at least); at lower height it is allowed to lay unarmored cables provided there is protection against mechanical damage (by ducts, angle steel, conduits etc.).
During combined laying (earth – cable structures or production room) it is recommended to use the same grades of cables as during laying underground (see 2.3.37), but without combustible external protective coating.

2.3.40. When laying cable lines in cable structures as well as in production rooms protective coating of combustible material must be applied neither on the armor of armored cables nor on the metal enclosures of unarmored cables.

When laying exposed lines it is not allowed to use power and control cables with combustible polyethylene insulation.
Metal enclosures of cables and metal surfaces on which the cables are laid must be protected by incombustible anticorrosion coating.

When laying in rooms with aggressive environment, cables resistant to this environment must be used.
2.3.41. For cable lines of electric generating plants, switchgears and substations indicated in 2.3.76, it is recommended to use cables with an armored steel strip protected by incombustible coating. At electric generating plants the use of cables with combustible polyethylene insulation shall not be allowed. 

2.3.42. For cable lines laid in cable blocks and conduits, unarmored cables in a lead reinforced sheath must be used as a rule. At the sections of blocks and conduits as well as on tappings from them up to 50 m long it is allowed to lay armored cables in lead or aluminum sheath without external coating of cable yarn. For cable lines laid in conduits it is allowed to use cables in a plastic and rubber sheath.

2.3.43. For laying in soils containing substances damaging cables sheaths (saline lands, bogs, man-made ground with cinder and construction materials etc.) as well as in the hazardous areas due to impact of electrocorrosion, there must be used cables with lead sheaths and reinforced by protective coating of Б[image: image7.wmf]л
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 or cables with aluminum sheaths and especially reinforced protective coating of the type Б[image: image9.wmf]в
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 (in continuous water-resistant plastic hose). 

2.3.44. For places where cable lines cross bogs cables must be selected with geological conditions and chemical and mechanical impact taken into account.

2.3.45. For laying in soils subject to displacements cables with wire armor must be used or measures must be taken to remove forces acting on a cable during displacement of earth (soil reinforcement with sheet pilings or pile curtains etc.).

2.3.46. For places where cable lines cross brooks, their flood beds and ditches the same cables must be used that are laid underground (see also 2.3.99).
2.3.47. For cable lines laid under on railway bridges as well as on other bridges with heavy traffic, it is recommended to use armored cables in an aluminum sheath. 

2.3.48. For cable lines of mobile machines flexible cables with rubber or any other similar insulation withstanding multiple bends must be used (see also 1.7.111).

2.3.49. For underwater cable lines cables with armor of round wire of, if possible, one factory length should be used. For this purpose it is allowed to use single-core cables.

At places of strong tidal bore where cable lines go from the coast into the sea, when laying cables at the areas of rivers with strong current and washed out banks as well as at deep depths (up to 40-60 m) cables with double metal armor should be used.

Cables with rubber insulation in a polyvinylchloride sheaths as well as cables in an aluminum sheath without special waterproof coatings shall not be laid underwater. 

When laying cable lines across small innavigable and unrafting rivers 100 m wide (together with flood plain) at most with a stable river bed and bottom cables with strip armor may be used.

2.3.50. For cable oil-filled lines with voltage of 110-220 kV the type and makeup of cables shall be specified by the design. 

2.3.51. When laying cable lines up to 35 kV along vertical and slanted sections of the route with different levels exceeding the values allowed by the GOST for cables with viscous impregnation cables with non-draining impregnating compound, cables with poorly impregnated paper insulation and cables with rubber and plastic insulation must be used. For the said conditions cables with viscous impregnation may be used only with stop joints located on the route in accordance with allowable differences of levels for these cables as per GOST.
The difference of elevation between stop joints of low pressure cable oil-filled lines shall be specified by appropriate specifications for the cable and calculation of infeed at limiting thermal modes.

2.3.52. In four-wire mains four-core cables must be used. Neutral cores may not be laid separately from the phase ones. It is allowed to use three-core power cables in an aluminum sheath with voltage up to 1 kV utilizing their sheath as a neutral wire (as the forth wire) in four-wire AC mains (lighting, power and combined) with a dead-earth grounded neutral except for installations with explosion-hazardous environment and installations in which under normal operation conditions the current in the neutral wire makes up more than 75% of permissible sustained current of the phase wire. 

The lead sheaths of three-core power cables may be used for this purpose only in retrofitted city electrical mains of 220/127 and 380/220 V.
2.3.53. For cable lines up to 35 kV it is allowed to use one-core cables, if it results in significant saving of copper or aluminum by comparison with three-core ones or it is not possible to use the cable of required factory length. The section of these cables must be selected with their additional heating by currents induced in sheaths taken into account.

Measures must be taken to ensure equal distribution of current between the cables connected in parallel and safe contact with their sheaths, prevention of heating of metal parts located in close vicinity and reliable fixing of cables in insulating cleats.
FEEDING DEVICES AND OIL PRESSURE INDICATION OF CABLE OIL-FILLED LINES
2.3.54. An oil feeding system must ensure reliable operation of the line in any normal and transient thermal modes.

2.3.55. The amount of oil in the oil feeding system must be determined with consumption for a cable infeed taken into account. In addition, reserve oil for emergency repairs and filling up with oil of the longest section of a cable line must be available.

2.3.56. It is recommended to install low pressure feeding tanks in closed rooms. It is recommended to install a small number of feeding tanks (5-6) at outdoor feeding points in light metal boxes on H-frame structures, supports etc (at ambient air temperature of not less than minus 30°С). Feeding tanks must be fitted with oil pressure indicators and protected against direct impact of solar irradiation. 

2.3.57. The feeding units of high pressure lines must be installed in enclosed rooms with a temperature of not less than +10°С as close as possible to the place of connection to cable lines (see also 2.3.131). Connection of several feeding units to a line shall be maid via an oil header.

2.3.58. When laying several high pressure cable oil-filled lines in parallel it is recommended to feed every line with oil from separate feeding units or a device for automating switching to one or another line should be installed.

2.3.59. It is recommended to supply electric energy to feeding units from two independent power supplies fitted with a mandatory automatic transfer switch. Feeding units must be separated one from another by incombustible partitions with fire resistance rating of not less than 0.75 h.
2.3.60. Every cable oil-filled line must have an oil pressure indication system ensuring registration and transmission of signals about decrease and increase of oil pressure above and below permissible limits to the duty staff.

2.3.61. Every section of a low pressure cable oil-filled line must be fitted with not less than two sensors; on a high pressure line a sensor must be installed on every feeding unit. Alarm signals must be transmitted to a point with permanent duty of the staff. The oil pressure alarm system must be protected from the impact of power cable line electric fields.
2.3.62. On low pressure lines feeding units must be equipped with telephone communications with the control house (of an electric main, main district). 

2.3.63. An oil line connecting the header of a feeding unit with a high pressure cable oil-filled line must be laid in rooms with positive temperature. It is allowed to lay it in winterized trenches, trays, channels and underground below the frozen zone provided the environment positive temperature is maintained. 

2.3.64. Vibration in the room with the feeding unit automatic control equipment board must not exceed permissible limits.

CABLE CONNECTION AND SEALING-OFF 

2.3.65. When connecting and terminating power cables, the joint makeups complying with their operation conditions and environment should be used. Connections and sealing-offs of cable lines must be made so that the cables can be protected against ingress of dampness and other harmful substances from the environment and that connections and sealing-offs withstand test voltage for the cable line and comply with the requirements of GOST. 

2.3.66. For cable lines up to 35 kV end bells and straight-through joints must be used in accordance with the duly approved applicable technical documentation.
2.3.67. For straight-through and stop joints of low pressure cable oil-filled lines only brass and copper joints must be used.
The length of sections and places of installation of stop joints in low pressure cable oil-filled lines shall be determined with feeding lines with oil in normal and transient thermal modes taken into account.

Stop and half-stop joints in cable oil-filled lines must be installed in cable pits; when the cables are laid underground it is recommended to install straight-through joints in chambers subject to subsequent backfilling with sieved soil or sand. 

In areas of operation of electrified transport (tube railway, tramways, railroads) or soils aggressive to metal sheaths and joints of cable lines the straight-through joints must be accessible to inspection.

2.3.68. In cable lines consisting of cables with normally impregnated paper insulation and cables impregnated with non-draining compound, cables must be connected using stop and adapter joints if the level of laying cables with normally impregnated insulation is higher than the level of cables impregnated with non-draining compound (see also 2.3.51).

2.3.69. In cable lines higher than 1 kV made of flexible cables with rubber insulation in a rubber hose, cables must be connected using hot vulcanizing and application of damp-proof varnish.

2.3.70. The number of straight-through joints per 1 km of newly laid cable lines must be not more than: for three-core cables of 1-10 kV with section up to 3 × 95 mm2 – 4 pieces; for three-core cables of 1-10 kV with section up to 3 × 120 mm2 - 3 × 240 mm2 – 5 pieces; for three-phase cables of 20-35 kV – 6 pieces; for one-core cables – 2 pieces.

For cable lines of 110-220 kV the number of straight-through joints shall be specified by the design.

The use of short cables for laying long cable lines is not allowed.

GROUNDING 

2.3.71. Cables with metal sheaths or armor as well as cable structures the cables are laid on must be grounded or have neutral grounding in accordance with the requirements, presented in chapter 1.7.

2.3.72. When arranging grounding or neutral grounding for metal sheaths of power cable, a sheath and an armor must be connected by a flexible copper wire with each other and with the bodies of joints (end bells, straight-through joints etc.). For cables of 6 kV and higher with aluminum sheaths a sheath or armor must be grounded by separate conductors. 

The use of grounding or neutral protection conductors with conductivity higher than the conductivity of cable sheaths is not required; however, in all cases, the section must be not less than 6 mm2.

The sections of earthing leads of control cables should be selected in accordance with the requirements 1.7.76-1.7.78. 

If an external end bell and a set of arresters are installed on a structure support, the armor, the metal sheath and the end bell must be connected to the grounding device of arrestors. In this case the use of only metal sheaths of cables as a grounding device is not allowed.

The racks and galleries must be fitted with lightning-discharge protectors according to RD 34.21.122-87 Instruction on Installation of Lightning Protection for Buildings and Structures of the Ministry of Energy of the USSR.

2.3.73. The end bells, straight-through and stop joints of low pressure cable oil-filled lines shall be grounded. 

The feeding devices of cables with aluminum sheaths must be connected to the lines through insulating inserts, and the bodies of end bells must be insulated from cable aluminum sheaths. The said requirement shall not cover the cable lines with direct input into transformers.

When using armored cables for low pressure cable oil-filled lines, the cable armor on both sides of a joint must be welded and grounded in every pit. 

2.3.74. The steel pipeline of high pressure cable oil-filled lines laid underground must be grounded in all pits and at the ends, and those laid in cable structures - at ends and at intermediate points determined by calculations in the design.

If a steel pipeline requires active protection against corrosion, it shall be grounded in accordance with the requirements of this protection; in this case monitoring of the corrosion-resistant coating electrical resistance must be made possible.

2.3.75. When a cable line changes into an overhead line (high-voltage line), and if the high-voltage line support has no grounding device, it is allowed to ground cable joints (potheads) by connecting metal sheaths of the cable, provided the cable joint at the other end of the cable is connected to the grounding device, and the resistance of the cable sheath grounding corresponds to the requirements of chapter 1.7.

SPECIAL REQUIREMENTS TO CABLE GRID OF ELECTRIC GENERATING PLANTS, SUBSTATIONS AND SWITCHGEARS 

2.3.76. The requirements presented in 2.3.77-2.3.82 shall cover cable grids of thermal power and hydroelectric power plants with capacity of 25 MW and higher, switchgears and substations with voltage of 220-500 kV as well as switchgears and substations having a particular importance in the energy system (see also 2.3.113).

2.3.77. The main electric circuit diagram, the diagram of auxiliaries and the diagram of operative current, the arrangement of equipment and the cable grid of an electric generating plant or a substation must be configured in a way to prevent upon occurrence of a fire within the cable grid and outside of it the failure of operation of more than one electric generating plant unit, simultaneous loss of connection of switchgears and substations under mutual redundancy as well as failure of fire detection and extinguishing systems. 

2.3.78. For the main cable groups of electric generating plant cable structures (levels, tunnels, chutes etc.) isolated from process equipment and excluding access to cables of unauthorized persons must be used.

When arranging groups of cables at electric generating plants, the routes of cable lines must be selected with the following taken into account: 

prevention of overheating of cables from hot surfaces of process equipment;

prevention of cable damage during discharge (fire, explosion) of dust through the safety devices of dust systems;

barring of laying transit cables in hydraulic ash removal process tunnels, in chemical water treatment rooms as well as at places of passage of pipelines with chemically aggressive liquids.

2.3.79. Responsible cable lines under mutual redundancy (power, operative current, communications means, control, alarm, fire fighting systems etc.) must be laid in a way to prevent simultaneous loss of cable lines under mutual redundancy. At the areas of the cable grid where occurrence of an emergency may result in its development to a greater extent, cable groups should be divided into groups isolated one from another. Grouping of cables shall be made depending of local conditions. 

2.3.80. Within one power-generating unit it is permitted to make cable structures with fire resistance rating of 0.25 h. In this case the process equipment which may be a source of fire (tanks with oil, oil stations etc.) must have a guard with fire resistance rating of not less than 0.75 h, preventing the cables to catch fire upon occurrence of fire at this equipment. 

Within one power-generating unit of an electric generating plant it is permitted to lay cables without special cable structures provided they have a reliable protection against mechanical damage and dusting up, against sparks and fire during repairs of the process equipment, maintenance of normal temperature conditions for cable lines and ease of servicing. 

To provide access to cables located at a height of 5 m and more special platforms and passages must be constructed. 

For single cables and small groups of cables (up to 20) servicing platforms may not be constructed, but in this case quick replacement and repair of cables must be made possible during their use.

When laying cables within one power-generating unit outside of cable structures, if possible, they must be divided into separate groups with different routes. 

2.3.81. Cable levels and tunnels where cables of different power-generating units of an electric generating plant are laid, including cable levels and tunnels under packaged control boards, must be divided into packages and separated from other rooms, cable levels, tunnels, chutes, ducts and channels by incombustible partitions and inserted floors with fire resistance rating of 0.75 h, including places of cable passage.
At places of planned passage of cables through partitions and inserted floors to ensure possible replacement and laying additional cables there must be installed a partition of incombustible, easy breached material with fire resistance rating of not less than 0.75. 

In extended cable structures of thermal power plants emergency exits spaced, as a rule, at a distance of not less than every 50 m must be provided. 

Cable grids of electric generating plants must be divided from outgoing grid cable tunnels and headers by incombustible partitions with fire resistance rating of not less than 0.75 h.

2.3.82. The points of entry of cables into rooms of enclosed switchgears and rooms of boards of control and protection of outdoor switchgears must have partitions with fire resistance rating of not less than 0.75 h.

The points of entry of cables into packaged control boards of electric generating plants must be closed by partitions with fire resistance rating on not less than 0.75 h.

Cable chutes must be separated from cable tunnels, levels and other cable structures by incombustible partitions with fire resistance rating not less than 0.75 h and have inserted floors at the top and at the bottom. Extended chutes at the points of passage through inserted floors, but no less than every 20 m must be divided into compartments by incombustible partitions with fire resistance rating not less than 0.75 h.
Accessible cable chutes must have entry doors and ladders or special brackets.

LAYING CABLE LINES UNDERGROUND 

2.3.83. When laying cable lines directly underground, cables must be laid in trenches and have cushion fill underneath and backfill above of fine soil without stones, material debris and cinder.
Along all their length the cables must be protected against mechanical damage: for cables with voltage of 35 kV and higher - by reinforced concrete slabs 50 mm thick at least; for cables with voltage less than 35 kV - by slabs or clay normal bricks in one layer across the route; if the trench is dug by an earth digging machine with a mill 250 mm wide at least, as well as for one cable – along the cable line route. Sand-lime bricks as well as clay hollow and perforated bricks may not be used.

When laying cables of 20 kV and less at a depth of 1-1.2 m and deeper (except for cables of city electric mains) they may not have protection against mechanical damage.
Cables up to 1 kV must have such protection only in the areas with possible mechanical damage (for example, at places of frequent diggings). Asphalt street surfaces etc. shall be considered as places where digging is carried out on rare occasions. For cable lines up to 20 kV except for lines higher than 1 kV feeding electrical appliances of the I category*, in trenches with the number of cable lines not more than two, signaling plastic tapes meeting specifications approved by the Ministry of Energy of the USSR may be used instead of bricks. It is not allowed to use signalling tapes at places where cable lines cross engineering utilities and pass above cable joints at a distance of 2 m to each direction from a crossed utility or a joint as well as at places of approach of lines to switchgears and substations in the radius of 5 m.
____________

* If local conditions allow by consent of the lines’ owner it is allowed to expand the field of use of signalling tapes. 

The signaling tape must be laid in a trench above cables at a distance of 250 mm from their upper coating. If only one cable is placed in a trench, the tape must be laid along the cable axis; if there are more cables – the edges of a tape must run out beyond the outermost cables to a distance of not less than 50 mm. If more than one tape is placed across the width of the trench the adjoining tapes shall be laid with overlapping 50 mm wide at least. 

When using signaling tape the laying cable in a trench on a bed, padding of cables with the first layer of soil and laying the tape including its padding by a layer of soil along all its length must be carried out in the presence of a representative of the electrical assembly organization and the electric mains’ owner. 

2.3.84. The depth of laying cable lines from a level mark must be not less than: for lines up to 20 kV – 0.7 m; at crossing of streets and squares regardless of the voltage - 1 m.

Cable oil-filled lines of 110-220 kV must be laid at a depth of 1.5 m from the level mark.
The depth can be reduced to 0.5 m at sections of up to 5 m long at entries of lines to buildings, as well as at places where they cross underground utilities provided the cables are protected from mechanical damage (for example, laying in conduits). 

On farm lands cable lines of 6-10 kV must be laid at a depth of not less than 1 m; in this case the strip of land above the route may be used for crops.

2.3.85. The clear distance of a cable laid directly in soil to the foundations of buildings and structures must be not less than 0.6 m. Laying cables directly in soil under the foundations of buildings and structures is not allowed. When laying transit cables in basements and crawlways of residential and public buildings SNiP of the Russian Federation Construction Committee should be used as guidance. 

2.3.86. When laying cable lines in parallel, the clear horizontal distance between cables must be not less than: 

1) 100 mm between power cables up to 10 kV as well as between them and control cables;

2) 250 mm between cables of 20-35 kV as well as between them and other cables;

3) 500 mm* between cables used by different organizations as well as between power cables and communication cables;

________________

* Agreed with Ministry of Communications of the USSR.

4) 500 mm between oil-filled cables of 110-220 kV and other cables; in this case the low pressure cable oil-filled lines shall be separated one from another and from other cables by reinforced concrete slabs set on edge; besides, electromagnetic influence on communication cables should be calculated.
If needed, it is allowed upon agreement with the operators and with local conditions taken into account to reduce the distances presented in clauses 2 and 3 to 100 mm, and between power cables up to 10 kV and communication cables, except for cables with circuits multiplexed by high frequency systems of telephone communications, to 250 mm, if the cables are protected against damage that may occur during a short circuit in one of the cables (laying in conduits, installation of incombustible partitions etc.).
The distance between control cables shall not be rated.

2.3.87. When laying cable lines in planting areas the distance from cables to tree trunks must be, as a rule, not less than 2 m. Upon agreement with the organization supervising the green belts it is allowed to reduce this distance provided the cables are laid in conduits placed by digging. 

When laying cables within the green belt with bushes the said distances may be reduced to 0.75 m. 

2.3.88. When laying in parallel the horizontal clear distance from cable lines with voltage up to 35 kV and oil-filled cable lines to pipelines, water lines, canalization and drainage lines must be not less than 1 m; to gas pipelines of low (0.0049 MPa), middle (0.294 MPa) and high (more than 0.294 to 0.588 MPa) pressure – not less than 1 m; to gas pipelines of high pressure (more than 0.588 to 1.176 MPa) - not less than 2 m; to heat pipelines -see 2.3.89.

In space-limited environments it is allowed to reduce the said distances for cable lines up to 35 kV, except for distances to pipelines with combustible liquids and gases, to 0.5 m without special protection of cables, and to 0.25 m when laying cables in conduits. For oil-filled cable lines of 110-220 kV in an area of convergence 50 m long at most, it is allowed to reduce the clear horizontal distance to pipelines, except for pipelines with combustible liquids and gases, to 0.5 m, provided a protective wall preventing mechanical damage is installed between oil-filled cables and a pipeline. Laying cables in parallel above and under pipelines shall not be allowed.

2.3.89. When laying a cable line in parallel with a heat pipeline, the clear distance between the cable and the wall of the heat pipeline channel must be not less than 2 m or the heat pipeline in all area of convergence with the cable line must have such heat-insulation that additional heating of the earth by the heat pipeline at the place of cable passage does not exceed at any time of year 10 °С for cable lines up to 10 kV and 5 °С – for cable lines of 20-220 kV.

2.3.90. When laying cable lines in parallel with rail roads the cables must, as a rule, be placed outside of the restricted zone of road. Laying cables within a restricted zone is allowed upon agreement with the organizations of the Ministry of Railways; at this, the distance from the cable to the railroad axis must be not less than 3.25 m, and for an electrified railroad – not less than 10.75 m. In space-limited environments it is allowed to reduce the said distances; in this case cables in the area of convergence must be laid in blocks and conduits.

For DC electrified railroad blocks and conduits must be insulating (asbestos-cement ones, impregnated by petroleum tar or bitumen etc)*.
__________________

* Agreed with Ministry of Railways.

2.3.91. When laying cable lines in parallel with street railways, the distance from the cable to the axis of a street railway must be not less than 2.75 m. In space-limited environments it is allowed to reduce the said distance, provided the cables in all sections of convergence are laid in insulating blocks and conduits specified in 2.3.90.

2.3.92. When laying a cable line in parallel with motor roads of categories I and II (see 2.5.145) cables must be placed on the outer side of a drain ditch or embankment foot at a distance of not less than 1 m from the edge and not less than 1.5 m from the curbstone. The reduction of the said distance is allowed for every particular case by agreement with the existing road departments. 

2.3.93. When laying a cable line in parallel with a high-voltage line of 110 kV and higher, the distance from the cable to a vertical plane passing through the outer wire of the line must be not less than 10 m.
The clear distance from a cable line to grounded parts and grounding electrodes of the supports of high-voltage lines higher than 1 kV must be not less than 5 m at voltage up to 35 kV and 10 m at voltage of 110 kV and higher. In space-limited environments the distance from cable lines to underground parts and grounding electrodes of the individual supports of high-voltage lines higher than 1 kV may be not less than 2 m; in this case, the distance from the cable to the vertical plane passing through the high-voltage line wire shall not be rated.

The clear distance from a cable line to the support of a high-voltage line up to 1 kV must be not less than 1 m; when a cable is laid in the area of convergence in a conduit – 0.5 m.

In the territory of electric generating plants and substations in space-limited environments it is allowed to lay cable lines at a distance of not less than 0.5 m from the underground parts of the supports of overhead lines (current distributors) and high-voltage lines higher than 1 kV, if grounding devices of these supports are connected to the grounding contour of substations.

2.3.94*. When cable lines cross other cables, they must be separated by a layer of soil at least 0.5 m thick; in space-limited environments this distance for cables up to 35 kV may be reduced to 0.15 m provided the cables in all area of crossing plus 1 m to each side are divided by slabs or pipes of concrete or another material equal in strength; in this case communication cables must be located above the power cables.
___________________

* Agreed with Ministry of Communications of the USSR.

2.3.95. When cable lines cross pipelines, including oil and gas pipelines, the distance between cables and a pipeline must be not less than 0.5 m. This distance may be reduced to 0.25 m, if at the place of crossing plus 2 m at least to both sides the cable is laid in conduits. 
When a cable oil-filled line crosses pipelines, the clear distance between them must be not less than 1 m. For space-limited environments it is allowed to assume the distance of not less than 0.25 m provided the cables are placed in conduits or reinforced concrete trays with a cover.

2.3.96. When cable lines up to 35 kV cross heat pipelines, the clear distance between cables and the cover of a heat pipeline must be not less than 0.5 m, and in space-limited environments – not less than 0.25 m. In this case in the area of crossing plus 2 m to each side from outer cables the heat pipeline must have such heat-insulation that the soil temperature does not increase by more than 10 °С by comparison with the highest summer temperature and by 15 °С by comparison with the lowest winter temperature.

When such conditions can not be observed, one of the following measures must be taken: laying cables at a depth of 0.5 m instead of 0.7 m (see 2.3.84); use of an inserted cable of a larger section; laying cables under a heat pipeline in conduits at a distance from it of not less than 0.5 m; in this case conduits must be placed so that replacement of cables can be carried out without excavations (for example, insertion of pipe ends in chambers).

When a cable oil-filled line crosses a heat pipeline, the clear distance between cables and the cover of a heat pipeline must be not less than 1 m, and in space-limited environments – not less than 0.5 m. In this case in the section of crossing plus 3 m to each side from outer cables the heat pipeline must have such heat-insulation that the soil temperature does not increase by more than 5 °С at any time of year.

2.3.97. When cable lines cross railroads and motorways, the cable must be laid in tunnels, blocks and conduits on all the width of a restricted zone not less than 1 m from the road bed and not less than 0.5 m from the bottom of drainage ditches. If the restriction zone is not available the said conditions of laying must be observed only in the area of crossing plus 2 m on both sides of the road bed.

When cable lines cross DC* electrified or to be electrified railroads, block and conduits must be the insulating ones (see 2.3.90). The place of crossing must be at a distance of not less than 10 m from switches, frogs and places of connection to rails of return conductors. Intersection of cables with tracks of electrified rail transport must be arranged at an angle of 75-90° to the track axis.

________________

* Agreed with the Ministry of Railways.

The ends of blocks and conduits must be sealed with jute braided ropes coated by waterproof (beat) clay to a depth of not less than 300 mm.

When crossing dead end roads of industrial purpose with little traffic as well as special tracks (for example, on slips etc.) cables, as a rule, must be buried directly in the ground.

When crossing cable lines of a newly constructed not-electrified railroad or a motor road replacement of the existing cables shall not be required. At the place of crossing a required number of spare blocks and conduits with tightly sealed ends must be laid for cases of cable repairs.

If a cable line turns into an overhead line the cable must come out to the surface at a distance of not less than 3.5 m from the embankment foot or the road bed edge. 

2.3.98. When cable lines cross street railways cables must be laid in insulating blocks or conduits (see 2.3.90). Crossing must be arranged at a distance of not less than 3 m from switches frogs and places of connection to rails of return conductors.

2.3.99. When cable lines cross vehicle entries to yards, garages etc., cables must be laid in conduits. At the places of crossing of brooks and ditches cables must be protected in the same way. 

2.3.100. When installing cable joints in cables lines, the clear distance between the enclosure of a cable joint and the closest cable must be not less than 250 mm.
When laying cable lines along semi-steep routes, installation of cable joints in lines is not recommended. If there is need to install cable joints in such areas horizontal grounds must be made under them. 

To make resetting of joints possible in case of their damage spare cable must be provided in the cable line on both sides of joints.

2.3.101. If on the cable line route there are stray-currents of hazardous values it is necessary to:

1. Change the cable line route to bypass hazardous areas.

2. If the change of a route is impossible: take measures for maximum reduction of stray-current level; use cables with increased resistance to corrosion; arrange active protection of cables against electrocorrosion impact. 

When burying cables in aggressive soils and in areas with stray-currents of inadmissible values, cathodic polarization must be used (installation of electrodrainages, protectors, cathodic protection). Using any methods of connection of electrodrainage devices, the standards of voltage difference in the areas of return stipulated by SNiP 3-04.03-85 Protection of Building Constructions and Structures against Corrosion of the Russian Federation Construction Committee must be complied with. The use of cathodic protection by external current for cables laid in saline soils or salty reservoirs is not recommended.

The need to protect cable lines from corrosion must be determined with the use of aggregative data of electric measurements and chemical analysis of soil samples. The protection of cable lines against corrosion must not create conditions hazardous for adjoining underground structures. The planned measures for protection against corrosion must be implemented prior to commissioning a new cable line. In the presence of stray-currents in earth it is necessary to install on cable lines check points at places and at distances allowing to determine the borders of hazardous zones which is needed for subsequent rational selection and location of protection facilities.
For monitoring voltage potentials in cable lines it is allowed to use the places of outputs of cables to transformer substations, switchboards etc. 

LAYING CABLE LINES IN CABLE BLOCKS, CONDUITS AND REINFORCED CONCRETE TRAYS
2.3.102. For fabrication of cable blocks as well as for laying cables in conduits it is allowed to use steel, cast iron, asbestos-cement, concrete, ceramic and other similar conduits. When selecting the material for blocks and conduits the level of ground water and their aggressivity as well as the presence of stray-currents should be taken into account. 

Low pressure oil-filled one-phase cables have to be laid only in asbestos-cement and other conduits of nonmagnetic material; in this case, every phase must be laid in a separate conduit.

2.3.103. The admissible number of channels in blocks, distance between them and their size must be assumed according to 1.3.20.

2.3.104. Each cable block must have up to 15% of spare channels, but not less than one channel.

2.3.105. The depth of laying cable blocks and conduits in ground must be assumed as per local conditions, but it must be not less than distances presented in 2.3.84 counting to the upper cable. The depth of laying cable blocks and conduits in enclosed areas and in floors of production rooms shall not be rated.

2.3.106. Cable blocks must have an inclination of not less than 0.02% towards pits. The same inclination must be observed when laying conduits for cables.

2.3.107. When laying conduits for cable lines directly into the ground, the minimum clear distances between conduits and between them and other cables and structures must be assumed as for cables laid without conduits (see 2.3.86).

When laying cable lines in conduits in a room floor, distances between them shall be assumed as for laying in ground.
2.3.108. At places where the direction of the route of a cable line laid in blocks changes as well as at places where cables and cable blocks go underground, cable pits, making pulling of cables and their removal from blocks easy, must be constructed. Such pits must be also constructed at right-lined sections of a route; they must be spaced with maximum allowed tension of cables taken into account. With the number of cables up to 10 and voltage not higher than 35 kV, the passage of cables from blocks into ground may be arranged without cable pits. In this case, the places of cable exit from blocks must be sealed by a waterproof material. 

2.3.109. The passage of cable lines from blocks and conduits into buildings, tunnels, basements etc. must be arranged by one of the following methods: direct input in them of blocks and conduits, construction of pits and blind areas inside buildings or chambers at their external walls.

Measures must be taken to prevent penetration through conduits or apertures of water and small animals from trenches to buildings, tunnels etc.

2.3.110. Channels of cable blocks, conduits, output from them as well as joints must have neat and clean surface to prevent mechanical damage of cable sheaths during pulling. At outputs of cables from blocks to cable structures and chambers measures must be taken to prevent abrasion and cracking of sheaths (use of elastic liners, observance of required radii of bends etc.). 

2.3.111. At high levels of ground water around outdoor switchgears preference should be given to surface methods of cable laying (in trays or ducts). Surface trays and slabs for their covering must be made of reinforced concrete. Trays must be laid on special concrete bases with inclination of not less than 0.2% along the leveled route in a way not to prevent drainage of storm water. If at the bottom of surface trays there are apertures ensuring drainage of storm water, inclination is not required. 

When using cables trays for laying cables, passage through the territory of an outdoor switchgear and access to the equipment of machines and plant required for repair and maintenance must be arranged. For this purpose there must be arranged crossings with reinforced concrete slabs across trays with load of passing transport taken into account; trays must be kept on the same level. When using cable trays it is not allowed to lay cables under roads and crossings in conduits, channels and trenches, located below the trays.

Output of cables from trays to control and protection cabinets must be carried out in conduits not buried in ground. Jumper cables within one cubicle of an outdoor switchgear may be laid in a trench; in this case, the use of conduits for protection of cables at places of their running to control and relay protection cabinets is not recommended. Protection of cables against mechanical damage must be achieved by other methods (use of angles, channels etc.).

LAYING CABLE LINES IN CABLE STRUCTURES 

2.3.112. Cables structures of all types must be made taking into account a possibility of laying additional cables in the amount of 15% of the number of cables stipulated by the design (replacement of cables during assembling, additional laying during subsequent use etc).
2.3.113. Cable levels, tunnels, galleries, racks and chutes must be separated from other rooms and adjoining cable structures by incombustible partitions and inserted floors with fire resistance rating not less than 0.75 h. The same partitions must be used to divide extended tunnels into compartments 150 m long at most where power and control cables are utilized, and 100 m long at most where oil-filled cables are laid. The area of each compartment of a double floor must be not more than 600 m2.

