Section 4 

SWITCHGEARS AND SUBSTATIONS 

Chapter 4.1 

SWITCHGEARS WITH VOLTAGE UP TO 1 kV OF ALTERNATE CURRENT AND UP TO 1.5 kV OF DIRECT CURRENT
SCOPE 

4.1.1. The present chapter of the Code covers switchgears up to 1 kV of alternate current and up to 1.5 kV of direct current installed in premises and outdoors and implemented as switchboards, control panels, relay boards and consoles, installations of cellular type, cabinets, bus leads and blocks.
Additional requirements to switchgears of special design are presented in corresponding chapters of section 7.

Terms and definitions given in 4.2.2, 4.2.3, 4.2.5, 4.2.6, 4.2.8, 4.2.11 and 4.2.12 are applicable for the present chapter as well.

GENERAL REQUIREMENTS 

4.1.2. Selection of wires, buses, devices, instruments and constructions are carried out both as per normal conditions of operation (conformity to operating voltage and current, accuracy class, etc.) and the conditions of operation during short circuits (thermal and dynamic impacts, switching capacity).
4.1.3. Switchgears must be provided with clear marking specifying the design of separate circuits and panels. 

Marking must be made on the front side of a device, and if the latter is maintained from both sides – on the back side of the device as well. See also chapter 3.4.

4.1.4. Parts of switchgears belonging to circuits of different type of current and voltage must be implemented and located so that they can be easily recognized. 
4.1.5. Mutual location of phases and poles within the whole devices limits must be, as a rule, similar. Buses must have painting specified in chapter 1.1.

Installation of portable protective grounding devices must be allowed in switchgears.

4.1.6. All metal parts of switchgears must be painted or have another corrosion resistant protection.

4.1.7. Grounding must be implemented in accordance with chapter 1.7.

INSTALLATION OF INSTRUMENTS AND DEVICES
4.1.8. Devices and instruments should be located so that sparks and electric arcs occurring in them during operation do not harm maintenance staff, inflame or damage surrounding objects, cause a short circuit or a ground short circuit.

4.1.9. Devices of cutting type must be installed so that they do not close a circuit spontaneously due to gravity action. As a rule, their moveable opened live parts must not be energized.

4.1.10. Contact-breakers with direct hand control (without a drive) designed for load current switching on and off and having contacts facing an operator must be protected by incombustible enclosures without openings and apertures. Given contact-breakers designed only for voltage removal may be installed openly provided the untrained staff does not have access to them.

4.1.11. On the drives of switching devices positions "On” and “Off” must be marked clearly.

4.1.12. Removal of voltage from every circuit breaker must be allowed for its repair and disassembling. For this purpose contact-breakers and other disconnecting devices must be installed in proper places.

A disconnecting device upstream of a breaker of each line outgoing from switchgear may not be installed in electrical installations:

with drawout breakers;

with fixed breakers in which during repair and disassembling of this breaker voltage may be removed by a common device from a group of breakers or from the whole switchgear; 

with fixed breakers if safe disassembling of live breakers is allowed by dint of insulated tools.

For the above-mentioned disconnecting devices a special drive (e.g. a lever drive) are not required.

4.1.13. Threaded (screw) fuses must be installed so that feeding wires are connected to a contact screw and wires outgoing to electrical appliances – to a screw socket. 

BUSES, WIRES, CABLES 

4.1.14. The distances between fixed uninsulated live parts of different polarity as well as between them and uninsulated non-live metal parts must not be less than: 20 mm on the surface of insulation and 12 mm in the air. From uninsulated live parts to guards the distances must not be less than: 100 mm when using cages and 40 mm when using solid removable enclosures.

4.1.15. Within panels, boards and cabinets installed in dry rooms, unprotected insulated wires with insulation rated for an operating voltage of not less than 660 V may be installed close to each other on metal surfaces protected from corrosion. In these cases, reduction factors for current loads presented in chapter 1.3 must be applied for power circuits.
4.1.16. Grounded uninsulated wires and buses may be also installed without insulation.

4.1.17. Wiring of the circuits of control, metering, etc. must comply with the requirements of chapter 3.4. Installation of cables must comply with the requirements of chapter 2.3.

CONFIGURATION OF SWITCHGEARS 

4.1.18. Bodies of panels must be made of incombustible materials, and enclosures and other parts of devices must be made of incombustible or slow-burning materials. This requirement does not apply to dispatcher and similar control panels.

4.1.19. Switchgears must be implemented so that vibration occurring during operation of devices as well as shaking caused by external influence do not break contact connections and cause misadjustment of devices and instruments.

4.1.20. Surfaces of moisture-retentive insulating plates, on which uninsulated live parts are installed directly, must be protected from water ingress (by impregnation, painting, etc.).

For devices installed in wet and particularly wet rooms and outdoor installations the use of moisture-retentive insulating materials (e.g. marble, asbestos cement) is not allowed.

In dusty, wet and particularly wet rooms and outdoors switchgears reliably protected from negative environmental impacts should be installed.

INSTALLATION OF SWITCHGEARS IN ELECTRICAL EQUIPMENT ROOMS
4.1.21. In electrical equipment rooms (see 1.1.5) maintenance galleries located on the front or rear side of a board must comply with the following requirements:

1. Clear width of galleries must not be less than 0.8 m, clear height – not less than 1.9 m. No objects impeding movement of people and equipment must be present in galleries. In separate places galleries may be obstructed by projecting structural units, but the width of gallery at those places must not be less than 0.6 m.
2. The distances from the most projecting uninsulated live parts without guards (e.g. opened blades of contact-breakers) located at an accessible height (less than 2.2 m) on one side of the gallery to the opposite side, or equipment which does not have opened uninsulated live parts without guards, must not be less than: with voltage less than 660 V – 1.0 m with the length of the board up to 7 m and 1.2 m with the length of the board of more than 7 m; with voltage of 660 V and higher – 1.5 m. In this case, length of the board is the length of a passage between two rows of the continuous line of panels (cabinets) or between one row and the wall.

3. The distances between uninsulated live parts without guards located at a height of less than 2.2 m on both sides of a passage must not be less than: 1.5 m with voltage of less than 660 V; 2.0 m with voltage of 660 V and higher.

4. Uninsulated live parts located at distances less than those presented in clauses 2 and 3 must have guards.

5. Uninsulated live parts without guards located above passages must be at a height of not less than 2.2 m.
6. Guards located above passages must be at a height of not less than 1.9 m.
4.1.22. Cages with cell dimensions of not more than 25 ( 25 mm, as well as continuous and combined guards can be used as the guards for uninsulated live parts.
The height of guards must not be less than 1.7 m.
4.1.23. Maintenance galleries of boards with the length of the latter of more than 7 m must contain two exits. On noncomponent side the galleries of the board may have exits both to power control and other rooms. If the width of maintenance gallery is more than 3 m and oil-filled devices are not available, the construction of the second exit is not mandatory.
Doors of switchgear rooms must open towards other rooms (except for rooms of switchgears higher than AC 1 kV and higher than DC 1.5 kV) or outward and have instant locks unlocked without a key from inside of the room.

The width of doors must not be less than 0.75 m with the height not less than 1.9 m.

INSTALLATION OF SWITCHGEARS IN PRODUCTION ROOMS 

4.1.24. Switchgears installed in rooms accessible for the non briefed staff must have live parts closed by continuous guards.

In case of use of switchgear with open live parts, it must have fencing. In this case, fencing must be of cages, continuous or combined with a height of not less than 1.7 m. The distance from a cage to uninsulated live parts of the device must not be less than 0.7 m, and distance from continuous fencing must be in accordance with 4.1.14. The width of passages is assumed in accordance with the requirements presented in 4.1.21.
4.1.25. Termination of wires and cables must be made so that it is located inside the device.

4.1.26. Removable guards must be fixed so that their removal would be impossible without the use of tools. Doors must be locked.

4.1.27. Installation of switchgears and control gears and integrated transformer substations must comply with the requirements to switchgears and control gears and integrated transformer substations with voltage of more than 1 kV, presented in chapter 4.2.

INSTALLATION OF SWITCHGEARS
OUTDOORS
4.1.28. When installing switchgears outdoors the following requirements must be complied with:
1. A device must be installed on a graded site at a height of not less than 0.2 m from the level of graded surface and have the design corresponding to the environmental conditions. In areas where snow banks of 1 m and higher are observed, cabinets should be installed on elevated foundations.
2. Cabinets must be fitted with local heaters to ensure normal operation of devices, relays, instruments and metering devices in accordance with the requirements of GOST.

Chapter 4.2
SWITCHGEARS AND SUBSTATIONS WITH VOLTAGE OF MORE THAN 1 KV
SCOPE, DEFINITIONS 

4.2.1. The present chapter of the Code covers alternative current switchgears and substations with voltage of more than 1 kV. The Code does not cover special switchgears and substations regulated by special specifications and mobile electrical installations.

4.2.2. Switchgear is an electrical installation used for receiving and distributing electric energy and including switching devices, collecting and connecting buses, auxiliaries (compressor rooms, battery rooms, etc.) as well as the devices of protection, automatics and instruments.

An outdoor switchgear is a switchgear which all or the main equipment is located outdoors.

An indoor switchgear is a switchgear which equipment is located inside a building.

4.2.3. A switchgear and control gear is a switchgear consisting of completely or partially closed cabinets or blocks with built-in devices, protection and automatic devices supplied in the assembled or completely prepared for assembling form.
For a switchgear and control gear designed for indoor installation the abbreviation SCG (КРУ) is used. For a switchgear and control gear designed for outdoor installation the abbreviation SCGO (КРУH) is used.

4.2.4. A substation is an electrical installation used for conversion and distribution of electric energy and consisting of transformers or other energy converters, switchgears, control devices and auxiliary structures.

Depending on predominance of one or another substation function, they are called transformer or converter substations.

4.2.5. An adjoining substation (an adjoining switchgear) is a substation (switchgear) joining the main building directly.
4.2.6. A built-in substation (built-in switchgear) is an indoor substation (indoor switchgear) located inside the contour of the main building.

4.2.7. An intrashop substation is a substation located inside a production building (openly or inside a separate close room).

4.2.8. An integrated transformer (converter) substation is a substation consisting of transformers (converters) and units (switchgear and control gear or outdoor switchgear and control gear and other elements) supplied in the assembled or completely prepared for assembling form. Integrated transformer (converter) substations or their parts installed in a closed room pertain to indoor installations, those installed outside – to outdoor installations.
4.2.9. A pole-mounted (mast-mounted) transformer substation is an outdoor transformer substation all equipment of which is installed on structures or supports of high-voltage lines at a height not requiring fencing of the substation.

4.2.10. A distribution point is a switchgear, used for receiving and distribution of electric energy with one voltage without conversion and transformation not making part of a substation.

4.2.11. A chamber is a room used for installation of devices and buses.

A closed chamber is a chamber closed from all sides and having solid (not meshed) doors.

An enclosed chamber is a chamber which has openings protected completely or partially by discontinuous (cages or combined guards) guards.

Combined guards are guards of cages and solid plates.

An explosion chamber is an enclosed chamber designed for localization of possible emergency aftermaths upon damage of devices installed in it and having an exit outside or to an explosion gallery.
4.2.12. A maintenance gallery is a gallery along chambers or cabinets of a switchgear and control gear used for maintenance of devices and buses.

An explosion gallery is a gallery explosion chamber doors open to.

GENERAL REQUIREMENTS
4.2.13. Electric equipment, live parts, insulators, fasteners, guards, bearing structures, insulating and other distances must be selected and installed so that:

1) forces, heating, electric arc and other occurrences (sparking, gas escape, etc.) associated with the operation of an electrical installation and caused by its normal work conditions can neither lead to damage of the equipment and occurrence of short circuit or ground short circuit nor harm the maintenance staff;
2) upon disturbance of the normal conditions of an electrical installation operation required localization of damage caused by a short circuit is ensured;

3) upon removal of voltage from any circuit the devices, live parts and structures pertaining to it can be safely examined, replaced or repaired without disturbance of the normal operation of adjoining circuits;
4) easy transportation of the equipment is allowed.

The requirements of clause 3 do not apply to assembly type switchgears of more than 1 kV in substations which repair is carried out after switching off of the whole switchgear.

4.2.14. When using open blade disconnecting links or open isolating switches for switching off and on of non loaded transformer current, charging or compensating current of high-voltage lines, ground short circuit current, the distances between live parts and from live parts and the earth must comply with the requirements of the present chapter and duly approved special guiding documents.
4.2.15. As per conditions of short circuit, devices, wires and insulators must be selected in accordance with chapter 1.4.

4.2.16. Structures with installed and fastened electric equipment specified in 4.2.15 must sustain load and impacts of the weight of equipment, wind, ice as well as those occurring during a short circuit.
Building structures located near live parts the staff of which may touch must not heat from impact of electric current up to temperature of 50 (C and higher; inaccessible for touching – up to 70 (C and higher.
Structures may not be checked for heating, if an alternative current of 1,000 A and less passes through live parts located nearby.
4.2.17. In all circuits of switchgears disconnecting devices with visible break making possible disconnection of all devices (breakers, isolating switches, fuses, current transformers, voltage transformers, etc.) of each circuit from collecting buses as well as from other voltage power supplies must be used.

The above-mentioned requirement does not apply to the cabinets of switchgears and control gears and outdoor switchgears and control gears with drawout trolleys, high-frequency barriers and communication capacitors, voltage transformers installed on outgoing lines, arresters installed on transformer leads and outgoing lines, as well as power transformers with cable inputs.

In specific cases, depending on design or scheme considerations, it is allowed to install current transformers upstream of a disconnecting link isolating the rest of the devices of the circuit from voltage power supplies.

4.2.18. Breaker or its drive must have a clearly visible and reliably operating position indicator (“on”, “off”). Use of signaling lamps as the only position indicators of a breaker is not allowed. If the breaker has no open contacts and its drive is separated from the breaker by the wall, the indicator must be installed both on the breaker and the drive.

4.2.19. When installing switchgears and substations at places where air can contain substances worsening the operation of insulation and damaging the equipment and buses, the following measures must be taken to ensure proper operation of the installation: use of reinforced insulations, buses of material resistant to environmental impact or their painting by protective coating, installation of switchgears and substations from the side of dominant direction of wind; use of the simplest schemes for switchgears and substations; enclosed installation of switchgears and substations with prevention of ingress of dust, hazardous gases and vapors in the room.
When installing outdoor switchgears near sea shores, salt lakes and chemical enterprises as well as at places where long-term experience of operation determined damage of aluminum due to corrosion, special aluminum and aluminum-steel wires protected against corrosion should be used.
4.2.20. When installing switchgears and substations at a height of more than 1,000 m above sea level, overhead insulating gaps, suspended and external insulation of electric equipment must be selected in accordance with the requirements presented in 4.2.53, 4.2.54, 4.2.82, 4.2.83 taking into account corrections compensating the reduction of insulation electrical strength at decreased pressure of the atmosphere.

4.2.21. In outdoor switchgears, outdoor switchgears and control gears and indoor switchgears without heating where ambient air temperature may be less than minus 25°С oil of oil breakers must be heated.

In addition, regardless of the minimum temperature, heating must be envisaged for mechanisms of oil and air circuit breaker drives, valve cases of air circuit breakers, their unit cabinets, as well as other cabinets where equipment or terminals of internal installation are used.
Relays and instruments must be heated in accordance with the requirements presented in GOST, meters - in accordance with 1.5.27 and 1.5.28.
4.2.22. As a rule, leads of switchgears and substations must be made of aluminum, aluminum-steel and steel wires, strips, pipes and buses of aluminum profiles and aluminum alloys of electrotechnical design.
Current distributors should be implemented in accordance with the requirements of chapter 2.2.

4.2.23. Electric equipment phases and switchgear and substation leads must be marked in accordance with the requirements of chapter 1.1.

4.2.24. Switchgears of 3 kV and higher must be equipped with operating blocking preventing the followings:
connection of breakers, isolating switches, disconnecting links to grounding blades and short-circuiting switches;
connection of grounding blades to leads not isolated by disconnecting links from live leads;
load current switching on and off by isolating switches and disconnecting links if it is not envisaged by the apparatus design.
On grounding blades of line disconnecting links on the side of the line it is allowed to install only mechanical blocking with a drive of the disconnecting link and device blocking grounding blades by locks in the open position.
For switchgears with simple wiring diagrams it is recommended to use a mechanical (key) operative blocking, in the rest of cases – an electromagnetic one. The drives of disconnecting links accessible for unauthorized persons must be fitted with devices for locking them in open and closed positions.

4.2.25. Switchgears and substations with voltage of more than 1 kV must be fitted with fixed grounding blades ensuring grounding of devices and leads, as a rule, without using portable grounding devices in accordance with safety requirements.

Grounding blades must be painted black. Handles of grounding blade drives must be painted red, handles of other drives – with the colour of the equipment.

At places where fixed grounding blades can not be used, contact surfaces must be provided on live and ground bars for connection of portable earthing leads.

When using voltage transformers, the grounding of collecting buses must be implemented, as a rule, with grounding blades of voltage transformer disconnecting links.

4.2.26. Cages and combined guards of live parts and electric equipment must have a height of 2 or 1.6 m above graded surface for outdoor switchgears and outdoor transformers (with the requirements of 4.2.57 and 4.2.58 taken into account), and above floor level for indoor switchgears and transformers installed inside a building – 1.9 m; cages must have cells with dimensions of not less than 10 ( 10 mm and not more than 25( 25 mm as well as devices for locking them. The lower edge of these guards in outdoor switchgears must be at a height of 0.1-0.2 m, and in indoor switchgears – at the floor level.

External guards must be implemented in accordance with the requirements presented in 4.2.39.

Barriers can be used at entries to the chambers of breakers, transformers and other devices for examination of chambers with voltage on live parts. Barriers must be installed at a height of 1.2 m and they must be removable. If the height of a chamber floor above ground level is more than 0.3 m, the distance between the door and the barrier must not be less than 0.5 m or a platform for examination must be constructed in front of the door.
4.2.27. When deformation of wires due to the change of temperature, vibration, etc. can lead to dangerous mechanical stresses in wires or insulators, measures should be taken to prevent occurrence of such stresses (compensators, reduced tension, etc.).

4.2.28. Indicators of level and temperature of oil in oil-filled transformers and devices and other indicators characterizing conditions of the equipment must be located in a way to provide easy and safe conditions of access to them and their observation without removal of voltage (e.g. from the side of the entry to a chamber).
For oil sample taking, the distance from the floor level or the ground surface to a transformer or device valve must not be less than 0.2 m or an appropriate pit must be constructed.
4.2.29. For wiring of the circuits of protection, metering, signaling and lighting installed on oil-filled electrical devices wires with oil resistant insulation must be used.
4.2.30. To reduce the heating by direct sunbeams the transformers, reactors and capacitors of outdoor installation must be painted in light tones with paints resistant to weather and oil impact.

4.2.31. Switchgears and substations must be fitted with electrical lighting. Lighting fittings must be installed in a way to allow their safe maintenance.

4.2.32. Switchgear and substations must be provided with telephone communication in accordance with the accepted system of maintenance.

4.2.33. Location of switchgears and substations, the master plot plan and site development and their protection from flooding, landslides, avalanches, etc. must be implemented in accordance with the requirements of SNiP of the Russian Federation Construction Committee.

4.2.34. Configuration and design of outdoor and indoor switchgears must allow use of gears, including special gears for assembling and repair.

4.2.35. The distances between switchgears (substations) and trees higher than 4 m must be such to exclude damage of the equipment and leads by a falling tree.

4.2.36. For switchgears and substations located in the areas with residential and industrial buildings, measures must be taken to reduce noise produced by operating electric equipment (transformers, synchronous compensators, etc.) to the values specified in SNiP II-12-77 of the Russian Federation Construction Committee.
4.2.37. Switchgears and substations with permanent attendance of staff, with permanently present operating and repair staff as well as with residential buildings located near them must be provided with water supply by dint of construction of domestic and potable water pipeline, artesian wells and draw wells.
4.2.38. For switchgears and substations with permanent attendance of staff having a water pipeline winterized toilets with canalization must be constructed. If there are no canalization lines near substations, it is allowed to construct local sewage facilities (wet pits, filters). For substations without permanent attendance of staff it is allowed to construct non-winterized toilets with watertight cesspits.

When substations of 110 kV and higher without permanent attendance of staff are located near the existing systems of water supply and canalization (at a distance of up to 0.5 km), sanitary sewage units must be constructed in the building of the substation control room.

4.2.39. The territory of outdoor switchgear and substation must be fenced by an external fence of height of 1.8-2.0 m. External fences higher than 2 m can be installed in areas with high snowbanks as well as for substations with a special mode of access to their territory.

Auxiliary structures (workshops, warehouses, substation control rooms, etc.) located in the area of outdoor switchgear should be fenced by an internal fence 1.6 m high.
When outdoor switchgears (substations) are located in the territory of electric generating plants, these outdoor switchgears (substations) must be fenced by an internal fence 1.6 m high.
Fences may be solid, meshed or grilled.

Fences may not be constructed:

for enclosed substations located in the protected area of an industrial enterprise;
for enclosed substations located in the territory of towns and villages;
for pole-mounted substations (see also 4.2.134).

4.2.40. Metal structures of indoor switchgears, outdoor switchgears and substations as well as underground metal and reinforced concrete structures must be protected against corrosion.

4.2.41. For the territory of outdoor switchgears and substations where under normal conditions of operation oil leaks may occur from an oil facility machine room, oil storages and engine rooms as well as from transformers and breakers during repair and other works devices for oil collection and disposal must be used in order to prevent ingress of oil into water bodies.

4.2.42. At substations alternative current must be used as operative current in all cases when it is possible and when it results in simplification and reduction of cost of electrical installations, provided the required reliability of their operation is maintained.

OUTDOOR SWITCHGEARS 

4.2.43. In outdoor switchgears of 110 kV and higher a passway for mobile assembling and repair units and devices as well as for mobile laboratories must be provided along breakers; the clear width and height of the passway must not be less than 4 m.
For outdoor switchgears installed in space-limited environments in the territories of industrial enterprises the requirements of this clause are not mandatory.

4.2.44. As a rule, the joining of flexible wires within spans must be implemented by pressing, and joining in the loops of supports, joining of tappings in a span and joining to terminals – by welding or pressing. In this case, joining of tappings in a span must be made without cutting of wires of a span.
Brazing and twisting of wires are not allowed.

Bolted joints may be used only for terminals and tappings to arresters, communication capacitors and voltage transformers as well as for temporary installations for which the use of fixed joints requires a big amount of works for rewiring of buses.

Strings of insulators for suspension of buses in outdoor switchgears can be of one-circuit. If one-circuit string does not meet the conditions of mechanical loads, two-circuit strings should be used.

Separating (cut-in) strings are not allowed, except for strings used for suspension of high-frequency barriers.

Strength of fasteners of flexible buses and strands in tension and suspension clamps must comply with the requirements presented in 2.5.82, 2.5.84 and 2.5.85.
4.2.45. As a rule, tappings from outdoor switchgear collecting buses must be located below collecting buses. The suspension of one span of leads above two or more sections or systems of collecting buses is not allowed.

4.2.46. Wind and ice loads on buses and structures as well as design air temperatures must be determined in accordance with the requirements of chapter 2.5.

When determining loads on flexible buses the weight of insulator string and down conductors to devices and transformers must be taken into account.

When determining loads on structures, additional loads of the weight of a person with tools and mounting facilities should be taken into account: 200 kg – when using insulator strings for anchor supports and 150 kg – for intermediate ones; 100 kg – when using supporting insulators.

Tension of down conductors to devices of outdoor switchgears must not cause inadmissible mechanical stresses at low temperatures and inadmissible convergence of wires during strong wind.

4.2.47. The ultimate factor of mechanical strength for flexible buses at loads corresponding to the requirements presented in 4.2.46 must not be less than 3 in relation to rupture strength.

4.2.48. The ultimate factor of mechanical strength for suspended insulators at loads corresponding to the requirements presented in 4.2.46 must not be less than 4 in relation to guarantied minimum damaging load of the whole insulator (mechanical or electromechanical, depending on the requirements of GOST to the type of the insulator used).

4.2.49. Design mechanical forces transferred by rigid buses during occurrence of short circuit to supporting insulators must be assumed in accordance with 1.4.15.
4.2.50. The ultimate factor of mechanical strength in line accessories for flexible buses at loads corresponding to the requirements presented in 4.2.46 must not be less than 3 in relation to the minimum damaging load.

4.2.51. Supports for suspension of outdoor switchgear buses must be precast reinforced concrete or steel ones.

4.2.52. Supports for fastening outdoor switchgear buses must be designed and calculated as intermediate and end supports in accordance with the requirements presented in chapter 2.5. Intermediate supports temporary used as the end supports must be strengthened by dint of guys.

4.2.53. The number of suspended and supporting insulators, external insulation of a switchgear electric equipment are selected in accordance with the Instruction on Designing of Insulation in the Areas with Clean and Dusty Atmosphere.
4.2.54. When using rigid busbars, the clear distance between live and grounded parts Ap-g and between live parts of different phases Ap-p must not be less than the values presented in table 4.2.2 (fig. 4.2.1).
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Fig. 4.2.1. Minimum clear distances at rigid buses between live and grounded parts (Ap-g) 

and between live parts of different phases (Ap-p) 

If in high-mountain installations the distances between phases increase as compared to those presented in table 4.2.2. on the basis of check for corona discharge, the distances to grounded parts must be increased respectively.

Table 4.2.1 

Number of insulators for fastening of buses 

	Insulator types 
	Number of insulators, units, at voltage, kV



	  
	6-10 
	20 
	35 
	110 
	150 
	220 
	330 
	500



	ПФ6-Б (ПМ-4,5)

	-
	3 
	5 
	8 
	10


	15 
	21 
	30 

	ПФ6-В

	-
	3 
	4 
	8 
	10 
	14 
	21 
	29 

	ПС6-А (ПС-4,5)

	-
	3 
	5 
	9 
	11 
	16 
	23 
	33 

	ПС6-Б 


	-
	3 
	4 
	9 
	11 
	16 
	22 
	32 

	ПС12-А

	-
	-
	-
	-
	-
	-
	21 
	30 

	ШН-10; ОНШ-10 (ИШД-10);

	1 
	-
	-
	-
	-
	-
	-
	-

	ОНС-10-500; ОНС-10-2000;

	  
	  
	  
	  
	  
	  
	  
	  

	ОНС-20-500; ОНС-20-2000

	-
	1 
	-
	-
	-
	-
	-
	-

	ОНШ-35-1000 (ШТ-35)

	-
	1 
	1 
	3 
	4 
	-
	-
	-

	ОНШ-35-2000 (ИШД-35)

	-
	1 
	1 
	3 
	4 
	5 
	-
	-

	ШО-35

	-
	-
	1 
	-
	-
	-
	-
	-

	ШО-110

	-
	-
	-
	1 
	-
	-
	-
	-

	ШО-150

	-
	-
	-
	-
	1 
	-
	-
	-

	ШО-220

	-
	-
	-
	-
	-
	1 
	-
	-

	ШО-330М

	-
	-
	-
	-
	-
	-
	1 
	-

	ШО-500М

	-
	-
	-
	-
	-
	-
	-
	1 

	ОС-1

	-
	1 
	2 
	5 
	7 
	-
	-
	-


Table 4.2.2 

Minimum clear distance from live parts to different elements of outdoor switchgears (substations) as per fig. 4.2.1-4.2.10
	No of 
	Distance names 
	Denotation
	Isolating distance, mm; for rated voltage, kV 

	figure 
	
	
	up to 10 
	20 
	35 
	110 
	150 
	220 
	330 
	500 

	4.2.1; 4.2.2; 4.2.3 
	From live parts or from energized elements of equipment and insulation to grounded structures or permanent internal fences with a height of not less than 2 m

	A p-g
	200 
	300 
	400 
	900 
	1,300 
	1,800 
	2,500 
	3,750 

	4.2.1; 4.2.2 
	Between wires of different phases


	A p-p
	220 
	330 
	440 
	1,000 
	1,400 
	2,000 
	2,800 
	4,200 

	4.2.3; 4.2.5; 4.2.9 
	From live parts or from energized elements of equipment and insulation to permanent internal fences with a height of not less than 1.6 m, to clear dimensions of transported equipment

	B 
	950 
	1,050 
	1,150 
	1,650 
	2,050 
	2,550 
	3,250 
	4,500 

	4.2.6 
	Between live parts of different circuits in different planes with the serviced lower circuit and the connected upper circuit

	C 
	950 
	1,050 
	1,150 
	1,650 
	2,050 
	3,000 
	4,000 
	5,000 

	4.2.4; 4.2.10 
	From live parts without guards to the ground or to the roofs of buildings at the maximum wire sag

	D 
	2,900 
	3,000 
	3,100 
	3,600 
	4,000 
	4,500 
	5,000 
	6,450 

	4.2.6; 4.2.7; 4.2.8; 4.2.10 
	Between live parts of different circuits in different planes as well as between live parts of different circuits in horizontal plane during maintenance of one circuit and with connected other circuit, from live parts to the upper edge of an external fence, between live parts and buildings and structures

	E 
	2,200 
	2,300 
	2,400 
	2,900 
	3,300 
	3,800 
	4,500 
	5,750 

	4.2.9 
	From the contact and blade of disconnecting link in open position to leads connected to other contact
	G 
	240 
	365 
	485 
	1,100 
	1,550 
	2,200 
	3,100 
	4,600 


4.2.55. Clear distances at flexible buses (fig. 4.2.2) between live and grounded parts Ap-g,h, as well as between live parts Ap-g,h, with their location in the horizontal plane must not be less than 
Ap-g,h = Ap-g + a;
Ap-p,h = Ap-p + a,
where [image: image2.wmf]f

f

a

 

;

sin

a

=

is a wire sag at a temperature of plus 15 (C, m; [image: image3.wmf]arctg(P/Q)

=

a

; [image: image4.wmf]Q

is the weight of the wire per 1 m of length, daN/m; P is wind pressure per 1 m of wire length, daN/m; in this case, wind speed is assumed to be equal to 60% of the value chosen during structural analysis.
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Fig. 4.2.2. Minimum clear distances at flexible buses between live and grounded parts and between live parts of different phases located in one horizontal plane.
4.2.56. At currents of three-phase short circuit of 20 kA and more the flexible buses of a switchgear should be checked to exclude the possibility of crossing or convergence of phases hazardous in terms of breakdown resulting from dynamic effect of short circuit current.
Minimum clear distances between adjoining energized phases at the moment of their maximum convergence under the effect of short circuit current must correspond to minimum air gaps on a high-voltage line assumed in accordance with a maximum operating voltage and those presented in chapter 2.5.

Blocks must be installed in flexible current distributors consisting of several wires in a phase space.

4.2.57. Horizontal distances from live and ungrounded parts or insulation elements (on the live part end) to permanent internal fences depending on their height must not be less than the values presented in table 4.2.2 for size B at a height of the fence of 1.6 m, and for size Ap-g at a height of the fence of 2 m. When these parts and elements are located above fences, these distances can be also observed above fences up to a height of 2.7 m in the fence plane (fig 4.2.3).
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Fig. 4.2.3. Minimum distances from live parts and energized insulation elements to permanent internal fences
The distances from a point located at a height of 2.7 m in the fence plane to these parts or elements must not be less than Ap-g (fig. 4.2.3).

4.2.58. Live parts (leads, buses, down conductors, etc.) may not have internal fences if they are located above the graded surface or above the level of structure (e.g. slabs of cable channels or trays on which people can walk) at a height of not less than the values presented in table 4.2.2 for size D (fig. 4.2.4).

Live parts without guards connecting the capacitor of devices of high-voltage communications, telemechanics and protection with a filter must be located at a height of not less than 2.5 m. In this case, it is recommended to install the filter at the height allowing repairs (adjustment) of the filter without removal of voltage from connecting equipment.
Transformers and devices with lower edge of insulator porcelain located above the level of graded surface or level of a structure (slabs of cable channels or trays, etc.) at a height of at least 2.5 m may have no guards (fig. 4.2.4). At lower height the equipment must have permanent guards meeting the requirements of 4.2.26 and located from transformers and devices at a distance of not less than those presented in 4.2.57.
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Fig. 4.2.4. Minimum distances from live parts without guards and from the lower edge of insulator porcelain to ground
Notes: 1. Isolating distances should be assumed with consideration of actual values of voltage potentials at different points of surface for insulation elements located under distributed voltage potential,. If data on distribution of voltage potential is not available, the linear voltage potential drop law along the insulation from the total rated voltage (on the live part end) to zero (on the grounded part end) should be assumed conditionally.

2. The distance from energized live parts or an insulation element (on the live part end) to limiting dimensions of transformers transported by railway tracks installed on concrete foundations of hydroelectric power plants can be assumed to be less than size B, but not less than size Ap-g.

3. The distances Ap-g and Ap-p in electrical installations with a voltage of 220 kV and higher located at a height of more than 1,000 m above sea level must be increased in accordance with the requirements of GOST 1516.1-76*.

For requirements to the installation of transformers outdoors near building walls see 4.2.69.

4.2.59. Live parts without guards must be located so that distances from them to limiting dimensions of machines, gears and transported equipment (see 4.2.43) are not less than the values specified for size B in table 4.2.2. (fig. 4.2.5).
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Fig. 4.2.5. Minimum distances from live parts to transported equipment
4.2.60. The distances between the closest live parts without guards of different circuits must be chosen based on the condition of maintenance one circuit without disconnecting the second circuit. When live parts without guards of different circuits are located in different (parallel or perpendicular) planes, the vertical distances must not be less than the values presented in table 4.2.2 for size C, and in horizontal plane – for size E (fig. 4.2.6). When different voltages are available, sizes C and E are assumed as per higher voltage. In this case, size C allows maintenance of the lower circuit with the upper circuit being connected, and size E – maintenance of one circuit with the second circuit being connected.
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Fig. 4.2.6. Minimum distances between live parts of different circuits located
in different planes with maintenance of the lower circuit with the upper circuit being connected
If such maintenance is not required, the distances between live parts of different circuits in different planes must be assumed in accordance with 4.2.54 and 4.2.55; in this case, the possibility of convergence of wires during operation (due to impact of wind, ice, temperature) must be taken into account.
[image: image10.png]



Fig. 4.2.7. Minimum horizontal distances between live parts of different circuits
with servicing of one circuit with the second circuit being connected
4.2.61. The distances between live parts of different circuits located in one horizontal plane are determined as per higher voltage and must not be less than the values presented in table 4.2.2 for size E (fig. 4.2.7). Size E allows maintenance of one circuit with the second circuit being connected.

4.2.62. The distance between live parts and upper edge of the external fence must not be less than the values presented in table 4.2.2 for size E (fig. 4.2.8). In this case, vertical distances from live parts to the ground outside the territory of outdoor switchgear (substation) must not be less than those specified in the first and third paragraphs of 4.2.87.
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Fig. 4.2.8. Minimum distances from live parts to upper edge of an external fence 
4.2.63. The distances from the contacts and blades of disconnecting links in open position to grounded parts must not be less than the values presented in table 4.2.2 for size Ap-g, to the leads of its phase connected to the second contact, not less than the values for size G, from leads of other connections – not less than the values for size B (fig. 4.2.9).
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Fig. 4.2.9. Minimum distances from the contacts and blades of disconnecting links in open position to grounded and live parts
4.2.64. The distances between live parts of outdoor switchgear and buildings or structures (indoor switchgear, control panel, transformer tower, etc.) must not be less than the values presented in table 4.2.2 for size E, and the vertical distances between live parts and the above specified structures – not less than size D (fig. 4.2.10); see also 4.2.88.
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Fig. 4.2.10 Minimum distances between live parts and buildings and structures 

4.2.65. Construction of overhead lighting, communication and signaling lines above and under live pars of outdoor switchgears is not allowed. 

4.2.66. The distances from outdoor electrical devices to the water coolers of substations must not be less than the values presented in table 4.2.3.

For areas with rated ambient air temperatures less than minus 36 (C the distances presented in table 4.2.3 must be increased by 25%, and with temperatures more than minus 20 (C – reduced by 25%. For retrofitted facilities the distances presented in table 4.2.3 can be reduced, but not by more than 25%.

Table 4.2.3

Minimum distance from outdoor electrical devices to water coolers of substations
	Water cooler

	Distance, m 

	Spraying devices and outdoor cooling stacks 
	80



	Tower and single-fan cooling stacks 
	30



	Sectional fan cooling stacks 
	42




4.2.67. The distances from oil-filled equipment with the weight of oil in one piece of equipment of 60 kg and more to buildings with production facilities of categories C, D, E in the territory of industrial enterprises and to auxiliary structures (workshops, warehouses) in the territory of electric generating plants and substations, as well as to residential and public buildings must not be less than (for exceptions for categories D and E see 4.2.69): 16 m with fire resistance rating of these buildings and structures I and II; 20 m with fire resistance rating III; 24 m with fire resistance rating IV and V.

The distances from oil-filled equipment to explosion hazard areas and rooms should be assumed as per chapter 7.3.

The distances between separate buildings of substations, depending on their fire resistance, should be assumed as per SNiP II-89-80* General Plans of Industrial Enterprises (edition 1995) of the Russian Federation Construction Committee.
Fire-protection distances from the buildings of a transformer workshop and an oil facility machine room, as well as from oil storages to the fence of outdoor switchgear must not be less than 6 m.
The distances from the buildings of indoor switchgears to other production buildings of electric generating plants and substations must not be less than 7 m. Given distances may not be observed provided the wall of indoor switchgear facing another building is constructed as a fire resistant wall with fire resistance rating 2.5 h.

The distances from hydrogen storages to the buildings of a substation and high-voltage line supports must not be less than those presented in table 4.2.4.

Table 4.2.4 

Minimum distance from hydrogen storages to the buildings of a substation and high-voltage line supports 

	Number of bottles kept in storeroom 
	Distance, m


	
	to substation buildings 
	to high-voltage line supports



	Up to 500 
	20 
	1.5 of a support height



	More than 500 
	25


	Idem 


The distances from hydrogen storages to outdoor switchgears, transformers, synchronous compensators must not be less than 50 m.

Fire resistance rating of buildings and the category of production facilities is assumed as per SNiP 21.01-97 Fire Safety of Buildings and Structures of the Russian Federation Construction Committee.

4.2.68. The distances from oil-filled electric equipment of outdoor switchgears of electric generating plants and substations to the buildings of indoor switchgears, boards, compressor houses and synchronous compensator units are determined only by process requirements and must not be increased as per fire conditions.
4.2.69. When installing oil-filled transformers servicing production facilities of categories D and E (as per fire protection regulations) near the walls of buildings with these production facilities at a distance of 10 m from them and outside of areas with the width B (fig. 4.2.11) no special requirements are imposed to building walls, windows and doors.
With smaller distances to transformers within the areas with the width B the following requirements must be complied with:

1. No windows are allowed to the height e (to the level of a transformer cover).

2. With the distance d less than 5 m and fire resistance rating of buildings IV and V, the wall of building must be constructed as a fire resistant wall with fire resistance rating 2.5 h and rise above the roof made of combustible material by not less than 0.7 m.

3. With the distance d less than 5 m and fire resistance rating of buildings I, II and III, as well as with the distance d 5 m and more without limitation in terms of fire resistance, at the height from e to e+f it is allowed to construct fixed windows with armored glass or glass blocks, with frames with fire resistance rating of not less than 0.75 h and made of an incombustible material; higher than e+f - windows opened inside a building, with window apertures fitted from outside with metal meshes with cells of not more than 25 ( 25 mm.

4. With the distance d up to 5 m at a height of not less than e, as well as with d of 5 m and more, it is allowed to construct doors of incombustible or slow-burning material with fire resistance rating of not less than 0.75 h at any height.
5. Ventilation receiving openings in the walls of a building with the distance d up to 5 m are not allowed; exhaust openings with discharge of uncharged air within specified limit are allowed at the height e. 

6. For the distance b see 4.2.233; the distance d must not be less than 0.8 m.   
7. At least 3 m wide passway or fire access to each transformer must be constructed along all transformers.

Sizes a-d presented in fig. 4.2.11 and A are assumed to the most projecting parts of transformers at a height of not less than 1.9 m above ground level. With single-unit power of transformers up to 1.6 MW(A - b ( 1.5 m, e ( 8 m; more than 1.6 MW(  A - b ( 2 m, e ( 10 m.

The requirements of this clause also apply to the integrated transformer substations of outdoor installation.
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Fig. 4.2.11. Requirements to outdoor installation of oil-filled transformers near buildings with production facilities of categories D and E (as per fire protection regulations)

1 – common window; 2 – fixed window with incombustible filling;

3 – window opened inside a building, with a metal mesh outside;

4 - fire-resisting door

4.2.70. To prevent the spread of oil and fire during damage of oil-filled power transformers (reactors) with the weight of oil of 1 t in one unit (tank) and bulk-oil circuit-beakers of 110 kV and higher, oil receivers, oil take-off facilities and oil collectors must be constructed in compliance with the following requirements:

1. Limiting dimensions of oil receiver must exceed limiting dimensions of single-unit electric equipment by not less than 0.6 m with oil weight up to 2 t; 1 m – with weight of more than 2 t up to 10 t, 1.5 m - with weight of more than 10 and up to 50 t; 2 m - with weight of more than 50 t. In this case, limiting dimension of oil receiver may be less by 0.5 m on the side of the wall or partition located at a distance of less than 2 m from the transformer.
Capacity of oil receiver must be designed for receiving 100% of oil contained in the body of a transformer (reactor) at a time.
Oil receivers of bulk-oil circuit-beaker must be designed for receiving 80% of oil contained in one tank.