Doors in cable structures and partitions with fire resistance rating of 0.75 h must have fire resistance rating not less than 0.75 h in electrical installations listed in 2.3.76, and 0.6 h – in the rest of electrical installations.

Exits from cable structures must be outside or to rooms of production categories D and E. The number and location of exits must be determined on the basis of local conditions, but there must be not less than two exits. If the length of a cable structure does not exceed 25 m, it is allowed to have only one exit.

The doors of cable structures must be self-closing with sealed frame ledges. Exit doors from cable structures must open outside and have locks unlocked from inside of cable structures without a key; doors between compartments must open in the direction of the closest exit and must be equipped with devices maintaining them in closed position.

Accessible cable racks with servicing manways must have entries with ladders. The distance between entries must be not more than 150 m. The distance from the end of a rack to the entry to it must not exceed 25 m.

Entries must have doors preventing free excess on racks to people not involved in servicing of the cable grid. Doors must be fitted with self-locking locks unlocked without a key from the internal side of the rack.

The distance between entries into a cable gallery with cables of not more than 35 kV must not exceed 150 m, for galleries with oil-filled cables – 120 m.

Outdoor cable racks and galleries must have the main bearing building structures (columns, beams) of reinforced concrete with fire resistance rating of not less than 0.75 h, or of rolled steel – not less than 0.25 h. 

The bearing structures of buildings and constructions which may dangerously distort or loose mechanical strength during burning of a group (bundle) of cables laid near these constructions on outdoor cable racks and galleries must have protection ensuring fire resistance rating of protected constructions 0.75 h at least.  

Cable galleries must be divided into compartments by incombustible fire-proof partitions with fire resistance rating 0.75 h at least. The length of gallery compartments must not exceed 150 m, if cables up to 35 kV are laid in them, and 120 m when laying oil-filled cables. Outdoor cable galleries closed partially are not covered by these requirements. 

2.3.114. In tunnels and channels measures must be taken to prevent ingress of process water and oil as well as to ensure drainage of ground and storm water. Their floors must have a slant of not less than 0.5% towards water collecting headers or storm drainage. Passage from one compartment of a tunnel to another if they are located on different levels must be arranged using access ramp with the angle of ascent not higher than 15°. Construction of steps between compartments of tunnels is prohibited.

In cable channels constructed outdoors and located above the level of ground water, an earth bottom with the drain bedding of packed gravel or sand 10-15 mm thick is allowed.
Tunnels must be fitted with drainage facilities; in this case, the equipment for their automatic startup depending on water level is recommended. Startup units and electrical motors must be of version allowing their operation in especially damp places.
At passages of an accessible rack and gallery from one elevation to another an access ramp with inclination of not more than 15° must be constructed. As an exception, it is allowed to construct a ladder with inclination 1:1.
2.3.115. Cable channels and double floors in switchgears and rooms must be covered with removable incombustible slabs. In electrical equipment rooms and other similar rooms, it is recommended to cover channels with corrugated iron, and in control board rooms with parqueted floor – by wooded boards with parquet protected from below by asbestos with tin-plate on it. Covering of channels and double floors must be rated for movement on it of appropriate equipment.
2.3.116. Outdoor cable channels must be covered on top of removable slabs with a layer of soil 0.3 m thick at least. In fenced areas covering of cable channels with soil on top of removable slabs is not mandatory. The weight of an individual slab to be removed manually must not exceed 70 kg. Slabs must have gadgets for lifting. 

2.3.117. In areas where molten metal, high temperature liquids or substances damaging cable metal sheaths may be spilled, construction of cable channels is not allowed. In said areas manholes shall be installed neither in headers nor in tunnels.

2.3.118. Outdoor underground tunnels must have a layer of soil 0.5 m thick at least on the top of the cover. 

2.3.119. When laying cables and heat pipelines together in cable structures additional heating of air by a heat pipeline at the place of location of cables must not exceed 5°С at any time of year; for this purpose ventilation and heat insulation must be used for pipes.
2.3.120. It is recommended to lay cables in cable structures with whole factory lengths; cables must be placed in structures in accordance with the following:
1. Control cables and communication cables should be located only under or above power cables; in addition, they should be divided by a partition. At places of connection and tapping it is allowed to lay control cables and communication cables above and under power cables.

2. Control cables may be laid near power cables up to 1 kV.

3. It is recommended to lay power cables up to 1 kV above cables higher than 1 kV; in this case, they should be divided by a partition.

4. Different groups of cables: it is recommended to lay operating and emergency cables higher than 1 kV of generators, transformers etc. feeding electrical appliances of I category at different horizontal levels and divide them by partitions. 

5. Dividing partitions presented in clauses 1, 3, and 4 must be of incombustible materials with fire resistance rating not less than 0.25 h.

When using an automatic fire-fighting system with air-mechanical foam or sprayed water, the partitions given in clauses 1, 3 and 4 may not be installed.
On outdoor cable racks and outdoor partially enclosed cable galleries installation of dividing partitions, presented in clauses 1, 3 and 4, shall not be required. In this case, cable lines under mutual redundancy (except for lines to electrical appliances of special group of I category) should be laid with a distance between them of 600 mm; it is recommended to locate them as follows: on racks - on both sides of a longitudinal bearing structure (beam, girder); in galleries – on both sides of the passage.

2.3.121. Oil-filled cables should be laid, as a rule, in separate cable structures. It is allowed to lay them together with other cables; in this case, oil-filled cables should be located in lower part of a cable structure and separated from other cables by horizontal partitions with fire resistance rating of not less than 0.75 h. Such partitions should be used for separation of cable oil-filled lines one from another.
2.3.122. The necessity of use and scope of automatic stationary fire detection and extinguishing means in cable structures must be determined on the basis of duly approved departmental documents.

In close vicinity to an entry, manholes and ventilation shafts (within a radius of not more than 25 m) fire cocks must be installed. For racks and galleries fire hydrants must be located so that the distance from any point of a rack or a gallery route to the closest hydrant does not exceed 100 m.

2.3.123. In cable structures control cables and power cables with a section of 25 mm2 and more except for unarmored cables in lead sheath should be laid on cable constructions (consoles). 

Control unarmored cables, power unarmored cables with a lead sheath and unarmored power cables of any version with a section of 16 mm2 and less should be laid in trays or on partitions (continuous or discontinuous).

It is allowed to lay cables at the bottom of a channel if its depth does not exceed 0.9 m; in this case, the distance between a group of power cables higher than 1 kV and a group of control cables must be not less than 100 mm, or these groups of cables must be divided by an incombustible partition with fire resistance rating of not less than 0.25 h.

Distances between individual cables are given in table 2.3.1.
Backfilling of power cables laid in channels with sand is prohibited (for exception see 7.3.110).

In cable structures the height, width of passages and distance between structures and cables must be not less than the values, presented in table 2.3.1. By comparison with distances given in the table, local narrowing of passages to 800 mm or decrease of height to 1.5 m at a length of 1 m with appropriate decrease of the distance between cables in vertical plane if structures are located both on one side and both sides are allowed. 

Table 2.3.1. Minimum distance for cable structures

	
	Minimum dimensions, mm 

during laying 

	Distance 
	in tunnels, galleries, on cable levels and on racks


	in cable channels and double floors 

	Clear height 
	1,800 
	Not limited, but not more than 1,200 mm



	Clear horizontal distance between structures with installation on both sides (passage width)
	1,000 
	300 with a depth of up to 0.6 m; 450 with a depth of more than 0.6 to 0.9 m; 600 with a depth of more than 0.9 m



	Clear horizontal distance from the structure to the wall with installation on one side (passage width)


	900 
	Idem 

	Vertical distance between horizontal structures*.


	
	

	for power cables with voltage:


	
	

	up to 10 kV


	200 
	150 

	20-35 kV

	250 
	200 

	110 kV and higher


	300**
	250 

	for control cables and communication cables as well as for power cables with section up to 3 x 25 mm2 and voltage up to 1 kV


	100 

	Between bearing constructions (consoles) along the length of the structure


	800-1,000 

	Clear vertical and horizontal distance between individual power cables with voltage up to 35 kV*** 


	Not less than the cable diameter 

	Horizontal distance between control cables and communication cables***


	Not rated 

	Clear horizontal distance between cables with voltage of 110 kV and higher


	100 
	Not less than the cable diameter 

	____________________

* Usable length of a console must be not more than 500 mm at straight sections of the route.

** When cables are located in a triangle 250 mm. 

***Including for cables laid in cables chutes.




2.3.124. Control cables may be laid in bundles on trays or in many layers in metal ducts provided the following conditions are observed:

1. The external diameter of a cable bundle must not exceed 100 mm.

2. The height of layers in one duct must not exceed 150 mm.

3. Only cables with sheaths of the same types must be laid in bundles and in many layers.
4. Cables in bundles, many layers in ducts, cable bundles to trays should be fastened so as to prevent distortion of cable sheaths under the effect of their own weight and fastener weight.

5. For the purpose of fire safety flame arresting belts must be installed inside ducts: at vertical sections – at a distance of not more than 20 m as well as at places of passage through inserted floors, at horizontal sections – at places of passage through partitions.

6. Spare capacity of not less than 15% of total capacity of ducts should be provided in each direction of a cable route.

Laying power cables in bundles and in many layers shall not be allowed.
2.3.125*. At places with a large number of underground utilities it is allowed to construct semi-accessible tunnels with a height reduced by comparison with the height specified in table 2.3.1, but not less than 1.5 m, provided the following requirements are observed: cable line voltage must be not more than 10 kV; tunnel length must be not more than 100 m; the rest of distances must correspond to the distances presented in table 2.3.1; exits and manholes must be available at the ends of tunnels.
___________________

* Agreed with the Central Committee of the electric generating plants and electrical industry trade-union. 

2.3.126. Low pressure oil-filled cables must be fastened on metal constructions in a way to prevent formation of magnetic contours around the cables; the distance between places of fastening must be not more than 1 m.

Steel pipelines of high pressure cable oil-filled lines may be laid on supports or hung on suspensions; the distance between supports or suspensions shall be specified by the design. In addition, pipelines must be fastened on fixed supports to prevent occurrence of temperature deformations in pipelines during operation.

Loads taken by supports from pipeline weight must not cause displacement or deterioration of support foundations. The number of the said supports and places of their location shall be specified by the design.

The mechanical supports and fasteners of branching devices in high pressure lines must prevent swaying of branch conduits, formation of closed magnetic contours around them; at places of fastening and contacts of supports insulating liners must installed.
2.3.127. The height of cable pits must be not less than 1.8 m; the height of chambers shall not be rated. Cable pits for straight-through, stop and semi-stop joints must have sizes to ensure installation of joints without excavations.

Riverside pits at submerged crossings must have sizes insuring installation of emergency cables and feeding devices.

At the bottom of a pit a drainage pit must be constructed for collection of ground and storm water; also a water-removing device must be installed in accordance with the requirements presented in 2.3.114.

Cable pits must be fitted with metal ladders.

In cable pits cables and straight-through joints must be laid on structures, trays and partitions.

2.3.128. The manholes of pits and tunnels must have a diameter of not less than 650 mm and closed by double metal covers; the lower one must have a locking device openable from the tunnel side without a key. Covers must have gadgets for their removal. Inside rooms the second cover is not required.

2.3.129. On straight-through joints of power cables with voltage of 6-35 kV in tunnels, on cables levels and in channels special protection enclosures for fire and explosion isolation that may occur as a result of voltage breakdown in joints must be installed.

2.3.130. End bells of high pressure cable oil-filled lines must be located in rooms with positive air temperature or fitted with an automatic heating system if surrounding air temperature drops lower than +5°С.

2.3.131. When laying oil-filled cables in galleries it is necessary to envisage heating of galleries in accordance with the specifications for oil-filled cables. 

Rooms of high pressure line oil-filled units must have natural ventilation. Underground feeding units may be combined with cable pits; in this case, the pits must be fitted with water-removing devices in accordance with 2.3.127.

2.3.132. Cable structures except for racks, pits for straight-through joints, channels and chambers, must be fitted with natural or artificial ventilation; in this case, ventilation of each compartment must be independent. 

The calculation of cable structure ventilation shall be carried out on the basis that the difference between temperatures of incoming and removed air is not more than 10°С. In this case, formation of hot air pockets in narrow sections of tunnels, turns, by-passes etc. must be prevented.
Ventilation devices must be equipped with dampers (shutters) to interrupt income of air in case of inflammation as well as to prevent freezing of a tunnel in winter. The version of ventilation devices must make possible the use of automatic interruption of air access into structures.

When laying cables inside rooms, overheating of cables due to increased surrounding air temperature and impact of process equipment must be prevented. 

Cable structures, except for pits for straight-through joints, channels, chambers and exposed racks must be fitted with electrical lighting and the main to supply power to portable lamps and tools. At thermal power plants the main to supply power to tools may not be arranged.
2.3.133. Cables in headers, process galleries and on process racks shall be laid in accordance with the requirements of SNiP of the Russian Federation Construction Committee. 

Minimum clear distances from cable racks and galleries to buildings and structures must correspond to the values presented in table 2.3.2.

Intersection of cable racks and galleries with overhead power transmission line, interplant railroads and motor roads, fire lanes, cableways, overhead communication and radio lines and pipelines is recommended at an angle of 30° at least.

Table 2.3.2. Minimum distance from cable racks and galleries to buildings structures

	Structure 
	Rated distance 
	Minimum dimensions, m



	Laying in parallel, in horizontal plane



	Buildings and structures with blank walls 
	From the construction of a rack and gallery to the wall of a building and structure


	Not rated 

	Buildings and structures having walls with apertures


	Idem 
	2 

	Interplant 
non-electrified railroad  
	From the construction of a rack and gallery to building safety margin 
	1 m for galleries and accessible racks; 3 m for nonaccessible racks



	Interplant motor road and fire lane


	From the construction of a rack and gallery to the curbstone, external edge or foot of a road drain ditch  
	2 

	Cableway 
	From the construction of a rack and gallery to hauling stock safety margin


	1 

	Elevated pipeline 
	From the construction of a rack and gallery to the closest parts of a pipeline


	0.5 

	Overhead power transmission line 
	From the construction of a rack and gallery to wires 


	See 2.5.114 

	At intersection, in vertical plane



	Interplant non-electrified railroad


	From the lower level of a rack and gallery to the rail head  
	5.6 

	Interplant electrified railroad 
	From the lower level of a rack and gallery:
	

	
	to the railhead 
	7.1



	
	to the highest wire or the suspension strand of an overhead contact system


	3 

	Interplant motor road (fire lane)


	From the lower level of a rack and gallery to the motor road bed (fire lane) 


	4.5 

	Elevated pipeline 
	From the construction of a rack and gallery to the closest parts of a pipeline


	0.5 

	Overhead power transmission line

	From the construction of a rack and gallery to wires  
	See 2.5.113 

	Overhead communication and radio line

	Idem 
	1.5 


For location of racks and galleries in explosion hazard areas – see chapter 7.3, for location of racks and galleries in fire hazard areas – see chapter 7.4. 

When racks and galleries are installed in parallel with overhead communication and radio lines, minimum distance between cables and wires of communication and radio lines shall be determined on the basis of influence of cable lines on communication and radio lines. Communication and radio wires may be located under and above racks and galleries.

Minimum height of a cable rack and gallery of the area of an industrial enterprise closed for traffic shall be assumed on the basis of possibility of laying lower rows of cabled at a level of not less than 2.5 m from the ground grade level.

LAYING CABLE LINES IN PRODUCTION ROOMS 

2.3.134. When laying cable lines in production rooms the following requirements must be complied with:

1. Cables must be accessible for repair, and exposed cables – for examination as well.

Cables (including the armored ones) located at places where machinery, equipment, loads are moved and where there is traffic must be protected against damage in accordance with the requirements presented in 2.3.15.
2. Clear distance between cables must correspond to the value presented in table 2.3.1.

3. The distance between power cables and any pipelines laid in parallel must, as a rule, be not less than 0.5 m, and between pipelines with combustible liquids – not less than 1 m. At lower convergence distances and at intersections, cables must be protected against mechanical damage (by metal conduits, enclosures etc.) in all the area of convergence plus 0.5 m from its both sides; if necessary, protection from overheating must be provided.

Cables must cross passages at a height of not less than 1.8 m from the floor.

Parallel laying cables above and under oil lines and pipelines with combustible liquid in vertical plane is not allowed.

2.3.135. In the floor and inserted floors cables must be laid in channels and conduits; cables shall not be totally enclosed in them. Cables may pass through inserted floors and internal walls in conduits and apertures; after laying cables, clearances in conduits and apertures must be filled up with easy breached incombustible material.

Laying cables in air shafts is prohibited. Intersection of these shafts with individual cables laid in conduits shall be allowed.

Exposed cables shall not be laid on staircases.

LAYING SUBMERGED CABLE LINES

2.3.136. When cable lines cross rivers, canals etc. cables must be laid mainly in the areas with bottom and banks vulnerable to erosion to a small extent (for crossing of brooks see 2.3.46). When laying cables across rivers with unstable bed and banks vulnerable to erosion, cables must be buried into the bottom with local conditions taken into account. The depth of cable burying shall be specified by the design. Laying cables in the areas of landing stages, berths, harbors, ferry crossings as well as winter regular moorage of ships and barges is not recommended.
2.3.137. When laying cable lines at sea, data regarding depth, speed and type of water movement at the place of passage, prevailing winds, profile and chemical composition of the bottom, chemical composition of water must be taken into account.

2.3.138. Cable lines must be laid on the seabed in a way they don’t be in suspension at uneven places; sharp projections must be removed. Shallow waters, rock ridges and other submerged bearings on the route should be avoided or trenches or passages must be dug in them.
2.3.139. When cable lines cross rivers, canals etc. cables, as a rule, they must be buried into the bottom to a depth of not less than 1 m in the areas near banks and shallow-water areas as well as on navigable and floatable routes; for cable oil-filled lines this value makes up 2 m.
In reservoirs where dredging operations are carried out on regular basis, cables shall be buried in the bottom to a depth determined by agreement with water transport organizations. 

When laying cable oil-filled lines of 110-220 kV in navigable rivers and canals for their protection against mechanical damage it is recommended to fill up trenches with sand bags with subsequent covering by stones.

2.3.140. It is recommended to assume the distance between cables buried into the bottom of rivers, canals etc. with a width of the reservoir up to 100 m as 0.25 m at least. Newly constructed underwater cable lines should be laid at a distance from the operating cable lines of not less than 1.25 of the reservoir depth calculated for multi-year average water level.
When laying low pressure cables underwater at a depth of 5-15 m and at current speed not exceeding 1 m/s, it is recommended to assume the distance between separate phases (without special fasteners of phases between each other) not less than 0.5 m, and the distance between the utmost cables of parallel lines – not less than 5 m.
When laying lines underwater at a depth of more than 15 m as well as at current speed more than 1 m/s, the distance between separate phases and lines shall be assumed in accordance with the design.

When laying underwater parallel cable oil-filled lines and lines up to 35 kV, the clear horizontal distance between them must be not less than 1.25 of the depth calculated for multi-year average water level, but not less than 20 m.
Horizontal distance from cables buried into the bottom of rivers, canals and other reservoirs to pipelines (oil pipelines, gas pipelines etc.) shall be specified by the design depending on the type of dredging operations carried out while laying pipelines and cables and must not be less than 50 m. It is allowed to reduce this distance to 15 m upon agreement with organizations under whose supervision the cable lines and pipelines are.

2.3.141. On banks without improved quays at the place of underwater cable passage spare cables 10 m long at least when laid in rivers, and 30 m long at least when laid in seas must be provided; the cables shall be laid in the shape of the figure "eight". On improved quays cables must be laid in conduits. At the place of the cable output cable pits must be constructed as a rule. The upper end of the conduit must enter in the bank pit, and the lower end must be located at a depth of not less than 1 m from the lowest level of water. In banks areas conduits must be tightly sealed.

2.3.142. At places where the bed and banks are vulnerable to washing, measures must be taken to protect cables from exposure during ice flow and floods through bank consolidation (paving, bumper dikes, piles, grooves, slabs etc.).

2.3.143. Intersection of cables under water is prohibited.

2.3.144. Underwater cable passages must be marked on banks with signal signs according to applicable rules of navigation on internal navigable paths and in sea straits.

2.3.145. When laying underwater three or more cables up to 35 kV, one emergency cable must be used for three operational ones. When laying in water cable oil-filled lines of one-phase cables, spare phases must be envisaged: for one line - one phase, fro two lines - two phases, for three and more - as per the design, but not less then two phases. Spare phases must be laid so that they can be used instead of one of the operating working phases. 

LAYING CABLE LINES ON SPECIAL STRUCTURES

2.3.146. On stone, reinforced concrete and metal bridges cable lines must be laid under the footway part of the bridge in channels or separate for each cable incombustible conduits; measures must be taken to prevent drainage of storm water through these conduits. On metal and reinforced concrete bridges and at approaches to them it is recommended to lay cables in asbestos-cement conduits. At places of passage from bridge structures to the earth it is also recommended to lay cables in asbestos-cement conduits. 

When laid on metal and reinforced concrete bridges all underground cables must be electrically isolated from the metal parts of a bridge. 

2.3.147. On wooden structures (bridges, berths, piers etc.) cable lines must be laid in steel conduits. 

2.3.148. At places of passage of cables through expansion joints and from bridge structures to abutments measures must be taken to prevent occurrence of mechanical forces in cables.
2.3.149. On dams, dikes, piers and berths cable lines may be laid directly in an earth trench provided the layer of earth is not less than 1 m.

2.3.150. Laying cable oil-filled lines on bridges is not allowed.

Chapter 2.4

Change introduced by the resolution of the Ministry of Fuel and Energy dated 13.07.98 (clause 2.4.6) 

OVERHEAD POWER TRANSMISSION LINES 

WITH VOLTAGE UP TO 1 kV 

SCOPE, DEFINITIONS 

2.4.1. The present chapter of the Code shall cover high-voltage lines up to 1 kV constructed with the use of uninsulated wires as well as tappings from these lines to inputs comprised with the use of insulated and uninsulated wires. This Code shall not cover high-voltage lines whose construction is specified by special codes and standards (overhead wiring of town electric transport etc.)

Additional requirements to high-voltage lines up to 1 kV are presented in chapters 6.3 and 7.7. 

Cable inserts in a line and stub cables from a line must be implemented in accordance with the requirements of chapter 2.3.

2.4.2. An overhead power transmission line up to 1 kV is a structure for transmission and distribution of electric energy through wires located outdoors and fixed using insulators and fixtures to supports or brackets, racks on buildings and engineering structures (bridges, viaducts etc.).

A tapping from a high-voltage line is a section of wires from the high-voltage line support to an input.

2.4.3. A normal mode of a high-voltage line up to 1 kV is a state of a high-voltage line with non-open wires. 

An emergency mode of a high-voltage line up to 1 kV is a state of a high-voltage line with open wires. 

GENERAL REQUIREMENTS
2.4.4. Mechanical calculation of a high-voltage line wires must be carried out according to the method of permissible voltages, and calculation of insulators and fixtures – according to the load-factor method. Calculation of supports and foundations shall be carried out as per the method of rated limit states in accordance with SNiP 2.01.07-85 Loads and Impacts of the Russian Federation Construction Committee. Design loads shall be determined in accordance with the present Code.

2.4.5. Overhead power transmission lines must be located so that supports do not obstruct entries to buildings and yards and do not impede vehicle and pedestrian traffic. At places with hazards of vehicle runover (at entries to yards, near descents from roads, at road intersections, etc) supports must be protected from runover (for example, with pole fenders).

2.4.6. On high-voltage line supports at a height of 2.5-3 m from the ground level there must be fixed (painted): serial number and year of a support installation, posters with the distance from the high-voltage line support to a communication cable line (on supports installed at a distance of less than the half of the height of the high-voltage line support to communication cables). Information signs with indication of the width of a high-voltage line guard band and the telephone number of the high-voltage line owner (see the appendix Requirements to Information Signs and their Installation).
2.4.7. Metal constructions, bands etc. on the high-voltage line supports must be protected against corrosion.

RATED CLIMATIC CONDITIONS
2.4.8. Climatic conditions for calculation of high-voltage lines must be assumed in accordance with the climatic zonation maps of Russia and regional maps as per wind pressure and ice coating thickness, and the values of standard wind pressure and ice coating thickness – based on recurrence rate of 1 time per 5 years and a height of wire hanging up to 12 m (see 2.5.24 and 2.5.31).

For high-voltage lines constructed at places protected from the impact of cross winds (settlements with abutting buildings, forest area and garden and park plants with the average height of buildings and trees not less than 2/3 of high-voltage line support height, valleys, ravines etc.) standard wind pressure should be assumed as per table 2.4.1.

When calculating wires for wind loads the direction of wind should be assumed at an angle of 90° to the high-voltage line. 

When calculating supports the direction of wind giving the most unfavorable combination of external forces acting on a support should be assumed.

Wind force on wires should be determined in accordance with 2.5.30.

The value of maximum air temperature shall be assumed on the basis of actual observation data, and the minimum temperature – on the basis of data of recurrence rate of 1 time per 5 years. These values shall be rounded up to values divisible by five.

2.4.9. High-voltage line wires should be calculated for operation in normal mode based on different climatic conditions as per wind and ice loads in accordance with 2.4.10. Ice coating thickness should be assumed equal to: 5 mm - in the I and II ice zones, 10 mm - in the III zone, 15 mm - in the IV zone and 20 mm and more – in the special ice zone.

Table 2.4.1. Standard wind pressure for high-voltage lines protected from the impact of cross winds

	Wind zone of Russia 
	Wind pressure, daN/m [image: image11.wmf]2

(kgf/m[image: image12.wmf]2

)


	Wind speed, m/s 

	I

	15.7 (16)
	16 

	II

	20.6 (21)
	18 

	III

	26.5 (27)
	21 

	IV

	34.3 (35)
	24 

	V

	44.1 (45)
	27 

	VI

	53.9 (55)
	30 

	VII

	68.6 (70)
	33 


2.4.10. When calculating high-voltage lines the following combinations of climatic conditions must be assumed:

1. Maximum temperature, no wind and ice.

2. Minimum temperature, no wind and ice.

3. Wires are covered with ice coating, temperature – minus 5 °С, no wind.

4. Standard wind pressure [image: image13.wmf]max

q

(see table 2.5.1), temperature – minus 5 °С, no ice.

5. Wires are covered with ice coating, temperature – minus 5°С, wind pressure - 0.25 [image: image14.wmf]max

q

(wind speed – 0.5 [image: image15.wmf]max

V

). In this case, for high-voltage lines in the IV and higher ice zone, wind pressure should be assumed equal to at least14.7 daN/m2.

For zones with an average annual temperature of minus 5°С and lower, the temperature in clauses 4 and 5 should be assumed equal to minus 10°С.

2.4.11. Check of convergence of wires with buildings, constructions and structures must be carried out based on standard wind speed and the maximum temperature.

WIRES, FIXTURES

2.4.12. For high-voltage lines one-core wires and stranded wires may be used; the use of unstranded wires is not allowed.

As per conditions of mechanical strength for high-voltage lines wires with a cross-section of not less than: aluminum – 16 mm2, aluminum-steel cable and bimetallic – 10 mm2, steel stranded – 25 mm2, steel one-core – 4 mm (diameter) should be used.

Single-core steel wires with a diameter of more than 5 mm and one-core bimetallic wires with a diameter of more than 6.5 mm may not be used. 

For tappings from high-voltage lines to inputs it is allowed to use uninsulated and insulated wires of grades and sections presented in table 2.4.2.

In areas with one-story buildings for tappings from high-voltage lines to inputs it is recommended to use wires with weather-resistant insulation. The length of a tapping from a high-voltage line to an input must be not more than 25 m. 

Physicomechanical characteristics of wires are presented in table 2.5.8.

2.4.13. Calculation of wire strength must be carried out for the following conditions: at maximum external load, at minimum temperature and absence of external loads. Permissible stresses in wires are presented in table 2.5.7.

2.4.14. Wires must be connected using jointing sleeves or welding (including thermic welding). Butt welding of single-core wires is not allowed. Single-core wires may be joined using twisting with subsequent brazing.

2.4.15. Connections subject to tension must have mechanical strength of not less than 90% of the wire strength limit. 

2.4.16. Wires of different metals or different sections must be joined only on supports with the use of adapter clamps. Adapter clamps and the sections of wires where such clamps are installed must not sustain mechanical forces from wire tension. 

Table 2.4.2. Minimum section or diameter of wires of tappings from high-voltage lines to inputs

	Wires 
	Minimum section or diameter of the wire in a span

	
	up to 10 m 
	more than 10

up to 25 m 

	Copper, self-supported (АВТ-1, АВТ-2 and others)


	4 mm 
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	6 mm 
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	Steel, bimetallic

	3 mm 
	4 mm 

	Aluminum and its alloys


	16 mm 
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	16 mm 
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2.4.17. Fastening of wires to insulators on high-voltage line supports must be single (see also 2.4.49, 2.4.51, 2.4.52 and 2.4.60). Fastening of wires to rod insulators should be made with wire bindings or clamps. The wires of tappings from high-voltage lines to inputs must have solid fastening.

2.4.18. The ultimate safety factor of hooks and rods must be not less than 2.

LOCATION OF WIRES ON SUPPORTS
2.4.19. It is allowed to locate phase wires on supports in any way regardless of the climatic condition zone. A neutral wire should, as a rule, be located below phase wires. The wires of external lighting laid on supports together with high-voltage line wires must, as a rule, be located above a neutral wire.

2.4.20. Safety fuses as well as protective, sectionalizing and other devices must be located below high-voltage line wires. 

2.4.21. Distances between wires on a support and within the span in terms of their convergence within the span at a maximum sag up to 1.2 m must be not less than:

a) when wires are located vertically and with horizontal displacement of not more than 20 cm: 40 cm in the I, II and III ice zones, 60 cm in the IV and special ice zones; 

b) when wires are located otherwise in all ice zones at wind speed with icing: up to 18 m/s - 40 cm, more than 18 m/s - 60 cm.

With maximum sag of more than 1.2 m the said distances must be increased proportionately with the ratio of maximum sag to sag equal to 1.2 m. 

The vertical distance between wires of different phases on a support with a tapping from a high-voltage line and intersection with different high-voltage lines on a common support must be not less than 10 cm. The distance between input insulators along their axes must be not less than 20 cm.

2.4.22. The horizontal distance between wires with down conductors on a support must make up not less than 15 cm. The distance from wires to the surface of a support, cross-arm or other elements of the support must be not less than 5 cm. 

INSULATION

2.4.23. The ultimate safety factor of rod insulators must be not less than 2.5.

2.4.24. At places of tappings from a high-voltage line many-groove or stand insulators should be used as a rule.

Neutral wires must be fixed on insulators.

OVERVOLTAGE PROTECTION, GROUNDING
2.4.25. In mains with an insulated neutral hooks and rods of phase wires installed on reinforced concrete supports as well as fixtures of these supports must be grounded. The resistance of a grounding device must not exceed 50 Ω.

In mains with a grounded neutral hooks and rods of phase wires installed on reinforced concrete supports as well as fixtures of these supports must be connected to the neutral wire.

Earthing leads must have a diameter of at least 6 mm.

Hooks and rods installed on wooden supports shall not be grounded, except for those that must be grounded as per conditions of protection against atmospheric overvoltage (see 2.4.46), as well as those installed on supports with second grounding of a neutral wire.

2.4.26. In a populated area with one- and two-story buildings, high-voltage lines not screened by industrial smoke-stacks and other pipes, lofty trees, buildings etc. must have grounding devices designed for protection from lightning overvoltage. The resistance of these grounding devices must not exceed 30 Ω, and the distances between them must not exceed 200 m for areas with the amount of storm hours per year up to 40; 100 m - for areas with the amount of storm hours per year more than 40.

In addition, grounding devices must be installed:
1. On supports with tappings to the inputs of buildings where a large number of people may be present (schools, public nurseries, hospitals etc.) or which have a big economic value (stock buildings, warehouses, workshops etc.).
2. On end supports of lines having tappings to inputs; in this case, the maximum distance from the adjoining protective grounding of these lines must be not more than 100 m for areas with the amount of storm hours per year from 10 to 40, and 50 m for areas with the amount of storm hours per year more than 40.