2. Installation of oil receivers and oil take-off devices must prevent the flow of oil (water) from one oil receiver to another, spread of oil in cable and other underground structures, clogging of an oil take-off device and ingress in it of snow, ice, etc.

3. For transformers (reactors) with capacity up to 10 MW·А it is allowed to construct oil receivers without oil take-off. In this case, the oil receivers must be buried and designed for the whole volume of oil contained in equipment installed above them; they must be covered with a metal grid with a layer of clean gravel at least 0.25 m thick or washed crushed granite or nonporous crushed stone of another type with particles from 30 to 70 mm on top of the grid.

Removal of oil and water from a buried oil receiver must be carried out with a portable pumping unit. When using oil receiver without oil take-off it is recommended to use the simplest device of check of absence of oil (water) in the oil receiver.
4. Oil receivers with oil take-off can be buried (the bottom below the level of graded surface of the surrounding site) as well as not buried (the bottom at the level of graded surface of the surrounding site).

When constructing buried oil receiver installation of side guards is be required, provided the capacity of oil receiver corresponds to the value presented in clause 1.

A non-buried oil receiver must be constructed in the form of side guards of oil-filled equipment. The height of side guards must not be less than 0.25 and not more than 0.5 m above the level of the surrounding graded site.

The bottom of an oil receiver (buried and non-buried) must be covered with clean gravel or washed crushed granite or nonporous crushed stone of another type with particles from 30 to 70 mm. The thickness of covering must not be less than 0.25 m.
5. When installing oil-filled electric equipment on a reinforced concrete inserted floor of a building (structure), construction of oil take-off device is mandatory.

6. Oil take-off facilities must allow the take-off of oil and water used to extinguish fire by automatic fixed devices from oil receiver at a safe, in terms of fire safety, distance from the equipment and structures; 50% of oil and all the water must be removed within 0.25 h at most. Oil take-off facilities must be constructed in the form of underground pipelines or open ditches and trays.
7. Oil collectors must be designed for the whole volume of oil of single-unit equipment containing the maximum amount of oil and be of enclosed type.
Upon agreement with the State Sanitary Supervision authorities, it is allowed to construct an oil collector in the form of a pit in soil with graded slopes.
4.2.71. At substations with transformers of 110-154 kV with single-unit power of 63 MW·А and more and transformers of 220 kV and higher with single-unit power of 40 MW·А and more, as well as at substations with synchronous compensators, a water pipeline with supply from the existing external network or self-sustained water supply source must be constructed for fire extinguishing.

At substations with transformers of 220 kV with single-unit power of 40 MW·А a water pipeline with supply from the existing external network should be constructed. It is allowed to construct a fire extinction basin, filled up from a water supply network of different purpose, instead of fire water pipeline.
At substations with transformers of 35-154 kV with single-unit power less than 63 MW·А fire water pipeline and fire extinction basin are not required.

4.2.72. Foundations for oil-filled transformers or devices must be constructed of incombustible materials.
4.2.73. As a rule, at substations fitted with combined H-frame supports no railway tracks are required for transportation of transformers (autotransformers). If a receipt railway siding is available at a substation, it must reach the foundations of transformers (autotransformers) fitted with combined gantries.

4.2.74. On graded area of outdoor switchgears and substations a passway for motor transport must be constructed; in case of necessity the soil surface can be improved with solid additives or grass sowing.
Motor roads with surface (improved, transient, low) are constructed, as a rule, to the following buildings and structures: gantry or tower for inspection of transformers, control panel buildings, indoor switchgears and outdoor switchgears and control gears, along the breakers of outdoor switchgears of 110 kV and higher, to oil facility building, material warehouse, outdoor oil storage, pump houses, water tanks, compressor houses, hydrogen storage, phases of breakers of 330 kV and higher.
The width of a traffic area of in-site roads must not be less than 3.5 m. When determining passway clearances, sizes of used devices and gears must be taken into account in accordance with 4.2.43.
4.2.75. Installation of outdoor switchgears and control gears and integrated transformer substations of outdoor installation must comply with the following requirements:

1. Outdoor switchgears and control gears and integrated transformer substations must be located on a graded site at a height of not less than 0.2 m from the level of graded surface with a service space arranged near cabinets. In the areas with thick blanket of snow, as well as in the areas sustaining snow shifts, it is recommended to install outdoor switchgears and control gears and integrated transformer substations of outdoor installation at a height of 1.0-1.2 m.

2. Installation of the device must allow an easy rolling out and transportation of transformers and rolled-out parts of cubicles.

3. Cooling of the equipment must be provided. In addition, outdoor switchgears and control gears and integrated transformer substations of outdoor installation must comply with the requirements presented in 4.2.13-4.2.16, 4.2.18-4.2.25, 4.2.28-4.2.30, 4.2.33-4.2.36, 4.2.39, 4.2.40, 4.2.225, 4.2.226.
Connections between separate sections of external switchgears and control gears and the integrated transformer substations of outdoor installation with exposed collecting and connecting buses must also comply with the requirements presented in 4.2.44-4.2.74.
INDOOR SWITCHGEARS AND SUBSTATIONS 

4.2.76. Buildings and rooms of indoor switchgears and chambers of transformers must have fire resistance rating I and II.

4.2.77. The distances from detached buildings of indoor switchgear to production buildings and structures of industrial enterprises as well as to residential and public buildings should be assumed as per SNiP II-89-80* (edition 1995) of the Russian Federation Construction Committee.
For space-limited environments the distances presented in SNiP can be reduced upon agreement with local fire supervision authorities provided the wall of indoor switchgear facing the building is a blank wall.
The distance between adjoining and built-in substations located along the perimeter of industrial buildings is not rated.

For special requirements to construction of built-in and adjoining substations in residential and public buildings see chapter 7.1.

4.2.78. Building of a substation to an existing building with the use of the building wall as the wall of the substation is allowed provided special measures are taken to prevent the damage of joint flashing due to settling of the adjoining substation. Given settlement must be taken into account when fastening the equipment to the existing wall of the building.

4.2.79. Indoor switchgears with voltage up to and higher than 1 kV must be located, as a rule, in separate rooms. This requirement does not apply to integrated transformer substations with higher voltage up to 35 kV.

It is allowed to install indoor switchgears with voltage up to 1 kV and higher in a common room provided the parts of the switchgear or substation with voltage up to 1 kV and higher will be operated by one organization.
The rooms of switchgears, transformers, converters, etc. must be separated from service and other utility rooms (for exceptions, see chapters 4.3, 5.1 and 7.5).

4.2.80. It is not allowed to locate transformer rooms and indoor switchgears:
1) under production rooms with wet technological process, under shower rooms, toilets, bathrooms, etc. Exceptions are allowed only when special measures are taken to provide reliable waterproofing, preventing ingress of moisture into switchgear rooms and substations;
2) directly under and above the rooms where within a period of more than 1 hour more than 50 people can be present above and under the area of the inserted floor of a transformer room and indoor switchgear.

The requirement of clause 2 does not apply to transformer rooms where dry transformers and transformers with incombustible filling are installed.
4.2.81. Insulation of inputs as well as the insulators of flexible and rigid exposed current distributors of generators of 6 and 10 kV must be chosen for a rated voltage of 20 kV, and those of generators with voltage of 13.8-24 kV – for voltage of 35 kV with the requirements of Instruction on Designing of Insulation in the Areas with Clean and Dusty Atmosphere taken into account.

4.2.82. The clear distances between uninsulated live parts of different phases, from uninsulated live parts to grounded structures and guards, floor and ground, as well as between live parts without guards of different circuits must not be less than the values presented in table 4.2.5 (fig. 4.2.12-4.2.15).

Flexible buses of indoor switchgears should be checked for their convergence under the effect of short circuit currents in accordance with the requirements presented in 4.2.56.
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Fig. 4.2.12. Minimum clear distances between uninsulated live parts of different phases in indoor switchgear and between them and grounded parts (as per table 4.2.5)

Table 4.2.5
Minimum clear distance from live parts to different elements of indoor switchgears 

	Figure number 
	Distance names 
	Denotation 
	Isolating distance, mm; for voltage, kV


	  
	
	
	3 
	6 
	10 
	20 
	35 
	110 
	150 
	220 

	4.2.12 
	From live parts to grounded structures and building parts

	A p-g
	65 
	90 
	120 
	180 
	290 
	700 
	1,100 
	1,700 

	4.2.12.
	Between conductors of different phases 
	A p-p
	70 
	100 
	130 
	200 
	320 
	800 
	1,200 
	1,800 

	4.2.13 
	From live parts to closed sheeting

	B 
	95 
	120 
	150 
	210 
	320 
	730 
	1,130 
	1,730 

	4.2.14 
	From live parts to cages

	C 
	165 
	190 
	220 
	280 
	390 
	800 
	1,200 
	1,800 

	4.2.14 
	Between live pars without guards of different circuits

	D 
	2,000 
	2,000 
	2,000 
	2,200 
	2,200 
	2,900 
	3,300 
	3,800 

	4.2.15 
	From live parts without guards to floor 

	E 
	2,500 
	2,500 
	2,500 
	2,700 
	2,700 
	3,400 
	3,700 
	4,200 

	4.2.15 
	From leads without guards from indoor switchgears to ground when they do not run to the territory of outdoor switchgears and when there is no passway under leads  


	F 
	4,500 
	4,500 
	4,500 
	4,750 
	4,750 
	5,500 
	6,000 
	6,500 

	4.2.14 
	From the contact and blade of disconnecting link in open position to leads connected to the second contact

	G 
	80 
	110 
	150 
	220 
	350 
	900 
	1,300 
	2,000 
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Fig. 4.2.13. Minimum distances between uninsulated live parts of indoor switchgear and closed sheeting (as per table 4.2.5)

4.2.83. The distances from the contacts and blades of disconnecting links in open position to the leads of its phase connected to the second contact must not be less than the values presented in table 4.2.5 for size G (see fig. 4.2.14).

4.2.84. Uninsulated live parts must be protected against accidental touch by dint of their location in chambers, protection by cages, etc.

When locating uninsulated live parts outside chambers and below size E as per table 4.2.5 from the floor they must have guards. The height of a passage under the guards must not be less than 1.9 m (see fig. 4.2.15).
Live parts located above the guards of height up to 2.3 m from the floor, but lower than size E, must be positioned in the guard plane at distances presented in table 4.2.5 for size C (see fig. 4.2.14).

Live parts without guards connecting the capacitor of a device of high-voltage communications, telemechanics and protection with a filter must be located at a height of not less than 2.2 m. In this case, it is recommended to install the filter at a height allowing repair (adjustment) of the filter without removal of voltage from the equipment of connections.

Devices with lower edge of insulator porcelain located above the floor level at a height of 2.2 m and more may have no guards, provided the requirements specified above are complied with.
Use of barriers to fence live parts in open chambers is not allowed.
4.2.85. Uninsulated live parts without guards located at a height exceeding the values presented in table 4.2.5 for size E, must be at such a distance from each other, that after disconnection of any circuit (e.g. a section of buses) their safe maintenance with energized adjoining circuits is allowed. In particular, between live parts without guards installed on both sides of maintenance gallery, the distances not less than those presented in table 4.2.5 for size D (see fig. 4.2.14) must be observed.

4.2.86. The width of maintenance gallery must allow easy maintenance of the installation and transportation of the equipment; in this case, it must not be less than (taking into account the clear distance between the guards): 1 m if the equipment is located on one side, and 1.2 m if the equipment is located on both sides.
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Fig. 4.2.14. Minimum distances from uninsulated live parts in indoor switchgear to cages and between uninsulated live parts without guards of different circuits (as per table 4.2.5)

In control gallery where the drives of breakers or disconnecting links are installed sizes specified above must not be less than 1.5 and 2 m, respectively. With the length of the gallery up to 7 m, it is allowed to reduce its width to 1.8 m if the equipment is maintained from two sides.
For the width of passages in the rooms of switchgears and control gears and integrated transformer substations, see 4.2.121 and 4.2.122. The width of an explosion gallery must not be less than 1.2 m.
Local reduction of the width of the maintenance gallery as well as the explosion gallery by not more than 0.2 m is allowed.
For the height of the rooms of switchgears and control gears and integrated transformer substations, see 4.2.123.

4.2.87. When overhead inputs not crossing passways and places with possible traffic, etc. are used for indoor switchgears, the distances from the lowest point of the wire to the ground surface must not be less than those presented in table 4.2.5 for size F (see fig. 4.2.15).

With smaller distances from a wire to the ground, the territory in the appropriate area under the input must be surrounded by a fence 1.6 m high; in this case, the distance from the ground to the wire in the fence plane must not be less than size F.
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Fig. 4.2.15. Minimum distances from the floor to uninsulated live parts without guards and lower edge of insulator porcelain and the height of the passage in indoor switchgear.
Minimum distances from the ground to the line leads without guards from indoor switchgear outside of the territory of outdoor switchgear and without transport passway under the leads.
When overhead inputs crossing passways and places with possible traffic, etc. are used, the distances from the lowest wire to the ground should be assumed in accordance with 2.5.111 and 2.5.112.

When overhead leads from indoor switchgear run to the territory of outdoor switchgear, these distances must be assumed as per table 4.2.2 for size D (see fig. 4.2.4).

The distances between adjoining line leads of two circuits must not be less than the values presented in table 4.2.2 as for size E, if partitions are not installed between the leads of adjoining circuits.

On indoor switchgear roofs guards 0.8 m high at least projecting in plane to not less than 0.5 m from outer phase axes must be installed above overhead inputs.  Instead of the said guards it is allowed to construct above inputs canopies with the same sizes in plane instead of specified guards.
4.2.88. Input wires to a switchgear building located above its roof must be at a height of not less than that presented in 4.2.64 (from the roof).

4.2.89. Exits from switchgear must be implemented in accordance with the followings:

1. With the length of switchgear up to 7 m one exit is allowed.
2. With the length of switchgear of more than 7 m and up to 60 m two exits must be constructed at its ends; exits from the switchgear may be located at a distance up to 7 m from its ends.
3. With the length of switchgear of more than 60 m, in addition to end exits, additional exits must be constructed so that the distance from any point of the maintenance gallery, control gallery or explosion gallery to the exit is not more than 30 m.

Exits may go outside, to a staircase or to another production room with incombustible walls and inserted floors not containing fire and explosion hazard objects, devices or production facilities as well as to other compartments of the switchgear separated from the first one by an incombustible or slow-burning door with fire resistance rating of not less than 0.6 h. In multistory switchgears the second and additional exits must be constructed to a balcony with external escape stairs.

4.2.90. Long explosion galleries should be divided into compartments 60 m long at most with incombustible partitions with fire resistance rating of not less than 1 h with doors constructed in accordance with 4.2.92. Explosion galleries must have exits outside or to a staircase.
4.2.91. It is recommended to construct the floors of switchgear on all the area of each floor at the same elevation. The design of the floor must exclude the possibility of cement dust generation (see also 4.2.118). The construction of thresholds in doors between separate rooms and in corridors is not allowed (for exceptions see 4.2.97, 4.2.98, 4.2.100 and 4.2.101).

4.2.92. Doors from switchgears must open towards other rooms or outside and have instant locks unlocked without a key from inside of the switchgear.

The doors between compartments of switchgear or between adjoining rooms of two switchgears must have a device fixing the door in closed position and not impeding its opening in both directions.
The doors between rooms (compartments) of switchgears with different voltages must open to the side of the switchgear with lower voltage up to 1 kV.

The locks on the doors of rooms of switchgears of one voltage must be unlocked with the same key; the keys from entry doors of switchgears and other rooms must not unlock chamber doors.
The requirement to the use of instant locks does not apply to switchgears of city electric mains of 10 kV and less.

4.2.93. The doors (gates) of chambers containing oil-filled electric equipment with the weight of oil of more than 60 kg must be constructed of slow-burning materials and have fire resistance rating of not less than 0.75 h in cases if they open to rooms which do not belong to this substation and are located between compartments of explosion galleries and a switchgear. In other cases, the doors may be constructed of combustible materials and have smaller fire resistance rating.
The gate of chambers with a leaf width more than 1.5 m must be fitted with a door if they are used for exit of the staff.

4.2.94. It is recommended to construct indoor switchgears without windows; in the areas without provision of security this provision is mandatory.

If natural lighting is required, glass blocks and safety glass should be used.

The window crosses of switchgear and substation rooms can be made of combustible materials. In indoor switchgears windows must be fixed.

Installation of lighting lamps is not allowed.

Windows must be protected by meshes with cells of not more than 25 x 25 mm installed outside. When using meshes installed outside, it is allowed to install windows opened inside the room.
4.2.95. In one common room with a switchgear with voltage up to 1 kV and higher it is allowed to install one oil transformer with capacity up to 0.63 MW·А or two oil transformers with capacity up to 0.4 MW·А each separated from the rest of the room by partition with fire resistance rating of 1 h; in this case, uninsulated live parts of more than 1 kV must have guards in accordance with 4.2.84. In these cases tank-type oil switches must be installed in accordance with 4.2.98.

4.2.96. Devices belonging to starters of electrical motors, synchronous compensators, etc. (breakers, starting reactors, transformers, etc.) can be installed in a common chamber without partitions between them.

4.2.97. In switchgear chambers with exits to explosion gallery it is allowed to install transformers with the weight of oil up to 600 kg.

Voltage measuring transformers can be installed in outdoor switchgear chambers regardless of the amount of oil in them. In this case, a threshold or an access ramp capable to retain the whole volume of oil contained in a measuring transformer must be constructed.
4.2.98. Tank-type oil switches with the weight of oil more than 60 kg must be installed in separated explosion chambers with the exit to outside or to an explosion gallery.

Tank-type oil switches with the weight of oil of 25-60 kg may be installed both in explosion and open chambers. When tank-type oil switches are installed in open chambers or with exit to explosion gallery, they must have breaking current exceeding the rated one by 20%.

Tank-type oil switches with the weight of oil up to 25 kg, small-capacity oil breakers and breakers without oil should be installed in open chambers.

When installing small-capacity oil breakers with the weight of oil in one phase of 60 kg and more a threshold designed for retention of all the volume of oil must be constructed in each chamber.

Breakers installed in open chambers must be separated from each other by incombustible partitions made in accordance with the requirements of 4.2.13. The same partitions or boards must be used to separate these breakers from a drive. The upper edge of the partition or board must be at a height of not less than 1.9 m from the floor.

The requirement to installation of protection board does not apply to installation of air circuit breakers.
4.2.99. In explosion galleries no equipment with exposed live parts must be installed.

Explosion galleries must have exits constructed in accordance with the requirements of 4.2.90.

4.2.100. Oil collectors are not installed in indoor detached substations, substations adjoining or built in production rooms, in chambers of transformers, oil breakers and other oil-filled devices with the weight of oil of 600 kg in one tank with chambers located on the first floor which doors open outside.

With the weight of oil of more than 600 kg in one tank an access ramp or threshold of incombustible material in the door aperture chambers or in the ventilation shaft designed for retention of 20% of oil of a transformer or device must installed. Measures must be taken to prevent the spread of oil through cable structures.

4.2.101. When constructing chambers above a basement, on the second floor and higher (see also 4.2.237) as well as when constructing an exit from chambers to explosion gallery above transformers, oil breakers and other oil-filled devices, oil receivers must be implemented in the following way:
1. With the weight of oil in one tank from 60 kg to 600 kg:
in the form of a pit designed for the total volume of oil;

by construction of threshold or access ramp at the exit from a chamber capable to retain the total volume of oil.
2. With the weight of oil in one tank of more than 600 kg:
in the form of oil receiver containing not less than 20% of the total volume of oil of transformer or device with oil take-off to a drainage system. Oil take-off pipes from oil receivers located under transformers must have a diameter of at least 10 cm. On the side of oil receivers oil take-off pipes must be protected by meshes;

in the form of an oil receiver without oil take-off to a drainage system. In this case, the oil receiver must be covered by a grid with a layer of gravel 25 cm thick and must be designed for the total volume of oil; the level of oil must be 5 cm lower than the grid. Upper level of gravel in oil receiver under a transformer must be 7.5 cm lower than the opening of intake ventilation shaft. Bottom of oil receiver must have an inclination of 2( towards the pit. The area of oil receiver must exceed the area of the transformer or base of device.
3. With the weight of oil in a transformer or device up to 60 kg the threshold or access ramp must be designed to retain the total volume of oil.

4.2.102. Ventilation of transformer and reactor rooms must allow the removal of generated heat in such amount that at their rated load (with overload capacity taken into account) and maximum rated surrounding temperature the heating of transformers and reactors does not exceed the maximum permissible value.

Ventilation of transformer and reactor rooms must be constructed so that the difference of temperatures of air coming out and into the room does not exceed 15 (C for transformers, 30 ( C for reactors with currents of 1000 A, 20 (C for reactors with currents of more than 1000 A.
If natural ventilation does not ensure heat exchange, it is necessary to implement the forced ventilation; in this case its operation must be monitored with signaling devices.
4.2.103. Explosion galleries as well as galleries for maintenance of open chambers or switchgears and control gears containing equipment filled up with oil or compound must be fitted with emergency exhaust ventilation switched on from outside and not connected with other ventilation devices. The emergency exhaust ventilation must be designed for five-fold change of air per hour.