On wooden supports hooks and rods, and on reinforced concrete supports, in addition, fixtures must be connected to the said grounding devices.
For grounding devices for protection from atmospheric overvoltage in mains with a grounded neutral, grounding devices of second grounding of a neutral wire should be used where possible.

At places, indicated in clauses 1 and 2, it is also recommended to install valve-type arresters.
SUPPORTS
2.4.27. The following types of supports may be used for high-voltage lines:

1. Intermediate supports installed at direct sections of a high-voltage line route. In normal operation modes these supports must not take up forces directed along the high-voltage line. 

2. Anchor supports installed at places of intersections with different structures as well as at places of change of the number, grades and sections of wires. In normal modes of operation these supports must take up forces from difference of tension of wires directed along the high-voltage line. Anchor supports must have a rigid construction.

3. Corner supports installed at places of a high-voltage line route direction change. In normal operation modes these supports must take up the cumulative of tension of wires of adjoining spans.

4. End supports installed at the beginning and end of a high-voltage line as well as at places limiting inserted cables. They are supports of the anchor type and in normal operation modes of a high-voltage line they must take up one-way tension of wires. 

5. Tapping supports where tappings from a high-voltage line are made.

6. Intersection supports where intersection of high-voltage lines of two directions is made. 

Tapping and intersection supports may be of any type set forth above.

2.4.28. Regardless of their type supports may have braces or guys. The guys of supports may be fixed to anchors installed in the ground, or to stone, brick, reinforced concrete and metal buildings and structures. They may be stranded or have only one core. Guys should be selected on the basis of calculations. The section of the rest of the guys must be not less than 25 mm2.

2.4.29. The guys of supports in mains with an insulated neutral with lower end fixed at a height of not less than 2.5 m from the ground level must be grounded with the resistance of a grounding device not more than 10 Ω or insulated using a pulloff insulator rated for the high-voltage line voltage and installed at a height of not less than 2.5 m from the ground level. In mains with a dead-earth grounded neutral the guys of supports must be connected to the neutral protective conductor.

2.4.30. Regardless of their type supports must be rated for mechanical loads corresponding to the normal modes of a high-voltage line operation: wires are not open and are free from ice coating; wires are not open and are covered with ice coating.

For end and corner supports with spans less than the critical ones calculations must be made on the assumption that wires are free of ice coating, air temperature is the lowest one, and there is no wind.
When making calculations, it is allowed to take into account only the following main loads:

for intermediate supports – horizontal transverse wind load on wires and the support construction;

for anchor supports - horizontal transverse wind load on wires and the support construction and longitudinal horizontal load created by difference of tension of adjoining span wires. 50% of the maximum value of one-way tension of wires should be assumed as the minimum value of longitudinal horizontal load exerted on a support;
for corner supports - horizontal transverse load component of tension of wires (directed along the axis of a cross-arm) and horizontal transverse wind load on wires and constructions;
for end supports – horizontal load of one-way tension of wires.

2.4.31. Reinforced concrete supports, wooden supports with reinforced concrete legs, wooden and metal supports may be used for high-voltage lines.
2.4.32. Logs of timber of the third grade at least impregnated with antiseptic agents must be used for high-voltage line supports. Impregnation of wood with antiseptic agents must comply with the requirements of present standards. It is allowed to use unimpregnated larch. For calculations the taper of a log from the butt-end to the upper butt (rise log) should be assumed equal to 8 mm per 1 m of the length.

2.4.33. For the main calculated elements of supports (poles, legs, cross-arms, braces) the diameter of a log at the upper butt must be not less than 14 cm. For other elements of supports as well as for supports installed near buildings on tappings to inputs (see 2.4.37) the diameter of a log at the upper butt may be not less than 12 cm.

2.4.34. The dimensions of burying and methods of fastening of supports must be determined according to their height, number of wires fixed on the support, soil conditions as well as the method of excavations.

2.4.35. When installing supports in the inundable areas of a route, where soil erosion is possible, supports must be fastened (filling of soil, paving etc.).
DIMENSIONS, INTERSECTIONS AND CONVERGENCE
2.4.36. At places of intersection of high-voltage lines with different structures as well as with streets and squares of towns and villages the angle of intersection shall not be rated (see also 2.4.46).

2.4.37. The distance from wires at minimum sag to ground and to the traffic area of streets must be not less than 6 m. The distance from wires to ground may be reduced in hard-to-reach areas to 3.5 m and in inaccessible areas (shoulders of mountains, rocks, cliffs etc.) to 1 m.
At places of crossing of parts of streets outside traffic areas by tappings from high-voltage lines to inputs the distance from wires to sidewalks and pedestrian paths may be reduced to 3.5 m. If the said distance can not be observed, an additional support or construction on a building must be installed.
2.4.38. When determining the distance from high-voltage line wires to the surface of ground or water as well as to different structures at places where high-voltage lines pass above them, the maximum sag of wires must be taken into account without heating by electric current which may occur in one of two calculation cases: wires are covered with ice coating, ambient air temperature is -5°С, no wind; maximum ambient air temperature, no wind.

2.4.39. The horizontal distance from wires at their maximum deviation to buildings and constructions must be not less than: 1.5 m - to balconies, verandas and windows, 1 m - from blank walls. High-voltage lines should not pass over buildings except for accesses of tappings from high-voltage lines to inputs of buildings (see 2.1.79).

2.4.40. The horizontal distances from high-voltage line supports to underground cables, pipelines and elevated stand-pipes of a different purpose must be not less than the values presented in table 2.4.3 (see also 2.4.50).

2.4.41. Intersection of high-voltage lines with navigable rivers is not recommended. If such an intersection is required, high-voltage lines must be constructed in accordance with the requirements presented in chapter 2.5 for high-voltage lines higher than 1 kV. At places of intersection of innavigable and freezing small rivers, canals etc., the distance from a high-voltage line wires to the highest level of water must be not less than 2 m, and to ice – not less than 6 m. 

Table 2.4.3. Minimum admissible horizontal distance from high-voltage line supports to underground cables, pipelines and elevated stand-pipes

	Convergence facility 

	Distance, m 

	Water, gas, steam and heat pipelines as well as sewer pipes


	1



	Fire hydrants, pits (manholes) of underground sewerage, water stand-pipes


	2 

	Filling stations

	10 

	Cables (except for communication cables, alarm cables, wire broadcasting cables)


	1 

	Idem, but laid in an insulating conduit


	0.5 


2.4.42. When a high-voltage cable line crosses forest areas and planted lands cutting of a clearance is not mandatory. In this case the distance from wires with their maximum sag or maximum deviation from trees, bushes and other plants must be not less than 1 m.
2.4.43. When a high-voltage line up to 1 kV crosses a high-voltage line higher than 1 kV the requirements presented in 2.5.118-2.5.121 must be complied with; when lines go in parallel - the requirements of 2.5.123.

Common suspension on the same supports of the wires of high-voltage lines up to 1 kV and higher than 1 kV as well as intersections of the said high-voltage lines on the same support must be carried out in accordance with the requirements presented in 2.5.56. The wires of the upper high-voltage line fixed on rod insulators must have double fasteners. 

Hooks, rods and fixtures of the supports of high-voltage lines up to 1 kV limiting the span of intersection as well as supports with common suspension must be grounded. The resistance of a grounding device must be not more than 30 Ω.

2.4.44. It is recommended to arrange intersection of high-voltage lines up to 1 kV with similar lines on intersection supports; intersection within a span is also allowed; in this case, the vertical distance between the closest wires of crossing high-voltage lines at an ambient air temperature plus 15 °С without wind must be not less than 1 m.

At places of mutual intersection of high-voltage lines anchor and intermediate supports may be used.

When high-voltage lines intersect within a span, the place of intersection should be selected as close as possible to the support of the upper crossing high-voltage line; in this case, the horizontal distance between supports of the crossing and wires of the crossed high-voltage lines must be not less than 2 m.

2.4.45. The intersection of high-voltage lines with communication and alarm lines and lines of wire broadcasting nets* must be arranged using one of the following methods: 

_______________________

*Communication and alarm lines should be read as communication lines of the Ministry of Communications of the USSR and other ministries and departments as well as alarm lines of the Ministry of Railways. Lines of wire broadcasting nets should be read as wire broadcasting net lines.
As per their functions overhead communication lines are divided into: long-distance telephone communication lines, rural telephone communication lines, wire broadcasting net lines, town telephone communication lines. In order of importance overhead communication lines are divided into classes.

Long-distance and rural telephone communication lines: trunk long-distance telephone communication lines connecting Moscow with republic, kray and region centers and the latter between them, and the lines of the Ministry of Railways laid along railroads and across the territory of railroad stations (class I), local long-distance telephone communication lines connecting republic, kray and region centers with district centers and the latter between them, and junction rural telephone communication lines (class II); subscriber rural telephone communication lines (class III).

Wire broadcasting net lines: feeder lines with rated voltage more than 360 V (class I); feeder lines with rated voltage up to 360 V and subscriber lines with rated voltage 15 and 30 V (class II)

1) by uninsulated wires of high-voltage lines and insulated wires of communication and alarm lines and wire broadcasting net lines;

2) by uninsulated wires of high-voltage lines and underground or overhead cables of communication and alarm lines and wire broadcasting net lines;

3) by uninsulated wires of high-voltage lines with improved mechanical strength and uninsulated wires of communication and alarm lines and wire broadcasting net lines;

4) by insulated wires of high-voltage lines and uninsulated wires of communication and alarm lines and wire broadcasting net lines;

5) by an underground cable of high-voltage lines and uninsulated wires of communication and alarm lines and wire broadcasting net lines;

2.4.46. The angle of intersection of high-voltage lines with communication and alarm lines and wire broadcasting net lines must be close to 90°, whenever possible. For space-limited environments the angle of intersection shall not be rated.

2.4.47. The vertical distance from high-voltage line wires to wires and overhead cables of communication and alarm lines and wire broadcasting net lines within spans of intersection with maximum sag (maximum air temperature, ice) must be not less than 1.25 m.

The vertical distance from high-voltage line wires to overhead cables of wire broadcasting net lines with intersection on a common support must be not less than 1.5 m. When wires or overhead cables of wire broadcasting net lines are fixed to brackets, this distance shall be assumed from the high-voltage wire located on the same side of the high-voltage line support where wires or overhead cables of wire broadcasting net lines are located.

2.4.48. The place of intersection of high-voltage line wires with the wires and overhead cables of communication and alarm lines and wire broadcasting net lines within a span must be located at a distance of not less than 2 m from the closest support of the high-voltage line, but, whenever possible, closer to the support of the high-voltage line. 

2.4.49. When the uninsulated wires of high-voltage lines cross insulated wires of communication and alarm lines and wire broadcasting net lines the following requirements must be complied with: 

1. High-voltage line wires must cross communication and alarm line wires only within a span. The intersection of wires with wire broadcasting net line wires may be arranged both in a span and on a common support. 

2. The high-voltage line supports limiting the span of intersection with communication and alarm lines of trunk and local communication nets and with junction rural telephone communication lines must be of the anchor type. At places of intersection of the rest of communication and alarm lines and wire broadcasting net lines intermediate supports of high-voltage lines reinforced by a leg or a brace may be used.

3. At a place of intersection the wires of communication and alarm lines and wire broadcasting net lines must have weather-resistant insulation with test voltage not less than 2 kV (for example, ПСБА, ПСБАП, ПРСП) and tensile safety factor under the worst meteorological conditions for this area not less than 1.5.

4. The wires of high-voltage lines must be located above the wires of communication and alarm lines and wire broadcasting net lines. On the supports limiting the span of intersection, the wires of high-voltage lines must have double fasteners and blind junction. In exceptional cases the wires of high-voltage lines of 380/220 V and less may be located below rack-mounted communication and alarm lines. In this case, the wires of rack-mounted communication and alarm lines limiting the span of intersection must have double fasteners.

5. Connection of high-voltage lines as well as the wires of communication and alarm lines and wire broadcasting net lines within spans is not allowed. The wires of high-voltage lines must be stranded with a section at least: 35 mm2 for aluminum wires, 16 mm2 for aluminum-steel and 25 mm2 for steel wires.

For town telephone communication lines and rural telephone communication lines with 10 and more wires the intersection type specified in the present clause should not be used.

2.4.50. When the uninsulated wires of high-voltage lines cross an underground or overhead cable of communication and alarm lines and wire broadcasting net lines the following requirements must be complied with:

1. The distance from underground communication cables and alarm lines and wire broadcasting net lines to a support grounding electrode (or to a reinforced concrete support) of a high-voltage line must be not less than 3 m in a populated area and 10 m in an unpopulated area.

The distance from underground communication cables and alarm lines and wire broadcasting net lines to an ungrounded wooden support of a high-voltage line must make up in a unpopulated area not less than 5 m, in an populated area – not less than 2 m. In space-limited environments this distance may be less than 2 m, but not less than 1 m; in this case, the cable must be laid in a steel conduit or covered by a channel or an angle steel piece on a length of not less than 3 m to both sides from the support. When selecting routes for communication and alarm line and wire broadcasting net line cables, the distance from them to the closest high-voltage line support must be assumed bigger whenever possible.

2. The wires of high-voltage lines must be located above the overhead cable of communication and alarm lines and wire broadcasting net lines.

3. Connection of high-voltage line wires within the span of intersection with the overhead cable of communication and alarm lines and wire broadcasting net lines is not allowed. The wires of high-voltage lines within the span of intersection with the overhead cable of communication and alarm lines and wire broadcasting net lines must be stranded with a section at least: 35 mm2 for aluminum wires, 16 mm2 for aluminum-steel and 25 mm2 for steel wires.

4. The metal sheath of an overhead cable and the strand the cable is suspended to must be grounded on supports limiting the span of intersection. 

5. The horizontal distance from the base of a cable support of communication and alarm lines and wire broadcasting net lines to the projection of the closest high-voltage line wire to the horizontal plane must be not less than the height of the high-voltage line support. 

The version of intersection of high-voltage lines and communication and alarm lines and wire broadcasting net lines specified in the present clause should not be used:

if the use of an inserted cable in a communication and alarm line will require the installation of an additional repeater point and transfer of the earlier installed repeater point of the communication and alarm line;
if with the use of an inserted cable in a wire broadcasting net line the total length of inserted cables in a wire broadcasting net line exceeds permissible values.

2.4.51. When the uninsulated wires of high-voltage lines cross uninsulated wires of communication and alarm lines and wire broadcasting net lines the following requirements must be complied with:
1. High-voltage line wires must cross communication and alarm line and wire broadcasting net line wires only within a span. The intersection of high-voltage line wires with feeder and subscriber lines of a wire broadcasting net line with voltage between the wires up to 360 V is allowed on high-voltage line supports.
2. The high-voltage line supports limiting the span of intersection must be of the anchor type.

3. The wires of communication lines must have tensile safety factor under the worst meteorological conditions for this area (ice and minimum temperature) not less than 2.2 both for steel and nonferrous metal wires.

4. The wires of high-voltage lines must be located above the wires of communication and alarm lines and wire broadcasting net lines. On the supports limiting the span of intersection, the wires of high-voltage lines must have double fasteners. The wires of high-voltage lines of 380/220 V and less may be located below rack-mounted wire broadcasting net lines. In this case, the wires of rack-mounted wire broadcasting net lines limiting the span of intersection must have double fasteners.

5. Connection of high-voltage line wires as well as communication wires and alarm lines and wire broadcasting net lines within the spans of intersection is not allowed. The wires of high-voltage lines must be stranded with a section at least: 35 mm2 for aluminum, 25 mm2 for aluminum-steel and steel wires.

2.4.52. When the insulated wires of high-voltage lines cross uninsulated wires of communication and alarm lines and wire broadcasting net lines the following requirements must be complied with:

1. High-voltage line wires must cross communication and alarm line wires only within a span. The intersection of high-voltage line wires with wire broadcasting net line wires may be arranged both in a span and on a common support.

2. High-voltage line supports limiting the span of intersection with communication and alarm lines of trunk and local communication nets and with junction rural telephone communication lines must be of the anchor type. At places of intersection of the rest of communication and alarm lines and wire broadcasting net lines intermediate supports of high-voltage lines reinforced by an additional leg or a brace may be used.

3. At the place of intersection the wires of high-voltage lines must have weather-resistant insulation with test voltage of not less than 2 kV and tensile safety factor under the worst meteorological conditions for this area not less than 1.5.

4. The wires of high-voltage lines must be located above the wires of communication and alarm lines and wire broadcasting net lines. On the supports limiting the span of intersection, the wires or their suspension strands of high-voltage lines must have double fasteners and blind junction. The wires of high-voltage lines of 380/220 V and less may be located below rack-mounted wire broadcasting net lines. In this case, the wires of wire broadcasting net lines limiting the span of intersection must have double fasteners.

5. Connection of high-voltage line wires as well as the wires of communication and alarm lines and wire broadcasting net lines within the spans of intersection is not allowed. 

2.4.53. When the underground inserted cable of a high-voltage line cross uninsulated wires of communication and alarm lines and wire broadcasting net lines the following requirements must be complied with:

1. The distance from the underground inserted cable of a high-voltage line to the support of communication and alarm lines and wire broadcasting net lines and its grounding electrode must be not less than 1 m, and if the cable is laid in an insulating conduit – not less than 0.5 m.

2. The horizontal distance from the base of a cable support of a high-voltage line to the projection of the closest wire of communication and alarm lines and wire broadcasting net lines to the horizontal plane must be not less than the height of the support of communication and alarm line and wire broadcasting net lines. 

2.4.54. At places of convergence of a high-voltage line with overhead communication and alarm lines and wire broadcasting net lines the horizontal distance between utmost wires of these lines must be not less than 2 m, and in space-limited environments – not less than 1.5 m. Otherwise, the distance between the lines must be not less than the height of the biggest support of a high-voltage line, communication and alarm line and wire broadcasting net line.

2.4.55. Convergence of high-voltage lines and antenna structures of transmitting radio centers, receiving radio centers, dedicated receiving centers of wire broadcasting net and local broadcasting center shall not be rated. 

2.4.56. The horizontal distance between the wires of high-voltage lines and the wires of communication and alarm lines and wire broadcasting net lines, television cables and antenna lead-ins at inputs must be not less than 1.5 m. In this case, the wires of a high-voltage line within a span from the support to the input and the input wires of the high-voltage line into a building must not cross tappings from communication and alarm lines and wire broadcasting net lines to inputs and must be located not lower than the wires of communication and alarm lines and wire broadcasting net lines.

2.4.57. Common suspension on the same supports of the wires of high-voltage lines and communication and alarm lines is not allowed.

Common suspension on the same supports of the wires of newly constructed high-voltage lines and uninsulated wires of wire broadcasting net lines is not allowed.

It is allowed to suspend on common supports the wires of high-voltage lines and insulated wires of wire broadcasting net lines as well as the wires of high-voltage lines hung instead of outworn, retrofitted and hung earlier uninsulated wires of wire broadcasting net lines. In this case, the following conditions must be observed: 

1. The voltage of a high-voltage line must be not more than 380/220 V.

2. The rated voltage between the wires of wire broadcasting net lines must be not more than 360 V. 

3. The distance from the lower wires of wire broadcasting net lines to ground, between circuits of wire broadcasting net lines and their wires must comply with the applicable Code of Construction and Repair of Overhead Communication Lines and Wire Broadcasting Nets of the Ministry of Communications of the USSR.

4. The wires of high-voltage lines must be located above the wires of wire broadcasting net lines; in this case, the vertical distance from the lower wire of a high-voltage line to the upper wire of a wire broadcasting net line regardless of their mutual position must be on the support not less than 1.5 m, and within a span 1.25 m; If the wires of wire broadcasting net lines are fixed to brackets, this distance shall be assumed from the lower wire of a high-voltage line located on the same side as the wires of a wire broadcasting net line.

2.4.58. Common suspension on the same supports of the wires of high-voltage lines and the cables of communication and alarm lines is not allowed. Common suspension on the same supports of the wires of high-voltage lines not more than 380/220 V and the cables of wire broadcasting net lines is allowed provided the conditions specified in 2.4.57 for insulated wires of wire broadcasting net lines are observed. 

2.4.59. Common suspension on the same supports of the wires of high-voltage lines not more than 380/220 V and teleautomatic circuit wires shall be allowed provided they belong to one owner and requirements specified in 2.4.57 are complied with as well as if teleautomatic circuits are not used as wire telephony channels.

2.4.60. When high-voltage lines cross and go in parallel with railroads as well as with motor roads of the I and II categories, requirements specified in 2.5.138-2.5.147 must be complied with. At the place of intersection an inserted cable may be installed in the high-voltage line. The intersection version must be selected on the basis of technical-economic calculations. 

When high-voltage lines cross the motor roads of the III-V categories the vertical distance from the wires of a high-voltage line to the roadway at maximum sag must be not less than 6 m. 

The requirements set in these conditions to overhead lines of external lighting of inhabited localities and territories of industrial enterprises are presented in chapter 6.3.

2.4.61. When high-voltage lines intersect and converge with motor roads, the distance from the wires of high-voltage lines to road signs and their suspension strands must be not less than 1 m. The suspension strands at places of intersection with high-voltage lines must be grounded with the resistance of grounding device not more than 10 Ω.

2.4.62. When high-voltage lines intersect and converge with the overhead conductors and suspension strands of tramlines and trackless lines, the following requirements must be complied with:

1. High-voltage lines, as a rule, must be located outside of the area with overhead wiring structures including supports.

2. The wires of high-voltage lines must be located above overhead conductor suspension strands. The wires of high-voltage lines must be stranded with a section at least: aluminum – 35 mm2; steel and aluminum-steel – 16 mm2. Connection of high-voltage line wires within the spans of intersections is not allowed.

3. The distance from high-voltage line wires with maximum sag to the railhead of a tramline must be not less than 8 m and 10.5 m to the traffic area of a street in the area of a trackless line. At the same time, in all cases the distance from the high-voltage line wires to a suspension strand or overhead conductor must be not less than 1.5 m. In the area of location of overhead wiring, high-voltage line supports must be of the anchor type, and wire fastening – double. 

4. The intersection of high-voltage lines with overhead conductors at places of location of cross-arms is prohibited.

5. Common suspension on the same supports of trackless line overhead conductors and high-voltage line wires of not more than 380 V is allowed provided the following conditions are observed: the supports of trackless lines must have mechanical strength sufficient for suspension of high-voltage line wires; the distance between high-voltage line wires and a a bracket or fastening device of the overhead conductor suspension strands must be not less than 1.5 m.

The requirements of the present clause do not cover street lighting lines.

2.4.63. When high-voltage lines intersect and converge with cableways and elevated metal pipelines, the following requirements must be complied with:

1. A high-voltage line must pass below a cableway; passage of high-voltage line above a cableway is not allowed.
2. Cableways must have cat walks and meshes underneath for guarding high-voltage line wires.
3. When a high-voltage line passes under a cableway or under a pipeline, the wires of the high-voltage line must be at a distance of: with minimum sag to cat walks or guarding meshes of a cableway or to a pipeline – not less than 1 m; with maximum sag and minimum deviation of wires to a cableway elements or to a pipeline – not less than 1 m. 

4. When a high-voltage line crosses a pipeline located under the high-voltage line, the distance from the high-voltage line wires to pipeline elements with maximum sag must be not less than 1 m.

5. When a high-voltage line goes in parallel with a cableway or a pipeline, the horizontal distance from the high-voltage line wires to the cableway or pipeline must be not less than the height of the support, and in space-limited areas of the route with maximum sag of wires – not less than 1 m.
6. The resistance of the pipeline grounding within the intersection span must be not more than 10 Ω. 

2.4.64. In case of convergence of high-voltage lines with fire and explosion hazardous installations the requirements presented in 2.5.161, and in case of convergence with flying fields – the requirements presented in 2.5.173 should be used as guidance.

2.4.65. High-voltage lines up to 1 kV shall not be constructed in the areas of stadiums and schools (general education schools and boarding schools) as well as in the areas of sports complexes and pioneer camps.
Chapter 2.5

Change was introduced by the resolution of the Ministry of Fuel and Energy dated 13.07.98 (clause 2.5.15) 

OVERHEAD POWER TRANSMISSION LINES 

WITH VOLTAGE HIGHER THAN 1 kV 

SCOPE, DEFINITIONS 

2.5.1. The present chapter of the Code shall cover high-voltage lines higher than 1 kV and up to 500 kV constructed with the use of uninsulated wires. The present chapter shall not cover electrical overhead lines which construction is specified by special codes, standards and provisions (overhead wirings of electrified railroads, trams, trolley buses, signaling lines of automatic blocking etc.). Inserted cables shall be used in high-voltage lines in accordance with the requirements presented in chapters 2.3 and 2.5.69.

2.5.2. An overhead power transmission line higher than 1 kV is a structure for transmission of electric power through wires located outdoors and fixed by dint of insulators and fixtures to supports or brackets and racks on engineering structures (bridges, viaducts etc.).

The beginning and the end of a high-voltage line are linear gantries or line entrances of switchgears, and tapping support and linear gantry or a line entrance of a switchgear for tappings.

2.5.3. A normal mode of a high-voltage line higher than 1 kV is a state of a high-voltage line with non-open wires and strands. 

An emergency mode of a high-voltage line higher than 1 kV is a state of a high-voltage line with one or several open wires or strands.

An assembly mode of a high-voltage line higher than 1 kV is a state during installation of supports, wires and strands.

A clearance span lc is a span which length is determined by specified vertical clearance from wires to ground when supports are installed on an perfectly even surface.

A wind span lwind is a length of a high-voltage line section, which wind force on wires or strands is taken up by the support.

A weight span Lweight is a length of a high-voltage line section, which wire and strand weight is taken up by the support.

A clearance sag of the wire is the maximum sag within a clearance span.

2.5.4. A populated area is the land of cities within city boundaries within limits of their perspective development for 10 years, suburbs and green belts, resorts, lands of urban-type villages within village boundaries and rural villages within the limits of these units.

An unpopulated area is the lands of the state unified land fund except for populated and hard-to-reach areas. According to this Code unpopulated areas are open areas, even if they are frequently visited by people, accessible for transport and agricultural machines, agricultural lands, allotments, gardens, areas with separate scarcely located buildings and temporary structures. 

A hard-to-reach area is an area inaccessible for transport and agricultural machines.

According to the present Code a built-up areas are territories of cities, settlements and rural settlements within boundaries of actual building system protecting high-voltage lines against cross winds from both sides.

2.5.5. Long spans are crossings of navigable rivers, navigable straits or channels where supports of 50 m and higher are installed as well as crossings of any waterspace with an intersection span of more than 700 m regardless of the height of high-voltage line supports. 

GENERAL REQUIREMENTS 

2.5.6. Mechanical calculation of a high-voltage line wires and strands shall be carried out according to the method of permissible voltages, calculation of insulators and fixtures is carried out according to the load-factor method. Calculations as per both methods are made for design loads. Calculation of high-voltage line supports and foundations shall be carried out as per the method of rated limit states. The use of other methods of calculation for every particular case must be grounded in project.

In the present chapter conditions for determination of design loads are specified. Instructions for determination of design loads used for calculations of building structures of high-voltage lines (supports and foundations) are given in the appendix to the present chapter.

Overload factors and calculated positions regarding specific conditions of high-voltage line structure calculations are given in the appendix to the present chapter.

2.5.7. To limit current and voltage unsymmetry in 110-500 kV high-voltage lines longer than 100 km one complete transposition cycle must be used. The schemes of transposition in two-circuit high-voltage lines must be the same. In terms of impact on communication lines transposition interval shall not be standardized.

In 110-500 kV electric mains including several sections of high-voltage lines not shorter than 100 km each, wires shall be transposed directly at intermediate substations (on buses, within a span between the end support and substation gantry, or on the end support). In this case, transposition shall be carried out, so that overall length of high-voltage line sections with various phase sequences will be approximately equal.  

In electric mains up to 35 kV it is recommended to make phase transposition at substations, so that overall length of sections with various phase sequences will be approximately equal. 

2.5.8. Maintenance of high-voltage lines must be carried out by repair and production works and maintenance centers.

Location of repair and production works and maintenance centers, selection of their type, provision of mechanical means and transport must be carried out on the basis of the duly approved operation organization diagram or applicable standards.

Repair and production works and maintenance centers must be equipped with communications facilities in accordance with the duly approved operation organization diagram.

In addition to repair and production works and maintenance centers, for operation of high-voltage lines in hard-to-reach areas conventional heating points must be constructed along a high-voltage line route; their number and location must be specified in the project.

2.5.9. Production and living premises for operational and maintenance staff of high-voltage lines shall be constructed at repair and production works. The construction volume of production and living premises shall be determined in accordance with the duly approved operation organization diagram of energy system or applicable standards.

Production and living premises shall be located, as a rule, in the area of substations or repair and production works; they must be equipped with local telephone or radio communication facilities with a possibility of access to the closest telephone network of the Ministry of Communications of the USSR, calling alarm as well as wired radio units.

2.5.10. Provision of main enterprises and their organization departments with transportation and mechanical means for operation and repair of high-voltage lines shall be carried out in accordance with the duly approved long-term operation organization diagram or applicable standards.

Motor vehicles and self-propelled machines intended for operation and repair of high-voltage lines must be equipped with two-way radio facilities providing communication with repair and production works.

2.5.11. Number of the staff, amount of production and living premises of repair and production works and maintenance centers as well as the number of vehicles and machines required for operation shall be determined in accordance with applicable regulatory documents.

2.5.12. Access as close as possible to high-voltage lines of 110 kV and higher , but not further than 0.5 km from the high-voltage line route must be provided for vehicles at any time of the year. A strip of land not less than 2.5 m wide cleared from plants, stumps, stones etc must be provided for drive along specified high-voltage line routes and provide access for vehicles.. Exceptions are allowed for high-voltage line sections:

crossing quags and rugged country where driving is impossible. In these cases footways with catwalks 0.4 m wide at least or filled-up soil paths 0.8 m wide at least must be constructed along the high-voltage line route.

crossing the areas occupied by horticultural and other valuable crops and snowbreaks along railroads and motor roads.

2.5.13. It is recommended to install high-voltage line supports outside the areas of stream bank erosion taking into account possible displacement of beds and flooding of the area as well as places with possible flows of rain and other waters, ice flows (ravines, high-water beds etc.).

If the installation of high-voltage lines supports is impossible outside of specified hazardous areas measures must be taken to protect supports from damage (installation of special foundations, consolidation of banks, slopes, flanks, construction of drainage ditches, ice breakers or other structures etc.).

The installation of supports in the areas with possible mud-and-stone flows is prohibited.

The maximum ice flow horizon and high (flood) water level shall be assumed at 2% occurrence (recurrence rate - once in 50 years) for high-voltage lines of 330 kV, and less than 1% (recurrence rate - once in 100 years) or as per the historically observed level provided appropriate data is available for high-voltage lines of 500 kV.

2.5.14. When high-voltage lines strung on wooden supports cross forests, dry bogs and other places with possible ground fires, one of the following measures must be taken for protection of supports:

digging a ditch 0.4 m deep and 0.6 m wide at the distance of 2 m around each rack of support;

killing weeds and bushes by chemical and any other method and clearing a ground within a radius of 2 m around each support; 

use of reinforced concrete legs (stubs); in this case the distance from ground to the lower end of the rack must at least 1 m.

For areas of permafrost where ground fires are possible, the distance from a wooden support to the ditch and the size of plant chemical treatment area shall be increased to 5 m.

Iinstallation of wooden supports of high-voltage lines of 110 kV and higher in the areas with possible peat fires is not recommended.

2.5.15. The following permanent signs must be painted on high-voltage line supports at a height of 2.5-3.0 m.

serial number – on all supports;

number of the high-voltage line or its symbol legend – on end supports, the first supports of tappings from the line, supports at places of intersection of lines with the same voltage, supports limiting the span of intersection with railroads and motor roads of the I-V categories as well as on all supports of a route with parallel lines if the distance between their axes is less than 200 m. In addition, on two-circuit and multicircuit supports of high-voltage lines appropriate circuit must be specified;

phase color coding – for high-voltage lines of 35 kV and higher on end supports, supports adjoining the transposition ones and the first supports of tappings from high-voltage lines;

warning posters – on all high-voltage line supports in a populated area; 

posters with the distance from a high-voltage line support to a communication cable line - on supports installed at a distance of less than a half of the height of the support to communication cables.

information signs with indication of the width of the high-voltage line guard band and the telephone number of the high-voltage line owner (see in the appendix Requirements to Information Signs and their Installation)

2.5.16. Metal supports and bases, protruding metal parts of reinforced concrete supports and all metal parts of wooden and reinforced concrete supports of high-voltage lines must be protected against corrosion by dint of galvanization or application of heavy-duty coating. Cleaning, priming and painting must be carried out only in factory environment. Only repainting of damaged spots should be carried out in the field.

2.5.17. According to Regulations on Marking and Light Marking of High Obstructions in order to provide airplane flight safety in the areas near flying fields and on air-routes, the high-voltage line supports which location or height which present flying field or line obstructions for airplane flights must have signal lights (light marking) and day marking (colour coding) in accordance with the following conditions:

1. High-voltage line supports must have light marking on the top (point) and beneath in every 45 m. The distances between intermediate tiers of lights must be, as a rule, the same. 

2. In every row of light marking of support there must be installed at least two lights must be installed. They are located on two external sides of support and operate simultaneously or one at a time, provided a reliable automatic device for switching on a back-up light in case of failure of the main light.

3. Obstruction lights must be installed so that they can be seen from all directions and within limits from the zenith to 5° below the horizon.

4. As per conditions of power supply the light marking facilities of flying field obstructions are classified as category I electrical appliances. In some cases it is allowed to supply power to obstruction lights through one power transmission line, provided its operation is fully reliable.

5. Light marking in the area of a flying field must be switched on and off by the staff of high-voltage line owners and flying field air-traffic controlling unit according to standard conditions of operation.

It is allowed to use reliable automatic devices for obstruction lights switching on and off. In case of failure of these devices manual switching of obstruction lights should be made possible.

6. Platforms at places of location of signal lights and equipment as well as ladders to these platforms must be installed for their easy and safe maintenance. Platforms and ladders available on high-voltage line supports should be used for this purpose. 

7. For day marking supports with light marking must be painted in two colours: red (orange) and white strips up to 6 m wide depending on the height of support. Number of strips must not be less than three, with the first and last strips painted in red (orange) colour.

8. Determining type of obstructions specific high-voltage support belongs to, calculation of height of marking and light marking, determining other requirements set to arrangement of light marking and day marking as well as agreement of requirements with the civil aviation authorities shall be carried out in accordance with the Regulations on Marking and Light Marking of High Obstructions.

2.5.18. To determine places of damage in high-voltage lines of 110 kV and higher special devices installed at substations must be used. When these high-voltage lines are constructed in areas where ice with thickness of 15 mm and more may occur, it is recommended to use devices signaling appearance of ice (see also 2.5.19).

2.5.19. For high-voltage lines running in the areas with ice coating 20 mm thick and more as well as at places of frequent accretion of ice and hoarfrost in combination with strong winds, and in the areas with frequent and intensive wire dancing, it is recommended to melt ice on wires. An ice melting system must be used on high-voltage line strands when there is a possibility of dangerous convergence of wires clearing off ice with strands covered with ice.

If ice melting is arranged without interruption of power supply to consumers, the standard ice coating thickness may be reduced by 15 mm while the rated ice coating thickness must not be less than 15 mm.

High-voltage lines with an ice melting system must be equipped with devices signaling appearance of ice. When selecting ice signalling devices, required time from signal arrival to the beginning of melting in accordance with design conditions assumed for high-voltage line should be taken into account. 

2.5.20. The high-voltage line route must be selected as short as possible. In the areas with significant ice accretion, strong winds, avalanches, landslides, rock slides, bogs etc. at the stage of projection it is necessary, whenever possible, to avoid particularly unfavorable places which must be justified by comparative technical-economic calculations.

CLIMATIC CONDITIONS 

2.5.21. Determining rated climatic conditions, intensity of storms and wire dancing for calculation and selection of high-voltage line constructions must be carried out on the basis of climatic zoning maps using regional maps and materials of numerous observations of hydrometeorological stations and meteorological centers of the hydrometeorological service and energy system service department for wind speed, intensity and density of ice and hoarfrost deposits and air temperature, storm activity and wire dancing in the area of constructed high-voltage line route as an update.

While processing observation data the impact of microclimatic features on intensity of ice accretion and wind speed as a result of influence of natural conditions (rugged topography, sea level elevation, availability of big lakes and water storage basins, forest density etc.) and existing and projected engineering works (dams and outlet works, water-cooling ponds, areas of abutting buildings, etc) should be considered.

For high-voltage lines constructed in insufficiently explored areas*, it is recommended to assume the values of wind pressure and ice coating thickness by one area higher.

---------------

* Insufficiently explored areas include areas where:

1) No meteorological stations are available or they are available, but their number is not sufficient or they are unrepresentative.

2) There is no operational experience.

2.5.22. The maximum rated wind pressure and ice and hoarfrost deposit thickness shall be determined based on their recurrence rate of once in 15 years for high-voltage lines of 500 kV, once in 10 years for high-voltage lines of 6-330 kV and once in 5 years for high-voltage lines of 3 kV and lower.

2.5.23. The maximum rated wind pressure for a height up to 15 m from ground shall be assumed as per table 2.5.1 in accordance with wind pressure map of the USSR territory (fig. 2.5.1-2.5.4), but not less than 40 daN/m[image: image20.wmf]2

 for high-voltage lines of 6-330 kV and 55 daN/m[image: image21.wmf]2

 for high-voltage lines of 500 kV.
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Fig. 2.5.1. Wind pressure zoning map of the CIS territory. Sheet 1
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Fig. 2.5.2. Wind pressure zoning map of the CIS territory. Sheet 2
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Fig. 2.5.3. Wind pressure zoning map of the CIS territory. Sheet 3
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Fig. 2.5.4. Wind pressure zoning map of the CIS territory. Sheet 4 
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2.5.24. Wind pressure on high-voltage line wires is determined as per the height of reduced centre of gravity of all wires, wind pressure on strands is determined as per the height of position of gravity centre of strands.  If the centre of gravity is positioned at a height up to 15 m, wind pressure is assumed as per table 2.5.1.

If the height exceeds 15 m, wind pressure is determined by multiplying wind pressure value given in table 2.5.1 for a height up to 15 m by correction factor as per table 2.5.2 taking into account wind speed increase depending on height.

Table 2.5.1. Maximum standard wind pressure 

at a height up to 15 m from ground

	USSR wind 

zones 
	Wind pressure [image: image26.wmf]max

q

, daN/m2, (wind speed [image: image27.wmf]max

n

, m/s) recurrence rate



	  
	Once in 5 years


	Once in 10 years 
	Once in 15 years 

	I

	27 (21)
	40 (25)
	55 (30)

	II

	35 (24)
	40 (25)
	55 (30)

	III

	45 (27)
	50 (29)
	55 (30)

	IV

	55 (30)
	65 (32)
	80 (36)

	V

	70 (33)
	80 (36)
	80 (36)

	VI

	85 (37)
	100 (40)
	100 (40)

	VII

	100 (40)
	125 (45)
	125 (45)


Notes: 1. For recurrence rate of once in 10 years and once 15 years unified values of wind pressure and wind speed are given in the table.

2. The values of wind pressure after updating on the basis of processing of actually measured speeds is determined with the formula 
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 is correction factor to wind speeds, obtained on the basis of processing of observation with a weather vane, is assumed to be not more than one; if fast-response wind meters are used, the factor [image: image31.wmf]a

 is assumed to be equal to one.

Obtained values are used up to a height of 15 m. It is recommended to round them off to the closest value presented in the table. 

The height of position of the reduced gravity centre of wires or strands hw is determined for clearance span with the formula
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where hav is the the average height of fastening of a wire to insulator or average height of fastening of strands on support, measured from ground level at the place of support installation, m; [image: image33.wmf]f

is the wire or strand sag conventionally assumed as the maximum one (at the maximum temperature or ice without wind), m. 

Obtained values of wind pressure must be rounded off to a whole number.

2.5.25. Wind pressure on wires and strands of long runs across waterspaces is determined according to instructions given in 2.5.24, but considering the following additional requirements:

1. For a run consisting of one span the height of position of the reduced gravity centre of wires or strands is determined with the formula
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where hav1, hav2 are the height of fastening of strands or the average height of fastening of wires to insulators on supports of the run, measured from the low river stage or normal horizon of a strait, channel, water storage basin, m; [image: image35.wmf]f

is the maximum sag of the run wire or strand, m. 

Table 2.5.2. Correction factor for increase in wind pressures depending on height

	Height, m

	Factor 
	Height, m 
	Factor 

	Up to 15

	1.0 
	100 
	2.1 

	20


	1.25 
	200 
	2.6 

	40


	1.55 
	350 and higher 
	3.1 

	60


	1.75 
	
	


Note. For intermediate heights value of correction factor is determined as per linear interpolation.

2. For a run consisting of several spans, wind pressure on wires and strands is determined for the height hw, corresponding to the weighted average value of the heights of reduced gravity centres of wires or strands within all spans of the run and calculated with the formula
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where hw1, hw2, …, hwn are the heights of reduced gravity centres of wires or strands above low river stage or normal horizon of strait, channel, water storage basin in each of the spans, m. In this case, if a crossed waterspace has a high, flood free bank on which both intermediate supports and supports adjoining them are installed, the heights of reduced gravity centres within a span adjoining the crossing ones are measured from ground level within this span; l1, l2, …ln are the lengths of spans comprising run, m.

2.5.26. Wind pressure on support constructions is determined taking into accoun its increase in accordance with the height.  For separate zones not higher than 15 m value of correction factor is assumed to be constant and determined by the height of middle points of appropriate zones, measured from ground level at the place of support installation. 

2.5.27. For sections of high-voltage lines constructed in built-up area, it is allowed to reduce the maximum standard wind pressure by 30% (wind speed by 16%) as against the value assumed for the area of high-voltage line route, provided the average height of surrounding buildings makes up at least 2/3 of the height of supports.  The same reduction of wind pressure is allowed for high-voltage lines which route is protected from cross winds (e.g., in forest areas of preserves, mountain glens and ravines). 

2.5.28. For sections of high-voltage lines located in areas with strong winds (high bank of large river, hill rising above the surrounding countryside, glens and ravines open to strong winds, the coastland of large lakes and water storage basins within the limits of 3-5 km), if observation data is not available, the maximum wind pressure should be increased by 40% (wind speed by 18%) by comparison withas against the value assumed for this area. It is recommended round off obtained figures to the closest value presented in table 2.5.1.

2.5.29. When calculating wires and strands for wind loads direction of wind should be assumed to be at an angle of 90°, 45° and 0° to the high-voltage line. When calculating supports the direction of wind should be assumed to be at an angle of 90° and 45° to the high-voltage line.

2.5.30. Standard wind load [image: image37.wmf]P

, daN, on wires and strands applied at the right angle to the wire (strand) for each rated conditions is determined with the formula
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is the factor taking into account nonuniformity of wind pressure along the span of a high-voltage line, assumed to be equal to 1 at wind pressure up to 27 daN/m2, 0.85 at 40 daN/m2, 0.75 at 55 daN/m2, 0.7 at 76 daN/m2 and more (intermediate values are determined as per linear interpolation); [image: image40.wmf]l

K

 is the factor taking into account the influence of the span length on wind load equal to 1.2 at a length of the span up to 50 m, 1.1 at 100 m, 1.05 at 150 m, 1 at 250 m and more (intermediate values [image: image41.wmf]l

K

 are determined as per linear interpolation); [image: image42.wmf]x

C

is the head resistance factor equal to: 1.1 for ice-free wires and strands with a diameter of 20 mm and more, 1.2 for all wires and strands covered by ice and for ice-free wires and strands of a diameter of 20 mm; [image: image43.wmf]q

is the standard wind pressure in the mode under review, daN/m2; [image: image44.wmf]F

is the surface of a wire diameter section, m2 (with ice with standard ice coating thickness); [image: image45.wmf]j

is the angle between wind direction and the high-voltage line axis.

When measuring wind speed with gauges with 10 minute averaging interval the factor of 1.3 should be used in given formula. 

2.5.31. The standard weight of ice deposits on wires and strands is determined on the basis of the cylindrical form of deposits with density of 0.9 g/cm3.

The ice coating thickness assumed for the height of 10 m from the ground and the diameter of wire of 10 mm at recurrence rate of once in 5 and 10 years is determined in accordance with the ice map of the USSR territory (fig. 2.5.5-2.5.10) and table 2.5.3. Accuracy of ice coating thickness may be improved on the basis of processing of long-term observations.
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Fig. 2.5.5.  Ice coating thickness zoning map of the CIS territory. Sheet 1
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Fig. 2.5.6.  Ice coating thickness zoning map of the CIS territory. Sheet 2

	Краснодар
	Krasnodar

	Камышин
	Kamyshin

	Балаково
	Balakovo

	Куйбышев
	Kuybyshev

	Красноуфимск
	Krasnoufimsk

	Уфа
	Ufa

	Свердловск
	Sverdlovsk

	Ирбит
	Irbit

	Тавда
	Tavda

	Нижневартовск
	Nizhnevartovsk

	Келлог
	Kellog

	Туапсе
	Tuapse

	Сочи
	Sochi

	Ставрополь
	Stavropol

	Элиста
	Elista

	Волгоград
	Volgograd

	Уральск
	Uralsk

	Стерлитамак
	Sterlitamak

	Златоуст
	Zlatoust

	Тюмень
	Tyumen

	Тобольск
	Tobolsk

	Сухуми
	Sukhumi

	Пятигорск
	Pyatigorsk

	Чапаев
	Chapaev

	Оренбург
	Orenburg

	Миасс
	Miass

	Челябинск
	Chelyabinsk

	Средн. Васюган
	Sredn. Vasyugan

	Батуми
	Batumi

	Поти
	Poti

	Нальчик
	Nalchik

	Орджоникидзе
	Ordzhonikidze

	Астрахань
	Astrakhan

	Магнитогорск
	Magnitogorsk

	Курган
	Kurgan

	Ишим
	Ishim

	Нов. Васюган
	Noviy Vasyugan

	Нарым
	Narym

	Ярцево
	Yartsevo

	Ленинакан
	Leninakan

	Тбилиси
	Tbilisi

	Грозный
	Grozny

	Гурьев
	Guryev

	Уил
	Uil

	Актюбинск
	Aktiubinsk

	Лисаковск
	Lisakovsk

	Кустанай
	Kustanay

	Петропавловск
	Petropavlovsk

	Пудино
	Pudino

	Колпашево
	Kolpashevo

	Ереван
	Yerevan

	Махачкала
	Makhachkala

	Эмба
	Emba

	Кокчетав
	Kokchetav

	Омск
	Omsk

	Кутаиси
	Kutaisi

	Томск
	Tomsk

	Мингечаур
	Mingechaur

	Дербент
	Derbent

	Шевченко
	Shevchenko

	Сай-Утес
	Sai-Utes

	Бейнеу
	Beyneu

	Челкар
	Chelkar

	Иргиз
	Irgiz

	Тургай
	Turgay

	Амангельды
	Amangeldy

	Аркалык
	Arkalyk

	Целиноград
	Tselinograd

	Новосибирск
	Novosibirsk

	Кемерово
	Kemerovo

	Ачинск
	Achinsk

	Степанакерт
	Stepanakert

	Сумгаит
	Sumgait

	Баку
	Baku

	Аральск
	Aralsk

	Павлодар
	Pavlodar

	Барнаул
	Barnaul

	Ленинск-Кузнецкий
	Leninsk-Kuznetsky

	Новокузнецк
	Novokuznetsk

	Ленкорань
	Lenkoran

	Новоказалинск
	Novokazalinsk

	Байконур
	Baykonur

	Темиртау
	Temirtau

	Бийск
	Biysk

	Абакан
	Abakan

	Красноводск
	Krasnovodsk

	Чагыл
	Chagyl

	Муйнак
	Muynak

	Джезказган
	Dzhezkazgan

	Каражал
	Karazhal

	Караганда
	Karaganda

	Рубцовск
	Rubtsovsk

	Семипалатинск
	Semipalatinsk

	Горно-Алтайск
	Gorno-Altaysk

	Нукус
	Nukus

	Челекен
	Cheleken

	Кзыл-Орда
	Kzyl-Orda

	Усть-Каменогорск
	Ust-Kamenogorsk

	Кизыл-Арват
	Kizyl-Arvat

	Ташауз
	Tashauz

	Ургенч
	Urgench

	Балхаш
	Balkhash

	Саяк
	Sayak

	Аягуз
	Ayaguz

	Кош-Агач
	Kosh-Agach

	Ашхабад
	Ashkhabad

	Зеравшан
	Zeravshan

	Туркестан
	Turkestan

	Зайсан
	Zaysan

	Мары
	Mary

	Чарджоу
	Chardzhou

	Бухара
	Bukhara

	Чимкент
	Chimkent

	Джамбул
	Dzhambul

	Талды-Курган
	Taldy-Kurgan

	Карши
	Karshi

	Самарканд
	Samarkand

	Ташкент
	Tashkent

	Фрунзе
	Frunze

	Алма-Ата
	Alma-Ata

	Кушка
	Kushka

	Киренск
	Kirensk

	Ленинабад
	Leninabad

	Фергана
	Fergana

	Андижан
	Andizhan

	Ош
	Osh

	Пржевальск
	Przhevalsk

	Душанбе
	Dushanbe

	Нарын
	Naryn

	Мургаб
	Murgab

	260 км
	260 km

	см. карту лист 5
	see map, sheet 5 


[image: image48.png]



Fig. 2.5.7.  Ice coating thickness zoning map of the CIS territory. Sheet 3
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Fig. 2.5.8.  Ice coating thickness zoning map of the CIS territory. Sheet 4 
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Fig. 2.5.9.  Ice coating thickness zoning map of the CIS territory. Sheet 5
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Fig. 2.5.10. Ice coating thickness zoning map of the CIS territory. Sheet 6 
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Table 2.4.3. Standard ice coating thickness for the height of 

10 m above ground level

	Ice zone 
	Standard ice coating thickness, mm 

with recurrence rate



	
	Once in 5 years


	Once in 10 years 

	I

	5 
	5 

	II

	5 
	10 

	III

	10 
	15 

	IV

	15 
	20 

	Special

	20 and more 
	More than 22 


Ice coating thickness with recurrence rate once in 15 years in the I-IV ice zones as well as with any recurrence rate in special ice zones must be assumed on the basis of processing of actual observation data.

Ice coating thickness used for calculations for recurrence rate of once in 5 and 10 years must not be less than 5 mm, and for recurrence rate once in 15 years not less than 10 mm.

With the height of position of gravity centre of wires reduced to 25 m corrections for ice coating thickness depending on the height and diameter of wires and strands is not applied.

With the height of position of gravity centre of wires reduced to more than 25 m ice coating thickness is calculated in accordance with SNiP 2.01.07-85 Loads and Impacts of the Russian Federation Construction Committee; in this case the height for determining correction factor is assumed in accordance with instructions given in 2.5.25 the same as for calculation of wind pressure. In this case the initial ice coating thickness (for the height of 10 m and diameter of 10 mm) should be assumed without increase, stipulated by 2.5.32.

Ice coating thickness up to 22 mm is rounded off to the closest value divisible by 5 mm, and thickness more than 22 mm - up to 1 mm.

2.5.32. For high-voltage line sections running on hydroelectric dams and near water-cooling ponds, ice coating thickness should be assumed to be 5 mm more than for the whole line when observation data is not available.

2.5.33. Design air temperatures are assumed to be equal for high voltage lines of all voltages as per actual observation data and rounded off to values divisible by five.

2.5.34. Calculation of high-voltage lines as per normal operation conditions must be carried out for the following combinations of climatic conditions:

1) the maximum temperature, no wind and ice.

2) the minimum temperature, no wind and ice.

3) average annual temperature ta, no wind and ice.

4) wires and strands are covered with ice coating, temperature – minus 5°С, no wind.

5) the maximum standard wind pressure [image: image52.wmf]max

q

, temperature – minus 5°С, no ice.

6) wires and strands are covered with ice coating, temperature – minus 5°С, wind pressure - 0.25 [image: image53.wmf]max

q

(wind speed – 0.5 [image: image54.wmf]max

n

). In the areas with ice coating thickness of 15 mm and more wind pressure when ice is present must not be less than 14 daN/m2 (wind speed – not less than 15 m/s).

7) Actual combinations of wind pressures and the sizes of ice deposits on wires and strands at a temperature of minus 5° С under the following conditions:

7.1. The maximum ice deposits on wires and strands and wind pressure at such a deposit.

7.2. The maximum wind pressure and ice deposits on wires and strands at such a wind pressure.

Loads as per clauses 7.1. and 7.2. are determined according to regional maps of ice and wind loads. If regional maps are not available the values of loads are determined by processing of appropriate weather data following the Procedure of Calculation and Compilation of Regional Maps of Resultant Ice and Wind Loads of High-voltage Lines and Procedure of Compilation of Regional Maps of Standard Areas of Wind Loads with Icing for Designing and Operation of High-voltage Lines developed by the Electric Power Research Institute and approved by the Main Technical Department of the Ministry of Energy of the USSR provided that for characterization of climatic conditions for 100 km of high-voltage power lines there are 2 and more representative weather stations with series of observations of actual combinations of deposits and wind speed observed simultaneously.

If determination of loads is not possible, calculations of high-voltage lines for ice and wind load impact should be carried out for conditions as per clause 6. In this case wind pressure under ice conditions should be assumed to be not more than 30 daN/m2 (V=22 m/s).

When calculating high-voltage lines as per clauses 6 and 7.1 in the areas with standard ice coating thickness up to 10 mm appropriate wind pressure under ice conditions must not be less than 6.25 daN/m2 (V=10 m/s), and in the areas with standard ice coating thickness of 15 mm and more - not less than 14.0 daN/m2 (V=15 m/s). 

For areas with an average annual temperature of minus 5° С and lower, the temperature in clauses 4, 5, 6 and 7 should be assumed to be equal to minus 10° С.

2.5.35. Calculation of high-voltage lines as per emergency operation mode must be carried out for the following combinations of climatic conditions:

1. Average annual temperature ta, no wind and ice.

2. The minimum temperature [image: image55.wmf]min

t

, no wind and ice.

3. Wires and strands are covered with ice coating, temperature – minus 5°С, no wind.

4. Wires and strands are covered with ice coating, temperature – minus 5°С, wind pressure - 0.25 [image: image56.wmf]max

q

.

2.5.36. When checking high-voltage line supports as per assembling conditions, the following combinations of climatic conditions must be assumed: temperature – minus 15°С, wind pressure at a height of up to 15 m from ground level – 6.25 daN/m2, no ice.

2.5.37. When calculating convergence of live parts with high-voltage line and structure support elements, it is necessary to assume the following combinations of climatic conditions:

1. At operating voltage: the maximum standard wind pressure [image: image57.wmf]max

q

, temperature – minus 5°С (see also 2.5.34).

2. At lightning and internal overvoltages: temperature – plus 15°С, wind pressure q=0.1qmax (v≈0.3vmax), but not less than 6.25 daN/m2.

3. For safe ascent on a live support: temperature – minus 5°С, no wind and ice.

The value [image: image58.wmf]max

q

is assumed to be equal to the value used for determining wind load on wires.

Convergence as per clause 2 is also calculated for conditions without wind.

The angle of deflection of wires and strands is determined with the formula

tgγ = kP /(Gw + 0.5Gs),    

where [image: image59.wmf]k

is the factor taking into account the dynamics of wire oscillation during its deviations; the factor is assumed to be equal to: 1 at wind pressure up to 40 daN/m2, 0.95 at 45 daN/m2, 0.9 at 55 daN/m2, 0.85 at 65 daN/m2, 0.8 at 80 daN/m2 and more (intermediate values are determined as per linear interpolation); P is the standard wind load on wire, daN; Gw is the load on a string from the wire weight, daN; Gs is the weight of an insulator string, daN.

WIRES AND LIGHTNING PROTECTION CABLES 

2.5.38. For high-voltage lines one or several wires in a phase can be used; in the latter case the phase is called a split phase.

The diameter, section and number of wires in a phase as well as the distance between wires of the split phase are determined by calculations.

2.5.39. As per conditions of mechanical strength stranded aluminum and aluminum-steel wires and wires of aluminum alloy АЖ and stranded cables must be used for high-voltage lines.

The minimum permissible sections of wires:

	aluminum 
	240 mm2


	aluminum-steel wires with ratio A: S = 6 in zones with standard ice coating thickness: 


	  

	up to 10 mm.
	35 mm2


	15 and 20 mm.
	50 mm2


	more than 20 mm.
	70 mm2


	wires of aluminum alloy АЖ 
	120 mm2


The minimum permissible sections of wires are presented in table 2.5.4.

Table 2.5.4. Minimum permissible sections of aluminum-steel wires for high-voltage lines as per conditions of mechanical strength

	High-voltage line characteristic 
	Section of aluminum-steel wires, mm2

	High-voltage lines without intersections, runs 


	  

	High-voltage lines across navigable rivers and channels, spans of intersections


	  

	High-voltage lines with engineering works (communication lines, elevated pipelines and cableways), railroads and other engineering works with ice coating thickness of, mm: 


	  

	up to 10 mm


	35 

	15 and 20 mm

	50 

	more than 20

	70 


For high-voltage lines of 10 kV and less constructed in unpopulated areas with design ice coating thickness up to 10 mm, within spans without intersections with engineering works, it is allowed to use one-core steel wires which use is permitted by special instructions.

Steel cables with a section of not less than 35 mm2 of wires with breaking strength of not less than 120 daN/m2 are used as lightning protection cables. In particularly vital runs and in the areas of chemical activation as well as when using lightning protection cables for carrier-current communication and when it is necessary as per conditions of heat resistance (see 2.5.42), aluminum-steel wires of general or special purposes should be used as lightning protection cables.

Within the spans of intersection with elevated pipelines and cableways it is allowed to use steel lightning protection cables. Within the spans of intersection with pipelines not designed for transportation of combustible liquid and gases it is allowed to use steel wires with a section of 25 mm2 and more.

Within spans of intersections of high-voltage lines with railroads steel cables with breaking strength of not less than 120 daN/m2 and section of not less than 35 mm2 for the I and II ice zones and not less than 50 mm2 for the rest of ice zones should be used as lightning protection cables .

In order to reduce electric power loss for magnetic resistance reversal of steel cores in aluminum-steel wires it is recommended to use wires with the even number of aluminum wire lays under other equal conditions.

Table 2.5.5. Minimum permissible spans of high-voltage lines with aluminum, aluminum-steel and steel wires and wires of aluminum alloys of small sections

	Wire grade 
	Limiting spans, m, with ice coating thickness 



	
	up to 10 mm 
	15 mm 
	20 mm 

	Aluminum:

	
	
	

	А 35

	140 
	-


	-



	А 50

	160 
	90 
	60 

	А 70

	190 
	115 
	75 

	А 95

	215 
	135 
	90 

	А 120

	270 
	150 
	110 

	А 150

	335 
	165 
	130 

	Of aluminum alloys:


	
	
	

	АН 35

	210 
	115 
	75 

	АН 50

	265 
	155 
	100 

	АН 70

	320 
	195 
	130 

	АН 95

	380 
	235 
	160 

	АН 120

	435 
	270 
	185 

	АН 150

	490 
	290 
	205 

	АЖ 35

	280 
	175 
	120 

	АЖ 50

	350 
	220 
	140 

	АЖ 70

	430 
	270 
	180 

	АЖ 95

	500 
	330 
	230 

	АЖ 120

	550 
	370 
	260 

	АЖ 150

	605 
	400 
	290 

	Aluminum-steel:
	
	
	

	АС 25/4.2

	230 
	-
	-

	АС 35/6.2

	320 
	200 
	140 

	АС 50/8.0

	360 
	240 
	160 

	АС 70/11

	430 
	290 
	200 

	АС 95/16, АС 95/15

	525 
	410 
	300 

	АС 120/19

	660 
	475 
	350 

	Steel ПС 25

	520 
	220 
	150 


Notes: 1. Given values of limiting spans are valid for aluminum wires of АТ and АТп wire.

2. The values of limiting spans have been calculated with the condition of reaching 80% of strength limit at points of their hanging located at the same height, with double weight of ice and permissible stresses as per table 2.5.7.

2.5.40. The following fields of application are recommended for aluminum-steel wires:

1. In the zones with ice coating thickness up to 20 mm: with sections up to 185 mm2 – with ratio A: S = 6.0[image: image60.wmf]¸

6.25, with sections of 240 mm2 and more – with ratio А: S = 7.71[image: image61.wmf]¸

8.04.

2. In the zones with ice coating thickness of more than 20 mm: with sections up to 95 mm2 – with ratio A: S=6.0, with sections 120-400 mm2 – with ratio A: S = 4.29[image: image62.wmf]¸

4.39, with sections of 450 mm2 and more – with ratio А: S = 7.71[image: image63.wmf]¸

8.04.

3. For long runs with spans of more than 800 m – with ratio A: S=1.46.

Selecting wires of other grades is justified by technical-economic calculations. 

4. When constructing high-voltage lines at places where the operational experience shows damage of aluminum-steel wires due to corrosion (sea shores, salt lakes, industrial areas and areas of saline sands, adjacent areas with atmospheric air of the II and III types) as well as places where such damage is expected on the ground of survey data, aluminum-steel wires of grades АСКС, АСКП, АСК in accordance with GOST 839-80, and aluminum wires – of grade АКП should be used.

For level ground, if there is no operational data, the width of coastland to which given requirement applies to should be assumed to be equal to 5 km, and strips from chemical enterprises – 1.5 km. 

2.5.41. As per corona discharge conditions with elevation up to 1000 m above sea level for high-voltage lines it is recommended to use wires with a diameter not less than those given in table 2.5.6.

Table 2.5.6. Minimum diameter of wires 

of high-voltage lines as per corona discharge conditions, mm

	
	Phase with wires 

	Voltage of high-voltage line, kV 
	one-core

	split 

	110


	11.4 (АС 70/11)
	-

	150


	15.2 (АС 120/19)
	-

	220


	21.6 (АС 240/39)
	-

	330 
	33.2 (АС 600/72)
	3х17.1 (ЗхАС 150/24) 

2х21.6 (2хАС 240/39)


	500


	-


	3х24.5 (ЗхАС 300/66)
2х36.2 (2хАС 700/86)



When selecting the design of a high-voltage line and the number of wires in the phase as well as distances between phases of high-voltage lines, it is necessary to limit electric-field strength on the wire surface to levels permissible as per corona discharge (see chapter 1.3) and interference level.

2.5.42. The section of a lightning protection cable selected on the basis of mechanical calculation must be checked for heat resistance in accordance with instructions given in chapter 1.4. At sections with insulated fastening of the cable (see 2.5.67) check for heat resistance is not carried out.

2.5.43. The mechanical calculation of wires and strands of high-voltage lines higher than 1 kV must be carried out on the basis of the following reference conditions:

1) at the maximum external load;

2) at the minimum temperature and absence of external loads;

3) at average annual temperature and absence of external loads. 

Permissible mechanical stresses in wires and strands for these conditions are given in table 2.5.7.

Table 2.5.7. Permissible mechanical stresses in wires and strands of high-voltage lines higher than 1 kV

	
	Permissible stress, % the maximum tensile stress
	Permissible stress, daN/m2, for wires of aluminum wire



	Wires and strands 
	  
	АТ

	АТп 

	
	at the maximum load and the minimum temperature 
	at average annual tempera​ture  
	at the maximum load and the minimum temperature 
	at average annual tempera​ture
	at the maximum load and the minimum temperature 
	at average annual tempera​ture

	Aluminum А, АКП with section, mm2:


	
	
	
	
	
	

	16-35


	35 
	30 
	5.6 
	4.8 
	6.0 
	5.1 

	50 and 70

	40 
	30 
	6.4 
	4.8 
	6.8 
	5.1 

	95


	40 
	30 
	6.0 
	4.5 
	6.4 
	4.8 

	120 and more

	45 
	30 
	7.2 
	4.8 
	7.6 
	5.1 

	Aluminum-steel АС, АСКС, АСКП, АСК with section, mm2:


	
	
	
	
	
	

	16-25


	35 
	30 
	10.2 
	8.7 
	10.5 
	9.0 

	35-95 at А : S= 6.0 and 6.13 

70 at А : S= 0.95 

95 at А : S=0.65 

120 and more at A: S = 6.11 [image: image64.wmf]¸
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 40 
	30 
	11.6 

26.8 

30.4 

13.0 
	8.7 

20.1 

22.8 

8.7 
	12.0 

27.2 

30.8 

13.5 
	9.0 

20.4 

23.1 

9.0 

	120 and more at A: S = 4.29 [image: image66.wmf]¸

4.39 

150 and more at A: S = 7.71 [image: image67.wmf]¸

8.04 

185, 300 and 500 at А : S= 1.46
330 at А : S= 12.22 

400 and 500 at A: S= 17.93 and 18.09
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 45 
	30 
	14.9 

12.2 

25.0 

10.8

9.7 
	9.9 

8.1 

16.5 

7.2

 6.5 
	15.3 

12.6

25.2 

11.7 

10.4 
	10.2 

8.4 

16.8 

7.8 

6.9 

	Steel:
	
	
	
	
	
	

	Steel wires of all sections

Cables TK of all sections
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 50 
	35 
	31 

As per GOST or specifications**
	21.6

-
	-

-
	-

-

	____________________

** Depending of breaking tension of the whole cable.



	Of aluminum alloy with section, mm2. 