At places with low winter temperatures fresh air inlets and exhaust outlets must be fitted with winterized valves opened from outside.

4.2.104. In rooms where the duty staff stays for 6 h and more, air temperature must not be less than 18 (C and not higher than 28 (C. It is allowed to install spray throwers directly at working place of the duty operator.
In control panel rooms without the duty staff and in indoor switchgears temperature must be maintained in accordance with the requirements of manufacturers of the equipment installed in these rooms.
4.2.105. Apertures in inserted floors, walls, partitions, etc. must be closed by incombustible materials with fire resistance rating of not less than 0.75 h. Other openings and apertures in external walls must be protected with meshes and grids with cells of size 1 ( 1 cm to prevent penetration by animals and birds; meshes must be located at a height of not less than 0.5 m from the ground. Openings at places of passage of cables must have sealing with fire resistance rating of 0.75 h.
4.2.106. Covers of cable channels and double floors must be made with removable slabs of incombustible materials on the same level with finish floors of the room. The weight of separate floor slab must not exceed 50 kg.

4.2.107. As a rule, the intersection of device and transformer chambers by cables making part of other circuits is not allowed, however, on exceptional cases, cables can be installed in conduits. Wiring of lighting and circuits of control and metering located inside the chambers or near uninsulated live parts are allowed only in short sections and to such an extent that is required to make connections (e.g. to measuring transformers).
4.2.108. Installation of (non-transit) pipelines (heating system) making part of switchgear in indoor switchgear rooms is allowed with the use of one-piece welded pipes without flanges, valves, etc., and ventilation welded ducts – without manholes, valves, flanges and other similar devices. It is also allowed to install transit pipelines or ducts, provided that each pipeline (duct) is included in solid water-proof enclosure.
INTRASHOP TRANSFORMER SUBSTATIONS
4.2.109. The requirements presented in 4.2.110-4.2.124 cover intrashop substations with voltage up to 35 kV, except for converter substations (see chapter 4.3) and electroheat installations (see chapter 7.5.).
4.2.110. Intrashop substations can be located on the first and second floors in the main and auxiliary rooms of production facilities which fall into categories D and E of the I or II fire resistance rating according to fire-prevention requirements, both openly and in separate rooms.
In rooms with explosion-hazardous and fire-hazardous areas, installation of intrashop substations should be carried out in accordance with the requirements of chapters 7.3 and 7.4.

In dusty rooms and rooms with chemically active environment, installation of intrashop substations is allowed upon implementation of measures ensuring the reliable operation of their electric equipment (see 4.2.115).

4.2.111. In production rooms transformers and switchgears can be installed openly in chambers or separate rooms. With open installation, the live parts of transformers must be enclosed, and switchgears must be located in protected or enclosed cabinets.
For requirements to installation of switchgears and control gears and integrated transformer substations in electrical equipment rooms see chapter 5.1.

4.2.112. In intrashop substation integrated transformer substations or transformers must be installed in compliance with the following requirements:

1. In each intrashop substation installed openly, oil transformers with total capacity up to 3.2 MW·А can be used. The clear distance between the oil transformers of different integrated transformer substations, as well as between oil transformer chambers with guards must not be less than 10 m.

2. It is recommended to install one integrated transformer substation (it is allowed to install not more than three integrated transformer substations) with oil transformers with total capacity up to 6.5 MW·А in one room of intrashop substation.

When installing a closed chamber of oil transformer inside the shop, the weight of oil must not be more than 6.5 t.  
The distance between separate rooms of different integrated transformer substations or between closed chambers of oil transformers located inside a production building is not rated.

Enclosing structures of intrashop substation room where integrated transformer substations with oil transformers are installed as well as enclosed chambers of oil transformers and devices with the weight of oil of 60 kg and more must be made of incombustible materials with fire resistance rating of not less than 0.75 h.

The requirements of clause 2 shall also cover adjoining and built-in substations with an oil transformer rolled out inside the building.
3. The total capacity of oil transformers of intrashop substation installed on the second floor must not be more than 1 MW·A.

Installation of an integrated transformer substation with oil transformers and oil transformers above the second floor is not allowed.

4. For intrashop substations with dry transformers or incombustible liquid (solid) dielectric, their capacity, the distance between them, as well as the floor of installation are not limited. 

4.2.113. Under each oil transformer or device with the weight of oil of 60 kg and more an oil receiver must be installed in accordance with the requirements of 4.2.101, clause 2, as for transformers and devices with the weight of oil more than 600 kg.

4.2.114. Breakers installed in intrashop substations must be, as a rule, without oil or small volume oil breakers.

Installation of side oil breakers is allowed only in enclosed chambers provided the following conditions are observed:

1. The number of breakers must not be more than three.

2. The weight of oil in each breaker must not be more than 60 kg.

4.2.115. When constructing ventilation of transformer chambers at substations located in production rooms with the normal environment it is permitted to take air directly from the workshop.

For ventilation of transformer chambers located in rooms with air containing dust or current-conducting or corrosive mixtures, air must be taken from outside or cleaned by filters.
In buildings with incombustible inserted floors discharge of air from transformer chambers is permitted directly to a workshop.

In buildings with slow-burning inserted floors discharge of air from transformer chambers must be carried out through discharge shafts brought out at least 1 m above the roofing of the building and implemented in accordance with 4.2.245.
4.2.116. In case of use of artificial ventilation for transformer chambers simultaneous automatic switching off of the ventilation device with de-energization of the transformer may not be envisaged.

4.2.117. When installing integrated transformer substations in separate rooms, ventilation of transformers must comply with the requirements presented in 4.2.102.
4.2.118. The floor of a substation must not be lower than the level of the workshop floor; the floor in a room for switchgears and control gears and integrated transformer substations must be designed for frequent movement of trolleys without damaging the floor.
4.2.119. Doors of oil-filled power transformer and tank-type oil breaker chambers must have fire resistance rating of not less than 0.6 h.

4.2.120. When installing substations close to the tracks of intrashop transport or gantry rails, materials-handling machines, measures must be taken to prevent accidental damage of substations (light signaling, pole fenders).

As a rule, switchgears and control gears and integrated transformer substations should be located within the “dead zone” of operation of these machines.

In workshops with heavy traffic of factory transport as well as with a large amount of equipment, materials and finished goods, it is recommended to construct guards around switchgears and control gears and integrated transformer substations. In this case, passages with the width of not less than that presented in 4.2.122 must be arranged inside the guards.
4.2.121. The width of a passage along switchgears and control gears and integrated transformer substations as well as along the walls of substations with doors or ventilation openings must not be less than 1 m; in addition, the possibility of roll out transformers and other devices must be provided.

4.2.122. The width of a passage for control and repairs of switchgears and control gears of the rolled-out type and integrated transformer substations must allow easy maintenance, movement and turning of the equipment and its repair.

When installing switchgears and control gears and integrated transformer substations in separate rooms, the width of a passage must be determined based on the following conditions:

1) for installation in one row – the length of switchgear and control gear trolley plus not less than 0.6 m;
2) for installation in two rows – the length of switchgear and control gear trolley plus not less than 0.8 m.
In all cases, the width of a passage must not be less than that presented in 4.2.86 (the narrowing of the passage in front of rolled out trolleys is prohibited) and not less than the cornerwise size of the trolley.
If there is a passage on the rear side of switchgears and control gears and integrated transformer substations for their examination, its width must not be less than 0.8 m; separate local narrowing is allowed by not more than 0.2 m.

With open installation of switchgears and control gears and integrated transformer substations in production rooms, the width of unobstructed passage must be determined with location of the production equipment taken into account, it must allow transportation of the largest elements of switchgears and control gears and integrated transformer substations and must not be less than 1 m in any way,.
4.2.123. The height of the room must not be less than the height of switchgear and control gear (integrated transformer substation) counting from the projecting parts of cabinets, plus 0.8 m to the ceiling and 0.3 m to the beams. Lower height of the room is allowed if easy and safe replacement, repair and adjustment of switchgear and control gear (integrated transformer substation) equipment are allowed.

4.2.124. Design loads on inserted floors of a room along the transportation route of a switchgear and control gear (integrated transformer substation) must be assumed with the weight of the heaviest part of the device (e.g. transformer) taken into account, and the apertures must correspond to the sizes of the transported parts.
POLE- (MAST) MOUNTED TRANSFORMER SUBSTATIONS

4.2.125. The regulations presented in 4.2.126-4.2.134 cover pole substations up to 35 kV with a capacity of not more than 0.4 MW·А.

4.2.126. Transformer must be connected to a higher voltage main by dint of fuses or disconnecting link controlled from the ground. The drive of disconnecting link must be locked. As a rule, the disconnecting link must be installed on the end support of a high-voltage line.
4.2.127. A transformer must be installed at a height of not less than 4.5 m measuring from the ground to live parts. For maintenance of the substation, a platform with railings must be installed at a height of not less than 3 m. For ascent to the platform it is recommended to use ladders with a device interlocked with the disconnecting link and prohibiting ascent on the ladder with disconnecting link switched on.
For substations installed on poles construction of platforms and ladders is not mandatory.

4.2.128. The parts energized with disconnecting link in open position must be located at a height of not less than 2.5 m from the level of a service platform for substations of 10 kV, and not less than 3.1 m for substation of 35 kV. The position of disconnecting link must be visible from the platform. The disconnecting link must have grounding blades on the transformer side.

4.2.129. The panel of low voltage of a substation must be installed in a cabinet. For transformer switching on and off from the low voltage side, a device ensuring visible break must be installed.

4.2.130. The wiring between a transformer and a panel as well as between a panel and low voltage high-voltage line must be protected from mechanical damage (by a conduit, channel, etc.) and implemented in accordance with the requirements presented in chapter 2.1.

4.2.131. The distance from the ground to insulators of the lead to a high-voltage line up to 1 kV must not be less than 4 m.
4.2.132. As per fire safety conditions, the substation must be located at a distance of not less than 3 m from the buildings of the I, II and III fire resistance rating and 5 m from the buildings of the IV and V fire resistance rating.
4.2.133. Constructions of pole-mounted substations used as high-voltage line supports must be of anchor or end types. This requirement does not apply to one-pole substations.

4.2.134. At places of possible vehicle runover pole-mounted substations must be protected with pole fenders.

PROTECTION AGAINST LIGHTNING OVERVOLTAGE
4.2.135. Outdoor switchgears and outdoor substations of 20-500 kV must be protected against direct lightning strokes. The protection against direct lightning strokes are not required for substations of 20 and 35 kV with transformers of single-unit power of 1.6 MW·А and less, regardless of the amount of storm hours per year, for all outdoor switchgears and substations of 20 and 35 kV in the areas with the amount of storm hours not more than 20 per year, as well as for outdoor switchgears and substations of 220 kV and less at the sites with equivalent soil resistivity during a storm period of more than 2,000 Ω(m with the amount of storm hours not more than 20 per year.

Buildings of indoor switchgears and indoor substations should be protected against direct lightning strokes in the areas with the amount of storm hours more than 20 per year.

Protection of the buildings of indoor switchgears and substations having metal roofs or reinforced concrete bearing structures of the roofs should be implemented by grounding these roofs (structures). For protection of the buildings of indoor switchgears and substations which roofs without metal or reinforced concrete covering or bearing structures or they can not be grounded, lightning rods and discharge rod meshes should be installed directly on the building roofs.

Buildings of a transformer tower, oil facilities, electrolysis facilities, synchronous compensators as well as tanks with combustible liquids and gases and places of storage of hydrogen bottles located in the territory of substations must be protected against direct lightning strokes or their reoccurrence in accordance with the RD 34.21.122-87 Instruction on Installation of Lightning Protection for Buildings and Structures of the Ministry of Energy of the USSR.

4.2.136. For protection from direct lightning strokes of outdoor switchgears of 220 kV and higher, lightning rods as a rule, installed on outdoor switchgear structures must be used. The protective effect of high structures being lightning-discharge protectors (high-voltage line supports, floodlight masts, radio masts, etc.) should be also used. Installation of lightning diverters on gantries located near transformers or shunt reactors is allowed provided the requirements of 4.2.137 are complied with.

On constructions of outdoor switchgears of 110 and 150 kV lightning rods can be installed at equivalent soil resistivity during a storm period: up to 1,000 Ω(m – regardless of the area of the substation grounding contour; more than 1,000 and up to 2,000 Ω(m – with the area of the substation grounding contour of 10,000 m2 and more.

The spread of lighting current from supports of structures of outdoor switchgears of 110 and 150 kV with lightning diverters must be assured through the grounding lines in two-three directions at least. In addition, one or two vertical electrodes 3-5 m long must be installed at a distance of not less than the electrode length from the support on which the lightning diverter is installed.

Installation of lightning diverters on the structures of 35 kV outdoor switchgears is allowed with equivalent soil resistivity during a storm period: up to 500 Ω(m – regardless of the area of the substation grounding contour; more than 500 and up to 750 Ω(m – with the area of the substation grounding contour of 10,000 m2 and more.

The spread of lighting current from the supports of structures of 35 kV outdoor switchgears with lightning diverters must be assured through the grounding lines in three-four directions. In addition, two or three vertical electrodes 3-5 m long must be installed at a distance of not less than the electrode length from the support with the lightning diverter.

Strings of suspended insulators on gantries of 35 kV outdoor switchgears with lightning conductors or lightning rods as well as on the end supports of 35 kV high-voltage lines with the conductor not brought in the substation must have two more insulators than it is required for outdoor switchgear of 35 kV designed for operation in the areas with the I degree of air pollution (see 4.2.53).

The overhead distance from outdoor switchgear structures, on which the lightning diverters are installed, to live parts must not be less than the string length.
4.2.137. On transformer gantries, the gantries of shunt reactors and outdoor switchgear structures located from transformers or reactors on the grounding lines at a distance of less than 15 m, lightning diverters can be installed at equivalent soil resistivity during a storm period of not more than 350 Ω(m and provided the following conditions are observed:

1. Valve-type arresters must be installed directly on all 3-35 kV winding leads of transformers or at a distance of not more than 5 m from them on the bus arrangement, including tappings to arresters.
2. The spread of lighting current must be assured from the support of a structure with a lightning diverter on three or four grounding lines.
3. Two or three vertical electrodes 5 m long must be installed on grounding lines at a distance of 3-5 m from the support with a lightning diverter.
4. At substations with 20 and 35 kV higher voltage with a lightning diverter installed on a transformer gantry, the resistance of a grounding device must not exceed 4 Ω without grounding electrodes located outside the outdoor switchgear grounding contour taken into account.

5. It is recommended to connect the earthing leads of valve-type arresters and transformers to the grounding device of a substation close to each other or implement them so that the place of connection of the valve-type arrester to the grounding device is between the points of connection of earthing leads of the gantry with a lightning diverter and transformer.

4.2.138. Protection from direct lightning strokes of outdoor switchgears on structures of which installation of lightning diverters is not allowed or is inexpedient due to design reasons, should be implemented by detached lightning diverters having separate grounding electrodes with the resistance of not more than 80 Ω.

The distance Sg, m, between the detached grounding electrode of a lightning diverter and the grounding device of outdoor switchgear (substation) must be equal to (but not less than 3 m)
Sg ( 0.2 Ri,
where Ri is an impulse resistance, Ω, of detached lightning diverter at impulse current of 60 kA.
The overhead distance So,d, m, from detached lightning diverter with a separate grounding electrode to live parts, grounded structures and outdoor switchgear (substation) equipment must be equal to (but not less than 5 m)
So,d ( 0.12 Ri, + 0.1 H,
where H is the height of the considered point of lightning diverter above ground level, m.

Grounding electrodes of detached lightning diverters in outdoor switchgear can be connected to the grounding device of outdoor switchgear (substation), provided the conditions of installation of lightning diverters on the outdoor switchgear structures specified in 4.2.136 are observed. The place of connection of the grounding electrode of detached lightning diverter to the grounding device of a substation must be moved away on the grounding lines to a distance of not less than 15 m from the point of connection to it of a transformer (reactor). At the place of connection of the grounding electrode of detached lightning diverter to the grounding device of 35-150 kV outdoor switchgears two or three directions on the grounding lines must be implemented.
Grounding electrodes of detached lightning diverters installed on floodlight masts must be connected to the grounding device of a substation. In this case, if conditions specified in 4.2.136 are not observed, the following requirements must be complied with in addition to general requirements to connection of grounding electrodes of detached lightning diverters:

1. Three or four vertical electrodes 3-5 m long should be installed at a distance of 5 m from the lightning diverter.
2. If the distance on the grounding lines from the place of connection of lightning diverter to a grounding electrode to the place of connection of a transformer (reactor) to grounding electrode exceeds 15 m, but is less than 40 m, then valve-type arresters must be installed near the winding leads up to 35 kV of a transformer.

The overhead distance So,c, m, from detached lightning diverter, which grounding electrode is connected to outdoor switchgear (substation) grounding device, to live parts must make up
So,c ( 0.1H + m,
where H is the height of live parts above ground level, m, m is the length of an insulator string, m.

4.2.139. Lightning conductors at approaches of 35 kV high-voltage lines to outdoor switchgears to which their connection is not allowed must end on the support closest to outdoor switchgear. Two or three directions of the grounding lines must be implemented from the supports of the structures of 110 and 150 kV outdoor switchgears to which lightning conductors are connected.
Lightning conductors protecting approaches of 35 kV high-voltage line can be connected to the grounded structures of outdoor switchgears at equivalent soil resistivity during a storm period: up to 750 Ω(m – regardless of the area of the substation grounding contour; more than 750 and up to 1,000 Ω(m – with the area of the substation grounding contour of 10,000 m2 and more.

Two or three directions of the grounding lines must be implemented from the supports of the structures of 35kV outdoor switchgears to which lightning conductors are connected. In addition, two or three vertical electrodes 3-5 m long must be installed at a distance of not less than the electrode length from the support the lightning diverter is connected to.

Resistance of grounding electrode of the support of a 35 kV high-voltage line closest to outdoor switchgear must not exceed 10 Ω. 

Lightning conductors at approaches of 35 kV high-voltage lines to those outdoor switchgears for which the installation or connection of lightning rods is not allowed must end on the support closest to outdoor switchgear. The first span without strands of these high-voltage lines from the outdoor switchgear can be protected by lightning rods installed at a substation, on a high-voltage line supports or near a high-voltage line.
4.2.140. Place of connection of a structure with a lightning rod or lightning conductor to the grounding contour of a substation must be located at a distance of not less than 15 m on the grounding lines from the point of connection of a transformer (reactor) to grounding lines.

4.2.141. In addition to the requirements presented in 4.2.139, 4.2.144-4.2.149, 4.2.156-4.2.163, the construction and protection of approaches of high-voltage lines to outdoor switchgears and substations must also comply with the requirements presented in chapter 2.5.

4.2.142. It is not allowed to install lightning diverters on outdoor switchgear structures located at a distance of less than 15 m from transformers rotating machines are connected to by flexible links and exposed busbars; from exposed busbars and from flexible link supports, if rotating machines are connected to them.
Gantries of transformers connected by exposed busbars or flexible links with rotating machines must be included in the protection zones of lightning diverters detached or installed on other structures.
4.2.143. When using floodlight masts as lightning diverters, a power supply line to floodlights at the section from output from a cable structure to the floodlight mast and further up on the mast must be implemented with cables with a metal sheath or cables without a metal sheath in conduits. Near the lightning diverter these cables must be installed directly underground at a length of not more than 10 m.

At places of input of cables in a cable structure the metal sheath of cables, armor and metal conduit must be connected to the grounding device of a substation.
4.2.144. Protection of high-voltage lines of 35 kV and higher from direct lightning strokes at approaches to switchgears (substations) must be implemented with lightning conductors. Length of approaches protected by a conductor with increased protection level, resistance of support grounding, amount and protection angles of lightning conductors must comply with the requirements presented in table 4.2.6.

Conductor must be connected to support grounding electrode on each support of an approach line, except for cases specified in 2.5.68.
In the areas with weak intensity of storms it is allowed to increase the resistance of grounding devices of supports at approaches of 35-220 kV high-voltage lines to substations with the amount of storm hours not more than 20 per year– in 1.5 times; less than 10 – in 3 times as compared to the values presented in table 4.2.6.
If grounding electrodes with required grounding resistance can not be used, grounding electrodes-balancing weights must be implemented.

In the areas with a high level of icing and an equivalent soil resistivity of more than 1,000 Ω(m it is allowed to implement the protection of approaches of high-voltage lines to switchgears (substations) with detached lightning rods which grounding electrode resistance are not rated.
4.2.145. In the areas with storm hours not more than 60 per year, it is allowed not to use the conductor for protection of an approach of 35 kV high-voltage line to 35 kV substations with two transformers of a capacity up to 1.6 MW·А each or with one transformer of a capacity up to 1.6 MW·А and availability of backup load power supply from the lower voltage side. In this case, the supports of a high-voltage line approach to substations at a length of not less than 0.5 km must be fitted with grounding electrodes with the resistance presented in table 4.2.6. If a high-voltage line is constructed on wooden supports, in addition, at the approach of a high-voltage line 0.5 km long, it is required to fasten insulators to the support grounding electrode and install a set of tubular arresters on the first support of the approach on the high-voltage line side. The distance between valve-type arresters and a transformer must not be more than 10 m.