	
	
	
	
	-
	-

	16-95 of alloy АН 

16-95 of alloy АЖ 
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 40 
	30 
	8.3

11.4 
	6.2 

8.5 
	-

-
	-
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	120 and more of alloy AH 

120 and more of alloy АЖ 
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 45 
	30 
	9.4 

12.8 
	6.2

8.5 
	-

-
	-

-


2.5.44. For mechanical calculations of wires and strands of high-voltage lines physicomechanical characteristics presented in table 2.5.8. should be used. 2.5.8.

The field of application (the minimum permissible sections, etc.) of wires of aluminum alloy of the grade AH corresponds to the field of application of aluminum wires, and the field of application of wires of aluminum alloy of the grade АЖ corresponds to the field of application of aluminum-steel wires.

2.5.45. Mechanical stresses occurring at the highest points of hanging of aluminum and steel wires must not exceed 105% of the values presented in table 2.5.7. Stresses at the highest points of hanging of aluminum-steel wires at all sections of a high-voltage line including those within long runs must make up not more than 110% of the values presented in table 2.5.7.

2.5.46. On high-voltage lines the followings must be protected against vibration:

1. Single aluminum and aluminum-steel wires and wires of aluminum alloy with section up to 95 mm2 within the spans of more than 80 m long, with a section of 120-240 mm2 within the spans of more than 100 m long, with a section of 300 mm2 and more within the spans of more than 120 m long, steel stranded wires and strands of all sections within the spans longer than 120 m when a high-voltage line runs across an open or slightly rough area, if mechanical stress at an average annual temperature makes up more than, daN/mm2:

	for aluminum wires and wires of aluminum alloy AH


	3.5 

	for aluminum-steel wires and wires of aluminum alloy AЖ 


	4.0 

	for steel wires and strands


	18.0 


When a high-voltage line runs across a rugged terrain or a built-up area as well as through thin forest or forest with low trees (below the height of wire suspension) the length of spans and values of mechanical stresses, upon exceeding of which protection from vibration is required, is increased by 20%. 

2. The wires of a split phase consisting of two wires connected by spacers within the spans of more than 150 m when a high-voltage line runs across an open or slightly rough area, if mechanical stress in wires at the average annual temperature makes up more than, daN/mm2:

	for aluminum wires and wires of aluminum alloy AH


	4.0 

	for aluminum-steel wires and wires of aluminum alloy AЖ

	4.5 


When a high-voltage line runs across rugged terrain or built-up area as well as through thin forest or forest with low trees (below the height of wire suspension), the values of mechanical stresses upon exceeding of which protection from vibration is required, is increased by 10%. 

When split phase consisting of three or four wires with group installation of spacers is used protection from vibration is not required (except for cases presented in clause 3).

3. Wires and strands when crossing rivers, ponds and other water obstacles with spans longer than 500 m, regardless of the number of wires in a phase and the value of mechanical stress; in this case all spans of the run must be protected from vibration.


Table 2.5.8. Physicomechanical characteristics of wires and strands

	
	Reduced load from own weight 10-3 daN/(m·mm2)
	Elasticity modulus, 103 daN/mm2   
	Tempe​rature factor 

of linear expan​sion, 10-0 degree-1
	The maximum tensile stress, daN/m2, of whole wire and strand

	Wires and strands 
	
	
	
	of wire 
	of steel and alloys 

	
	  
	  
	  
	АТ 
	АТп 
	  

	Aluminum А, АКП with section, mm2:


	
	
	
	
	
	

	up to 400, except for 95 and 240


	2.75 
	6.3 
	23.0 
	16 
	17 
	-



	450 and more, as well as 95 and 240


	2.75 
	6.3 
	23.0 
	15 
	16 
	-



	Aluminum-steel АС, АСКС, АСКП, АСК with section, mm2:


	
	
	
	
	
	

	10 and more at A: S = 6.0[image: image72.wmf]¸

6.25.


	3.46 
	8.25 
	19.2 
	29 
	30 
	-

	70 at А : S=0.95


	5.37 
	13.4 
	14.5 
	67 
	68 
	-

	95 at А : S=0.65


	5.85 
	14.6 
	13.9 
	76 
	77 
	-

	120 and more at A: S = 4.29[image: image73.wmf]¸

4.39.


	3.71 
	8.9 
	18.3 
	33 
	34 
	-

	150 and more at A: S = 7.71[image: image74.wmf]¸

8.04.


	3.34 
	7.7 
	19.8 
	27 
	28 
	-

	185 and more at A: S=1.46 
	4.84 
	11.4 
	15.5 
	55 
	56 
	-



	330 at А : S=12.22

	3.15 
	6.65 
	21.2 
	24 
	26 
	-



	400 and 500 at A: S= 17.93 and 18.09


	3.03 
	6.65 
	21.2 
	21.5 
	23 
	-



	Steel:
	
	
	
	
	
	

	Steel wires of all sections


	8.0 
	20.0 
	12.0 
	-


	-


	62 

	Cables TK of all sections


	8,0 
	20.0 
	12.0 
	-


	-


	*



	________________

     * To be assumed as per appropriate GOST, but not more than 120 daN/mm2.



	of aluminum alloy AH


	2.75 
	6.5 
	23.0 
	-
	-


	20.8 

	of aluminum alloy АЖ


	2.75 
	6.5 
	23.0 
	-


	-


	28.5 


At the sections of high-voltage lines protected from cross winds protection of wires and strands from vibration is not required when the lines run across forest areas with trees higher than the height of wire suspension, along a mountain glen etc.

2.5.47. To protect aluminum wires and wires of aluminum alloys АЖ and АН with a section up to 95 mm2 and aluminum-steel wires with a section up to 70 mm2 from vibration it is recommended to use vibration suppressors of a loop type, and to use vibration suppressors of the common type for aluminum and aluminum-steel wires of a larger section and steel wires and strands.

2.5.48. On wires of a split phase space blocks must be installed within spans and loops of anchor supports. Distances between spacers or groups of spacers installed within a span must not exceed 75 m.

LOCATION OF WIRES AND STRANDS

AND DISTANCES BETWEEN THEM

2.5.49. Within a high-voltage line wires on supports can be located in any way. On high-voltage lines of 35 kV and higher with location of wires in many tiers, as a rule, horizontal displacement of adjacent tier wires must be made possible (see also 2.5.52).

In zones with ice coating thickness of 15 and 20 mm as well as in zones with frequent wire dancing under otherwise equal conditions it is recommended to locate wires in horizontal way.

With ice coating thickness of more than 20 mm on high-voltage lines of 35 kV and higher wires should be located only horizontally. On high-voltage lines of 20 kV and less in zones with ice coating thickness of more than 20 mm, combined location of wires is allowed (a triangle with fastening of the upper wire on the rack). 

On high-voltage lines of 500 kV it is recommended to use horizontal location of wires regardless of ice coating thickness.

2.5.50. Distances between the wires of high-voltage lines must be selected as per wire operation conditions as well as per permissible isolating distances between wires and the elements of a support assumed in accordance with 2.5.37 and 2.5.71. 

The selection of distances between wires as well as between wires and strands on the basis of conditions of operation within the spans and protection from lightning overvoltages is carried out as per sags corresponding to the clearance span according to instruction given in 2.5.51-2.5.54, 2.5.65 and 2.5.66; in this case the strand sag must not be more than the wire sag. In separate spans chosen during the installation of supports and exceeding clearance spans by not more than 25%, increase of distances calculated for the clearance span is not required.

For spans exceeding the clearance spans by more than 25% check of distances between wires should be carried out according to instructions given in 2.5.51-2.5.53, between wires and strands check is carried out according to instructions given in 2.5.54, 2.5.65 and 2.5.66. In this case the distance between wires may be determined with formulas presented in 2.5.51-2.5.53 without taking into account requirements of table 2.5.10-2.5.12. 

2.5.51. On high-voltage lines of 35 kV and higher with suspended insulators with horizontal location of wires the minimum distance between wires [image: image75.wmf]d

, m, as per conditions of their convergence in the span is determined depending on rated voltage of the line and clearance sag with the formula 

d =1.0 U / 110 + 0.6 √f,
where [image: image76.wmf]U

is the voltage of a high-voltage line, kV; [image: image77.wmf]f

is the maximum sag corresponding to the clearance span, m.

When determining distances between the wires of high-voltage lines with spans longer than 500 m, the distances between wires are determined as per the maximum sag of the transitional span. Distances between wires with sags up to 16 m, calculated as per given formula with admissible rounding off to values divisible by 0.25, are given in table. 2.5.9.

Table 2.5.9. Minimum permissible distance between wires of high voltage lines with suspended insulators with horizontal location of wires

	Voltage

of high-voltage line, kV 
	Minimum distance between wires, m, with sags, m 



	  
	3


	4 
	5 
	6 
	8 
	12 
	16 

	35


	2.5 
	2.5 
	2.75 
	2.75 
	3.0 
	3.25 
	3.75 

	110


	3.0 
	3.25 
	3.5 
	3.5 
	3.75 
	4.0 
	4.5 

	150


	3.5 
	3.5 
	3.75 
	3.75 
	4.0 
	4.5 
	4.75 

	220


	-
	-
	4.25 
	4.5 
	4.75 
	5.0 
	5.5 

	330


	-
	-
	-
	5.5 
	5.75 
	6.0 
	6.5 

	500


	-
	-
	-
	7.0 
	7.25 
	7.5 
	8.0 


For distances d>8 m it is allowed to carry out rounding off to values divisible by 0.5 m, and for d>12 m – to values divisible by 1 m. 

2.5.52. On high-voltage lines of 35-330 kV with suspended insulators with non-horizontal (combined or vertical) location of wires distances between wires as per conditions of their operation in the span is determined in the following way:

1. On intermediate supports with sags up to 16 m:

a) in zone I (with infrequent wire dancing, fig. 2.5.11 and 2.5.12) – as per table. 2.5.10, and in zone II (with moderate wire dancing, fig.  2.5.11 and 2.5.12) – as per table. 2.5.11. In this case in zones with ice coating thickness of 5-10 mm additional check as per ice condition is not required.

[image: image78.png]



Fig. 2.5.11. Wire dancing zoning map of the CIS territory. Sheet 1

	Ленинград
	Leningrad

	Архангельск
	Arkhangelsk

	Киев
	Kiev

	Москва
	Moscow

	Салехард
	Salekhard

	Саратов
	Saratov

	Казань
	Kazan

	Свердловск
	Sverdlovsk

	Тбилиси
	Tbilisi

	Астрахань
	Astrakhan

	Челябинск
	Chelyabinsk

	Баку
	Baku

	Новосибирск
	Novosibirsk

	Ашхабад
	Ashkhabad

	Алма-Ата
	Alma-Ata
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Fig. 2.5.12. Wire dancing zoning map of the CIS territory. Sheet 2

	Дудинка
	Dudinka

	Якутск
	Yakutsk

	Магадан
	Magadan

	Красноярск
	Krasnoyarsk

	Улан-Удэ
	Ulan-Ude

	Хабаровск
	Khabarovsk

	Южно-Сахалинск
	Yuzhno-Sakhalinsk

	Владивосток
	Vladivostok

	500 км
	500 km

	Границы районов пляски
	Borders of zones of wire dancing

	Границы районов пляски, подлежащие уточнению
	Borders of zones of wire dancing subject to more accurate definition

	Районы с редкой пляской проводов (повторяемость пляски реже 1 раза в 10 лет)
	Zones with infrequent wire dancing (frequency of dancing is less than once 10 years) 

	Районы с умеренной пляской проводов (повторяемость пляски около 1 раза в 5-10 лет)
	Zones with moderate wire dancing (frequency of dancing is approximately once per 5-10 years) 

	Районы с частой пляской проводов (повторяемость пляски более 1 раза в 5 лет)
	Zones with frequent wire dancing (frequency of dancing is more than once in 5 years) 


When the distance can not be determined as per table 2.5.10 and 2.5.11 (e.g. with vertical distances less than those presented in tables), the distance between wires along a straight line must not be less than the distance required for horizontal location of wires (see 2.5.51).

In zones with ice coating thickness of 15-20 mm distances between wires [image: image80.wmf]d

, m, determined as per tables  2.5.10 and 2.5.11, are subject to additional check with the formula

d = 1.0+U/110+0.6√f+0/15V, 
where [image: image81.wmf]U

is the voltage of a high-voltage line, kV; [image: image82.wmf]f

is the maximum sag corresponding to the clearance span, m; [image: image83.wmf]V

is the vertical distance between wires, m.

From two distances – as per appropriate table (2.5.10 or 2.5.11) and as per given formula – the longest should be assumed;

b) in zone III (with frequent wire dancing, see fig. 2.5.11 and 2.5.12) – as per table  2.5.12 without additional check for ice conditions.

When the distance between wires can not be determined as per table 2.5.12, the distance between wires must not be less than that determined with the formula presented in clause 1, a;

b) when selecting location of wires and distances between them as per wire dancing conditions for lines or their sections running in the II and III dancing intensity zones, but protected from cross winds by the lay of the land, forest areas, buildings and structures, which height makes at least 2/3 of the height of supports, it is recommended to assume the I zone instead of the II and the II zone instead of the III.

Exclude table 2.5.10#S. Apply requirements to the smallest horizontal displacement of adjacent tiers on intermediate supports in the II zone of dancing to the I zone of dancing. 

(Change, by the Order of the Ministry of Energy and Electrification of the USSR dated 14.07.98 No 32-6/17-ET)

Table 2.5.10. Minimum horizontal displacement of adjacent tiers on intermediate supports in zone I (with infrequent wire dancing)

	Voltage of high-voltage line, kV 
	Vertical distance, m 
	Horizontal displacement of adjacent wires, m 

with clearance sags, m 

	  
	  
	4


	5 
	6 
	8 
	10 
	12 
	14 
	16 

	35 
	2.5


	0.50 
	0.50 
	0.50 
	1.10 
	1.50 
	1.80 
	2.00 
	2.10 

	
	3.0


	0.50 
	0.50 
	0.50 
	0.80 
	1.30 
	1.65 
	1.85 
	2.05 

	
	3.5


	0 
	0.50 
	0.50 
	0.50 
	1.20 
	1.60 
	1.80 
	2.00 

	
	4.0


	0 
	0.50 
	0.50 
	0.50 
	1.00 
	1.50 
	1.70 
	1.95 

	
	4.5


	0 
	0 
	0.50 
	0.50 
	0.60 
	1.30 
	1.60 
	1.90 

	
	5.0


	0 
	0 
	0 
	0.50 
	0.50 
	1.10 
	1.50 
	1.80 

	
	5.5


	0 
	0 
	0 
	0.50 
	0.50 
	0.50 
	1.40 
	1.75 

	
	6.0


	0 
	0 
	0 
	0 
	0.50 
	0.50 
	1.10 
	1.60 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	0.50 
	0.60 
	1.40 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	0.50 
	0.50 
	1.10 

	110 
	3.0


	0.70 
	0.70 
	0.70 
	1.20 
	1.70 
	1.90 
	2.15 
	2.30 

	
	3.5


	0.70 
	0.70 
	0.70 
	1.00 
	1.50 
	1.90 
	2.10 
	2.20 

	
	4.0


	0 
	0.70 
	0.70 
	0.70 
	1.20 
	1.70 
	2.00 
	2.15 

	
	4.5


	0 
	0 
	0.70 
	0.70 
	1.00 
	1.50 
	1.90 
	2.10 

	
	5.0


	0 
	0 
	0 
	0.70 
	0.70 
	1.30 
	1.70 
	2.00 

	
	5.5


	0 
	0 
	0 
	0.70 
	0.70 
	1.00 
	1.60 
	1.95 

	
	6.0


	0 
	0 
	0 
	0 
	0.70 
	0.70 
	1.40 
	1.80 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	1.70 
	1.10 
	1.60 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	0.70 
	0.70 
	1.50 

	150


	3.5 
	1.00 
	1.00 
	1.00 
	1.00 
	1.60 
	2.00 
	2.20 
	2.35 

	
	4.0


	0 
	1.00 
	1.00 
	1.00 
	1.40 
	1.80 
	2.10 
	2.30 

	
	4.5


	0 
	0 
	1.00 
	1.00 
	1.10 
	1.70 
	2.00 
	2.25 

	
	5.0


	0 
	0 
	0 
	1.00 
	1.00 
	1.50 
	1.90 
	2.20 

	
	5.5


	0 
	0 
	0 
	1.00 
	1.00 
	1.10 
	1.70 
	2.10 

	
	6.0


	0 
	0 
	0 
	0 
	1.00 
	1.00 
	1.50 
	2.00 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	1.00 
	1.20 
	1.80 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	1.00 
	1.00 
	1.60 

	220


	5.0 
	0 
	0 
	1.50 
	1.50 
	1.50 
	1.80 
	2.20 
	2.50 

	
	5.5


	0 
	0 
	1.50 
	1.50 
	1.50 
	1.50 
	2.10 
	2.30 

	
	6.0


	0 
	0 
	0 
	0 
	1.50 
	1.50 
	1.90 
	2.20 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	1.50 
	1.70 
	2.10 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	1.50 
	1.50 
	1.85 

	330


	5.5 
	0 
	0 
	2.00 
	2.00 
	2.20 
	2.55 
	2.80 
	3.15 

	
	6.0 
	0 
	0 
	0 
	2.00 
	2.10 
	2.45 
	2.75 
	3.10 

	
	6.5 
	0 
	0 
	0 
	0 
	2.00 
	2.35 
	2.65 
	3.05 

	
	7.0 
	0 
	0 
	0 
	0 
	2.00 
	2.20 
	2.60 
	3.00 

	
	7.5 
	0 
	0 
	0 
	0 
	2.00 
	2.00 
	2.50 
	2.95 

	
	8.0 
	0 
	0 
	0 
	0 
	2.00 
	2.00 
	2.40 
	2.90 

	
	8.5 
	0 
	0 
	0 
	0 
	2.00 
	2.00 
	2.30 
	2.70 


Table 2.5.11. Minimum horizontal displacement of adjacent tiers on intermediate supports in zone II (with moderate wire dancing)

	Voltage

of high-voltage line, kV 
	Vertical distance, m 
	Horizontal displacement of adjacent wires, m

with clearance sags, m 

	  
	  
	4


	5 
	6 
	8 
	10 
	12 
	14 
	16 

	35 
	2.5


	0.70 
	0.70 
	1.00 
	1.60 
	2.00 
	2.30 
	2.50 
	2.60 

	
	3.0


	0.70 
	0.70 
	0.70 
	1.30 
	1.80 
	2.15 
	2.35 
	2.55 

	
	3.5


	0 
	0.70 
	0.70 
	1.00 
	1.70 
	2.10 
	2.30 
	2.50 

	
	4.0


	0 
	0.70 
	0.70 
	0.70 
	1.50 
	2.00 
	2.20 
	2.45 

	
	4.5


	0 
	0 
	0.70 
	0.70 
	1.10 
	1.80 
	2.10 
	2.40 

	
	5.0


	0 
	0 
	0 
	0.70 
	0.70 
	1.60 
	2.00 
	2.30 

	
	5.5


	0 
	0 
	0 
	0.70 
	0.70 
	1.00 
	1.90 
	2.25 

	
	6.0


	0 
	0 
	0 
	0 
	0.70 
	0.70 
	1.60 
	2.10 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	0.70 
	1.10 
	1.90 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	0.70 
	0.70 
	1.60 

	110 
	3.0


	1.20 
	1.20 
	1.20 
	1.70 
	2.20 
	2.40 
	2.65 
	2.80 

	
	3.5 
	1.20 
	1.20 
	1.20 
	1.50 
	2.00 
	2.40 
	2.60 
	2.70 

	
	4.0 
	0 
	1.20 
	1.20 
	1.20 
	1.70 
	2.20 
	2.50 
	2.65 

	
	4.5 
	0 
	0 
	1.20 
	1.20 
	1.50 
	2.00 
	2.40 
	2.60 

	
	5.0 
	0 
	0 
	0 
	1.20 
	1.20 
	1.80 
	2.30 
	2.50 

	
	5.5 
	0 
	0 
	0 
	1.20 
	1.20 
	1.50 
	2.10 
	2.45 

	
	6.0 
	0 
	0 
	0 
	0 
	1.20 
	1.20 
	1.90 
	2.30 

	
	6.5 
	0 
	0 
	0 
	0 
	0 
	1.20 
	1.60 
	2.10 

	
	7.0 
	0 
	0 
	0 
	0 
	0 
	1.20 
	1.20 
	2.00 

	150 
	3.5


	1.50 
	1.50 
	1.50 
	1.50 
	2.10 
	2.50 
	2.70 
	2.85 

	
	4.0


	0 
	1.50 
	1.50 
	1.50 
	1.90 
	2.30 
	2.60 
	2.80 

	
	4.5


	0 
	0 
	1.50 
	1.50 
	1.60 
	2.20 
	2.50 
	2.75 

	
	5.0


	0 
	0 
	0 
	1.50 
	1.50 
	2.00 
	2.40 
	2.70 

	
	5.5


	0 
	0 
	0 
	1.50 
	1.50 
	1.60 
	2.20 
	2.60 

	
	6.0


	0 
	0 
	0 
	0 
	1.50 
	1.50 
	2.00 
	2.50 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	1.50 
	1.70 
	2.30 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	1.50 
	1.50 
	2.10 

	220 
	5.0


	0 
	0 
	2.00 
	2.00 
	2.00 
	2.30 
	2.70 
	3.00 

	
	5.5


	0 
	0 
	2.00 
	2.00 
	2.00 
	2.00 
	2.60 
	2.80 

	
	6.0


	0 
	0 
	0 
	0 
	2.00 
	2.00 
	2.40 
	2.70 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	2.00 
	2.20 
	2.60 

	
	7.0


	
	0 
	0 
	0 
	0 
	2.00 
	2.00 
	2.35 

	330 
	5.5


	0 
	0 
	2.50 
	2.50 
	2.70 
	3.05 
	3.30 
	3.65 

	
	6.0


	0 
	0 
	0 
	2.50 
	2.60 
	2.95 
	3.25 
	3.60 

	
	6.5


	0 
	0 
	0 
	0 
	2.50 
	2.85 
	3.15 
	3.55 

	
	7.0


	0 
	0 
	0 
	0 
	2.50 
	2.70 
	3.10 
	3.50 

	
	7.5


	0 
	0 
	0 
	0 
	2.50 
	2.50 
	3.00 
	3.45 

	
	8.0


	0 
	0 
	0 
	0 
	2.50 
	2.50 
	2.90 
	3.40 

	
	8.5


	0 
	0 
	0 
	0 
	2.50 
	2.50 
	2.80 
	3.20 


Table 2.5.12. Minimum horizontal displacement of adjacent tiers on intermediate supports in zone III (with frequent wire dancing)

	Voltage of high-voltage line, kV 
	Vertical distance, m 
	Horizontal displacement of adjacent wires, m 

with clearance sags, m 

	  
	  
	4


	5 
	6 
	8 
	10 
	12 
	14 
	16 

	35


	3.0 
	0.70 
	1.25 
	1.55 
	2.05 
	2.35 
	2.65 
	2.95 
	3.20 

	
	3.5


	0 
	0.70 
	1.30 
	1.90 
	2.30 
	2.65 
	2.95 
	3.20 

	
	4.0


	0 
	0.70 
	0.70 
	1.70 
	2.20 
	2.60 
	2.90 
	3.20 

	
	4.5


	0 
	0 
	0.70 
	1.30 
	2.05 
	2.50 
	2.85 
	3.15 

	
	5.0


	0 
	0 
	0 
	0.70 
	1.80 
	2.35 
	2.75 
	3.10 

	
	5.5


	0 
	0 
	0 
	0.70 
	1.40 
	2.20 
	2.65 
	3.05 

	
	6.0


	0 
	0 
	0 
	0 
	0.70 
	1.90 
	2.50 
	2.95 

	
	6.5


	0 
	0 
	0 
	0 
	0.70 
	1.40 
	2.30 
	2.85 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	0.70 
	2.00 
	2.65 

	110


	3.0


	1.20 
	1.35 
	1.85 
	2.35 
	2.65 
	2.95 
	3.25 
	3.50 

	
	3.5


	1.20 
	1.20 
	1.50 
	2.20 
	2.60 
	2.95 
	3.25 
	3.50 

	
	4.0


	0 
	1.20 
	1.20 
	2.00 
	2.50 
	2.90 
	3.20 
	3.50 

	
	4.5


	0 
	0 
	1.20 
	1.65 
	2.35 
	2.80 
	3.15 
	3.45 

	
	5.0


	0 
	0 
	0 
	1.20 
	2.10 
	2.65 
	3.05 
	3.40 

	
	5.5


	0 
	0 
	0 
	1.20 
	1.70 
	2.50 
	2.95 
	3.35 

	
	6.0


	0 
	0 
	0 
	0 
	1.20 
	2.20 
	2.80 
	3.25 

	
	6.5


	0 
	0 
	0 
	0 
	1.20 
	1.70 
	2.60 
	3.15 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	1.20 
	2.30 
	2.95 

	150 
	3.5


	1.50 
	1.50 
	1.70 
	2.30 
	2.80 
	3.10 
	3.35 
	3.60 

	
	4.0


	0 
	1.50 
	1.50 
	2.10 
	2.60 
	3.00 
	3.30 
	3.60 

	
	4.5


	0 
	0 
	1.50 
	1.75 
	2.45 
	2.90 
	3.25 
	3.55 

	
	5.0


	0 
	0 
	0 
	1.50 
	2.20 
	2.75 
	3.15 
	3.50 

	
	5.5


	0 
	0 
	0 
	1.50 
	1.80 
	2.60 
	3.05 
	3.45 

	
	6.0


	0 
	0 
	0 
	0 
	1.50 
	2.30 
	2.90 
	3.35 

	
	6.5


	0 
	0 
	0 
	0 
	0 
	1.80 
	2.70 
	3.25 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	1.50 
	2.40 
	3.05 

	220 
	5.0


	0 
	0 
	2.00 
	2.00 
	2.50 
	3.05 
	3.45 
	3.80 

	
	5.5


	0 
	0 
	2.00 
	2.00 
	2.10 
	2.90 
	3.35 
	3.75 

	
	6.0


	0 
	0 
	0 
	0 
	2.00 
	2.60 
	3.20 
	3.65 

	
	6.5


	0 
	0 
	0 
	0 
	2.00 
	2.10 
	3.00 
	3.55 

	
	7.0


	0 
	0 
	0 
	0 
	0 
	2.00 
	2.70 
	3.35 

	330 
	6.0


	0 
	0 
	2.50 
	2.90 
	3.45 
	3.85 
	4.15 
	4.40 

	
	6.5 
	0 
	0 
	2.50 
	2.70 
	3.35 
	3.80 
	4.10 
	4.40 

	
	7.0 
	0 
	0 
	0 
	2.50 
	3.20 
	3.75 
	4.10 
	4.40 

	
	7.5 
	0 
	0 
	0 
	2.50 
	3.05 
	3.65 
	4.05 
	4.40 

	
	8.0 
	0 
	0 
	0 
	2.50 
	2.85 
	3.55 
	4.00 
	4.35 

	
	8.5 
	0 
	0 
	0 
	2.50 
	2.50 
	3.40 
	3.90 
	4.30 

	
	9.0 
	0 
	0 
	0 
	2.50 
	2.50 
	3.25 
	3.80 
	4.25 

	
	10.0 
	0 
	0 
	0 
	0 
	2.50 
	2.65 
	3.55 
	4.10 


Table 2.5.13. Minimum horizontal displacement of adjacent tiers on supports of anchor type

	Voltage of high-voltage line, kV 
	Minimum displacement, m, with ice coating thickness, mm



	
	5-10


	15-20 

	35


	0.5 
	0.7 

	110


	0.7 
	1.2 

	150


	1.0 
	1.5 

	220


	1.5 
	2.0 

	330


	2.0 
	2.5 


2. On intermediate supports with wire sags of more than 16 m the distances between wires are determined with the formula presented in clause 1, a.

3. On all supports of anchor type the distances between wires are determined with the formula presented in 2.5.51.

On supports of anchor type minimum horizontal displacements of adjacent tiers, as a rule, must not be less than those presented in table 2.5.13.

4. On supports of all types horizontal displacement of wires is required, if the vertical distance between wires exceeds 0.8f+U/250 with single and f+U/250 with split wires.

The formulas presented in clauses 1 and 4 are valid for high-voltage lines of 500 kV as well. In this case horizontal displacements of adjacent tiers on intermediate supports must not be less than the values given in table 2.5.14.

On lines running in areas without ice, the distance between wires along a straight line on supports of all types is determined by the formula/ presented in 2.5.51, and horizontal displacements of wires is not required.

When using devices for protection of high-voltage lines against wire dancing it is allowed to assume the distance between wires as per conditions of dancing according to the formula presented in 2.5.51, and horizontal displacement of wires adjacent tiers according to table 2.5.13.

2.5.53. On high-voltage lines of 6-20 kV with any location of wires, the distance between wires [image: image84.wmf]d

, as per conditions of their convergence in a span must not be less than the values determined with the formula

d=0.75f + λ 
where f is the maximum sag corresponding to the clearance span, λ is the length of an nsulator string.

2.5.54. Vertical distances between a strand and a wire on supports of high-voltage lines of 35-330 kV with one strand aredetermined for clearance spans as per conditions of protection against overvoltages and in accordance with the requirements presented in 2.5.65 and 2.5.66.

In separate spans chosen during installation of supports as per profile and exceeding clearance spans, it is allowed to use supports with distances between wires and strands selected as per clearance spans.

On supports of high-voltage lines of 350-330 kV with horizontal location of wires and two strands horizontal displacements between the strands and the closest wire must not be less than: 1 m on high-voltage lines of 35 kV, 1.75 m on high-voltage lines of 110 kV, 2 m on high-voltage lines of 150 kV, 2.3 m on high-voltage lines of 220 kV and 2.75 m on high-voltage lines of 330 kV.

On high-voltage lines of 220 kV with wooden supports horizontal displacement between a strand and a wire may be up to 2 m.

On intermediate supports of high-voltage lines of 500 kV horizontal displacements between starnds and the closest wires is assumed as per table 2.5.14.

On supports of anchor type of high-voltage lines of 35-500 kV it is allowed to suspend strand above the wire without horizontal displacement provided the number of such supports does not exceed on average 0.5 per 1 km of the line. 

2.5.55. On two-circuit supports the distance between the closest wires of different circuits as per conditions of wire operation in a span must be at least: 2 m for high-voltage lines up 20 kV with rod insulators, 25 m for high-voltage lines of 35 kV rod insulators and 3 m with suspended insulators, 4 m for high-voltage lines of 110 kV, 5 m for high-voltage lines of 150 kV, 6 m for high-voltage lines of 220 kV, 7 m for high-voltage lines of 330 kV and 8.5 m for high-voltage lines of 500 kV. Distances between two closest wires of different circuits must comply with the requirements of 2.5.51-2.5.53.

2.5.56. The wires of high-voltage lines higher than 1 kV can be suspended on common supports.

It is allowed to suspend the wires of high-voltage lines up to 10 kV and high-voltage lines up to 1 kV on common supports provided the following conditions are observed:

1. High-voltage lines up to 1 kV must be constructed as per design conditions for high-voltage lines with the maximum voltage.

2. The wires of high-voltage lines up to 10 kV must be strung above the wires of high-voltage lines up to 1 kV; in this case, the distance between the wires of high-voltage lines with different voltages on support as well as in the middle of the span at an ambient air temperature of 15 °С without wind must be at least 2 m.