If a backup power supply is not available at a substation with one transformer of a capacity of 1.6 MW·А, the approaches of 35 kV high-voltage lines to the substation must be protected by a conductor on the length of at least 0.5 km.

4.2.146. On the first support of the approach to 35-220 kV high-voltage line substations, counting from the side of the line a set of tubular arresters (PT1) must be installed in the following cases:

1. The line, including the approach, is constructed on wooden supports along the whole length.
2. The line is constructed on wooden supports, the approach of the line – on metal or reinforced concrete supports.

Table 4.2.6
Protection of high-voltage lines from direct lightning strokes at approaches to switchgears (substations) 

	Rated voltage of high-voltage lines, kV
	Approaches of high-voltage lines on gantry supports with two conductors
	Approaches of high-voltage lines on poles
	Maximum permissible resistance of support grounding device, Ω, at equivalent soil resistivity, Ω(m*

[image: image19.wmf]2



	  
	Length of protected approach with increased protection level, km*
	Protection angle of the conductor, degree
	Length of protected approach with increased protection level, km*
	Number of conductors, units
	Protec​tion angle of the con​ductor, degree
	up to 100 
	more than 100 up to 500 
	more than 500 

	35 
	0.5 [image: image20.wmf]3

*


	25-30 
	1-2 
	1-2 
	30 
	10 
	15 
	20



	  
	1-2 
	  
	  
	  
	  
	  
	  
	

	110 
	1-3 
	25-30 
	1-3 
	1-2 
	25 [image: image21.wmf]4

*


	10 
	15 
	20[image: image22.wmf]5

*




	150 
	2-3 
	25-30 
	2-3 
	1-2 
	25 [image: image23.wmf]4

*


	10 
	15 
	20[image: image24.wmf]5

*




	220 
	2-3 
	25 
	2-3 
	2 
	20 [image: image25.wmf]4

*


	10 
	15 
	20[image: image26.wmf]5

*




	330 
	2-4 
	25 
	2-4 
	2 
	20 
	10 
	15 
	20[image: image27.wmf]5

*




	500 
	3-4 
	25 
	-
	-
	-
	10 
	15 
	20[image: image28.wmf]5

*





     __________________

     *The length of protected approach is determined taking into account the distances between valve-type arresters and protected equipment presented in table. 4.2.8.
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*

     At approaches of 110-330 kV high-voltage lines with two-circuit poles it is recommended to implement the grounding devices of supports with a resistance of not more than 5, 10 and 15 Ω with equivalent soil resistivity up to 100, more than 100 and to 500, and more than 500 Ω(m, respectively.
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*

To be used only for substations with transformers with a capacity of 1.6 MW·А.
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*

On reinforced concrete poles the angle of protection can be up to 30(.
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*

For gantry supports installed in the soil with equivalent soil resistivity more than 1,000 Ω(m, resistance of the grounding device can be more than 20, but not more than 30 Ω.
3. At the approaches of 35 kV high-voltage lines on wooden supports to 35 kV substations which protection are implemented in a simpler way in accordance with 4.2.145.

Installation of РТ1 at the beginning of high-voltage line approaches constructed along the whole length on metal or reinforced concrete supports is be required. 

Resistance of grounding device of supports with tubular arresters must not be more than 10 Ω at soil resistivity of not more than 1,000 Ω(m, and not more than 15 Ω at a higher electrical resistivity. On wooden supports grounding down conductors from РТ1 must be installed on all legs.

As a rule, on 35-110 kV high-voltage lines which have no protection by a conductor on the whole length and which can be disconnected for a long time on one side during the storm period, a set of tubular arresters (PT2) should be installed on entry gantry supports or on the first support from the substation of given high-voltage line end which can be disconnected. If voltage transformers are available on the disconnected end of the high-voltage line, valve-type arresters must be installed instead of PT2.
The distance from PT2 to the disconnected device must not be more than 60 m for 110 kV high-voltage lines and not more than 40 m for high-voltage lines with voltage of 35 kV.

4.2.147. On high-voltage lines operating with reduced voltage relatively to the insulation class, tubular arresters of the voltage class corresponding to the operating voltage of the line must be installed on the first support of its protected approach to a substation counting from the side of the line.

If tubular arresters are not available for required voltage classes or short circuit current values, it is allowed to install protecting gaps or shunt a part of insulators in a string on one or two adjoining supports (if insulation is not polluted by industrial, salting, sea and other drifts). The number of unshunted insulators in a string must comply with operating voltage.

On high-voltage lines with the insulation reinforced as per atmosphere pollution conditions, a set of tubular arresters corresponding to the operating voltage of the high-voltage line must be installed on the first support of the protected approach, if the beginning of a protected approach is located in the section of reinforced insulation. If tubular arresters are not available for required voltage classes or short circuit current values, it is allowed to install protecting gaps.

4.2.148. Tubular arresters must be selected as per short circuit currents in accordance with the following requirements:

1. For mains up to 35 kV (with an insulated neutral or neutral grounded through a ground-fault neutralizer) the maximum limit of current cut off by tubular arrester must not be less than the maximum possible three-phase short circuit current, and the minimum limit – not more than the minimum possible two-phase short circuit steady-state current.

2. For mains of 110 kV and more with big ground short circuit current, tubular arrester should be selected as per maximum possible current of one-phase or three-phase short circuit and as per minimum possible one-phase or two-phase short circuit steady-state current.

If tubular arresters are not available for required short circuit current values, it is allowed to use main protecting gaps instead of them. On 220 kV high-voltage lines with wooden supports suspended strings must be grounded on one or two supports when tubular arresters are not available; in this case, the number of insulators must be the same as for metal supports.

Recommended dimensions of the main protecting gaps are presented in table 4.2.7.

4.2.149. On 3-35 kV high-voltage lines with wooden supports, additional protecting gaps installed at a height of not less than 2.5 m from the ground must be implemented in grounding down conductors of protecting gaps. Recommended dimensions of additional protecting gaps are presented in table 4.2.7.

4.2.150. Valve-type arresters must be installed in switchgears of 35 kV and higher to which high-voltage lines are connected.

Valve-type arresters should be selected taking into account coordination of their protection characteristics with the insulation of protected equipment and conformity of arrester blanking voltage with voltage at the place of their installation during a ground short circuit of one phase of the main. With increased distances between arresters and protected equipment, valve-type arresters with characteristics higher than those required as per insulation coordination conditions can be used in order to reduce the number of installed arresters.

Table 4.2.7

Recommended dimension of the main and additional protecting gaps 

	Rated 
	Dimension of protecting gaps, mm 

	Voltage, kV 
	main 
	additional 

	3 
	20 
	5



	6 
	40 
	10



	10 
	60 
	15



	20 
	140 
	20



	35 
	250 
	30



	110 
	650 
	-



	150 
	930 
	-



	220 
	1,350 
	-



	330 
	1,850 
	-



	500 
	3,000 
	-




The distances on buses, including tappings, from arresters to transformers and devices must not be more than those presented in tables 4.2.8 - 4.2.10.

Maximum permissible distances between valve-type arresters and protected equipment should be determined taking into account the number of lines and valve-type arresters switched on during the normal mode of a switchgear (substation) operation.

The number and places of installation of valve-type arresters should be chosen taking into account connection diagrams, number of high-voltage lines and transformers accepted for the design period. In this case, the distances from protected equipment to valve-type arresters must be within the limits, allowing also during commissioning and at intermediate stages with the duration equal to the storm period or more. In this case, emergency and repair modes are not taken into account.

4.2.151. Valve-type arresters must be installed without switching devices in the circuits between an arrester and a transformer (autotransformer, shunt reactor) in case of protection of:

1) windings of all voltages of power transformers having autotransformer connections;

2) windings of 330 and 500 kV transformers;

3) windings of 150 and 220 kV transformers having the level of insulations as per GOST 1516.1-76*; 

4) 500 kV shunt reactors.

The distances from valve-type arresters to transformers (autotransformers, shunt reactors) and to devices must not be more than those presented in tables 4.2.8 - 4.2.10 (see also 4.2.137). If these distances are exceeded, additional arrestors must be installed on buses.

4.2.152. When a transformer is connected to switchgear by a cable line of 100 kV and higher, a set of valve-type arresters must be installed at the place of connection of the cable to the switchgear buses. The grounding terminal of the arrester must be connected to the cable metal sheaths.
Table 4.2.8

Maximum permissible distance from valve-type arresters to protected equipment of 35-220 kV

	
	
	  
	Distance to power transformers, m 
	Distance to the rest of equipment, m 

	Rated voltage, kV


	Type of supports at approaches of high-voltage lines to switchgears and substations 
	Length of a high-voltage line approach protec​​ted by a conductor with increased protection level, km 
	Dead end switchgears 
	Switchgears with two permanently energized high-voltage lines 
	Switchgears with three or more permanently energized high-voltage lines 
	Dead end switchgears 
	Switchgears with two or more permanently energized high-voltage lines 

	  
	  
	  
	Arresters of the III group  
	Arresters of the II group 
	Arresters of the III group  
	Arresters of the II group 
	Arresters of the III group  
	Arrestors of the II group 
	Arresters of the III group  
	Arresters of the II group 
	Arresters of the III group  
	Arresters of the II group 

	  
	  
	  
	1хРВС

	2хРВС
	1хРВМГ
	2хРВМГ
	1хРВС
	2хРВС
	1хРВМГ
	2хРВМГ
	1хРВС
	2хРВС
	1хРВМГ
	2хРВМГ
	1хРВС
	2хРВС
	1хРВМГ
	2хРВМГ
	1хРВС
	2хРВС
	1хРВМГ
	1хРВМГ

	35 
	Gantries (including wooden gantries with tubular arrestors at the beginning of approach)
	0.5 
	20 
	30 
	-


	-
	30 
	40 
	-


	-


	35 
	45 
	-


	-


	25 
	40 
	-


	-


	30 
	50 
	-


	-



	
	  
	1.0 
	40 
	60 
	-
	-
	50 
	100 
	-


	-


	90 
	120 
	-


	-


	75 
	100 
	-
	-
	100 
	150 
	-
	-

	
	  
	1.5 
	60 
	90 
	-


	-
	80 
	120 
	-
	-


	120 
	150 
	-


	-


	100 
	130 
	-
	-
	125 
	200 
	-
	-

	
	  
	2.0 
	75 
	110 
	-


	-


	100 
	150 
	-
	-
	150 
	180 
	-
	-
	125 
	150 
	-
	-
	150 
	200 
	-
	-

	
	Poles (metal and reinforced concrete poles)
	1.0 
	20 
	30 
	-


	-


	30 
	40 
	-


	-


	40 
	50 
	-


	-


	40 
	60 
	-


	-


	50 
	100 
	-


	-



	
	  
	1.5 
	30 
	50


	-
	-
	50 
	60 
	-


	-


	60 
	70 
	-


	-


	60 
	90 
	-
	-
	80 
	120 
	-
	-

	
	  
	2.0 
	45 
	70 
	-
	-
	70 
	90 
	-
	-
	90 
	100 
	-
	-
	70 
	120 
	-
	-
	90 
	150 
	-
	-

	110 
	Gantries (including wooden gantries with tubular arresters at the beginning of approach)
	1.0 
	30 
	50 
	40 
	100 
	50 
	70 
	60 
	120 
	70 
	90 
	80 
	125 
	120 
	140 
	130 
	180 
	130 
	150 
	140 
	190 

	
	  
	1.5 
	50 
	80 
	70 
	150 
	70 
	90 
	80 
	160 
	90 
	110 
	100 
	175 
	140 
	170 
	150 
	200 
	200 
	200 
	180 
	200 

	
	  
	2.0 
	70 
	110 
	90 
	180 
	80 
	120 
	100 
	200 
	110 
	135 
	120 
	250 
	170 
	200 
	180 
	220 
	200 
	200 
	200 
	220 

	
	
	2.5 
	90 
	165 
	120 
	220 
	95 
	150 
	125 
	250 
	125 
	180 
	135 
	250 
	190 
	200 
	220 
	250 
	200 
	200 
	220 
	250 

	
	
	3.0 
	100 
	180 
	150 
	250 
	110 
	200 
	160 
	250 
	140 
	200 
	170 
	250 
	200 
	200 
	250 
	250 
	200 
	200 
	250 
	250 

	
	Poles (metal and reinforced concrete poles)
	1.0 
	15 
	20 
	20 
	50 
	20 
	30 
	30 
	75 
	30 
	40 
	40 
	100 
	70 
	90 
	80 
	110 
	100 
	130 
	120 
	170 

	
	  
	1.5 
	30 
	55 
	40 
	80 
	40 
	60 
	50 
	100 
	50 
	70 
	60 
	130 
	110 
	130 
	120 
	160 
	150 
	180 
	160 
	200 

	
	  
	2.0 
	50 
	75 
	70 
	120 
	60 
	90 
	70 
	150 
	70 
	100 
	90 
	190 
	120 
	150 
	140 
	180 
	200 
	200 
	180 
	250 

	
	  
	2.5 
	65 
	100 
	90 
	160 
	70 
	115 
	100 
	200 
	80 
	125 
	120 
	250 
	130 
	200 
	160 
	230 
	200 
	200 
	200 
	250 

	
	  
	3.0 
	80 
	140 
	120 
	200 
	80 
	140 
	130 
	250 
	95 
	150 
	140 
	250 
	150 
	200 
	180 
	250 
	200 
	200 
	220 
	250 

	150-220 
	Gantries 
	2.0 
	-

----

30 
	-

----

70 
	20

----

60 
	65

----

80 
	-

----

50


	-

----

90


	60

----

70 
	100

----

130 
	-

-----

90


	-

----

120


	90

-----

110 
	110

-----

140 
	90


	160


	100


	210 
	150 
	220 
	200 
	280 

	
	  
	2.5 
	-

-----

40 
	-

----

90 
	35

-----

80 
	75

----

100 
	-

----

70 
	-

----

120 
	70

-----

90 
	140

-----

170 
	-

-----

110 
	-

-----

160 
	100

-----

130 
	150

-----

190 
	110 
	180 
	120 
	250 
	170


	280


	250 
	350 

	
	
	3.0


	-

----

50 
	-

----

100 
	80

----

90 
	100

----

120 
	-

----

90 
	-

----

150 
	90

----

120 
	170

----

200 
	-

----

120 
	-

----

200 
	120

----

150 
	180

----

220 
	120 
	200 
	160 
	280


	190


	310 
	270 
	400 

	
	Poles (metal and reinforced concrete poles)
	2.0 
	-

----

20 
	-

----

50 
	10

----

40 
	35

----

60 
	-

----

30 
	-

----

50 
	35

----

50 
	60

----

80 
	-

----

50 
	-

----

70 
	45

-----

65 
	65

-----

80 
	60 
	90 
	75 
	130 
	90 
	120 
	100 
	150 

	
	
	2.5 
	-

----

30 
	-

----

70 
	15

----

60 
	70

----

80 
	-

----

45 
	-

----

80 
	65

----

80 
	90

----

110 
	-

----

70 
	-

----

100 
	80

----

95 
	90

----

110 
	80 
	120 
	100 
	180 
	120 
	160


	140 
	220 

	
	
	3.0 
	-

----

40 
	-

----

90 
	40

----

85 
	90

----

100 
	-

----

60 
	-

----

100 
	85

----

100 
	110

----

130 
	-

----

85 
	-

----

130 
	100

----

120 
	120

----

140 
	-

----

100 
	160 
	140 
	230 
	150 
	200 
	180 
	300 


Notes: 1. The distances from valve-type arresters to electric equipment, except for power transformers, are not limited with the number of high-voltage lines operating in parallel: with voltage of 110 kV - 7 and more; 150 kV - 6 and more; 220 kV - 4 and more.

2. Permissible distances are determined to the closest valve-type arrester.

3. The distances to 150-220 kV power transformers with the insulation level as per the GOST 1516.1-76* are given in the numerator, with increased insulation level as per the GOST 1516-73 – in the denominator. 

4. When using arresters of the I group instead of the arresters of the II group as per the GOST 16357-70*, the distances to 150-220 kV power transformers with the insulation level as per the GOST 1516.1-76 * can be increased 1.5 times.   

Table 4.2.9 

Maximum permissible distance from valve-type arresters to protected equipment with voltage of 330 kV 

	
	
	
	Distance*, m 

	Substation scheme, number of high-voltage lines


	Number of arrester sets, type, place of installation 


	Length of

of protected high-voltage line approach with increased protection level, km 
	to power transformers (autotrans​formers) and shunt reactors


	to voltage transformers


	to the rest of electric equipment 

	
	  
	  
	Gantries


	Poles with two conductors  
	Gantries 
	Poles with two conductors  
	Gantris 
	Poles with two conductors  

	Dead end scheme, according to the scheme of the transformer-line unit  
	One set of valve-type arresters of the II group at the power transformer 
	2.5 

3.0

4.0 
	45 

70

100 
	-

20

50 
	75 

90

115 
	-

30

85 
	130 

140

150 
	100 

     110

     130 

	Idem 
	Two sets of valve-type arresters of the II group: one set - at the power transformer, the second set – in the line cubicle  

     
	2.5 
	70 
	-


	250**
	-


	330**
	   235**

	
	
	3.0 
	120 
	20 
	320**
	100 
	380**
	270**

	
	
	4.0 
	160 
	90 
	400**
	250 
	450**
	340**

	Dead end scheme, according to the scheme  “combined unit”


	Two sets of valve-type arresters of the II group on transformer connections 

     
	2.0 
	70 
	-


	210 
	-


	335 
	280 

	
	
	2.5 
	110 
	20 
	240 
	100 
	340 
	320



	
	
	3.0 
	150 
	65 
	260 
	200 
	355 
	340 

	Transit scheme, with two high-voltage lines and one transformer, according to the scheme  

“delta”
	One set of valve-type 

arresters of the II group at the power 

transformer 
	2.0 
	80 
	-
	160 
	-


	390 
	300 

	
	
	2.5 
	110 
	50 
	210 
	120 
	410 
	350



	
	
	3.0 
	150 
	80 
	250 
	150 
	425 
	380



	Transit scheme, with two high-voltage lines and two transformers according to the scheme “bridge” 

  
	Two sets of valve-type arresters of the II group at the power 

transformers 
	2.0


	60


	-
	320


	-


	420 


	300 



	
	
	2.5 
	80 
	20 
	400 
	260 
	500 
	360



	
	
	3.0 
	130 
	60 
	475 
	310 
	580 
	415



	Transit scheme, with two high-voltage lines and two transformers, according to the scheme “square”
	Idem 
	2.0 
	150 
	-
	500 
	-
	1,000 
	1,000 

	
	  
	2.5 
	200 
	80 
	700 
	320 
	1,000 
	1,000



	
	  
	3.0 
	240 
	140 
	750 
	470 
	1,000 
	1,000



	With bus sections (system) with three high-voltage lines and two transformers 

  
	Idem 


	2.0 
	150 
	40 
	960 
	-
	1,000 
	1,000 

	
	
	2.5 
	220 
	80 
	1,000 
	400 
	1,000 
	1,000



	
	
	3.0 
	300 
	140 
	1,000 
	1,000 
	1,000 
	1,000



	With bus sections (system) with three high-voltage lines and one transformer  

  
	One set of valve-type 

arresters of the II group at the power transformer 
	2.0 
	100


	30 
	700 
	-
	1,000 
	750 

	
	
	2.5 
	175 
	70 
	800


	200 
	1,000 
	1,000 

	
	
	3.0 
	250 
	100 
	820


	700 
	1,000 
	1,000 


     *When using arresters of the I group permissible distances are increased 1.3 times.  

     **From the arresters installed at power transformers. 

Table 4.2.10

Maximum permissible distance from valve-type arresters to protected equipment with voltage of 500 kV 

	
	
	Distance, m 

	Substation scheme, number of high-voltage lines 
	Number of arrester sets, type, place of installation  
	to power transformers (autotransformers) and shunt reactors 
	to voltage transformers 
	to the rest of electric equipment 

	Dead end scheme, according to the schemes of the transformer-line unit  
	Two sets of valve-type arresters of the II group: one set - at the power transformer, the second one – in the line cubicle or at the reactor connection  


	95 
	150/700 
	150/700 

	Transit scheme, with two high-voltage lines and one transformer, according to the scheme “delta”
	Two sets of valve-type arresters of the II group: one set - at the power transformer, the second one – on buses, in the line cubicle or at the reactor connection


	130 
	350/700 
	350/900 

	Transit scheme, with two high-voltage lines and two transformers, according to the scheme “square”

     
	Two sets of valve-type arresters of the II group at the power transformers


	160 
	350 
	800 

	With buses sections (system) with three high-voltage lines and two transformers 


	Idem 
	240 
	450 
	900 

	With bus sections (system) with three high-voltage lines and one transformer 
	One set of valve-type arresters of the II group at the power transformer


	175 
	400 
	600 


Note. When using valve-type arresters of the I group for protection of equipment with insulation as per GOST 1516.1-76* permissible distances are increased: to power transformers (autotransformers), shunt reactors and voltage transformer –1.5 times, to the rest of electric equipment –1.1 times.