Table 2.5.14. Minimum horizontal displacement of wires and strands on intermediate supports of 500 kV high-voltage lines 

	Vertical distance between wires and a strand, m


	Minimum displacement, m with clearance sag, m 

	
	10 
	12 
	14 
	16 

	9.0


	2.0 
	3.5 
	4.0 
	4.0 

	10.0


	2.0 
	3.0 
	4.0 
	4.0 

	11.0


	2.0 
	2.0 
	3.0 
	3.5 

	12.0


	2.0 
	2.0 
	2.5 
	3.0 


3. Double fastening of the wires of high-voltage lines of higher voltage on rod insulators is required.

In mains up 35 kV with an insulated neutral having sections of common suspension with high-voltage lines of higher voltage, electromagnetic and electrostatic impact of the latter must not cause the displacement of the neutral in the normal operation of the main by more than 15% of phase voltage.

No special requirements regarding induced voltage are imposed to the mains with grounded neutral affected by high-voltage lines of higher voltage.

INSULATION 

2.5.57. On high-voltage lines of 110 kV and higher only suspended insulators must be used; on high-voltage lines of 35 kV and less suspended and rod insulators (including supporting rod insulators) can be used.

2.5.58. The number of suspended insulators and the type of rod insulators for high-voltage lines of 6 kV and higher is selected to provide their reliable operation in accordance with the Instruction of Design of Insulation in Areas with Clean and Pollutted Atmosphere.

Table 2.5.15. Minimum wet discharge voltage of rod insulators

	Rated voltage of high-voltage lines, kV


	6 
	10 
	20 
	35 

	Effective wet discharge voltage, kV 

	28 
	34 
	57 
	80 


Table 2.5.16. Rated switching surge voltage assumed when selecting high-voltage line insulation 

	Rated voltage of high-voltage lines, kV 
	Rated ratio of switching surge voltages 
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, maximum operating 
	Switching surge voltages, kV 

	110


	3.0 
	312 

	150


	3.0 
	422 

	220


	3.0 
	620 

	330


	2.7 
	800 

	500


	2.5 
	1070 


2.5.59. When using suspended insulators with the ratio of leakage path length to overall height more than 2.3, the string selected as per operating voltage is checked for conditions of impact of switching surge voltage which rated values are presented in table 2.5.17.

2.5.60. On intermediate supports higher than 40 m the number of suspended insulators in string should be increased as against accepted ones for other supports of this high-voltage line by one insulator for every 10 m of height of the support exceeding 40 m.

2.5.61. The ultimate factor of safety of insulators, i.e. the ratio of mechanical load damaging the rod and supporting rod insulators, or electromechanic damaging load of suspended insulators to the maximum load applied to insulators must make up: when operation of a high-voltage line is in the normal mode – not less than 2.7; at average annual temperature, absence of ice and wind – not less than 5.0, in the emergency mode for suspended insulators of 500 kV high-voltage lines – not less than 2.0, and with voltage of 330 kV and less – not less than 1.8.

Loads applied to insulators in the emergency mode are determined in accordance with 2.5.89-2.5.91 and 2.5.93.

Table 2.5.17. Number of insulators in suspension string of 110-500 kV high-voltage lines with metal and reinforced concrete supports 

	Insulator type 
	Number of insulator, each, at the rated voltage of a high-voltage line, kV



	
	110


	150 
	220 
	330 
	500 

	ПФ6-А (П-4,5)

	7 
	9 
	13 
	19 
	-

	ПФ6-Б (ПМ-4,5)

	7 
	10 
	14 
	20 
	27 

	ПФ6-В (ПФЕ-4,5)

	7 
	9 
	13 
	19 
	26 

	ПФ6-В (with quality seal)


	7 
	9 
	12 
	18 
	25 

	ПФ16-А

	6 
	8 
	11 
	17 
	23 

	ПФ20-А(ПФЕ-16)

	-


	-
	10 
	14 
	20 

	П-8,5

	6 
	8 
	11 
	16 
	22 

	П-11

	6 
	8 
	11 
	15 
	21 

	ПФЕ-11

	6 
	8 
	11 
	16 
	21 

	ПС6-А (ПС-4,5)

	8 
	10 
	14 
	21 
	29 

	ПС6-Б

	8 
	10 
	14 
	21 
	29 

	ПС-11 (ПС-8,5)

	7 
	8 
	12 
	17 
	24 

	ПС12-А

	7 
	9 
	13 
	19 
	26 

	ПС16-А(ЛС-16)

	6 
	8 
	11 
	16 
	22 

	ПC16-Б (with quality seal)


	6 
	8 
	12 
	17 
	24 

	ПС22-А

	-


	-
	10 
	15 
	21 

	ПС30-А (ЛС-30)

	-


	-
	11 
	16 
	22 

	ПС30-Б

	-


	-
	11 
	16 
	22 


OVERVOLTAGE PROTECTION, GROUNDING 

2.5.62. High-voltage lines of 110-500 kV with metal and reinforced concrete supports must be protected against direct lightning stroke by cables along the whole length of the line.

Construction of 110-500 kV high-voltage lines without cables is allowed:

1) in areas with the amount of storm hours per year less than 20;

2) at separate sections of high-voltage lines in the areas with low-conductivity soils (ρ≥103 Ω·m);

3) at sections of a route with a design ice coating thickness more than 20 mm. 

Reinforcement of insulation for cases presented in clause 1-3 is not required.

If data on average annual duration of storms is not available, the USSR zoning map as per the amount of storm hours per year (fig. 2.5.13-2.5.15) can be used.
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Fig. 2.5.13. Map of average annual duration of storms. Sheet 1
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Fig. 2.5.14. Map of average annual duration of storms. Sheet 2
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Fig. 2.5.15. Map of average annual duration of storms. Sheet 3
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Fig. 2.5.16. Map of average annual duration of storms. Sheet 4
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Protection of high-voltage line approaches to substations must be carried out in accordance with the requirements of chapter 4.2.

2.5.63. For 35 kV high-voltage lines the use of lightning protection cables is not required. 110 kV high-voltage lines on wooden supports, as a rule, must not be protected by cables. 

2.5.64. Single metal and reinforced concrete supports and other parts with reduced insulation on 35 kV high-voltage lines with wooden supports must be protected by tubular arresters, or, if automatic reclosers are available by protecting gaps, and on 110-220 kV – by tubular arresters. If 110-220 kV tubular arresters with required parameters are not available, it is allowed to install protective gaps instead of them.

2.5.65. When using cables for protection of high-voltage lines against lightning overvoltages the followings must be complied with:

1. Metal and reinforced concrete supports with one cable must have the angle of protection of not more than 30°, and supports with two cables for lightning protection – not more than 20°.

2. On metal supports with horizontal location of wires and two cables the angle of protection in relation to external wires must not be more than 20°; for the III, IV and special ice zones as well as for zones with frequent wire dancing the angle of protection may be up to 30°. 

3. On reinforced concrete and wooden supports of gantry type the angle of protection in relation to outer wires does not exceed 30°. 

4. When high-voltage lines are protected by two cables, the distance between them must not be more than five vertical distances between cables and wires.

2.5.66. The vertical distances between cables and wires of a high-voltage line in the middle of the span without taking into account deviation caused by the wind in terms of protection against lightning overvoltages must not be less than those presented in table 2.5.18 and not less than the vertical distance between the cable and the wire on the support.

For intermediate values of span lengths the distances are determined by interpolation.

2.5.67. On all 220-500 kV high-voltage line supports cables must be fixed by dint of insulator shunted by a 40 mm spark spacer.

At every anchor section up to 10 m long the cables must be grounded in one point using special jumpers on an anchot support. If anchor spans are long the number of points of grounding within the span is selected so that at the maximum value of longitudinal electromotive force induced in the cable during short circuit in the high-voltage line there is no breakdown of spark spacers.

It is recommended to carry out insulated fastening of a cable with glass insulators.  

If cables are suspended on several insulators, for example, for melting ice on strands or for communication, the size of a spark spacer must coordinate with electric strength of the string on which the cable is suspended.

At approaches of 220-330 kV high-voltage lines to substations along the length of 2-3 km and at approach of 500 kV high-voltage lines along the length of at least 5 km, the strands should be grounded on every support if they are not used for capacity takeoff, ice melting or communication. 

On high-voltage lines of 150 kV and less, when ice melting devices are not installed on the strand, insulated fastening of the strand should be carried out only for metal and reinforced concrete anchor supports. If such ice melting devices are installed, insulated fastening of the strands must be carried out for all the length of the high-voltage line.

Table 2.5.18. Minimum distance between strand and wire in the middle of the span

	Span length, m 
	Vertical minimum distance between strand and wire, m



	100


	2.0 

	150


	3.2 

	200


	4.0 

	300


	5.5 

	400


	7.0 

	500


	8.5 

	600


	10.0 

	700


	11.5 

	800


	13.0 

	900


	14.5 

	1000


	16.0 

	1200


	18.0 

	1500 
	21.0 

	  
	  


2.5.68. On high-voltage lines with wooden supports of the gantry type the distance between phases on wood must not be less than 5 m for high-voltage lines with voltage of 220 kV, 4.5 m for 150 kV high-voltage lines, 4 m for 110 kV high-voltage lines, 3 m for 35 kV high-voltage lines.

In specific cases for 110-220 kV high-voltage lines, provided rationale is available (small short circuit currents, areas with rare storms, retrofitting etc), it is allowed to reduce specified distances to the value recommended for high-voltage lines with voltage by one stage less.

On single poles the following distances between phases on wood are allowed: 2.5 m for 35 kV high-voltage lines, 0.75 m for 3-20 kV high-voltage lines provided the distances within the span are observed according to 2.5.53.

Use of metal cross-arms on wooden supports is not recommended.

Table 2.5.19. Minimum permissible overhead insulating distance

from live parts to grounded parts of high-voltage lines

	Design condition 
	Minimum insulating distance, cm, with voltage of high-voltage lines, kV 



	  
	up to 10

	20 
	35 
	110 
	150 
	220 
	330 
	500 

	Lightning overvoltages for insulators: 


	  
	
	  
	  
	
	
	  
	  

	rod insulators

	15 
	25 
	35 
	-
	-
	-
	-
	-

	suspended insulators

	20 
	35 
	40 
	100 
	130 
	180 
	260 
	320 

	Internal overvoltage

	10 
	15 
	30 
	80 
	110 
	160 
	215 
	300 

	Operating voltage

	-
	7 
	10 
	25 
	35 
	55 
	80 
	115 

	Provision of safe ascent on  support


	-
	-


	150 
	150 
	200 
	250 
	350 
	450 


2.5.69. Inserted cables in high-voltage lines of less than 1.5 km must be protected on both ends of the cable from lightning overvoltages by tubular or valve-type arresters. The grounding terminal of the arrester, metal sheaths of the cable, as well as the enclosure of the cable joint must be interconnected between each other along the shortest route. The grounding terminal of the arrester must be connected to a grounding electrode by a separate down conductor. 

2.5.70. At places where high-voltage lines cross rivers, ravines etc. with support height more than 40 m and with absence of a strand on supports tubular arresters must be installed.

2.5.71. For high-voltage lines running at the height up to 1000 m above sea level overhead isolating distances from live wires and hardware to grounded parts of supports must not be less than those presented in table 2.5.19.

Overhead isolating distances between live parts and wooden support without grounding down conductors may be reduced by 10% except for distances selected as per condition of safe ascent on a support.

When high-voltage lines run in mountain areas, minimum isolating distances as per operating voltage and internal overvoltages must be increased by comparison with those presented in table 2.5.19 by 1% for every 100 m and more 1000 m above sea level.

2.5.72. Minimum distances on a support between the wires of high-voltage lines at places of their intersection with each other at cross connections, tappings, at places of change of location of wires must not be less than those presented in table 2.5.20.

2.5.73. Additional requirements to protection against lightning overvoltages of high-voltage lines at places of their intersection with each other and places where they cross different structures are presented in 2.5.122, 2.5.129, 2.5.140 and 2.5.152.

Table 2.5.20. Minimum distances between phases of high-voltage lines on a support

	Design condition 
	Minimum distance between phases, cm, with voltage of high-voltage lines, kV 



	
	up to 10 
	20 
	35 
	110 
	150 
	220 
	330 
	500 

	Lightning overvoltages
 
	20 
	45


	50 
	135 
	175 
	250 
	310 
	400 

	Internal overvoltage

	22 
	33 
	44 
	100 
	140 
	200 
	280 
	420 

	Operating voltage

	-
	15 
	20 
	45 
	60 
	95 
	140 
	200 


2.5.74. On high-voltage lines the followings must be grounded:

1) supports fitted with a lightning protection cable or other lightning protection devices;

2) reinforced concrete and metal supports of 3-35 kV high-voltage lines;

3) supports with installed power and measuring transformers, disconnecting links, fuses and other devices;

4) metal and reinforced concrete supports of 110-500 kV high-voltage lines without cables and other lightning protection devices, if it is required for provision of reliable operation of relay protection and automatics.

2.5.75. The resistances of grounding devices of supports presented in 2.5.74, clause 1 must be not more than those given in table 2.5.21.

The resistances of grounding devices of supports presented in 2.5.74, clause 2, must be: not more than those presented in table 2.5.21 for 3-20 kV high-voltage lines in populated areas as well as for all 35 kV high-voltage lines, not more than 30 Ω for 3-20 kV high-voltage lines in unpopulated areas in soils with resistivity ρ up to 100 Ω·m, and not more than 0.3 ρ Ω in soils with ρ more than 100 Ω·m.

Resistances of grounding devices of supports presented in 2.5.74, clause 3 for high-voltage lines of 110 kV and higher must not be more than that given in table 2.5.22, and for 3-35 kV high-voltage lines must be selected in accordance with the requirements of 1.7.57 and 1.7.58.

The resistances of grounding devices of supports presented in 2.5.74, clause 4, must be determined during designing of the high-voltage line.

For high-voltage lines protected by cables the resistances of grounding devices arranged as per conditions of lightning protection must be provided with disconnected cable, and in other conditions provided with connected cable.

For supports higher than 40 m in sections of high-voltage lines protected by cables the resistances of grounding devices must be half the value by comparison with those presented in table 2.5.21.

The resistances of grounding devices of high-voltage line supports must be provided and measured with industrial frequency currents at a period of their maximum values in summer. It is allowed to make measurements during other periods correcting results applying seasonal factor; however, one should not carry out measurements during a period when freezing of soil makes a significant impact on the value of grounding device resistance.

Table 2.5.21 Maximum resistance of grounding devices

of high-voltage line supports

	Effective resistivity of soil, [image: image90.wmf]r

,  Ω·m 
	Maximum resistance of a grounding device, Ω



	     Up to 100 


	10



	     More than 100 up to 500


	15 

	     More than 500 up to 1,000


	20 

	     More than 1,000 up to 5,000


	30 

	     More than 5,000

	6·10[image: image91.wmf]3

-

[image: image92.wmf]r




2.5.76. When high-voltage lines of 110 kV and more run across the areas with clay, loamy, sandy-loam and other similar soils with resistivity of ρ ≤ 50 Ω·m one should use reinforcement bars of reinforced concrete foundations, supports and stubs as natural grounding electrodes without additional laying or in combination with artificial grounding electrode laying. In soils with higher resistivity the natural conductivity of reinforced concrete foundations must not be taken into account, and the required value of the grounding device resistance must be provided only by the use of artificial grounding electrodes.

The values of resistance of grounding devices of 3-35 kV high-voltage line supports must be provided by the use of artificial grounding electrodes, and the natural conductivity of foundations, underground parts of supports and stubs (legs) must not be taken into account during calculations.

2.5.77. The reinforced concrete foundations of high-voltage line supports can be used as natural grounding electrodes (for exception see 2.5.76 and 2.5.142), if there is metal connection between anchor bolts and reinforcement bars of foundations.

The presence of asphalt coating on reinforced concrete supports and foundations used as natural grounding electrodes must not be taken into account.

Measurement of conductivity of reinforced concrete foundations, underground parts of supports and studs must be carried out not earlier than two months after their installation.

2.5.78. For grounding of reinforced concrete supports all the elements of tensioned and untensioned longitudinal reinforcement which have metal connection between each other and may be connected to a grounding electrode should be used as earthing leads. 

The bars of reinforcement used for grounding must be checked for heat resistance during passage of short circuit currents. During the time of a short circuit the bars must be heated by 60° C at most.

Reinforced concrete support guys must be used as earthing leads in addition to reinforcement. In this case the loose end of guy cables must be connected to the working part of guys by dint of special clamp.

The strands and parts used to fix insulators to reinforced concrete support cross-arms must have metal connection with the grounding down conductor or grounded reinforcement. 

2.5.79. The section of each of grounding down conductors on a high-voltage line support must be at least 35 mm2, and for one-core down conductors the diameter must not be less than 10 mm. It is allowed to use steel galvanized one-core down conductors with a diameter of not less than 6 mm.

On high-voltage lines with wooden supports bolted joints are recommended for grounding down conductors; on metal and reinforced concrete supports connection of grounding down conductors may be carried out by welding or with bolted joints. 

2.5.80. High-voltage line grounding electrodes, as a rule, must be buried at depth of 0.5 m at least, and 1 m in plowed areas. If supports are installed in rock soils, it is allowed to lay radial grounding electrodes directly under the removable layer above rocks with the layer thickness not less than 0.1 m. With less thickness of this layer or without a layer it is recommended to lay grounding electrodes on the surface of rock and cast them in cement.

HARDWARE

2.5.81. Fastening of wires to suspended insulators and fastening of strands should be carried out by dint of suspension and tension clamps. When selecting tension clamps preference should be given to clamps which do not require cutting wires. Fastening of wires to rod insulators should be carried out with wire bindings or special clamps.

2.5.82. Suspension clamps for hanging of wires may be blind or with termination of limited strength. As per conditions of reliability it is recommended to use blind clamps. Lightning protection cables should be hung on supports only in blind clamps.

Within long runs multi-roller suspenders and special clamps can be used.

2.5.83. Wires and strands should be connected by dint of coupling clamps, welding as well as with clamps and welding in combination.  Within one high-voltage line span only one connection for each wire or strand is allowed.

Within spans crossing engineering works listed in 2.5.118-2.5.160 and 2.6.163-2.5.167 one connection per wire (strand) is allowed: with aluminum-steel wires with ratio A: S ≥4.29 with a section of 240 mm2 and more, with ratio А: S≥1.46 with any section with steel strands with a section of 120 mm2 and more, as well as with phase split into three aluminum-steel wires with ratio A: S ≥4.29 with a section of 150 mm2 and more.

The minimum distance from a coupling clamp to a clamp with limited strength termination must not be less than 25 m.

2.5.84. The termination strength of wires and strands in coupling and tension clamps must not make up less than 90% of the strength limit of the wire or strand. 

2.5.85. The ultimate factors of safety of the line hardware, i.e. the ratio of the minimum damaging load to design load taken up by hardware must not be less than 2.5 during operation of the high-voltage line in the normal mode and not less than 1.7 in the emergency mode.

In lines with mechanical stress in wires exceeding 42% of the strength limit at the maximum load until production of the hardware of new types, it is allowed to reduce the ultimate factor of safety of line hardware in the normal mode to 2.3. 

The ultimate factors of safety of hooks and rods must not be less than 2 in the normal mode and not less than 1.3 in the emergency mode.

Loads applied to hardware, hooks and rods in the emergency mode are determined in accordance with 2.5.89-2.5.91 and 2.5.93.

SUPPORTS

2.5.86. Supports of high-voltage lines higher than 1 kV are divided into two main types: anchor supports fully taking up the tension of wires and strands within the spans adjoining the supports, and intermediate supports that do not take up the tension of wires and take it up only partially. On the basis of anchor supports end and cross connection supports can be fabricated. Intermediate and anchor supports can be the direct and corner supports.

Depending on the number of circuits suspended to supports the latter are divided into one-circuit, two-circuit etc. types. 

Intermediate supports may have flexible and rigid constructions; the supports of anchor type must be rigid. Supports of anchor type may have normal and light-weight construction.

Supports may be free-standing or fixed with guys.

Supports, foundations and bases must be designed taking into account instructions presented in the appendix to this chapter.

2.5.87. Supports must be calculated for loads of normal and emergency modes of high-voltage lines.

Anchor supports must be calculated for difference of wire and strand tensions occurring as a result of inequality of values of reduced spans on both sides of the support. In this case conditions for calculation of tension difference are set during support construction design.

Two-circuit supports in all modes must be calculated for conditions after installation of only one circuit.

Supports must be checked for conditions of their assembling and installation as well as for conditions of wire and strand routing.

2.5.88. High-voltage line supports must be calculated for the following conditions of normal modes:

1. Wires and strands are not open and free of ice, wind pressure -[image: image93.wmf]max

q

, temperature – minus 5 °C.

2. Wires and strands are not open and covered with ice, wind pressure - 0.25 [image: image94.wmf]max

q

, temperature – minus 5 °C (see also 2.5.34).

Anchor supports and intermediate corner supports must be also calculated for conditions of the minimum temperature without wind, if the tension of wires and strands in this mode is more than in the mode of the maximum loads.

End supports must be also calculated for one-way tension of all wires and strands (wires and strands from the side of a substation or a span adjoining the longer run are not suspended).

2.5.89. High-voltage line intermediate supports with suspension strings and blind clamps must be calculated for conditional horizontal static loads of emergency modes.

Calculation is carried out under the following conditions:

1. A wire or wires of one phase are open (regardless of the number of wires on a support); strands are not open. 

2. One strand is open; wires are not open.

Conditional loads are applied at the points of fastening of that wire or wires with the break of which forces in calculated elements of the supports are the maximum ones.

The loads from wires and strands should be assumed as per average operation conditions (in the mode without ice and wind).

When calculating high-voltage line supports with unsplit phases the conditional loads from a wire is assumed:

A. For free-standing metal supports and supports of any material with guys with wires of the section up to 185 mm2 0.5 [image: image95.wmf]max

T

; of a section of 205 mm2 and more 0.4 [image: image96.wmf]max

T

. 

B. For reinforced concrete supports with wires of a section up to 185 mm2 0.3 [image: image97.wmf]max

T

; of a section of 205 mm2 and more 0.25 [image: image98.wmf]max

T

.

C. For wooden free-standing supports with wires of a section up to 185 mm2 0.25 [image: image99.wmf]max

T

; of a section of 205 mm2 and more 0.2 [image: image100.wmf]max

T

, where [image: image101.wmf]max

T

 is the maximum standard tension of a wire or wires of one phase.

D. For other supports (supports of new materials, metal flexible supports etc.) depending on flexibility of calculated supports within the limits presented in clauses A-C. 

When calculating high-voltage line supports up to 330 kV with split phases the design load is calculated by multiplying the values presented in clauses A-C for unsplit phases by additional factors: 0.8 when split in two wires, 0.7 in three wires and 0.6 in four wires.

When calculating 500 kV high-voltage line supports with split phases conditional design load applied at the point of fastening of one phase is assumed to be equal to 0.15 [image: image102.wmf]max

T

, but not less than 18 kN.

When using facilities limiting transfer of longitudinal load to the intermediate support (clamp with limited strength of termination, suspension on blocks as well as other facilities), calculation is carried out for design loads occurring during the use of these facilities, but not more than conditional loads assumed for suspension of wires in blind clamps. 

Conditional horizontal load from a wire is assumed to be equal to 0.5 [image: image103.wmf]max

T

.

For flexible supports (reinforced concrete and wooden supports without guys) it is allowed to determine the design load from the break of a strand with flexibility of supports taken into account. 

In calculations it is allowed to use the supporting action of non-open wires and strands in the mode of average annual temperature without ice and wind. In this case conditional design load should be assumed for metal free-standing supports and supports of any material with guys, and mechanical stresses occurring in supporting wires and strands must not exceed 70% of the strength limit.

2.5.90. Intermediate supports of high-voltage lines with fixing of wires on rod conductor by dint of a wire binding must be calculated in the emergency mode taking into account flexibility of supports for break of one wire exerting the maximum force in support elements. The conditional designed horizontal load along the line from the tension of an open wire during calculation of the rack must be assumed equal to 0.5 [image: image104.wmf]max

T

, but not less than 3.0 kN,  where [image: image105.wmf]max

T

 is the maximum standard tension of the wire. 

For calculating support construction (except for the rack) conditional load from tension of an open wire should be assumed equal to 0.25 [image: image106.wmf]max

T

, but not more than 1.5 kN.

Climatic conditions must be assumed as per clause 4 § 2.5.35. 

2.5.91. supports of anchor type must be calculated as per the emergency mode for break of those wires and strands which break cause appearance of the maximum force of the support elements in question.

Calculation is carried out for the following conditions:

1. For supports of high-voltage lines with aluminum wires of all sections, steel wires ПС and ПМС of all sections and aluminum-steel wires of a section up to 150 mm2: 

a) the wires of two phases of one span with any number of circuits on a support are broken; strands are not broken (anchor normal supports);

b) the wires of one phase of one span with any number of circuits on a support are broken; strands are not broken (anchor light-weight supports);

2. For supports with aluminum-steel wires of a section of 185 mm2 and more as well as with steel strands of TK type of all sections used as wires: the wires of one phase of one span with any number of circuits on the support are broken; strands are not broken (anchor normal supports).

3. For anchor supports regardless of grades and sections of suspended wires: one strand is broken in one span with non-open wires.

The loads from wires and strands are assumed equal to the tension of wires and strands in the conditions of ice without wind at the temperature of minus 5 °C or in the conditions of the minimum temperature if the tension in the latter conditions exceeds the tension in the conditions of ice without wind.

2.5.92. Supports of anchor type must be checked for the following assembling conditions:

1. Within one span all wires and strands are suspended, and within the other span wires and strands are not suspended. The tension of suspended wires and strands is assumed to be conditionally equal to 2/3 of the maximum one, and climatic conditions as per 2.5.36. In this mode support and its fixing in soil must have the strength in accordance with standards without installation of temporary guys.

2. Within one of the spans with any number of wires on the support the wires of one circuit are being suspended in sequentially and in random order; strands are not suspended.

3. Within one of the spans with any number of wires on the support the strands of one circuit are being suspended sequentially and in random order. Wires are not suspended.

When carrying out checks as per clauses 2 and 3, it is allowed to use temporary reinforcement of separate support elements and install temporary guys. 

2.5.93. In calculations as per emergency conditions of intermediate supports of long runs with simple wires suspended in blind clamps, the design load is assumed to be equal to reduced tension occurring when a wire breaks in the conditions of ice without wind. When using split wires reduction factors are introduced for design load: 0.8 when split in two wires, 0.7 in three wires and 0.6 in four wires.

When suspending wires and strands on rolls the conditional load as per the emergency mode directed along the line is assumed: 20 kN with one wire in the phase, 35 kN with two wires in the phase, 50 kN with three and more wires in the phase. 

Calculation of one-circuit intermediate supports of long runs is carried out for the break of wire or wires of one phase, and of two-circuit ones for the break of wires of two phases with which break forces in calculated elements of support are the maximum ones. In this case the strands are considered non-open.

The design load on intermediate supports of long runs from strand fixed in blind clamp is assumed to be equal to the maximum tension of the strand. The wires are considered non-open.

One-circuit anchor supports of long runs with aluminum-steel wires of a section of 185 mm2 and more as well as with steel strands of TK type of all sections used as wires are calculated for the break of wire or wires of one phase. One-circuit anchor supports of long runs with aluminum-steel wires of the section up to 150 mm2 as well as all two circuit anchor supports with wires of all sections are calculated for the break of wires of two phases. The strands are considered non-open.

The design load on anchor supports of long runs from strand is assumed to be equal to the maximum tension of the strand. Wires are not open.

When determining forces in the elements of supports conditional loads or unbalanced tensions occurring during the breaks of wires and strands at which specified forces have the maximum values are taken into account. 

2.5.94. Supports of high-voltage lines exceeding 1 kV must be checked for loads corresponding to the method of installation accepted by the design taking into account components of hauling cable forces and suspended wire (or lightning protection cables) weight and insulators as well as for additional loads from the weight of installer assembly and jointer with tools.

It is recommended to assume the design loads from the weight of suspended wires (or strands) and strings:

1) on intermediate supports – taking into account the weight of the span of wires (strands) without ice and strings on the basis of possibility of lifting suspended wires (strands) and strings through one block;

2) on anchor supports – taking into account the force in hauling cable determined from the condition of location of hauling device in the distance of 2.5 [image: image107.wmf]h

from the support, where [image: image108.wmf]h

is the height of suspension of the middle phase wire on the support. 

The design load from the weight of jointer and installer assembly applied at the place of fastening of insulators is assumed to be equal to: 2.5 kN for supports of 500 kV high-voltage lines, 2 kN for anchor supports of high-voltage lines up to 330 kV with suspended insulators, 1.5 kN for intermediate supports of high-voltage lines up to 330 kV with suspended insulators, 1 kN for supports with rod insulators.

The cross-arm constructions must have points for fastening of roping.

2.5.95. Two- and three-circuit tension strings should be fixed to separate fasteners of the support. The tension strings with more than three circuits as well as strings of long run supports must be fixed to the support at two points at least.

On high-voltage lines with suspended insulators and simple wires of a section of 120 mm2 and more at places of intersection with railroads, motorways of the I category, town streets with tramlines and trackless lines, the tension strings must consist of two circuits with separate fastening of each circuit to the supports of anchor type.

On high-voltage lines with rod insulators in populated areas and places of intersection with structures listed in 2.5.118- 2.5.170 double fastening of wires must be used.

2.5.96. On high-voltage lines of 110 kV and higher constructions of supports must make repairs possible without tapping off voltage (see. 2.5.71).

2.5.97. Construction of high-voltage line supports must make possible easy ascent of maintenance staff on the support. For this purpose the following measures must be taken:

1. On metal supports up to 20 m high with distances between the points of fastening of the grid to the support rack (stem) girds more than 0.6 m or at an angle of inclination of the grid more than 30° special rungs (step-bolts) on one gird of the rack (stem) must be installed. 

2. On metal supports with the height of more than 20 and less than 50 m special steps or ladders without railing on one gird of the support rack (stem) reaching the level of the upper cross-arm must be installed. On metal two- and three circuit supports with the height of less than 50 m rungs (step-bolts) should be installed to make ascent from the side of disconnected circuit possible. 

3. On metal supports with the height of 50 m and more ladders with railing reaching the top of the support must be installed. In this case on each section of supports platforms with railing must be installed. Railings must be also installed on cross-arms of these supports.

4. On reinforced concrete supports ascent must be made possible on the lower cross-arm from lift trucks, by standard ladders or by dint of special standard lift gears. 

Special crawl ways (e.g. ladders without railing) must be installed on the supports of 35-500 kV high-voltage lines to make ascent on reinforced concrete rack higher than the lower cross-arms. This requirement is not applied to supports of 35 kV high-voltage lines fabricated with concrete consolidation by vibration.

For ascent on ground wire peaks and steel parts of the racks of 35-500 kV high-voltage line reinforced concrete supports special steps should be installed. 

5. At places not accessible to lift trucks (hard-to-reach areas, areas with intensive use of land, fixing supports in soil with construction of benches etc.) reinforced concrete supports ascent on which by standard ladders or by dint of special standard lift gears is not allowed (e.g. supports with guys or internal links fixed on the rack lower than the lower cross-arm) must be fitted with stationary ladders without railing reaching the lower cross-arm. Devices presented in clause 4 must be fitted above the lower cross-arm.

6. Constructions of supports must make fastening of an installer assembly possible by dint of standardized parts and access of maintenance staff to the attachment points of strings in order to install strings, wires and strands. 

Stationary facilities for ascent on support must start at the height of about 3 m from ground level. 

Elements of the support should be checked for the load from a man’s weight standard value of which is equal to 1 kN.

2.5.98. On high-voltage lines of 35 kV and more with wires suspended on intermediate supports in blind clamps or in clamps with limited strength of termination, the distance between anchor supports is not rated and is determined depending on the route conditions.

On high-voltage lines of 35 kV and less with rod insulators the distance between anchor supports must not exceed 10 km in zones with ice coating thickness up to 10 mm and 5 km in zones with ice coating thickness of 15 mm and more.

On high-voltage lines crossing mountain areas and rugged country with ice coating thickness of 15 mm and more, it is recommended to install supports of anchor types on mountain crossings and at other points rising above the surrounding countryside. 

2.5.99. Anchor supports should be used at places determined as per conditions of operation and installation of high-voltage lines. Light-weight construction anchor supports can be installed at places where high-voltage lines change direction and at intersection with different objects when high-voltage lines do not ensure required reliability as per high-voltage line operation conditions. Anchor supports of the normal construction are used in cases presented in 2.5.119, 2.5.132, 2.5.142, 2.5.145, 2.5.150, 2.5.154, 2.5.157 и 2.5.164.