In values given as fractions, the numerator is the permissible distance to the closest valve-type arrester (in a line cubicle, on buses or reactor connection), the denominator – to the arrester installed at power transformer.

If several cables connected directly to transformers are joined to switchgear buses, one set of valve-type arresters is installed on the switchgear buses. The place of installation of the arrester should be as close as possible to the places of cable connection.

4.2.153. Unused windings of low and middle voltage of power transformers (autotransformers) must be star or delta connected and protected by valve-type arresters installed between the inputs of each phase and ground. Protection of unused low voltage windings installed as the first ones from the magnetic conductor can be implemented by grounding of one of the corners of the triangle, one of the phases of the star or neutral or installation of a valve-type arrester of the appropriate voltage class on each phase.

Protection of unused windings is not required if a cable line 30 m long at least with grounded sheath or armor is permanently connected to them.  

4.2.154. For protection of neutrals of power transformer 110-220 kV windings with the insulation reduced in relation to the insulation of the winding line end and allowing operation with ungrounded neutral, valve-type arresters should be installed. Installation of disconnecting links is not allowed in the transformer neutral which insulation may not be ungrounded.

4.2.155. Shunt reactors of 500 kV must be protected from lightning and internal overvoltages by lightning or combined arresters installed on reactor connections.

4.2.156. Switchgears of 3-20 kV to which high-voltage lines are connected must be protected by valve-type arresters installed on buses or transformer.

For 3-10 kV switchgears with transformers connected to buses by dint of cables, the distances from valve-type arresters to transformers and devices are not limited (except for cases specified in 4.2.137).

When using overhead connections of transformers with 3-10 kV switchgear buses, the distances from valve-type arresters to transformers and devices must not exceed 60 m from high-voltage lines on wooden supports and 90 m for high-voltage lines on metal and reinforced concrete supports.

Protection of approaches of 3-20 kV high-voltage lines to substations with lightning conductors is not required.

At approaches to substations of 3-20 kV high-voltage lines with wooden supports a set of tubular arresters (PT1) must be installed at a distance of 200-300 m from the substation.

As a rule, on 3-20 kV high-voltage lines which during storm period can be cutoff on one end for a long time, a set of tubular arresters (PT2) should be installed on the substation structure or on the end support of the high-voltage line which can be cutoff for a long time. If voltage transformers are available on the disconnected end of the high-voltage line, valve-type arresters must be installed instead of tubular arresters PT2. The distance from the arresters to the disconnected device must not be more than 15 m.

Resistance of tubular arresters PТ1 and РТ2 grounding must not exceed 10 Ω at soil resistivity up to 1,000 Ω(m and 15 Ω at a higher electrical resistivity.

At approaches to substations of 3-20 kV high-voltage lines with metal and reinforced concrete supports, installation of tubular arresters (sets of РТ1 and РТ2) is not required. Within the length of the approach of 200-300 m to the substation, the metal and reinforced concrete supports must be grounded with the resistance of not more than the values presented in table 2.5.22.

Protection of 3-20 kV substations with low voltage up to 1 kV connected to 3-20 kV high-voltage lines must be implemented with valve-type arresters installed at the high and low voltage sides of the substation.

If the capacity of transformer is up to 0.63 MW(A, it is allowed not to install tubular arresters at 3-20 kV high-voltage line approach with wooden supports. 

When a valve-type arrester is installed in the same cubicle with a voltage transformer, it is recommended to connect the arrester prior to the fuse.

4.2.157. Inserted cables of 35-220 kV less than 1.5 km long must be protected from both sides by tubular or valve-type arresters. Cables of 35-110 kV are protected by valve-type arresters of РВС type (the III group as per the GOST 16357-83*) or tubular arresters, and cables of 220 kV – by valve-type arresters of РВМГ type (the II group as per the GOST 16357-83*). If the length of the cable is 1.5 km and more, installation of arresters on the ends of the cable is not required.

If 3-20 kV high-voltage line is connected to substation by dint of an inserted cable up to 50 m long, a set of tubular arresters must be installed at the place of connection of the cable to the high-voltage line. If a high-voltage line is constructed with wooden supports, the second set of tubular arresters should be installed at a distance of 200-300 m from the end of the cable.

When using an inserted cable more than 50 m long, a set of valve-type arresters should be installed at the place of connection of the cable to a high-voltage line.

Arresters must be connected along the shortest route to metal sheaths of the cable and linked with a grounding electrode. Resistance of the grounding electrode must not be more than the values presented in 4.2.156.

4.2.158. Protection of 35-110 kV substations with transformers of a capacity of 40 MW(A connected to tappings with the length less than the required length of the protected approach (see tables 4.2.6 and 4.2.8) from operating high-voltage lines on wooden, metal or reinforced concrete supports without a conductor can be implemented according to simplified scheme (fig. 4.2.16) including:

valve-type arresters installed at the substations at a distance of not more than 10 m from the power transformer;

lightning conductors of the approach to the substation along the whole length of the tapping; if the length of the tapping is less than 150 m, one span of the operating high-voltage line on both sides of the tapping should be protected additionally by lightning conductors or lightning rods;

sets of tubular arresters РТ1 and РТ2 with grounding resistance of each set not more than 10 Ω, installed on wooden supports; РТ2 – on the first support with the conductor on the side of the high-voltage line or the border of the section protected by lightning rods; РТ1 - in unprotected section of the high-voltage line at a distance of 150-200 m from РТ2.
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Fig. 4.2.16. Schemes of protection from lightning overvoltages of substations connected to high-voltage lines by tappings up to 150 and more than 150 m long 

If the length of the approach is more than 500 m, installation of tubular arrestors PT1 is not required.

Protection of substations where the distances between valve-type arresters and transformers exceed 10 m is implemented in accordance with the requirements presented in 4.2.144, 4.2.150. 

Simplified protection of substations in accordance with the requirements specified above can also be implemented in case of connection of the substations to operating high-voltage lines by dint of short approaches (fig. 4.2.17). In this case, transformers must be protected by valve-type arresters of РВМГ type (the II group as per the GOST 16357-83).
Implementation of simplified schemes for lightning protection of substations connected to newly constructed high-voltage lines is not allowed. 
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Fig. 4.2.17. Schemes of protection from lightning overvoltages of substations connected to high-voltage lines by dint of approaches with the length up to 150 and more than 150 m

4.2.159. In the areas with soil resistivity of 1,000 Ω(m and more the grounding resistance of 35-110 kV tubular arresters РТ1 and РТ2 installed for protection of those substations connected to the operating high-voltage lines on tappings or by dint of short approaches can be more than 10, but not more than 30 Ω. In this case, the ground contour of PT2 must be connected with the ground contour of the substation by an extended grounding electrode.

4.2.160. Disconnecting links installed on supports of high-voltage lines up to 110 kV with conductor protection not along the whole length, as a rule, must be protected by tubular arresters installed on the same supports on the side of a consumer. If the disconnecting link can be in open position for a long period, tubular arresters must be installed on the same support on each energized side.  

When installing disconnecting links at a distance up to 25 m along the length of a high-voltage line from the place of connection of the line to a substation or distribution point, as a rule, installation of the arresters on the support is not required. If these disconnecting links can be in open position for a long period, arrestors (as a rule, tubular arrestors) must be installed on the support on the high-voltage line side.

On high-voltage lines up to 20 kV with reinforced concrete and metal supports it is allowed not to install the arresters for protection of disconnecting links with the insulation of the same voltage class as the high-voltage line.

Installation of disconnecting links within the limits of high-voltage line approaches protected by a conductor which are presented in 4.2.158, 4.2.166 and table 4.2.8 is allowed on the first support counting from the side of the line and, as an exception, on the rest of supports of the approach provided the disconnecting links with the insulation not lower than the insulation on the same support are used.

4.2.161. Grounding resistance of tubular arresters specified in 4.2.160 must comply with the requirements presented in 2.5.74 and 2.5.75.

4.2.162. Tapping from a high-voltage line constructed on metal or reinforced concrete supports must be conductor protected along the whole length if it is connected to a high-voltage line, conductor protected along the whole length and feeding tapped electrical installations (e.g. traction substations). 

When tapping is constructed on wooden supports, a set of tubular arresters must be installed at the place of its connection to the line. 

4.2.163. For protection of 3-10 kV switching points one set of tubular arresters must be installed on the end support of each feeding high-voltage line with wooden supports. In this case, the arresters should be connected to the grounding device of the switching point. 

PROTECTION OF ROTATING ELECTRICAL MACHINES FROM LIGHTNING OVERVOLTAGES

4.2.164. Overhead lines with metal and reinforced concrete supports can be connected to generators (synchronous compensators) with a capacity up to 50 MW (up to 50 MV(A).

Overhead lines with wooden supports can be connected to generators (synchronous compensators) with a capacity up to 25 MW (up to 25 MV(A).

Connection of high-voltage lines to generators (synchronous compensators) with a capacity of more than 50 MW (more than 50 MV(A) is allowed only by dint of isolating transformers.  

4.2.165. For protection of generators and synchronous compensators as well as electrical motors with a capacity of more than 3 MW connected to high-voltage lines, valve-type arresters of the I group as per the GOST 16357-83 and a capacitor of not less than 0.5 (F per phase must be used. In addition, protection of a high-voltage line approach to an electric generating plant (substation) with the lightning-surge proofness level of not less than 50 kA must be implemented. Valve-type arresters should be installed for protection of generators (synchronous compensators) with a capacity of more than 15 MW (more than 15 MV(A) – on the connection of each generator (synchronous compensator); 15 MW and less (15 MV(A and less) – on the buses (sections of buses) of generating voltage; electrical motors with a capacity of more than 3 MW – on switchgear buses. 

With protection of generators (synchronous compensators) with a brought out neutral without turn insulation (machines with bar winding) with a capacity of 20 MW and more (20 MV(A and more), a valve-type arrestor can be used in the generator (synchronous compensator) neutral for the machine rated voltage instead of a capacitor of 0.5 (F per phase. Installation of protection capacitors is not required if the total capacitance of the sections of cables up to 100 m long connected to generators (synchronous compensators) makes up 0.5 (F and more per phase.

4.2.166. If rotating machines and high-voltage lines are connected to common buses of electric generating plants or substations, approaches of these high-voltage lines must be protected against storm effects in compliance with the following requirements:

1. The approach of a high-voltage line with reinforced concrete supports must be conductor protected on the length of not less than 300 m; at the beginning of the approach a set of tubular arresters must be installed (fig. 4.2.18, а). Supports of a high-voltage line approach protected by a conductor must be fitted with wooden cross-arms with a distance of not less than 1 m on the wood from the point of insulator string fastening to the support leg. High-voltage line wires should be suspended on insulator strings (insulators) corresponding to the voltage class of 35 kV. Grounding resistance of tubular arresters must not exceed 5 Ω, and the resistance of conductor supports – 10 Ω.

At the beginning of the approach valve-type arresters of the IV group as per the GOST 16357-83 * can be installed instead of tubular arresters. In this case, grounding resistance of arresters must not be more than 3 Ω. 

At approaches of high-voltage lines with wooden supports, in addition to protection facilities used on high-voltage lines with reinforced concrete supports, a set of tubular arresters should be installed at a distance of 150 m from the beginning of the conductor approach towards the line. Grounding resistance of arresters must not be more than 5 Ω.
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Fig. 4.2.18. Schemes of protection of rotating machines from lightning overvoltages  

2. On high-voltage lines connected to electric generating plants and substations by inserted cables up to 0.5 km long, protection of the approach must be implemented in the same way as for high-voltage lines without inserted cables (see clause 1), and, in addition, a set of valve-type arresters of the IV group as per the GOST 16357-83 must be installed at the place of connection of the high-voltage line to the cable. The arrester should be connected to the armor, metal sheath of the cable and to the grounding electrode along the shortest route. Grounding resistance of arresters must not exceed 5 Ω.

3. If on the length of 300 m at least the approach of a high-voltage line is protected against direct lightning strokes by buildings, trees or other high objects, suspension of the conductor at the approach of the high-voltage line is not required. In this case, a set of valve-type arresters of the IV group as per the GOST 16357-83* must be installed at the beginning of the protected section of a high-voltage line. Grounding resistance of arresters must not exceed 3 Ω.

4. If a reactor is installed on the connection of a high-voltage line, the approach of the high-voltage line must be protected against direct lightning strokes by a lightning conductor on the length of 100-150 m (see fig. 4.2.18, b). At the beginning of the approach protected by lightning conductor a set of tubular arresters, and at the reactor - a set of valve-type arresters of the IV group as per the GOST 16357-83 must be installed. Grounding resistance of tubular arresters must not be more than 10 Ω.

5. When connecting a high-voltage line to the buses of switchgear with rotating machines via a reactor and an inserted cable more than 50 km long, protection of the high-voltage line against direct lightning strokes is not required. At the place of connection of a high-voltage line to the cable, a set of tubular arresters with grounding resistance not more than 5 Ω, and upstream of the reactor - a set of valve-type arresters of the IV group as per the GOST 16357-83* (see fig. 4.2.18, c) must be installed.
6. On high-voltage lines connected to the buses of electric generating plants (substations) with rotating machines of a capacity of less than 3 MW (less than 3 MV·A) which approaches on the length of not less than 0.5 m are implemented on reinforced concrete and metal supports with grounding resistance not more than 50 Ω, a set of valve-type arresters of the IV group as per the GOST 16357-83 must be installed at a distance of 150 m from the electric generating plant (substation). Grounding resistance of arresters must not be more than 3 Ω. In this case, the protection of the high-voltage line approach by a conductor is not required.

4.2.167. When using exposed current distributors (exposed busbar bridges and suspended flexible current distributors) for connection of generators (synchronous compensators) with transformers, the current distributors must be included in protection zones of lightning diverters and structures of electric generating plants (substations). The place of connection of lightning diverters to the grounding device of electric generating plant (substation) must be at a distance of not less than 20 m from the place of connection of grounded elements of the current distributor, counting by grounding bands.

If exposed current distributors are not included in protection zones of outdoor switchgear lightning diverters, they must be protected against direct lightning strokes by detached lightning diverters or conductors suspended on separate supports with the protection angle of not more than 20°. The grounding of detached lightning diverters and conductor supports must be implemented by separate grounding electrodes without links with grounding devices of the current distributor supports or by dint of connection to the switchgear grounding device in points located at a distance of not less than 20 m from the place of connection of grounded elements of the current distributor.

The overhead distance from detached lightning diverters (conductor supports) to live or grounded elements of the current distributor must not be less than 5 m. The distance on the ground from a separate grounding electrode and underground part of the lightning diverter to the grounding electrode and the underground part of the current distributor must not be less than 5 m.

4.2.168. If the substation of an industrial enterprise is connected by exposed current distributors to the switchgear of generating voltage of a heat-electric generation plant with generators of a capacity up to 120 MW, protection of current distributors from direct lightning strokes must be implemented in a way specified in 4.2.167 for current distributors not included in protection zones of switchgear lightning diverters. 

When connecting exposed current distributor to a generating voltage switchgear via reactor a set of valve-type arresters of the IV group must be installed prior to the reactor.

For protection of generators from the waves of lightning overvoltages coming across a current distributor and from induced voltage surges, valve-type arresters of the I group as per the GOST 16357-83 and protective capacitors which capacity for three phases at the rated voltage of generators must make up not less than:  0.8 μF at voltage of 6 kV, 0.5 μF at 10 kV and 0.4 μF at 13.8-20 kV must be installed.

It is not necessary to install protective capacitors if the total capacity of generators and a cable network on the buses of generating voltage has the required value. In this case, when determining the capacity of the cable network, the sections of cables on the length up to 750 m must be taken into account.

4.2.169. Connection of high-voltage lines to electrical motors with a capacity up 3 MW with a reliable redundancy is allowed without protection of approaches from direct lightning strokes. In this case, installation of two sets of tubular arresters is required at a high-voltage line approach at distance of 150 and 250 m from substation buses (fig. 4.2.19, а). Grounding resistance of arresters must not be more than 5 Ω.

At the approach of a high-voltage line with reinforced concrete and metal supports installation of tubular arresters is not required, if grounding resistance of the high-voltage line approach on the length of not less than 250 m makes up not more than 10 Ω.

If there is an inserted cable of any length, a valve-type arrester of the IV group as per the GOST 16357-83 must be installed directly prior to the cable. The grounding terminal of the arrester must be connected to the cable metal sheaths and the grounding electrode along the shortest route (fig. 4.2.19, b). Valve-type arresters of the I group and protection capacitors of 0.5 μF per phase must be installed at the electrical motor.
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Fig. 4.2.19. Schemes of protection of electrical motors with a capacity up to 3 MW at the approach of a high-voltage line on wooden supports 

PROTECTION AGAINST INTERNAL OVERVOLTAGES

4.2.170. In 6-35 kV electric mains where compensation of one-phase ground short circuit current capacitance is required, the capacitance of the main phases in relation to ground by location of line phases and carrier-current communication capacitors on different phases of the lines should be equalized. The degree of unsymmetry of capacitance per phases in relation to ground must not exceed 0.75%.

The places of installation of ground-fault grounding neutralizers must be chosen with the network configuration, possible division of the network into parts, possible emergency modes, impacts on railroad automatic blocking circuits and communication lines taken into account.

It is not allowed to connect ground-fault grounding neutralizers to transformers:

a) connected to buses via fuses;

b) having connections with the network which capacitance current is compensated only by one line.

The power of ground-fault neutralizers is selected according to the value of the total capacitance current of ground short circuit of the main with its development for the next 10 years taken into account.

4.2.171. In 110-220 kV mains operating with grounded neutral and having insulation in accordance with the requirements of the GOST 1516.1-76* and increased as against the GOST 1516-73 level of insulation of 150 and 220 kV windings of power transformers (autotransformers), special measures for limitation of internal overvoltages is not required.

150 and 220 kV windings of transformers (autotransformers) with the level of insulations as per the GOST 1516.1-76*, as well as 330 and 500 kV windings of transformers (autotransformers) must be protected from internal overvoltages by valve-type arresters of РВМГ series installed in accordance with the requirements of 4.2.151. 

4.2.172. In 3-35 kV electric mains where the compensation of one-phase ground short circuit capacitance current is not used and generators and synchronous compensators with direct water cooling of stator windings are not available, as well as in 3-35 kV electric circuits which may be separated from ground-fault grounding neutralizers and from these generators and synchronous compensators at the moment of automatic switching off and operating switching during the search for the place of a ground short circuit, repair and routine testing of electric equipment, measures must be taken to prevent spontaneous displacement of the neutral: a resistor for 25 Ω designed for a long term passage of 4 A current must be included in the circuit connected in open triangle of the 3-35 kV voltage transformer secondary winding used for insulation monitoring.

In 3-35 kV electric circuits which may be disconnected from electric mains with the compensation of capacitance current and generators and synchronous compensators with direct water cooling of stator windings, a resistor for 25 Ω and a device making possible its disconnection must be included in the circuit connected in open triangle of the voltage transformer secondary winding used for insulation monitoring.  

In addition, in the circuits of generator-transformer units and synchronous compensator-transformer units it is necessary to implement another similar resistor which automatically shunts permanently operating resistor upon occurrence of ferroresonance. 

In 3-35 kV electric mains and circuits where measuring of phase voltages in relation to ground (insulation monitoring) or zero sequence voltage is not required, it is recommended to use voltage transformers which primary windings have no connection with ground.  

In 3-35 kV electric mains and circuits of connections where ground-fault neutralizers or generators (synchronous compensators) with direct water cooling of stator windings are available, facilities for prevention of spontaneous displacement of the neutral are not required.

4.2.173. In 330 and 500 kV mains measures must be taken to limit long term increase of voltage and facilities must be used for protection from switching surge voltage depending on the length and number of lines, the main scheme, type of breakers, the capacity of transformers and other parameters.  The need to limit long term increase of voltage and switching surge voltage, requirements to facilities of protection and evaluation of correctness of their selection are established on the basis of overvoltage calculations.  Permissible increase of voltage for 330 and 500 kV equipment must be determined depending on the duration of its impact.

4.2.174. Switching surge voltages in 330 and 500 kV mains must be limited to the rated ratio equal to 2.7 and 2.5 respectively.

In order to limit switching surge voltages dangerous for equipment, combined valve-type arresters, voltage electromagnetic transformers and other devices, as well as their combination with measures for limitation of long term increase of voltage (installation of shunt reactors, different circuits, system automatic devices) should be used on high-voltage lines. Means of protection from overvoltage of 330 and 500 kV equipments should be selected on the basis of calculation of internal overvoltage in power transmission.

4.2.175. For 220-500 kV switchgears with air circuit breakers measures should be taken for prevention of ferroresonance overvoltage occurring during sequential switching on of voltage transformer and voltage capacitance divider breakers.

COMPRESSED-AIR FACILITIES

4.2.176. To supply air to electrical devices (air circuit breakers, compressed-air drives for oil breakers and disconnecting links) of electric power plant and substation switchgears a compressed-air installation consisting of a stationary compressor unit and air distribution network must be used. The failure or repair of any element of the compressed-air installation must not interrupt the normal operation of the installation. 

4.2.177. Air supplied to devices must be cleaned from mechanical impurities and dried. The relative humidity of the dry air must comply with the requirements of the apparatus design.

4.2.178. To produce dry air the compressor unit must have two stages of pressure: 

a) compression (high) pressure – for compressors and air collectors-accumulators of compressed air chosen on the basis of maintenance of the required relative humidity of compressed air for the switchgear electric equipment;

b) operating (rated) pressure for air distribution network in accordance with the rated pressure of air of the switchgear electric equipment.

Systems of compression and operating pressures must be interconnected by by-pass valves.

4.2.179. Active compressor output must be chosen in a way to maintain:

1. In the installations with compressors with a pressure up to 5 MPa:

a) 0.5 h of continuous operation with a two-hour pause;

b)  pressure buildup in air collectors of compression pressure reduced for venting of air circuit breakers and leakage of the whole system for 2 h during the stop of the compressors for 0.5 h.  

2. In the installations with compressors with a pressure of 23 MPa:

a) 1.5 h of continuous operation with a two-hour pause;

b) pressure buildup in air collectors (conditions are similar to those set forth in clause 1.b) for 1.5 h.

With any number of active compressors one must be provided as a reserve.

For supply of air to the breakers of substations and switchgears of industrial enterprises it is allowed to use the plant compressed-air installation provided it complies with the requirements of the present chapter.

At substations with one oil breaker with compressed-air drive, one compressor must be installed (without reserve compressor).

4.2.180. Resupply of air in tanks of electric devices in operating and emergency modes must be carried out with the air reserve in air collectors of compression pressure.   

The capacity of air collectors must cover the total air consumption (with reserve compressors):

a) in the operating mode - for venting of air circuit breakers and leakage of all the system for 2 h, when compressors do not work. In this case, residual pressure in air collectors must be in a way to ensure the required drying of air in electric devices;

b) in the emergency mode – for restoration of pressure in the tanks of air circuit breakers (to the minimum permissible value as per conditions of breaker operation) during simultaneous opening of the maximum number of breakers allowed as per the mode of operation of electrical installations with the operation of protections and automatic reclosers taken into account. In this case, the minimum pressure of compressed air in air collectors must exceed the maximum rated pressure of compressed air in devices:
by 25-30% - in the installations with compressors up to 5 MPa;

by 80% - in the installations with compressors of 23 MPa.

4.2.181. Calculations should assume that the beginning of the emergency mode with switching off of many breakers coincides with the moment of periodical startup of the compressor unit (i.e. when the pressure in air collectors reduced to the startup pressure of the compressor).

4.2.182. Air collectors with pressure up to 5 MPa must be fitted with: a spring protection valve, an indicating manometer with a three-way cock, a discharge valve, an opening with a plug for air venting during hydraulic testing, an access hole or manhole (for examination and cleaning), chokes with flanges for connection of air lines, and supports.   

Electrical heating switched on manually prior to discharge of condensate during ice melting must be used for the air collector discharge valve.

To maintain a higher level of drying of compressed air collectors (not less than three) should be connected in series. 

4.2.183. For every group of three bottles air collectors with pressure of 23 MPa must have an indicating manometer with a three-way cock, a protection valve and condensate collector with automatic blowing. The lower part of air collectors must be located in a special thermal enclosure with automatic electrical heating.

4.2.184. Non-return valves must be installed between end water and oil separator in compressor unit and air collectors.

4.2.185. By-pass valves must maintain the pressure in the air distribution network and in the tanks of air circuit breakers in accordance with the values specified by the manufacturer assuring rated breaking capacity and reliable operation of breakers in the mode of unsuccessful automatic reclosing. 

Throughput of by-pass valves and air lines of the distribution network must assure within 3 min at most the restoration of pressure (to the minimum permissible value as per conditions of operation of breakers) in the tanks of breakers which can open simultaneously during the cycle of unsuccessful automatic reclosing.  

In the normal mode the by-pass valve must, as a rule, assure continuous bypass of the small amount of air to compensate losses due to leakage and venting in the system downstream of the valve.    

4.2.186. For each value of the rated pressure of switchgear electric devices a separate air distribution network fed from the compressor unit via at least two by-pass valves must be constructed.

4.2.187. By-pass valves must be fitted with electromagnetic control. 

Control of automatic devices switching on and off by by-pass valves must be carried out independently from the mode of operation of compressors. Control of electromagnetic drives of by-pass valves must be carried out by contact pressure gauges installed in pressure gauge cabinet of outdoor installation in the circuit of working pressure near breaker to the compressor unit, closest in terms of air flow. 

4.2.188. Compressor unit must be completely automatic and it must operate without permanent attendance of staff.

Compressor unit must be fitted with automatic control, maintaining pressure in air collectors and tanks of breakers within prescribed limits.  

Automatic control circuit of a compressor unit must allow automatic startup and stop of operating and standby compressors, automatic blowing (draining water and oil) of water and oil separators, automatic control of by-pass valves and protection of compressor units during damage and failures.   

Compressed-air installation must be fitted with a signaling system operating upon disruption of its normal operation. 

4.2.189. Construction of automated compressor units with machines with an output up to 5 m3/min in switchgears is subject to the applicable Rules for Construction and Safe Operation of Stationary Compressor Units, Air Pipelines and Gas Pipelines of the State Committee for Industrial and Mining Safety Supervision of the USSR, except for clauses 2.13, 2.20, 2.27, 2.52, 2.55, 4.6, 4.8*. 

___________

* Agreed with the occupational safety department of the All-Union Central Council of Trade-Unions on August 19, 1975. 

4.2.190. Air collectors must comply with the applicable Rules for Design and Safe Operation of Pressure Vessels of the State Committee for Industrial and Mining Safety Supervision of Russia, except for the requirement to permanent platforms and ladders. 

4.2.191. Air collectors must be installed outdoors at a distance of 0.7-1 m from the wall of the compressor house, preferably on the shady side. A special canopy above them (for protection from sun rays) is not required. Assembling and disassembling of any air collector must be allowed without disruption of the normal operation oh the rest of them. It is allowed to install air collectors in a separate room of the building where indoor switchgear with air circuit breakers is installed.

.

4.2.192. Intake of air by compressors must be carried out from the compressor room through filters installed on the compressor.

4.2.193. Discharge valves of the compressor water and oil separators are connected to the draining system brought out outside in a pit constructed specially for this purpose. The drain pipe must have sufficient inclination and diameter to prevent its clogging and increase of pressure in the compressor water and oil separators during simultaneous use of all discharge valves.

4.2.194. A repair platform and lifting gear for performance of assembling and repair operations must be provided in the compressor unit room.

4.2.195. In the room of a compressor unit temperature of not less than plus 10 °С must be maintained in winter, and not more than plus 35 °С in summer. The room of a compressor unit must be fitted with electric heating and exhaust mechanical ventilation designed for removal of excess heat. Cooling system of compressors must be an air type with coolers installed after each stage of compression.

4.2.196. Compressor unit must be installed on foundations not connected to the walls of the building.

4.2.197. The floor in the compressor unit room must be covered with flooring tiles or similar material; the walls must be plastered and have panels painted with oil paint up to a height of not less than 1.5 m from the floor.

4.2.198. The doors of the compressor unit room must open outside; the door locks must be instant, and the doors must open from inside without a key by dint of a handle; windows must open outside and be fitted with roundels. 

4.2.199. Air pipe distribution network must, as a rule, be of a circular type, divided into sections by shut-off valves.

Air must be supplied to the air distribution network from the compressor unit through two lines.

4.2.200. For protection of the distribution network it must be fitted with protection valves operating when pressure in the network exceeds the value of up to 1.1 of the rated pressure. Protection valves should be installed in both lines of the supply main of the air distribution network near the cabinet of manometers specified in 4.2.187. 

4.2.201. Line water separators are installed outside the rooms of a compressor unit in both lines of the supply main of the air distribution network. The line water separator must be fitted with a discharge valve and a choke with flanges for connection of air inlet and outlet pipes.

4.2.202. Air pipelines and fittings of the distribution network must be accessible for maintenance.

4.2.203. Air pipelines of the distribution network can be installed exposedly on the structure and stands under the equipment in cable tunnels, channels and trays together with cables, and in closed rooms – on walls and ceilings as well. 

4.2.204. Air pipelines should be laid with an inclination of 0.3% with discharge valves for blowing the network installed at lower points. Branch lines to devices should be laid with an inclination of 0.3% towards the main line.

4.2.205. For compensation of temperature deformations compensators made of pipes of the same diameter as the main air pipeline must be used in air pipeline distribution network. 

4.2.206. Air pipelines of a compressor unit, distribution network branch lines to control cabinets must be made of weldless steel pipes, for a pressure of 23 MPa – of stainless steel, air pipelines from control cabinets to air circuit breaker tanks – of copper pipes. Air pipelines between cabinets and compressed-air drives of disconnecting links should be made of steel pipes. The radius of bends of steel air pipelines must not be less than four times of outside diameters of the pipe.

Air pipelines of compression pressure located outside the compressor unit room to air collectors and within the limits of the wall they run through must be covered by heat-insulation. 

4.2.207. Steel air pipelines must be butt-welded, joints with fittings must be flanged.

Tubes with an internal diameter of 6-8 mm can be joined by flanges or nipples.   

4.2.208. Internal parts of shut-off valves, non-return and protection valves installed downstream of breaker filters must be resistant to corrosion.

4.2.209. Internal surfaces of air collectors and line water separators must be cleaned of rust and have anticorrosion coating.

4.2.210. External surfaces of air collectors and line water separators installed outdoors must be painted with light tone all-weather paint.

4.2.211. A shut-off valve, filter, non-return-valve and manometer in the branch line to the air circuit breaker must be installed in a special distribution cabinet (supplied together with the breaker) and fitted with an electrical heater. 

4.2.212. All elements of the compressed-air installation must be accessible for dismantling and cleaning.

OIL FACILITIES

4.2.213. For maintenance of oil-filled equipment of substations at enterprises of network districts of an energy system centralized oil facilities fitted with tanks for storage and treatment of oil, pumps, installations of purification and recovery of oils, mobile oil purification and decontamination plants, tanks for oil transportation must be constructed. Location and capacity of centralized oil facilities are determined by the design of the organization operating the energy system.

4.2.214. At electric generating plants, substations of 500 kV regardless of the capacity of installed transformers and at substations of 330 kV with transformers of a capacity of 200 MV·A and more, located in remote and hard-to-reach areas, oil facilities with the equipment for treatment of oil should be used.

Oil storages of each oil facility must include:

a) at thermal power plants– 4 tanks of turbine oil and insulating oil; 

b) at hydroelectric power plants – 3 tanks of turbine oil and insulating oil; 

c) at substations – 3 tanks of insulating oil.

The capacity of each tank must not be less than:

for turbine oil – the capacity of oil system of one unit and resupply of oil in the amount of 45-day requirement of all units for thermal power stations and 10% of the unit capacity for hydroelectric power plants;

for insulating oil – the capacity of one largest transformer with a reserve of 10%.

Depending on the availability of mobile installations for oil treatment and transport facilities between a substation and a centralized oil facility of the energy system, the oil facility workshop may not be fitted with all stationary installations for oil treatment or may not be constructed at all. In the latter case, it is necessary to construct a workshop with a collector for connection of a mobile oil treatment installation for insulating oil.

4.2.215. At substations of 110 kV and higher with tank-type oil breakers of 110 kV and higher an outdoor oil storage consisting of two stationary insulating oil tanks must be constructed. The capacity of each tank must not be less than the volume of oil of three tanks of the largest breaker with a reserve for resupply of not less than 1% of the total amount of oil filled up in substation devices and transformers. 

Oil storages should not be constructed at substations with tank-type oil breakers: 

a) with good transport facilities between substations and a centralized oil facility of the energy system;

b) with the number of oil breakers at a substation of not more than two;

c) at substations of a deep input located within town limits.

4.2.216. At substations with synchronous compensators two stationary turbine oil tanks must be constructed regardless of the number and capacity of insulating oil tanks. The capacity of each tank must not be less than 110% of the oil system volume of the largest synchronous compensator installed at this substation.

4.2.217. At the rest of substations, except for those specified in 4.2.214 and 4.2.215, oil facilities and oil storages must not be constructed. The delivery of dry oil is carried out in mobile tanks or truck tankers from the centralized oil facilities of energy system network areas.

4.2.218. Stationary oil lines must not be laid to oil breakers and transformers of all voltages. Oil must be drained and filled up with the use of standard oil lines and tanks (truck tankers).

At 330 and 500 kV electric generating plants and substations stationary oil lines should be laid from an oil facility workshop or machine room to the room of transformer repair (to a transformer tower at substations or an assembly area of an electric generating station plant room) and to an oil storage as well as to the place of draining of oil from tanks.   

Stationary oil lines should be made of steel pipes joined by welding (except for joints with fittings).

4.2.219. An oil facility for electrical installations of industrial enterprises must be constructed taking into account the requirements of Technological Design Standards. Design of Industrial Enterprise Electric Supply. Technological Design Standards (1994, JSC VNIPI Tyazhpromelectroproekt).

4.2.220. Oil storage tanks must be fitted with air drying filters, oil level indicators, a sample draining valve on the emptying fitting.  

4.2.221. The distances from tank walls to outdoor oil storages must not be less than:

a) to buildings and structures of electric generating plants and substations (including to a transformer workshop): to storages with total capacity up to 100 t of oil – 12 m; to storages of more than 100 t – 18 m;

b) to residential and public buildings – by 25% more than the distances presented in clause "a”.

c) to an oil facility machine room – 8 m;

d) to a hydrogen bottle storage – 20 m.

INSTALLATION OF POWER TRANSFORMERS

4.2.222. The requirements of 4.2.223-4.2.263 cover the stationary installation in rooms and outdoors of power and regulating transformers (autotransformers) and oil reactors (including ground-fault neutralizers) with high voltage of 3 kV and higher and do not apply to electrical installations of special purpose.
Transformers and reactors listed in this clause are named in 4.2.223-4.2.263 with the term “transformers”.

Installation of transformer auxiliary equipment (cooling system electrical motors, instrumentation, control devices) must comply with the requirements of the relevant chapters of the present Code.

The requirements 4.2.233, 4.2.238 and 4.2.239 do not cover the installation of transformers making part of integrated transformer substations with high voltage of 10 kV and less. 

4.2.223. For outdoor installation in macroclimate areas with cold climate, transformers of special design must be used (ХЛ).

4.2.224. Transformer parameters must be selected in accordance with their operation modes. In this case, both continuous load modes and short term and jogging loads as well as long term overloads which may occur during operation must be taken into account. This requirement covers all windings of multiwinding transformers.

4.2.225. Transformers must be installed in a way to ensure easy and safe conditions of observation of the oil level in oil indicators without removal of voltage. 

For observation of the oil level in oil indicators lighting for oil indicators must be provided in darkness hours if general lighting is not sufficient.

4.2.226. Transformer gas relays must be provided with a safe access for observation and taking of gas samples without removal of voltage. For this purpose transformers with a height of 3 m and more from the railhead to the tank cover must be fitted with a fixed ladder. 

4.2.227 On transformer covers and tanks it is allowed to install valve-type arresters of not more than 35 kV corresponding to the requirements of the GOST applicable to arresters installed on the cover of a transformer.

4.2.228. For transformers fitted with rolls guides must be installed on foundations with guides. Stops must be used on both sides of the transformer in order to fix the transformer on the guides. 

Transformers weighing up to 2 t which have no rolls may be installed directly on a foundation.

On transformer foundations places must be allowed for installation of jacks used for building up of the transformer inclination. 

4.2.229. Inclination of an oil transformer required to allow for the supply of gas to the gas relay must be built up by installation of pads under rolls.

4.2.230. When installing an expansion tank on a separate structure, the latter must be located so that there is no obstruction for rolling out of the transformer from the foundation. 

In this case, the gas relay must be installed near the transformer so that its easy and safe servicing can be possible from the fixed ladder. The transformer cubicle gantry may be used for the expansion tank installation.  

4.2.231. Transformers must be installed so that the end of the exhaust pipe is not directed to the equipment installed nearby. To comply with this requirement it is allowed to install a protection board opposite the pipe end.

4.2.232. Along the tracks for transportation as well as near foundations of transformers weighing more than 20 t anchors must be installed for fixing hoists, guide pulleys, tackles used for transportation of transformers on their rolls in both directions. At places of change of direction pads for installation of jacks must be provided.

4.2.233. The clear distance between transformers installed outdoors must not be less than 1.25 m.

The above-mentioned distance is assumed to the most projecting parts of transformers located at a height of less than 1.9 m above ground level.

Separating partitions must be installed between outdoor transformers of 110 kV and more (both three-phase and one-phase transformers) with single-unit power of 63 MV·A and more and between them, and transformers of any power (including regulating, auxiliary etc.), if the clear distance between transformers is assumed less than 15 m for free standing transformers and less than 25 m for transformers installed along the external walls of buildings of electric generating plants at a distance from wall of less than 40 m.

Separating partitions must have fire resistance rating of not less than 1.5 h, the width - not less than the width of the oil receiver (gravel bedding) and the height not less than the height of high voltage inputs. Partitions must be installed outside the oil receiver. The clear distance between transformers and a partition must be not less than 1.5 m.

If auxiliary or regulating transformers are installed with a power transformer fitted with an automatic fixed fire extinguishing unit and are connected within the area of protection against internal damage of the power transformer, it is allowed to utilize an automatic fixed fire extinguishing unit of the auxiliary or regulating transformers united with the power transformer fire extinguishing unit instead of a separating partition.

4.2.234. Series regulating transformers must be installed in close vicinity to regulated transformers. The possibility of their transportation on the common track should be provided.

4.2.235. Transformers of 500 kV regardless of their capacity as well as 220-330 kV transformers with capacity of 200 MV·A and more must be fitted with automatic fixed fire extinguishing units. 

4.2.236. Automatic switching on of the fire extinguishing unit must be backed up by remote switching on from the control panel and manual switching on. The devices of manual switching on must be located at a place not exposed to fire.

The fire extinguishing unit of a three-phase group of transformers must be switched on only upon a phase fault.

4.2.237. Every oil transformer located inside rooms should be installed in a separate chamber (see 4.2.95 for an exception) located on the first floor and isolated from other rooms of a building. It is allowed to install oil transformers on the second floor as well as 1 m below the level of the first floor in flood-free areas provided that transformers can be transported outside and oil can be removed in accordance with the requirements presented in 4.2.101, clause 2, as for transformers with the oil weight of more than 600 kg.    

If it is necessary to install transformers inside rooms above the second floor or lower than 1 m below the level of the first floor, they must have incombustible or dry filler depending on environment conditions and production process. When installing transformers inside rooms, the requirement of 4.2.80 should also be complied with.

It is allowed to install two oil transformers with capacity of not more than 1 MV·A, each having the same purpose, control and protection and considered as one unit, in one common chamber.  

Up to 6 dry transformers or transformers with incombustible filler can be installed in a common chamber if it does not cause complication of operation during repairs. 

4.2.238. For transformers installed inside rooms the clear distances from the most projecting parts of transformers located at a height of not less 1.9 m from the floor must not be less than:

a) to rear and side walls - 0.3 m for transformers with capacity up to 0.4 MV·A and 0.6 m for transformers of greater capacity;

b) form the entry side: to a door leaf or projecting parts of a wall - 0.6 m for transformers with capacity up to 0.4 MW·A, 0.8 m for transformers with capacity of more than 0.4 MV·A to 1.6 MV·A and 1 m for transformers with a capacity of more than 1.6 MV·A.

4.2.239. The floor of oil transformer chambers must have an inclination of 2% towards the oil receiver.

4.2.240. The door (gate) of transformer chambers must be constructed in accordance with 4.2.93.

It is allowed to install a barrier at a height of 1.2 m (for examination of the transformer from the threshold without coming in the chamber) directly behind the chamber door.   

4.2.241. In transformer chambers disconnecting links, fuses and load break switches, arresters and ground-fault neutralizers as well as cooling system equipment pertaining to them may be installed.

4.2.242. Each oil transformer chamber must have a separate exit outside or to an adjoining room with incombustible floor, walls and inserted floor not containing fire and explosion hazard objects, devices or production facilities. 

Chambers from where transformers are rolled out in the workshop must comply with the requirements presented in 4.2.105, 4.2.113, 4.2.115 and 4.2.120.