2.6.100. On the racks of reinforced concrete supports the followings must be marked with permanent paint: factory marking with indication of the design code of the body and circular strips (above ground level) with indication of the distance from the strip to the rack end buried in soil. 

2.5.101. For fabrication of wooden supports of high-voltage lines pine and larch should be used. For the elements of supports of high-voltage lines of 35 kV and less, except for cross-arms and stubs (legs), it is allowed to use fir and silver fir. 

Timbers impregnated with antiseptic agents must be used for high-voltage line supports. It is allowed to use unimpregnated logs of air-dried larch with humidity of not more than 25%. Stubs must be reinforced concrete. It is allowed to use wooden stubs. It is recommended to protect all horizontal and inclined ends of racks and stubs of supports from decay (with covers, dope etc.). The element of supports may be fabricated both of round and sawn timber.

It is recommended to join the support elements without cutting.

2.5.102. For the main elements of wooden supports (racks, stubs, cross-arms) the diameter of logs at the upper butt must be at least 18 cm for high-voltage lines of 110 kV and more, and not less than 16 cm for high-voltage lines of 35 kV and less, however, the diameter for stubs of supports of high-voltage lines of 35 kV and less must be at least 18 cm. For secondary elements of supports of high-voltage lines of all voltages the diameter of logs at the upper butt must be at least 14 cm. When calculating the taper of a log from the butt-end to the upper butt (log rise) is assumed to be 8 mm per 1 m of the length, except for larch which rise is assumed to be 10 mm per 1 m of the log length. 

PASSAGE OF HIGH-VOLTAGE LINES IN UNPOPULATED AND HARD-TO-REACH AREAS

2.5.103. The distances from high-voltage line wires to ground level in unpopulated and hard-to-reach areas in normal operation conditions of high-voltage lines must not be less than those presented in table 2.5.23.

The minimum distances are determined on the basis of the maximum wire sag (at the maximum air temperature without taking into account heating of the wire by electric current or in icy conditions without wind). 

2.5.104. Horizontal distances from non-deflected outer wires of a high-voltage line to the closest projecting parts of detached buildings and structures (guard bands) must not be less than: 10 m for high-voltage lines up to 20 kV; 15 m for 35 kV high-voltage lines; 20 m for 110 kV high-voltage lines; 25 m for 150-220 kV high-voltage lines; 30 m for 330-500 kV high-voltage lines. In specific cases it is allowed to reduce specified distances upon agreement with concerned organizations, however, they must not be less than those presented in 2.5.114. In addition, horizontal distances from the wires of high-voltage lines to specified buildings and structures in terms of protection against interference must not be less than those presented in 2.5.114. 

Table 2.5.22. Minimum distances from the wires of high-voltage lines to ground level in unpopulated and hard-to-reach areas

	Area characteristic 
	Minimum distance, cm, with voltage of high-voltage lines, kV  

	
	up to 110

	150 
	220 
	330 
	500 

	Unpopulated area

	6 
	6.5 
	7 
	7.5 
	8 

	Hard-to-reach area

	5 
	5.5 
	6 
	6.5 
	7 

	Inaccessible shoulders of mountains, rocks, cliffs etc.


	3 
	3.5 
	4 
	4.5 
	5 

	Areas of tundra, steppes with soil not fit for agriculture, and deserts


	6 
	6 
	6.5 
	6.5 
	7 


PASSAGE OF HIGH-VOLTAGE LINES ACROSS FOREST AREAS, PLANTED LANDS, PLOWED ARABLE AREAS 
2.5.105. To construct high-voltage lines in forest areas clearances must be cut. When determining the width of clearance conditions of operation of a high-voltage line and the forestry from the point of view of the fall of trees on high-voltage lines and possibility of quick remedy of damages (species of wood, soil nature, accessibility of the route etc.) there must be taken into account.

It is necessary to avoid construction of high-voltage lines in forest crops located as narrow belts along a high-voltage line.

The width of clearances for high-voltage lines in forest areas and planted lands must be assumed:

1. In planted areas with low tree species up to 4 m high – not less than the distance between outer wires of high-voltage lines plus 6 m (3 m on both sides of outer wires). When a high-voltage line crosses orchards with trees not higher than 4 m cutting of clearances is not mandatory.

2. In planted lands with trees higher than 4 m:

a) for all 330-500 kV high-voltage lines as well as for radial high-voltage lines of 220 kV and less being the only power supply for consumers – not less than the distance between outer wires plus the distances equal to the height of the main forest area on both sides of outer wires of a high-voltage line; in this case, single trees or group of trees growing at the edge of high-voltage line clearance must be cut if their height is more than the horizontal distance from trees to high-voltage line wires.

b) for the rest of high-voltage lines of 220 kV and less which disconnection does not interrupt power supply to consumers – not less than those presented in 2.5.106.

If the wires of high-voltage lines running on hillsides and in ravines are strung above tree tops at the height of more than 8 m, the clearance down the slope is cut with the horizontal distance of 2 m from the outer wire. 

The height of the main forest area is assumed taking into account its perspective growth during 25 years.

2.5.106. In parks, preserves, green belts around inhabited localities, valuable forest areas, land protective belts along railroad and motor roads, waterspaces, the width of clearances for high-voltage lines should be so that the horizontal distances from the wires during their maximum deflection from the crowns are not less than: 3 m for high-voltage lines up to 20 kV; 4 m for 35-110 kV high-voltage lines; 5 m for 150-220 kV high-voltage lines; 6 m for 350-500 kV high-voltage lines.

The radius of crowns of trees is assumed taking into account their perspective growth for 25 years.

2.5.107. When high-voltage lines run on plowed arable areas, it is recommended not to occupy the lands watered by irrigation installations. 


PASSAGE OF HIGH-VOLTAGE LINES ACROSS POPULATED AREAS 
2.5.108. When high-voltage lines run across populated areas the angle of intersections with streets (passage) is not rated. When high-voltage lines run along the street it is allowed to string wires above the traffic area. 

In populated areas the wooden poles of high-voltage lines must have reinforced concrete stubs; it is allowed to use wooden poles without stubs as well as with wooden stubs impregnated at the plant in areas where it is grounded by technical-economic calculations. 

Supports installed on road crossings, street turns and passages must be protected against vehicle runover.  

2.5.109. Fastening of wires on rod insulators must be double; when using suspended insulators the wires must be fixed by blind clamps. If the section of wires is 300 mm2 and more, it is allowed to use clamps with limited strength of termination.

Within the span of intersection of high-voltage lines with streets (passages) wires and strands must not have joints; as an exception, it is allowed to install one coupling clamp on each wire with a section of not less than 240 mm2.

2.5.110. The distances from the wires of high-voltage lines to the ground surface in populated areas with the maximum sag (without heating of the wire by electric current taken into account) must not be less than those presented in table 2.5.24.

2.5.111. At places of intersection of high-voltage lines with streets, passages etc. the vertical distances from high-voltage line wires with a section of 185 mm2 to ground level must be also checked for the break of a wire within the adjoining span at average annual air temperature without ice and wind, without heating of wires by electric current taken into account. These distances must not be less than those presented in table 2.5.24.

For a high-voltage line running within the corridors specially allocated within city boundaries as well as for high-voltage lines with wires of a section of 185 mm2 and more, check of vertical distances during the break of wires is not required. 

2.5.112. Horizontal distances from the base of a high-voltage line support to a drain ditch or the curbstone of the traffic area of the street (passage) must be at least 1.5 m; the distance to sidewalks and pedestrian paths is rated.

2.5.113. Running of high-voltage lines above buildings and structures except for production buildings and structures of industrial enterprises constructed of incombustible materials is prohibited.

Table 2.5.23. Minimum distance from the wires of high-voltage lines to ground level, buildings and structures in populated areas

	High-voltage line operation conditions


	Area, structure 
	Minimum distance, m, 

at voltage of a high-voltage line, kV



	
	
	up to 35

	110 
	150 
	220 
	330 
	500 

	Normal mode 
	To ground level


	7 
	7 
	7.5 
	8 
	8 
	8 

	
	To buildings and structures

	3 
	4 
	4 
	5 
	6 
	-

	Break of wire in the adjoining span


	To ground level 
	4.5 
	4.5 
	5 
	5.5 
	6 
	-


The vertical distances from the wires of high-voltage lines to a production building or structure constructed of incombustible materials with the maximum sag must not be less than those presented in table 2.5.23.

Suspension of 500 kV high-voltage lines above buildings and structures is prohibited. As an exception it is allowed to construct 500 kV high-voltage lines above incombustible production buildings of electric generating plants with the vertical distance from wires to buildings of not less than 7 m.

Metal roofs high-voltage lines pass over must be grounded. Resistance of roof grounding must not be more than that presented in table 2.5.21.

It is not allowed to construct high-voltage lines in the territories of stadiums and day-care services.

2.5.114. The horizontal distances from outer wires of high-voltage lines up to 220 kV with their maximum deflection to the closest projecting parts of buildings and structures must be at least: 3 m for high-voltage lines up to 20 kV; 4 m for 35-110 kV high-voltage lines; 5 m for 150 kV high-voltage lines and 6 m for 220 kV high-voltage lines. It is allowed to reduce specified distances when high-voltage lines up to 220 kV pass near blank walls of production buildings and structures constructed of incombustible materials. In this case any distance between a deflected wire and a building (structure) must not be less than that presented in 2.5.113. 

The horizontal distances from outer wires of 330 and 500 kV high-voltage lines to:

a) the closest projecting parts of non-production buildings and structures and production buildings and structures of electric generating plants and substations at the maximum deflection of wires must be at least: 8 m for 330 kV high-voltage lines and 10 m for 500 kV high-voltage lines;

b) the projecting parts of residential and public buildings, production buildings and structures (except for electric generating plants and substations) with non-deflected wires must be at least: 20 m for 330 kV high-voltage lines and 30 m for 500 kV high-voltage lines;

If at specified distances from 35-220 kV high-voltage lines to buildings and structures containing receiving radio and television equipment the requirements of GOST 22012-82 Man-made Noise from Overhead Power Lines and Electric Substations are not met and if the compliance with the requirements of GOST 22012-82 can not be achieved by special measures (use of remote aerials, change of a high-voltage line construction etc.) or these measures are economically inexpedient, distances from non-deflected outer wires of high-voltage lines to projecting parts of these buildings and structures must be assumed in the design as not less than: 10 m for 35 kV high-voltage lines, 50 m for 110-220 kV high-voltage lines and 100 m for high-voltage lines of 330 kV and higher.

Calculation of interference level must be carried out with 1.3.33 and 2.5.41 taken into account.

2.5.115. Convergence of high-voltage lines with buildings and structures including explosion-hazardous and fire-hazardous rooms as well as explosion-hazardous and fire-hazardous outdoor installations is determined in accordance with 2.5.162.

2.5.116. Distances from the wires of high-voltage lines to trees located along the streets, in parks and gardens as well as to the strands of suspension of road signs must be assumed as not more than those presented in 2.5.106.

2.5.117. Distances from the grounded parts of high-voltage line supports to underground power cable lines must be assumed in accordance with 2.3.93.

INTERSECTION AND CONVERGENCE OF HIGH-VOLTAGE LINES WITH EACH OTHER

2.5.118. The angle of intersection of high-voltage lines more 1 kV with each other and with high-voltage lines up to 1 kV is not rated.

The place of intersection must be selected as close as possible to the support of the upper (crossing) high-voltage line; in this case, however, the horizontal distance from this support to the wires of the lower (crossed) high-voltage line at the maximum deflection of wires must not be less than 6 m, and from the supports of the lower (crossed) high-voltage line to the wires of the upper (crossing) high-voltage line – not less than 5 m. For the anchor supports of 500 kV high-voltage lines given distances must not be less than 10 m (see also 2.5.121).

In specific cases it is allowed to implement intersections of high-voltage line on the support.

2.5.119. At intersections of 330-500 kV high-voltage lines with each other the supports of the crossing high-voltage line must be of anchor type with standard construction. Intersections of 330-500 kV high-voltage lines with high-voltage lines of 220 kV and less can be implemented on intermediate supports. 

When constructing high-voltage lines of 300 kV and less, it is allowed to string them under operating 330-500 kV high-voltage lines within the spans limited by intermediate supports.

At intersections of high-voltage lines of 220 kV and less with each other it is allowed to use intermediate supports for a crossing high-voltage line.

The wooden poles of a crossing high-voltage line limiting the span of intersection must be fitted with reinforced concrete legs; it is allowed to use wooden poles without legs. High wooden poles can be used with wooden legs as an exception.

The wires of a crossing high-voltage line on intermediate supports of the span of intersection must have blind clamps or double fastening of rod insulators; with the section of the wire of 300 m2 and more it is allowed to use clamps with limited strength of termination and keep drop-out terminals on the existing high-voltage line when constructing another high-voltage line above it.

2.5.120. As a rule, the wires of a high-voltage line with higher voltage must be strung above the wires of a high-voltage line with lower voltage. As an exception, it is allowed to strung high-voltage lines of 35 kV and higher with a section of wires of 120 mm2 and more above the wires of high-voltage lines with higher voltage, but not higher than 220 kV. 

Table 2.5.24. Minimum distance between wires and between wires and strands of intersecting high-voltage lines on metal and reinforced concrete supports as well as on wooden supports with lightning protection devices

	Span length 
	Minimum distance, m, with distance from the point of intersection to the closest support of a high-voltage line, m



	of a high-voltage line, m 
	30


	50 
	70 
	100 
	120 
	150 

	At intersection of 500-330 kV high-voltage lines with each other and 
with high-voltage lines of lower voltage 



	Up to 200

	5 
	5 
	5 
	5.5 
	-
	-

	300


	5 
	5 
	5.5 
	6 
	6.5 
	7 

	450


	5 
	5.5 
	6 
	7 
	7.5 
	8 

	At intersection of 220-150 kV high-voltage lines with each other and 
with high-voltage lines of lower voltage 



	Up to 220

	4 
	4 
	4 
	4 
	-
	-

	300


	4 
	4 
	4 
	4.5 
	5 
	5.5 

	450


	4 
	4 
	5 
	6 
	6.5 
	7 

	At intersection of 110-20 kV high-voltage lines with each other and 
with high-voltage lines of lower voltage 



	Up to 220

	3 
	3 
	3 
	4 
	-
	-

	300


	3 
	3 
	4 
	4.5 
	4 
	-

	At intersection of 10 kV high-voltage lines with each other and 
with high-voltage lines of lower voltage 



	Up to 100

	2 
	2 
	-
	-
	-
	-

	150 


	2 
	2.5 
	2.5 
	-
	-
	-


2.5.121. Distances between the closest wires and strands of intersecting high-voltage lines on metal and reinforced concrete supports as well as on wooden supports with lightning protection devises at an ambient air temperature of plus 15 °С without wind must not be less than those presented in table 2.5.24.

When determining distances between the wires of intersecting high-voltage lines one should take into account the possibility of lighting stroke of both high-voltage lines and assume distances for more unfavourable case. If the upper high-voltage line is protected by strands, the possibility of stroke of only lower high-voltage line is taken into account.

It is allowed to keep supports of intersected high-voltage lines up to 110 kV under the wires of intersecting high-voltage lines, if the vertical distance from the wires of an intersecting high-voltage line to the top of an intersected high-voltage line is 4 m more than the values presented in table 2.5.24.

2.5.122. On high-voltage lines with wooden supports not protected by strands, on the supports limiting the spans of intersection, tubular arresters must be installed on both intersected high-voltage lines. 

For high-voltage lines of 35 kV and less it is allowed to install protecting gaps instead of tubular arresters. In this case automatic recloser must be used for high-voltage lines. Protecting gaps on poles and A-frame supports with wooden cross-arms are implemented in the form of one grounding down conductor and terminated by servings at the distance of 75 cm (on wood) from the point of fastening of the lower insulator. For H- and AH-frame supports grounding down conductors are laid on the racks of an H-frame edge of the support to a cross-arm. 

If the distance from the point of intersection to the closest supports of intersected high-voltage lines makes up not more than 40 m, the arresters and protecting gaps are installed only on the closest supports.

Table 2.5.25. Minimum horizontal distance between high-voltage lines

	Sections of high-voltage lines and distances 
	Minimum distance, m, with voltage of high-voltage lines, kV 



	
	up to 20 
	35 
	110 
	150 
	220 
	330 
	500 

	Sections of an unconfined route, between high-voltage lines axes
	Height of the highest support*

	________________

*At convergence of 500 kV high-voltage lines with each other and with high-voltage lines of lower voltages – the height of the highest support, but not less than 50 m.



	Sections of a confined route and approaches to substations: 

	  
	  
	  
	  
	  
	  
	  

	between outer non-deflected wires

	2.5 
	4 
	5 
	6 
	7 
	10 
	15 

	from the deflected wires of one high-voltage line to the supports of another high-voltage line


	2 
	4 
	4 
	5 
	б 
	8 
	10 


The installation of tubular arresters and protecting gaps is not required for: 

high-voltage lines with metal and reinforced concrete supports;

high-voltage lines with wooden supports at distances between the wires of high-voltage lines intersecting with each other and with high-voltage lines of lower voltages, not less than: 7 m at 33-500 kV voltage, 6 m at 150-220 kV voltage, 5 m at 35-110 kV voltage, 4 m at 3-20 kV voltage.

The resistance of grounding devices for tubular arresters and protecting gaps must not be more than that presented in table 2.5.21.

2.5.123. At parallel running and convergence of high-voltage lines the horizontal distances must not be less than those presented in table 2.5.25.

INTERSECTION AND CONVERGENCE OF HIGH-VOLTAGE LINES WITH COMMUNICATIONS, SIGNALING AND BROADCASTING FACILITIES

2.5.124. The intersection of high-voltage lines up to 35 kV with communication and alarm lines and wire broadcasting net lines must be implemented according to one of the following options: 

1. With the wires of high-voltage lines and the underground cable of communication and alarm lines and wire broadcasting net lines.

2. With underground inserted cable of high-voltage lines and uninsulated wires of communication and alarm lines and lines of wire broadcasting nets.

3. With the wires of high-voltage lines and uninsulated wires of communication and alarm lines and wire broadcasting net lines. 
2.5.125. The intersection of high-voltage lines with voltage up to 35 kV with uninsulated wires of communication and alarm lines and wire broadcasting net lines may be implemented in the following cases:

1. If it is possible to lay neither the underground cable of communication and alarm lines and wire broadcasting net lines nor the cable of high-voltage lines.

2. If the use of an inserted cable in communication and alarm lines will require the installation of an additional or transfer of an earlier installed repeater point of the communication and alarm line.

3. If with the use of an inserted cable in a wire broadcasting net line, the total length of inserted cables of the wire broadcasting net line exceeds permissible values.

4. If suspended insulators are used on high-voltage lines with voltage up to 35 kV. In this case, for high-voltage lines at the place of intersection with uninsulated wires of communication and alarm lines and wire broadcasting net lines wires and supports with increased mechanical strength are used (see 2.5.132).

2.5.126. The intersection of high-voltage lines with voltage of 110 kV and higher with communication and alarm lines and wire broadcasting net lines must be implemented according to one of the following options: 

1. With the wires of high-voltage lines and the underground cable of communication and alarm lines and wire broadcasting net lines.

2. With the wires of high-voltage lines and the uninsulated wires of communication and alarm lines and wire broadcasting net lines. 
2.5.127. At intersection of high-voltage lines with voltage of 110 kV and higher with communication and alarm lines and wire broadcasting net lines inserted cables should not be used for communication and alarm lines and wire broadcasting net lines (see also 2.5.129):

1) if the use of an inserted cable in communication and alarm lines requires installation of an additional or transfer of earlier installed repeater point of the communication and alarm line, and the refusal to use this inserted cable will not cause the breach of standards of interference impact of high-voltage lines on communication and alarm lines;

2) if with the use of an inserted cable in a wire broadcasting net line, the total length of inserted cables in a wire broadcasting net line exceeds permissible values, and the refusal to use this inserted cable will not cause the breach of the standards of interference impact of high-voltage lines on communication and alarm lines.

2.5.128. Intersection of the wires of high-voltage lines with town telephone communication overhead lines is not allowed; within the span of intersection with the wires of high-voltage lines only underground cables must be used for these lines.

2.5.129. Within the span of intersection of communication and alarm lines and wire broadcasting net lines with high-voltage lines on which envisaged carrier-current communication channels and teleautomatic with the equipment operating in the same frequency spectrum and having power more than 10 kV per one channel, underground inserted cables must be used for communication and alarm lines and wire broadcasting net lines. The length of an inserted cable is determined by calculation of the impact of high-voltage lines on communication and alarm lines (wire broadcasting net lines); in this case the horizontal distance from the base of the cable support of communication and alarm lines and wire broadcasting net lines to the horizontal projection of the outer wire of a high-voltage line must not be less than 100 m.

If the power of high-frequency equipment operating in the same frequency spectrum exceeds 5 kV, but is not more than 10 kV per one channel, the necessity of use of an inserted cable for communication and alarm lines and wire broadcasting net lines or implementation of other protection measures shall be carried out on the basis of impact calculation.

If the power of high-frequency equipment of high-voltage lines operating in the same frequency spectrum does not exceed 5 kV per one channel, the use of an inserted cable as per conditions of interference impact is not required. 

If an inserted cable is not used for communication and alarm lines and wire broadcasting net lines under the conditions of interference impact of high-voltage line high-frequency channels, the horizontal distance from the base of the cable support of communication and alarm lines and wire broadcasting net lines to the horizontal projection of the outer wire of high-voltage lines non-multiplexed, multiplexed in a different frequency spectrum or multiplexed in the same frequency spectrum with power of high-frequency equipment up to 10 kV per one channel must not be less than 15 m without displacement of high-voltage line wires by wind taken into account.

Table 2.5.26. Minimum distance from the grounding electrode and underground part of a high-voltage line support to the underground cable of communication and alarm lines and wire broadcasting net lines

	
Equivalent resistivity of soil 
[image: image109.wmf]r

, ?·m 
	Minimum distance, m,  
at voltage of a high-voltage line, kV



	  
	up to 35

	110 and higher 

	Up to 100

	0.83 [image: image110.wmf]r


	10



	More than 100 up to 500


	10 
	25 

	More than 500 up to 1,000


	11 
	35 

	More than 1,000

	0.35 [image: image111.wmf]r


	50 


2.5.130. At intersection of high-voltage lines with underground cables of communication and alarm lines and wire broadcasting net lines the following requirements must be complied with:

1. The angle of intersection of high-voltage lines with communication and alarm lines and wire broadcasting net lines is not rated.

2. The distance from the grounding electrode and underground part of a high-voltage line supports to the underground cable of communication and alarm lines and wire broadcasting net lines must not be less than that presented in table 2.5.26.

If an inserted cable is laid with the purpose of screening in steel conduits or under a channel etc. on the length equal to the distance between high-voltage line wires plus 10 m on both sides from outer wires, it is allowed to reduce specified distances to 5 m. In this case at intersection with high-voltage lines of 110 kV and higher the cable sheath should be connected with the channel or conduit on both sides. 

3. The metal covers of an inserted cable must be grounded on both ends.

4. The protection of an inserted cable from lightning overvoltage, the types of a cable, the method of installation of an inserted cable at the place of intersection is selected in accordance with the requirements specified for cable communication and alarm lines and wire broadcasting net lines. 

5. At intersection of 400-500 kV high-voltage lines with communication and alarm lines and wire broadcasting net lines the clear distance from the top of the cable support of communication and alarm lines and wire broadcasting net lines must be at least 20 m.

2.5.131. When the inserted cable of a high-voltage line up to 35 kV crosses uninsulated wires of communication and alarm lines and lines of wire broadcasting nets the following requirements must be complied with:

1. The angle of intersection of inserted cable of high-voltage lines with communication and alarm lines and wire broadcasting net lines are not rated.

2. The distance from the underground inserted cable of high-voltage lines to the ungrounded support of communication and alarm lines and wire broadcasting net lines must not be less than 2 m, and to the grounded support of communication and alarm lines (wire broadcasting net lines) and its grounding electrode – not less than 10 m. 

3. The horizontal distance from the base of the cable support of a high-voltage line non-multiplexed, multiplexed in a different frequency spectrum or in the same frequency spectrum depending on the power of high-frequency equipment to the projection of communication and alarm line and wire broadcasting net line wires must be selected in accordance with the requirements presented in 2.5.129 for the case of intersection of high-voltage line wires with the underground cable of communication and alarm lines and wire broadcasting net lines.

4. The underground inserted cables of high-voltage lines must be implemented in accordance with the requirements presented in chapter 2.3 and in 2.5.69.

2.5.132. When the wires of high-voltage lines cross uninsulated wires of communication and alarm lines and lines of wire broadcasting nets the following requirements must be complied with:

1. The angle of intersection of high-voltage line wires with the wires of communication and alarm lines and wire broadcasting net lines must be close to 90° where possible. For space-limited environments the angle of intersection is not rated.

2. The place of intersection should be selected as close as possible to the support of a high-voltage line. In this case the horizontal distance from high-voltage line supports to the wires of communication and alarm lines and wire broadcasting net lines must not be less than 7 m, and from the supports of communication and alarm lines and wire broadcasting net lines to the projection of the closest wire of a high-voltage line – not less than 15 m. In addition, the clear distance from 400 and 500 kV high-voltage lines to the top of communication and alarm line and wire broadcasting net line supports must not be less than 20 m.

It is not allowed to install the supports of communication and alarm lines and wire broadcasting net lines under the wires of high-voltage lines.

3. The supports of high-voltage lines limiting the span of intersection with communication and alarm lines and wire broadcasting net lines must be anchor, reinforced concrete, metal or wooden supports. Wooden supports must be strengthened by additional legs or braces. 

The intersections of high-voltage lines of 35 kV and higher with communication and alarm lines and wire broadcasting net lines can be implemented on intermediate supports if for high-voltage lines the wires with a section of 120 mm2 and more are used.

4. The wires of high-voltage lines must be located above the wires of communication and alarm lines and wire broadcasting net lines. The wires of high-voltage lines within the span of intersection with communication and alarm lines and wire broadcasting net lines must be stranded with a section of at least: aluminum – 70 mm2, aluminum-steel - 35 mm2, steel – 25 mm2. 

5. The wires and strands of high-voltage lines as well as the wires of communication and alarm lines and wire broadcasting net lines must not have connection within the span of intersection. When for high-voltage lines wires with a section of 240 mm2 and more, and in case of splitting of a phase in three 150 mm2 and more wires are used, it is allowed to install one coupling clamp per wire.

6. Within the span of intersection of high-voltage lines with communication and alarm lines and wire broadcasting net lines only suspended insulators and blind clamps must be used on high-voltage line supports. When the phase is split into not less than three wires, it is allowed to use clamps with limited strength of termination.

7. The change of the place of installation of communication and alarm line and wire broadcasting net line supports limiting the span of intersection with high-voltage lines is allowed provided that the deflection of the average length of an intersection element on communication and alarm lines and wire broadcasting net lines will not exceed the values presented in the applicable Instruction on Intersection of the Telephone Circuits of Overhead Communication Lines of the Ministry of Communications of the USSR.

8. The supports of communication and alarm lines and wire broadcasting net lines limiting the span of intersection or supports adjoining the latter and situated on a road shoulder must be protected from vehicle runover. 

9. The wires on communication and alarm line and wire broadcasting net line supports limiting the span of intersection with high-voltage lines must have double fasteners: with cross-arm profile – only on the upper cross-arm, with hook profile – on two upper circuits.

10. The vertical distances from the wires of high-voltage lines to the crossed wires of communication and alarm lines and wire broadcasting net lines in the normal mode of high-voltage line and with open wires in adjoining spans of the high-voltage line must not be less than those presented in table 2.5.27.

Table 2.5.27. Minimum vertical distance from the wires of high-voltage lines to the wires of communication and alarm lines and wire broadcasting net lines

	Design mode of high-voltage lines  
	Minimum distance, m,  
at voltage of a high-voltage line, kV



	  
	up to 10

	20 
	35 
	110 
	150 
	220 
	330 
	500 

	Normal:

	  
	  
	  
	  
	  
	  
	  
	  

	a) high-voltage lines on wooden supports with lightning protection devices as well as on metal and reinforced concrete supports


	2 
	3 
	3 
	3 
	4 
	4 
	5 
	5 

	b) high-voltage lines on wooden supports without lightning protection devices


	4 
	4 
	5 
	5 
	6 
	6 
	7 
	7 

	Break of wires in adjoining spans of high-voltage lines with suspended insulation


	1 
	1 
	1 
	1 
	1.5 
	2 
	2.5 
	3.5 


When using ice melting devices on high-voltage lines one should check clearance limits to the wires of communication and alarm lines and wire broadcasting net lines in of ice melting mode. These clearance limits are checked at the temperature of the wire in of ice melting mode, and they must not be less than those with an open wire of a high-voltage line in an adjoining span.

Vertical distances are determined in the normal mode at the maximum sag of wires (without their heating by electric current taken into account). In the emergency mode distances are checked for high-voltage lines with wires of a section of less than 185 m2 at an average annual temperature, without ice and wind. For high-voltage lines with wires of a section of 185 m2 and more the check as per the emergency mode is not required. 

11. On wooden supports of high-voltage lines without lightning protection cables limiting the span of intersection with communication and alarm lines and wire broadcasting net lines with distances between wires of intersected lines less than those presented in clause "b" of table 2.5.27 tubular arresters or protecting gaps must be installed at voltage of 35 kV and less, and tubular arresters – at 110-220 kV voltage. At installation of protecting gaps automatic recloser must be used for the high-voltage line.

Tubular arresters and protecting gaps must be installed in accordance with the requirements of 2.5.122.

The resistance of grounding devices of tubular arresters and protecting gaps at currents of industrial frequency in summer must not be more than:

	Soil effective resistivity, Ω·m

	Up to 100 
	More than 100 and up to 500 
	More than 500 and up to 1,000 
	More than 1,000 

	Grounding device resistance, Ω

	10 
	15 
	20 
	30 


The use of special protection measures is not required: for high-voltage lines with wooden supports without lightning protection cables at distances between the wires of intersected lines not less than those presented in table 2.5.27, clause “b”, for high-voltage lines with metal and reinforced concrete supports, for sections of high-voltage lines with wooden supports fitted with lightning protection cables. 

12. On wooden supports of communication and alarm lines and wire broadcasting net lines limiting the span of intersection with high-voltage lines grounding down conductors must be installed in accordance with the requirements specified for communication and alarm lines and wire broadcasting net lines.

2.5.133. Common suspension of the wires of high-voltage lines and the wires of communication and alarm lines on the same supports is not allowed.

2.5.134. At convergence of high-voltage lines with overhead communication and alarm lines and wire broadcasting net lines the distances between their wires and measures for protection against impact are determined in accordance with the Rules of Protection of Wire Communication Devices, Railway Signaling and Remote Control from Hazardous and Interfering Impact of Power Transmission Lines. Minimum horizontal distances at non-deflected wires must not be less than the height of the highest support of a high-voltage line, and in the areas of a confined route at the maximum deflection of high-voltage line wires by wind: 2 m for high-voltage lines up 20 kV, 4 m for 35 and 110 kV high-voltage lines, 5 m for 150 kV high-voltage lines, 6 m for 220 kV high-voltage lines, 8 m for 330 kV high-voltage lines, 10 m for 400-500 kV high-voltage lines. In this case the clear distance from the wires of 400-500 kV high-voltage lines to the top of communication and alarm line and wire broadcasting net line supports must not be less than 20 m. The transposition interval of high-voltage lines in terms of impact on communication and alarm lines and wire broadcasting net lines are not rated.

If in the case of the fall of communication and alarm line and wire broadcasting net line supports there is a possibility of contact between the wires of communication and alarm lines and wire broadcasting net lines and the wires of high-voltage lines, the supports of communication and alarm lines and wire broadcasting net lines must be strengthened by additional struts or coupled supports must be installed.

2.5.135. At convergence of high-voltage lines with rod insulators in the areas having the angles of turn with communication and alarm lines and wire broadcasting net lines, the distance between them must be such that a wire broken on the corner support of a high-voltage line can not fall at a distance from the closest wire of communication and alarm lines and wire broadcasting net lines less than those presented in 2.5.134. If the requirement can not be met, the wires of high-voltage lines running on the internal side of the turn must have double fasteners. 

2.5.136. At convergence of high-voltage lines with underground cable communication and alarm lines and wire broadcasting net lines the minimum distances between them are determined in accordance with the Rules of Protection of Wire Communication Devices, Railway Signaling and Remote Control from Hazardous and Interfering Impact of Power Transmission Lines, and they must not be less than those presented in table 2.5.26.

2.5.137. The distances from high-voltage lines to aerial structures of transmitting radio centers must be assumed as per table 2.5.28.

The intersection of high-voltage lines with the cross section of a radio relay line must be agreed with the organization under which supervision the radio relay line is. 

Table 2.5.28. Minimum distances from high-voltage lines to aerial structures of transmitting radio centers

	Aerial structures 
	Distance, m, with voltage of high-voltage lines, kV 



	
	up to 110 
	150-500 

	Medium-wave and short-wave transmitting aerials 

	100 


	100 

	Short-wave transmitting aerials in the direction of the maximum radiation


	200 
	300 

	Idem in the rest of directions


	50 
	50 

	Short-wave transmitting near-omnidirectional and omnidirectional aerials 


	150 
	200 


2.5.138. The distances from high-voltage lines to the borders of receiving radio centers, dedicated receiving centers of wire broadcasting net and local broadcasting centers must be assumed as per table 2.5.29.

Permissible convergences are established based on the condition that the level of interfering field produced by high-voltage lines at the distance of 50 m from it does not exceed the values specified by All-Union Norms of Allowable Man-made Interference.

If the route of designed high-voltage line passes in the area of location of particularly important receiving radio sets, permissible convergence is established on an individual basis upon agreement with concerned organizations at the stage of the high-voltage line projection. 

Table 2.5.29. Minimum distance from high-voltage lines to the borders of receiving radio centers, dedicated receiving centers of wire broadcasting net and local broadcasting centers 

	Radio sets 
	Distance, m, 
at voltage of a high-voltage line, kV



	  
	6-35


	110-220 
	330-500 

	Main, regional and district radio centers


	500 
	1000 
	2000 

	Dedicated receiving centers of wire broadcasting net 


	400 
	700 
	1000 

	Local broadcasting centers


	200 
	300 
	400 


If the observance of the distances presented in table 2.5.29 is difficult, in specific cases it is allowed to reduce them (provided measures for appropriate reduction of interference have been implemented on high-voltage lines) as well as transfer of all or parts of receiving radio sets to other sites. In all similar cases high-voltage line the plan of measures on observance of the norms of interference must be prepared and agreed with concerned organizations at the stage of projection.

The distances from high-voltage lines to television centers and radio houses must not be less than: 400 m for high-voltage lines up to 20 kV, 700 m for 35-150 kV high-voltage lines, 1,000 m for 220-500 kV high-voltage lines.

INTERSECTION AND CONVERGENCE OF HIGH-VOLTAGE LINES WITH RAILROADS

2.5.139. As a rule, the intersection of high-voltage lines with railroads should be implements by overhead lines. On railroads with especially heavy traffic[image: image112.wmf]1

 and in certain technically sound cases (e.g. at crossing of an embankment, railroad stations or places where the construction of overhead lines is difficult from the technical point of view) crossings of high-voltage lines up to 10 kV should be implemented by cable. 

_________________

[image: image113.wmf]1

An especially heavy traffic of trains is such a traffic at which the total number of passenger and freight trains on double-tracked sections makes up 100 pairs a day and on one-tracked sections - more than 48 pairs a day.

The intersection of high-voltage lines of 150 kV and less with railroads at places of joining of anchor sections of an overhead contact system is prohibited.

The angle of intersection of high-voltage lines with electrified [image: image114.wmf]1

 railroads and railroads subject to electrification[image: image115.wmf]2

must not be less than 40°. Where possible in all cases it is recommended to implement intersections at an angle close to 90°.

________________

[image: image116.wmf]1

Electrified railroads are all electrified railroads regardless of the type of current and the value of voltage of the overhead contact system.

[image: image117.wmf]2

Railroads subject to electrifification are railroads that will be electrified within 10 years starting from the year of a high-voltage line construction specified by the project.

2.5.140. At intersection and convergence of high-voltage lines with railroads the distances from the base of a high-voltage line support to the safety obstruction clearance [image: image118.wmf]1

 on nonelectrified railroads or to the axis of the overhead contact system supports of electrified railroads or railroads subject to electrification must not be less than the height of the support plus 3 m. At the sections of a confined route these distances may be assumed as not less than: 3 m for high-voltage lines up to 20 kV; 6 m for 35-150 kV high-voltage lines; 8 m for 220-330 kV high-voltage lines and 10 m for 500 kV high-voltage lines.

____________________
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An obstruction clearance is a transversal outline perpendicular to the track designed for clearing of rolling stock inside/to which no parts of buildings, structures and devices apart of rolling stock, can reach.

The protection of intersections of high-voltage lines with the overhead contact system by arresters and protecting gaps shall be implemented in accordance with the requirements presented in 2.5.122.

In yard necks and at places of joining of anchor sections of the overhead contact system the intersection of high-voltage lines of 150 kV and less with railroads is not allowed. 

2.5.141. Distances at the intersections and convergence of high-voltage lines with railroads from wires to different elements of a railroad must not be less than those presented in table 2.5.30.

The vertical distances from wires to different elements of railroads as well as to the highest wire and suspension strand of electrified railroads is determined in the normal mode of high-voltage lines at the maximum sag with additional heating of wires by electric current taken into account. If data on electric loads of high-voltage lines is not available, the temperature of wires is assumed to be equal to plus 70°. 

In the emergency mode distances are checked at intersections of high-voltage lines with wires of a section less than 185 m2 for conditions of average annual temperature, without ice and wind. For a section of wires of 185 mm2 and more check in the emergency mode is not required.

It is allowed to keep the supports of overhead contact system under the wires of a crossing high-voltage line with the vertical distance from the wires of a high-voltage line to the top of an overhead contact system supports not less than: 7 m for high-voltage lines up to 110 kV, 8 m for 150-220 kV high-voltage lines, 9 m for 330-500 kV high-voltage lines.

In specific cases in the areas of a confined route it is allowed to suspend the wires of a high-voltage line and an overhead contact system on the same supports. Specifications for common suspension of wires should be agreed with a Railroad Administration. 

Table 2.5.30. Minimum distance at intersection and convergence of high-voltage lines with railroads

	Intersection or convergence 
	Minimum distance, m, 

at voltage of a high-voltage line, kV



	  
	up to 20 
	35-110


	150 
	220 
	330 
	500 

	
	At intersection


	For nonelectrified railroads from the wire to the railhead in the normal mode of high-voltage line, vertically:


	
	
	
	
	
	

	railroads with broad gauge of common and particular use [image: image120.wmf]1

 and narrow gauge of common use


	7.5 
	7.5 
	8 
	8.5 
	9 
	9.5 

	__________________
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Depending on their function railroads are divided into:

railroads of common use utilized for transportation of passengers and freight according to tariffs established for all of them;  

railroads of particular use joined by continuous track with the common railway system and utilized only for economic-production carriages of the institutions, enterprises and organizations these sidings are subordinated to.



	railroads with narrow gauge of particular use


	6 
	6.5 
	7.0 
	7.5 
	8 
	8.5 

	From the wire to the railhead with the break of wire of a high-voltage line in the adjoining span, vertically: 


	
	
	
	
	
	

	railroads with broad gauge

	6 
	6 
	6.5 
	6.5 
	7 
	-

	railroads with narrow gauge

	4.5 
	4.5 
	5 
	5 
	5.5 
	-

	For electrified railroads or railroads subject to electrification from the wires of a high-voltage line to the highest wire or suspension strand in the normal mode, vertically 


	As at intersection of high-voltage lines with each other in accordance with table 2.5.24 (see also 2.5.122)

	Idem, but with a broken wire in the adjoining span


	1 
	1 
	2 
	2 
	2.5 
	3.5 

	
	At convergence


	For nonelectrified railroads at the sections of a confined route from the deflected wire of a high-voltage line to the obstruction clearance, horizontally


	1.5 
	2.5 
	2.5 
	2.5 
	3.5 
	4.5 

	For electrified railroads or railroads subject to electrification at confined sections of the route from the outer wire of a high-voltage line to the outer wire suspended on the field side of the overhead contact system supports, horizontally  


	As at convergence of high-voltage lines with each other in accordance with table 2.5.25 

	Idem, but without wires on the field side of the overhead contact system supports 
	As at convergence of high-voltage lines with structures in accordance with table 2.5.114 


At intersection and convergence of high-voltage lines with railroads along which communication and alarm lines run, in addition to table 2.5.30 it is necessary to meet the requirements specified for intersections and convergences of high-voltage lines with communication facilities.

2.5.142. At intersection with electrified railroads or railroads subject to electrification of common use the high-voltage line supports limiting the span of intersection must be of anchor type with normal construction. At the sections with especially heavy and heavy traffic [image: image122.wmf]1

 of trains these supports must be of metal.

______________
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A heavy traffic of trains is a such traffic at which the total number of passenger and freight trains on double-tracked sections makes up more than 50 and up to 100 pairs a day and on one-tracked – more than 24 and up to 48 pairs a day.

In the span of this intersection limited by anchor supports it is allowed to install an intermediate support between the tracks not designed for regular traffic of passenger trains as well as intermediate supports skirting the railroad bed of any railroads. Specified supports must be of metal or reinforced concrete. Fixing of wires on these supports must be double, suspension clamps must be blind.

The use of supports of any material with guys and wooden poles is not allowed. Wooden intermediate supports must be H-shaped (with X- and Z-shaped joints) or A-shaped. 

At intersection of railroads of particular use it is allowed to utilize light-weight anchor supports and intermediate supports with suspension of wires in blind clamps. The supports of all types installed at intersection with railroads of particular use may be free-standing or with guys.

Wires must be fixed in tension strings in accordance with 2.5.95.

The use of rod insulators within the spans of intersection of high-voltage lines with railroads is not allowed.

The use of the reinforcement bars of reinforced concrete supports and reinforced concrete stubs of supports limiting the span of intersection as grounding electrodes is prohibited.

2.5.143. At intersection of high-voltage lines with a railroad with forest protective belt, one should follow the requirements of 2.5.106. 

INTERSECTION AND CONVERGENCE OF HIGH-VOLTAGE LINES WITH MOTOR ROADS

2.5.144. The angle of intersection of high-voltage lines with motor roads is not rated.

2.5.145. At intersection with motor roads of category I [image: image124.wmf]1

 the high-voltage line supports limiting the span of intersection must be of anchor type with normal construction.

________________
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Motor roads have the following dimensions depending on the category:

	Road category 
	Width of road elements, m



	  
	traffic 
area

	roadside 
	middle strip 
	road bed 

	I 
	15 and more

	3.75 
	5 
	27.5 and more 

	II 
	7.5


	3.75 
	-
	15 

	III 
	7


	2.5 
	-
	12 

	IV 
	6


	2 
	-
	10 

	V 
	4.5 
	1.75 
	-
	8




Table 2.5.31. Minimum distance at intersection and convergence of high-voltage lines with motor roads 
	Intersection or convergence 
	Minimum distance, m, 

at voltage of a high-voltage line, kV



	  
	up to 20

	35-110 
	150 
	220 
	330 
	500 

	Vertical distance:
	
	
	
	
	
	

	a) from the wire to the road bed:

 
	  
	  
	  
	  
	  
	  

	in the normal mode of a high-voltage line


	7 
	7 
	7.5 
	8 
	8.5 
	9 

	with a broken wire in the adjoining span


	5 
	5 
	5.5 
	5.5 
	6 
	-

	b) from the wire to vehicles in the normal mode of a high-voltage line 


	2.5 
	2.5 
	3.0


	3.5


	4.0


	4.5



	Horizontal distances:


	
	
	
	
	
	

	a) from the support base to the edge of the road bed at intersection


	Support height


	b) idem, but when running in parallel


	Support height plus 5 m


	c) idem, but in the areas of a confined route from any part of a support to the foot of embankment of a road or to the external edge of a drain ditch:


	  
	  
	  
	  
	  
	  

	at intersection of roads of the I and II categories 


	5 
	5 
	5 
	5


	10


	10 

	at intersection of roads of the rest categories


	1.5 
	2.5 
	2.5 
	2.5 
	5 
	5



	d) when running in parallel from the outer non-deflected wire to the edge of a road bed


	2 
	4 
	5 
	6 
	8 
	10 


Wires on high-voltage lines with suspended and rod insulators must be fastened in accordance with 2.5.95. 

At intersection with motor roads of II-IV categories the supports limiting the span of intersection must be light-weight supports of anchor type or intermediate ones.

On intermediate supports with suspended insulators wires must be suspended in blind clamps, and on supports with rod insulators double fastening of wires must be used. When the phase is split into wires not less than three, it is allowed to use clamps with limited strength of termination. For intersections with motor roads of the V category the same requirements as for the passage of high-voltage lines across an unpopulated area are applied.

During construction of the motor roads and their passage under the operating 400 and 500 kV high-voltage lines, the retrofitting of high-voltage lines is not required, if the distance from the lower wire of a high-voltage line to the road bed makes up not less than 9 m and from the foundation of the support to the edge of the road bed – not less than 25 m. 

2.5.146. The distances at intersection and convergence of high-voltage lines with motor roads must be not less than those presented in table 2.5.31.

In all cases of convergence of high-voltage lines with the curved sections of motor roads constructed on an embankment, the minimum distances from the wires of high-voltage lines to the edge of a road must not be less than vertical distances presented in table 2.5.31.

Vertical distances in the normal mode are checked at the maximum sag without heating of wires by electric current taken into account. 

In the emergency mode distances are checked for high-voltage lines with wires of a section less than 185 m2 at average annual temperature, without ice and wind. For high-voltage lines with wires of a section of 185 m2 and more the check as per the emergency mode is not required. 

2.5.147. At places of intersection of high-voltage lines with motor roads designed for traffic of trucks and other vehicles with the height of more than 3.8 m, road sings indicating the allowable height of moving vehicles with load is installed on the roads on both sides of high-voltage lines. 

If vertical distances from the wires of high-voltage lines to the motor road bed exceed those presented in table 2.5.31 by more than 2 m, it is allowed not to install signaling signs.

The suspension of road signs at places of intersection of high-voltage lines within guard bands (see 2.5.104) is not allowed.

2.5.148. The supports of high-voltage lines installed on a motor road shoulder must be protected from vehicle runover.

INTERSECTION AND CONVERGENCE OF HIGH-VOLTAGE LINES WITH TRACKLESS LINES AND TRAMLINES

2.5.149. The angle of intersection of high-voltage lines with trackless lines and tramlines is not rated.

2.5.150. At intersection with trackless lines and tramlines the high-voltage line supports limiting the span of intersection must be of anchor type with normal construction. For high-voltage lines with wires of a section of 120 mm2 and more intermediate supports with suspension of wires in blind clamps and with double fastening on rod insulators are also allowed. When the phase is split into not less than three wires, it is allowed to use clamps with limited strength of termination.

If anchor supports are used, wires must be suspended in accordance with 2.5.95.

2.5.151. Vertical distances at intersection and convergence of high-voltage lines with trackless lines and tramlines with the maximum wire sag must not be less than those presented in table 2.5.32.

In the normal mode vertical distances are checked at the maximum sag (without heating of wires by electric current taken into account). 

In the emergency mode vertical distances are checked for high-voltage lines with wires of a section less than 185 m2 at average annual temperature without ice and wind. For high-voltage lines with wires of a section of 185 m2 and more the check of distances as per the emergency mode is not carried out. 

2.5.152. The protection of intersections of high-voltage lines with the overhead contact system by arresters and protecting gaps is implemented in accordance with the requirements presented in 2.5.122.

It is allowed to keep the supports of an overhead contact system under wires of a crossing high-voltage line with the vertical distances from the wires of a high-voltage line to the top of an overhead contact system supports not less than: 7 m for high-voltage lines with voltage up to 110 kV, 8 m for 150-220 kV high-voltage lines, 9 m for 330-500 high-voltage lines.

Table 2.5.32. Minimum distance from the wires of high-voltage lines at intersection and convergence with trackless lines and tramlines

	Intersection or convergence 
	Minimum distance, m, with voltage of high-voltage lines, kV 



	  
	up to 110

	150-220 
	330 
	500 

	Vertical distances from the wires of high-voltage lines


	
	
	
	

	a) at intersection with a trackless line (in the normal mode):


	
	
	
	

	to the upper elevation of traffic area


	11 
	12 
	13


	13



	to the wires of an overhead contact system or suspension strands


	3 
	4 
	5 
	5 

	b) at intersection with a tramline (in the normal mode):


	
	
	
	

	to the railhead

	9.5 
	10.5 
	11.5 
	11.5 

	to the wires of an overhead contact system or suspension strands


	3 
	4 
	5 
	5 

	c) with a broken wire of a high-voltage lines in the adjoining span to the wires or suspension strands of a trackless line or a tramline 


	1 
	2 
	2.5 
	-

	Horizontal distances at convergence from the deflected wires of a high-voltage line to the supports of trolley bus and tram overhead contact systems


	3 
	4 
	5 
	5 


 INTERSECTION OF HIGH-VOLTAGE LINES WITH WATERSPACES

2.5.153. At intersection of high-voltage lines with waterspaces (rivers, channels, lakes, bays, harbors, ect.) the angle of intersection with them is rated.

2.5.154. At intersection with watespaces with regular navigation the supports of high-voltage lines limiting the span of intersection must be the end supports of anchor type. For high-voltage lines with a section of aluminum-steel wires of 120 mm2 and more or steel ropes of TK type with a section of 50 mm2 and more it is allowed to use intermediate supports and anchor supports of lightweight type; in both cases the supports, adjoining them must be end supports of anchor type.

If intermediate supports are used in the span of intersection, the wires and strands must be fixed to them by blind and special clamps (e.g. by multiroll suspenders).

For intersections of water ways of local character with a navigational depth of 1.65 m and less, small rivers of a depth of 1 m and less (classes IV-VII as per path conditions of navigation) and unnavigable waterspaces not classed as long runs the same requirements are applied as for high-voltage lines crossing unpopulated areas with additional check of distances to the level of high water, ice and to ship or raft clearance as per table 2.5.33.

2.5.155. The distance from lower wires of high-voltage lines to water surface must not be less than those presented in table 2.5.33. The predicted levels of ice and water are assumed in accordance with 2.5.13. Heating of high-voltage line wires by electric current is not taken into account.

Table 2.5.33. Minimum distance from high-voltage line wires to water surface, ship and raft clearance

	Distance 
	Minimum distance, m,  
at voltage of a high-voltage line, kV



	
	up to 110

	150 
	220 
	330 
	500 

	To the maximum level of high waters of navigable rivers, channels etc. at the maximum temperature


	6 
	6.5 
	7 
	7.5 
	8 

	To ship and raft clearance at the maximum level of high waters and maximum temperature


	2 
	2.5 
	3 
	3.5 
	4 

	To maximum level of high waters of unnavigable rivers, channels, etc. at a temperature of plus 15 °C.


	3 
	3.5 
	4 
	4.5 
	5 

	To ice level of unnavigable rivers, channels etc. at a temperature of minus 5 °C with the presence of ice


	6 
	6.5 
	7 
	7.5 
	8 


When a high-voltage line runs in close vicinity to fixed bridges where mast and funnels of ships plying on a river or a channel must be lowered, it is allowed to reduce the distances from the wires of high-voltage lines to the maximum level of high water presented in table 2.5.33 upon agreement with the local water transport administration.

2.5.156. The places of intersections of high-voltage lines with navigable rivers, channels etc. must be marked aland with signaling signs in accordance with the applicable rules of navigation on internal navigable paths. 

PASSAGE OF HIGH-VOLTAGE LINES OVER BRIDGES

2.5.157. When high-voltage lines pass over bridges the supports and supporting devices limiting the spans from the bank to the bridge and across an opening part of the bridge must be of anchor type with normal construction. The rest of supporting devices on bridges can be of intermediate type with fastening of wires by blind clamps or with double fastening on rod insulators. 

2.5.158. On metal railroad bridges with traffic area on the lower part fitted along its overall length with upper links, wires can be located directly under the superstructure of the bridge above links or outside the bridge. Location of wires within the limits of obstruction clearance as well as within the width occupied by the elements of the electrified railroad overhead contact system is not allowed. The distances from the wires of high-voltage lines to all lines of the Ministry of Railways laid on a bridge structure are assumed as per 2.5.141 as for space-limited sections of a route. 

On town and motor road bridges it is allowed to locate wires both outside of the superstructure and within the limits of the width of the footway and traffic area of a bridge.

On protected bridges it is allowed to locate the wires of high-voltage lines below the level of a footway part. 

2.5.159. The minimum distances from the wires of high-voltage lines to the different parts of bridges must be assumed upon agreement with organizations under which supervision the bridge is; in this case the maximum wire sag is determined by comparison of sags at the maximum rated air temperature and with ice. 

PASSAGE OF HIGH-VOLTAGE LINES OVER DAMS AND DIKES

2.5.160. When high-voltage lines pass over dams, dikes etc. the distances from the wires of high-voltage lines at the maximum sag and the maximum deflection to different parts of dams and dikes must not be less than those presented in table 2.5.34.

Table 2.5.34. Minimum distance from the wires of high-voltage lines to different parts of dams and dikes

	Parts of dams and dikes 
	Minimum distance, m, with voltage of high-voltage lines, kV 



	  
	up to 110

	150 
	220 
	330 
	500 

	Crest and edge of a slope


	6 
	6.5 
	7 
	7.5 
	8 

	Inclined surface of a slope


	5 
	5.5 
	6 
	6.5 
	7 

	Surface of water overflowing a dam


	4 
	4.5 
	5 
	5.5 
	6 


When high-voltage lines cross the dams and dikes with communication routes, high-voltage lines must also meet the requirements specified for high-voltage lines at intersection and convergence with appropriate facilities of communication routes. 

The maximum sag of high-voltage line wires must be determined by comparison of sags at the maximum rated air temperature and with ice.

CONVERGENCE OF HIGH-VOLTAGE LINES WITH WATER COOLERS

2.5.161. The distance from the outer wires of high-voltage lines to water coolers must be determined in accordance with the requirements of SNiP II-89-80* General Plans of Industrial Enterprises (edition 1995) of the Russian Federation Construction Committee as well as the requirements of the standards of process projection of electric generating plants, substations and overhead power transmission lines.

CONVERGENCE OF HIGH-VOLTAGE LINES WITH EXPLOSION-HAZARDOUS AND FIRE-HAZARDOUS INSTALLATIONS 
2.5.162. The convergence of high-voltage lines with buildings, structures and outdoor process installations related with production, fabrication, manufacturing, use and storage of explosion hazardous, explosion and fire hazardous and fire hazardous substances must be carried out in accordance with duly approved standards. 

If the norms of convergence are not envisaged by regulatory documents, the distances from the axis of a high-voltage line route to specified buildings, structures and outdoor installations must not be less than 1.5 height of the support. At the sections of a space-limited route it is allowed to reduce these distances upon agreement with appropriate ministries and departments.

INTERSECTION AND CONVERGENCE OF HIGH-VOLTAGE LINES WITH ELEVATED AND SURFACE PIPELINES AND CABLEWAYS

2.5.163. It is recommended to assume the angle of intersection of high-voltage lines with elevated and surface gas pipelines, oil pipelines and oil-products pipelines is equal to 90°. The angle of intersection of high-voltage lines with the rest of elevated and surface pipelines as well as cableways is not rated.

The intersection of high-voltage lines of 110 kV and higher with newly constructed elevated and surface trunk gas pipelines, oil pipelines and oil-products pipelines is prohibited. These high-voltage lines may intersect with operating single elevated and surface trunk gas pipelines, oil pipelines and oil-products pipelines as well as with technical galleries of trunk pipelines when they are laid in an embankment at a distance of 1,000 m to both sides from high-voltage lines. 

2.5.164. At intersection of high-voltage lines with elevated and surface pipelines and cableways the supports of high-voltage lines limiting the span of intersection must be of anchor type with normal construction. 

For high-voltage lines with aluminum-steel wires of a section of 120 mm2 and more or with steel strands of TK type of a section of 50 mm2 and more it is allowed to use light-weight anchor supports and intermediate supports with suspension of wires in blind clamps. 

When the phase is split into not less than three wires it is allowed to use clamps with limited strength of termination.

2.5.165. The wires of high-voltage lines must be located above pipelines and cableways. On extraordinary occasions high-voltage lines up to 220 kV may pass below cableways which have underneath cat walks and meshes for guarding high-voltage line wires. The fastening of cat walks and meshes on high-voltage line supports is prohibited. 

At places of intersection with high-voltage lines elevated and surface gas pipelines, except for those laid in an embankment, should be protected by guards. Guards must project to both sides of intersection from the projection of the high-voltage line outer wires at their maximum deflection to a distance of not less than: 3 m for high-voltage lines up 20 kV, 4 m for 35-110 kV high-voltage lines, 4.5 m for 150 kV high-voltage lines, 5 m for 220 kV high-voltage lines, 6 m for 330 kV high-voltage lines, 6.5 m for 500 kV high-voltage lines.

The distances from high-voltage lines to cat walks, meshes and guards are assumed to be the distances to elevated and surface pipelines and cableways (see 2.5.166).

2.5.166. Distances at intersection, convergence and running in parallel of high-voltage lines with elevated and surface pipelines and cableways must not be less than those presented in table 2.5.35.

Table 2.5.35. Minimum distance from high-voltage line wires to elevated and surface pipelines and cableways

	Intersection or convergence 
	Minimum distance, m,  
at voltage of a high-voltage line, kV



	  
	up to 20

	35-110 
	150 
	220 
	330 
	500 

	Vertical distances:



	from a high-voltage line wire to any part of a pipeline (embankment) or a cable way in the normal mode 


	3 
	4 
	4.5 
	5 
	6 
	6.5 

	idem, but with a broken wire in the adjoining span


	1 
	2 
	2.5 
	3 
	4 
	-

	Horizontal distances:



	1) when running in parallel

	
	
	
	
	
	

	from the outer wire of a high-voltage line to any part of a pipeline or a cableway (except for a slurry pipeline and a trunk gas pipeline, oil pipeline and oil-products pipeline) in the normal mode


	Not less than the support height



	from the outer wire of a high-voltage line to any part of a slurry pipeline in the normal mode


	Not less than 30 m 

	from the outer wire of a high-voltage line to any part of a trunk pipeline in the normal mode


	Not less than the double height of the support 



	from the outer wire of a high-voltage line to any part of a trunk oil pipeline and oil-products pipeline in the normal mode


	50 m, but less than the support height 

	in space-limited environments from the outer wire of a high-voltage line at its maximum deflection to any part of a pipeline* or cableway 


	3 
	4 
	4.5 
	5 
	6 
	6.5 

	_________________

* The newly constructed trunk pipelines in the area of convergence with a high-voltage line in space-limited environments must comply with the requirements specified for gas pipelines of not less than the II category. 



	2) at intersection:

	
	
	
	
	
	

	from the high-voltage line support to any part of a pipeline or a cableway in the normal mode 


	Not less than the support height



	in space-limited environments from the high-voltage line support to any part of a pipeline or a cableway 


	3 
	4 
	4.5 
	5 
	6 
	6.5 

	3) from high-voltage lines to cold vents of a gas pipeline
	Not less than 300 m



	  
	  
	  
	  
	  
	  
	  


Vertical distances in the normal mode are determined at the maximum wire sag without heating of wires by electric current taken into account. 

In the emergency mode distances are checked for high-voltage lines with wires of a section less than 185 m2 at average annual temperature, without ice and wind. For high-voltage lines with wires of a section of 185 m2 and more the check with a broken wire is not required. 

In the areas of Western Siberia and Northern areas at parallel running of high-voltage lines of 110 kV and higher with technical galleries of trunk gas pipelines, oil pipelines and oil-products pipelines, the distance from a high-voltage line to the outer pipeline must not be less than 1,000 m.

2.5.167. Within the spans of intersection with high-voltage lines metal pipelines, except for those laid in an embankment, and cableways, as well as guards, cat walks and meshes must be grounded. Resistance provided by the use of artificial grounding electrodes must not be more than 10 Ohm.

INTERSECTION AND CONVERGENCE OF HIGH-VOLTAGE LINE WITH UNDERGROUND PIPELINES

2.5.168. The angle of intersection of high-voltage lines of 35 kV and less with underground trunk gas pipelines, oil pipelines and oil-products pipelines as well as the angle of intersection of high-voltage lines with the rest of underground pipelines shall not be rated.

The angle of intersection of high-voltage lines of 110 kV and higher with constructed underground trunk gas pipelines, oil pipelines and oil-products pipelines as well as with operating technical galleries of these pipelines must not be less than 60°. In this case the newly constructed pipelines laid in the areas of Western Siberia and Northern areas at a distance of 1 km to both side from the intersection must be of the II category at least.

2.5.169. At convergence of high-voltage lines with operating and newly constructed trunk gas pipelines with pressure of more than 1.2 MPa and trunk oil pipelines and oil-products pipelines the distances between them must not be less than those presented in 2.5.104.

The wires of high-voltage lines must not be located closer than 300 m from cold vents installed on gas pipelines.

In space-limited environments of a route running in parallel with high-voltage lines as well as at places of intersection of high-voltage lines with specified pipelines the horizontal distances from a grounding electrode and the underground part (foundation) of high-voltage line supports to pipelines may not be less than: 5 m for high-voltage lines up to 35 kV, 10 m for 110-220 kV high-voltage lines, 15 m for 330-500 high-voltage lines.

The newly constructed trunk gas pipelines with pressure of more than 1.2 MPa in the area of convergence with high-voltage lines if they are laid at distances less than those presented in 2.5.104 must comply with the requirements specified to the sections of gas pipelines of the II category at least for 500 kV high-voltage lines and the III category at least for high-voltage lines of 330 kV and less.

The newly constructed trunk oil pipelines and oil-products pipelines in the areas of convergence with high-voltage lines if they are laid at distances less than those presented in 2.5.104 must comply with the requirements specified to the sections of pipelines of the III category at least.

In the areas of Western Siberia and Northern areas at parallel running of high-voltage lines of 110 kV and higher with technical galleries of trunk gas pipelines, oil pipelines and oil-products pipelines, the distance from a high-voltage line to the outer pipeline must be at least 1 km.

2.5.170. At convergence and intersection of high-voltage lines with trunk and distribution gas pipelines with pressure of 1.2 MPa and less as well as at convergence and intersection with branch lines from trunk pipelines to inhabited localities and industrial enterprises and with branch lines from oil pipelines and oil-products pipelines to petroleum storage depots and enterprises the distances from the grounding electrode and underground part (foundation) of high-voltage line supports to pipelines must not be less than: 5 m for high-voltage lines up to 35 kV, 10 m for high-voltage lines of 110 kV and more.
2.5.171. At convergence and intersection of high-voltage lines with heat pipelines, water pipelines, canalization lines (pressure and gravity ones), storm sewage and drainage the clear distances from the grounding electrode and the underground part (foundation) of high-voltage line supports to pipelines must not be less than 2 m for high-voltage lines up to 35 kV and 3 m for high-voltage lines of 110 kV and higher. 

On extraordinary occasions when it is not possible to observe specified distances to pipelines (for example, when a high-voltage line crosses the territories of electric generating plants, industrial enterprises, town streets) these distances can be reduced upon agreement with concerned organizations. In this case one should provide the protection of high-voltage line support foundations from possible washing of foundations upon damage of specified pipelines, as well as prevention of transfer of dangerous voltage potential on metal pipelines.

CONVERGENCE OF HIGH-VOLTAGE LINES WITH OIL AND GAS FLARES 
2.5.172. At convergence with oil and gas field flares high-voltage lines must be located windward. The distance from high-voltage lines to field flares must not be less than 60 m.

CONVERGENCE OF HIGH-VOLTAGE LINES WITH FLYING FIELDS 
2.5.173. The convergence of high-voltage lines with flying fields and air routes is allowed upon agreement with territorial civil aviation departments, with the headquarters of a military district, with the administration of the ministry or department under which supervision the flying field or airport are with location of high-voltage lines at the following distances: up to 10 km from the borders of an airport – with supports of any height; more than 10 km and up to 30 km from the borders of an airport – at the elevation of the top part of high-voltage line supports exceeding the elevation of the airport by 50 m and more; more than 30 and up to 75 km from the borders of flying fields and on air routes with the height of supports of 100 m and more.

PAGE  
1

_1212920972.unknown

_1212920973.unknown

_1212920971.unknown