4.2.243. The horizontal distance from the door aperture of a transformer chamber or a built-in or adjoining substation to the aperture of the closest window or door of the room must not be less than 1 m.

Rolling out of transformers with a capacity of more than 0.1 MV·A from chambers in the internal passways with the width between buildings less than 5 m is not allowed. This requirement does not apply to chambers opening to passages and passways inside production rooms.

4.2.244. The ventilation system of transformer chambers must make possible the removal of heat generated by them (see 4.2.102) and it must not be connected with other ventilation systems.  

The walls of ventilation channels and shafts must be made of incombustible materials and have a fire resistance rating of not less than 0.75 h.

Ventilation shafts and apertures must be located so that in case of formation or ingress in them of moisture it can not flow down on transformers, or protection measures must be taken to prevent ingress of moisture from the shaft to the transformer.

Ventilation apertures must be covered with meshes with the size of cells 1 × 1 cm and protected against ingress of rain and snow through them.

4.2.245. The discharge shafts of transformer chambers built to buildings with incombustible walls, but having roofing of a combustible material, must be located at a distance of not less than 1.5 m from the building walls, or the structures of the roofing of a combustible material must be protected by a barrier wall of an incombustible material with a height of not less than 0.6 m. In this case, it is not mandatory to raise the shaft above the roof. 

The openings of discharge shafts must not be located opposite the building window apertures. When constructing ventilation outlets directly in a chamber wall, they must not be located under overhanging elements of a roof of a combustible material or under apertures in the wall of the building the chamber adjoins.

If there is a window above the door or ventilation outlet of a transformer chamber, a canopy of an incombustible material with an overhang of not less than 0.7 m should be fixed under the window. The length of the canopy must exceed the window width by not less than 0.8 m from each side. 

4.2.246. Transformers with artificial cooling must be fitted with devices of automatic startup and stop of the cooling system.

Automatic startup must be carried out depending on the temperature of upper layers of oil or the temperature of the winding and, regardless of this, as per load current of the transformer.

4.2.247. When using removable cooling devices or cooling devices of the system ДЦ they must be located in a way not to impede rolling out of the transformer from the foundation and allow their repair during the transformer operation. The air flow from the blowers must not be directed to the transformer tank.

4.2.248. Location of cooling device valves must allow an easy access to them, disconnection of the transformer from the cooling system or a separate cooler from the system and rolling out of the transformer without draining of oil from coolers.

4.2.249. Cooling columns and other equipment in the cooling system Ц must be installed in a room where temperature does not decrease lower than plus 5 °C.  

When required, heating must be provided. 

4.2.250. The external oil lines of cooling systems ДЦ and Ц must be made of stainless steel or corrosion proof materials. 

Location of oil lines near a transformer must not impede the maintenance of the transformer and coolers and must assure minimum work during the transformer rolling out. If required, platforms and ladders making possible an easy access to valves and blowers must be constructed. 

4.2.251. For monitoring of operation of the systems ДЦ и Ц oil pumps and water pumps a manometer must be installed on each pump. When using strainers, manometers must be installed at the input of oil in the strainer and at the output from the strainer.  

4.2.252. When using remote cooling system consisting of separate coolers, all single and twin coolers located in one raw must be installed on a common foundation.  

Group cooling installations can be located both directly on the foundation and on rails laid on the foundation, if these installations must be rolled out on their rolls. 

4.2.253. Control cabinets of an electrical motor of cooling systems ДЦ, Д and Ц must be installed outside of the oil receiver. Hanging of a control cabinet on the transformer tank is allowed if the cabinet and equipment installed in it are designed for operation in the conditions of vibration generated by the transformer.

4.2.254. Transformers with artificial cooling must be fitted with a signaling system operating upon interruption of circulation of oil, cooling water or stop of blowers as well as upon automatic switching on of a backup cooler or backup power supply. 

4.2.255. For the cabinets of drives of the devices of voltage regulation under load electric heating with automatic control must be provided.

4.2.256. Adsorption tanks designed for purification of oil in transformers and installed in the cooling system Ц must be located in a room the possibility of replacement of adsorbent on the spot must be provided. 

4.2.257. Elastic tanks of nitrogen protection of transformer oil must be protected from solar irradiation and exposure to a temperature less than minus 35 °C.

4 2.258. For repair without dismantling of the active part of transformers up to 330 kV with the weight of the enclosure or removable part of not more than 25 t combined gantries must be used, or the possibility of lifting of the enclosure or removable part of the transformer must be provided by mobile cranes or standard gears. In this case, rolling back of the enclosure or active part and installation of a standard device (top) for the active part closing must be assured.

4.2.259. Stationary devices for repair of transformers without dismantling the active part (towers fitted with overhead cranes) must be provided:

at 500 kV substations and 330 kV substations with transformers of 200 MV·A and more located in hard-to-reach or remote places from where delivery of transformers to repair plants is not expedient;  

at electric generating plant outdoor switchgears with installed transformers if it is impossible to deliver the latter to the construction site of a hydroelectric power plant or repair floor of a thermal power station machine room.

4.2.260. If at substations up to 330 kV there are transformers without a movable enclosure with the weight of the removable active part of more than 25 t, stationary or standard lifting gears connected to the foundation of the transformer by a railway track must be provided for repair.  

4.2.261. With outdoor installation of transformers along the machine room of an electric generating plant it must the possibility to move the transformer to the place of repair without its disassembling, removal of inputs and dismantling of supporting structures of current distributors, gantries, busbar bridges, etc. must be provided 

4.2.262. For disassembling and assembling of the units of a transformer and a cooling system an access for truck cranes with an appropriate lifting capacity and boom length must be provided, or other methods of mechanization of assembly operations at the place of installation of the transformer must be envisaged.

4.2.263. Lifting capacity of the crane in the transformer tower must be rated for the weight of the transformer enclosure.

Chapter 4.3 

CONVERTER SUBSTATIONS AND INSTALLATIONS 

SCOPE, DEFINITIONS

4.3.1. The present chapter of the Code covers stationary converter substations and installations with semiconducting converter units with a capacity of 100 kV and more in one unit designed for supply of power to industrial consumers.

The Code does not apply to the traction substations of electrified railroads and special converter installations, e.g. for gas cleaning, laboratories etc. 

4.3.2. Converter substations and installations must comply with the requirements of other chapters to the extent they are not modified by this chapter. 

4.3.3. A converter unit is a set of equipment consisting of one or several semiconducting converters, transformer as well as devices and equipment required for startup and operation of the unit. 

A semiconducting converter is a set of semiconducting rectifiers (uncontrolled or controlled) mounted on frames or in cabinets with the system of air or water cooling, as well as devices and equipment required for startup and operation of the converter. 

4.3.4. The voltage class of separate elements of a converter unit in accordance with which minimum permissible distances are set between energized parts, and from the latter parts to ground, guards as well as the width of passages, the necessity of door blocking are determined: 

1) for transformers, autotransformers, reactors – as per the maximum effective value of voltage between each of two leads, as well as between each lead and grounded parts of these devices;

2) for semiconducting converter - as per the maximum effective value of voltage between every two leads on the side of alternative current.

The voltage class of a complete device consisting of a converter, transformer, reactor, etc. mounted in the common body shall be determined by maximum voltage values specified in clauses 1 and 2. 

GENERAL REQUIREMENTS

4.3.5. At converter substations and installations designed for supply of power to industrial consumers semiconducting converters must be used.

4.3.6. At converter substations and installations provisions must be made for limitation of: 

impact of a substation (installation) on electric energy quality in the supply main up to the values specified in the GOST 13109-87 *;

interference generated by a substation (installation) up to values specified in All-Union norms of allowable man-made interference. 

4.3.7. At converter substations and installations devices for reactive power compensation to the extent determined by technical-economic calculations must be used.

4.3.8. Level of redundancy of power supply for auxiliaries of converter substations and installations must comply with the level of redundancy of power supply for converter units.

4.3.9. Converter substations and installations must be equipped with telephone communications as well as with a fire alarm system and other types of alarms required by the operatinal conditions.

4.3.10. Converter substations and installations must be fitted with devices for blowing of electric equipment by dry compressed air free of dust and oil at a pressure of not more than 0.2 MPa from a mobile compressor or from a compressed air network as well as by industrial mobile vacuum cleaners.

4.3.11. For installation, disassembling and assembling of converters and other equipment, as a rule, standard lifting and transport devices and mechanisms (both stationary and mobile mechanisms) should be used. 

4.3.12. At converter substations and installations power supply points must be implemented for portable electro-driven tools, machines for room cleaning and portable lights. A voltage not exceeding 42 V is used for portable lights.

PROTECTION OF CONVERTER UNITS

4.3.13. Depending on standard capacity and primary voltage the transformer of a converter unit must be fitted with the following types of protection: 

1. Maximum immediate-action current protection against multiphase short circuits in windings and on leads of the transformer, and, if possible, against short circuits in the converter, delivering a trip command.

For operative current the protection must be tuned away from magnetization current inrushes upon switching on of an unloaded transformer and from possible load current inrushes; as a rule, protection must be selective in relation to circuit breakers on the side of rectified voltage and to the fuses of semiconducting converters.

Protection must operate at all specified values of the secondary voltage of a transformer for possible values of transformation ratio.

In installations with the primary voltage of more than 1 kV maximum current protection must, as a rule, be a two-phase protection with three relays.  

In installations with the primary voltage up to 1 kV the transformer protection should be implemented with a circuit breaker having maximum current release devices in two phases with an insulated neutral and in three phases with a dead-earth grounded neutral of the primary voltage main. 

2. Gas protection from internal damage and reduction of oil level in the transformer.

Gas protection must be installed on transformers with a capacity of 1 MV·A and more, and for intrashop converter substations and installations - on transformers with a capacity of 0.4 MV·A and more. The gas protection must operate to deliver a signal at weak gas formation and the oil level reduction and deliver a trip command at intensive gas formation.

Depending on the presence of the staff or the time of their arrival after signal appearance as well as the design of a gas relay, protection may operate to deliver a trip command upon further decrease of oil level. For protection against the decrease of oil level a separate level relay can be installed in the transformer expansion tank.

3. Protection against pressure increase (pressure relay) must deliver a signal for sealed transformers with a capacity up to 0.63 MV·A and trip command for sealed transformers with a capacity of more than 0.63 MV·A.   

4. Protection against overvoltage on the side of the secondary voltage of a transformer with a rectified voltage of 600 V and more. 

5. A film cutout installed in the neutral or the phase on the side of low voltage of a transformer with the secondary voltage up to 1 kV.

Tripping protection devices must deliver a trip command to a breaker installed on the side of the primary voltage of a transformer and, if need be, a circuit breaker on the side of rectified current of a converter unit. 

4.3.14. Depending on the capacity, the value of rectified voltage, type and mode of operation, in addition to protections as per 4.3.13, a semiconducting converter must be fitted with: 

1. Quick-break fuses in each parallel branch for protection of separate or several valves connected in series. Upon blowing of one or more fuses, converter unit must switch off automatically. A signaling system responding to the fuse blowing should be provided. 

2. A high-speed non-polarized circuit breaker in one pole on the side of rectified voltage for protection from pole-to-pole faults downstream of the converter and for protection from breakdown of the transverter in reversible converter units during operation as per the diagram unit – converter – consumer. 

The number of circuit breakers required for protection of the converter is determined in addition by the diagram of power circuits of the converter and consumer. 

3. Protection of control pulse removal or control pulse shift towards the increase of the thyristor convertor control angle for prevention of over-currents.  

4. A high-speed non-polarized circuit breaker in one pole during operation of one or parallel operation of several semiconducting converters to common collecting buses.

5. Protection from internal and external overvoltages. 

4.3.15. Converter unit must be fitted with protection, monitoring and alarm units operating in the following abnormal conditions:

1. Exceeding of permissible temperature of oil or incombustible liquids of a transformer.

2. Exceeding of permissible temperature of water cooling the semiconducting converter. 

3. Blowing of a fuse in the power circuit of the semiconductor rectifier.

4. Interruption of operation of the air or water cooling system. 

5. Long term overload of the converter unit.

6. Absence of control pulses.

7. Damage (decrease of level) to installation insulation.

8. Disruption of operation of other converter unit auxiliaries, interfering with normal operation.

4.3.16. At converter substations (installations) with the attendance of staff or with monitoring of their operation by a dispatcher, protection, monitoring and alarm devices specified in 4.3.15, clause1-5, 7 and 8 must operate to signal, and those specified in 4.3.15, clause 6, must operate to trip the converter unit.

At converter substations (installations) without the attendance of staff or without transmission of signals to the control center, protection, monitoring and alarm devices specified in 4.3.15 must operate to trip the converter unit.

In specific cases, depending on local conditions, devices specified in 4.3.15, clause 1, may operate to signal.  

LOCATION OF EQUIPMENT, PROTECTION MEASURES 

4.3.17. Transformer, regulating autotransformer, current-balancing reactors, anode division devices and filter reactors pertaining to one converter unit can be installed in common chamber.

Oil-filled equipment must be installed in accordance with the requirements of chapter 5.1. Integrated converter substations and installations are also covered by the requirements specified in 4.2.111, 4.2.112.  

4.3.18. Semiconducting converters can be installed together with other equipment of electrotechnical and production rooms if the environment conditions do not impede to it (strong magnetic fields, temperature, humidity, dust level, etc.). 

4.3.19. In production rooms semiconducting converters should be installed in cabinets.

4.3.20. The doors of cabinets of converters with rectified voltage of more than 1 kV, regardless of the place of a cabinet installation (electrotechnical or production room), must be fitted with blocking disconnecting the converter on the side of alternative and on the side of rectified current and not allowing to switch it on with open doors. The doors of converter cabinets installed outside of electrical equipment rooms must be fitted with internal locks unlocked with special keys. 

4.3.21. Exposed energized semiconducting converters, i.e. those having parts accessible for contact, should be installed only in electrical equipment rooms.  In this case, converters higher than 1 kV must have solid or meshed guards 1.9 m high at least. The cells of a meshed guard must be of size of not more than 25 × 25 mm. The doors of guards must have a blocking device tripping the converter without time lag both on the side of alternative and on the side of rectified current upon opening of the doors. 

4.3.22. Exposed converters up to 1 kV can be installed:

1. On the floor sections insulated from the ground. In this case, the floor must be covered with a layer of insulation below the converter itself and in the area up to 1.5 m from the converter projection. The layer of insulation must be mechanically strong enough and designed for 10-fold operating voltage of rectified current. Walls and grounded objects located at a horizontal distance of less than 1.5 m from the converter projection must be covered with the same layer of insulation to a height of 1.9 m or protected by guards insulated from the ground.

Converter must be protected by rails or a rope of insulated materials on insulated supports. The clear width of a passage from the converter to guards, walls and other objects insulated from the ground must not be less than 1 m.

2. On uninsulated floor. In this case, converters must have solid or meshed individual guards 1.9 m high at least. The doors of guards must have a blocking device similar to the cabinet door blocking device specified in 4.3.20 or be locked. In the latter case, signaling device indicating tripping of the converter both on the side of alternative and on the side of rectified voltage must be installed above the guard doors or on the wall.

Instruments installed in the converter body must be positioned and mounted so that the staff can observe the instrument indications without coming inside the guards of the converter.

4.3.23. Several exposed converters pertaining to one converter unit can be fenced with one common guard.

4.3.24. When installing exposed converters up to 1 kV on the uninsulated floor in electrical equipment rooms the horizontal distances must not be less than:

1) from energized parts of the converter to grounded guards, walls etc. on the side where converter servicing is not required - 50 mm;

2) from energized parts of one converter to the grounded parts of another converter, grounded guards, walls etc. on the operator side – 1.5 m;

3) between grounded energized parts of different converters, as well as from grounded parts of the converter to grounded guards, walls etc. on the operator side – 0.8 m; 

4) between energized parts of different converters on the operator side – 2.0 m.

The distances specified in clauses 2, 4 are set to provide access for the maintenance staff inside the guards without removal of voltage from the converters.

When installing exposed converters of more than 1 kV in electrical equipment rooms, the horizontal distances must not be less than:

from energized parts of the converter to guards, walls etc. on the side where converter servicing is not required: at a voltage of 3 kV - 165 mm, 6 kV - 190 mm, 10 kV - 220 mm;

between grounded parts of different converters, as well as from grounded parts of the converter to grounded guards, walls etc. on the operator side – 0.8 m; this distance is set to allow maintenance of the de-energized converter.

4.3.25. In installations which converter unit consists of two or more converters, and, in addition, operation of a part of converters is required with the rest of them de-energized, electrical connections of separate elements must be implemented so that tripping of each converter is allowed on the side of alternative and on the side of rectified voltages. 

4.3.26. When installing cabinets with the electric equipment of converter units in one row, the width of the passage from the side of doors or removable walls must not be less than 1 m; with the cabinet door opened at 90° the passage can be as narrow as 0.6 m.    

When installing cabinets in two rows, the width of the maintenance passage between cabinets must not be less than 1.2 m; with the doors of two opposite cabinets opened at 90° the width of the passage between doors can not be less than 0.6 m.

When installing electric equipment in cabinets on drawout trolleys the width of passages must not be less than:

with installation of cabinets in one row – the length of the trolley plus 0.6 m; 

with installation of cabinets in two rows – the length of the trolley plus 0.8 m. 

In all cases, the width of passages must not be less than the cornerwise size of the trolley.

4.3.27. Converter anodes and their coolers must be painted in a bright colour different from the colour of the other parts of the converter.

4.3.28. The body of the converter must have warning signs indicating the converter voltage at no-load.

4.3.29. In installations with semiconducting convertering units the insulation of circuits connected with valveside windings of converter transformers, control circuits and “grid” protection circuits as well as circuits which may be under the voltage potential of valveside windings upon insulation fault must sustain the following test voltage of alternative current with frequency of 50 Hz for 1 min.  
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 is rectified voltage at no-load.

The maximum of the rated voltages (effective value) effecting insulation in the tested circuit is assumed as the insulated rated voltage.  

4.3.30. The primary circuits of rectified current must have insulation corresponding to their operating voltage. 

COOLING OF CONVERTERS

4.3.31. To comply with temperature conditions of converters required by the manufacturer, the following devices must be used for their cooling. Methods of cooling, temperature of cooling water or air and their consumption are specified by the manufacturer.

4.3.32. With air cooling of converters the content of dust in air must not exceed 0.7 mg/m3. At a higher concentration of dust air cleaning must be envisaged.

4.3.33. With air cooling of converters the air line of each converter must have a louver (gate valve) allowing interruption of air supply to a converter keeping the supply of other converters. 

4.3.34. When cooling converters with water a closed circulation circuit should be used, as a rule.

The chemical and physical properties of water (chemical composition, electrical conductivity, hardness, content of mechanical impurities) must comply with the requirements of the manufacturer. 

4.3.35. When cooling converters by water from running water system and circulating system, pipelines supplying and removing cooling water must be insulated from the cooling system having the voltage potential of the converter.

Insulation must be implemented as insulating tubes or hoses between the converter and heat-exchanger (for a circulating system) and between the converter and water pipeline (for running water system).  The length of insulating tubes and hoses must not be less than that specified by the manufacturer. When using the running water system the insulation between the converter and discharge tube can be implemented by dint of water jet running freely in a receiving cone.

4.3.36. When anticorrosion solutions with a high conductivity are used as a cooling liquid, the equipment of a cooling installation (heat-exchanger, pump, heaters) having in this case the voltage potential of the converter body must be installed on insulators, and the pipelines between the cooling installation and the converter, if contact is possible during the operation of the converter, must be made of insulating tubes or hoses. Cooling water should be supplied to the heat-exchanger through an insulating insert (hose or tube). If the cooling installation is located outside the converter guard, it must have a meshed or solid guard meeting the requirements of 4.3.22, clause 2; in this case, the guard door blocking device must ensure switching off of the heat-exchanger pump and heater upon the door opening. 

4.3.37. Valves regulating the amount of cooling water must be installed in a safe place easy for servicing. Depending on the place of their location, they must be insulated from the earth or grounded. 

4.3.38. Level of redundancy of water supply for a converter substation (installation) must comply with the level of redundancy of its power supply.

4.3.39. To monitor the operation of cooling devices adequate amount of instruments and devices (thermometers, manometers, pressure and flow relays, flow rate meters etc.) must be installed.

HEATING, VENTILATION AND WATER SUPPLY

4.3.40. In the rooms of converter substations and installations heating must be provided.

4.3.41. In cold period with non-operating equipment, the heating system must maintain the temperature of not less than: in a converter unit room - + 16 °C, in a heat-exchanger room + 10 °C. In the rest of the rooms the temperature specified in sanitary standards must be maintained.

4.3.42. In summer the air temperature in the working area of the rooms of converter substations and installations must not exceed the temperature of ambient air by more than 5 °C; in this case, the maximum temperature must not be higher than +40 °C.

4.3.43. In the rooms of a substation (installation) measures must be taken for removal of excess heat released by converter units, devices, resistors and other equipment during operation of the installation.

4.3.44. The system of general ventilation used for removal of excess heat from rooms must include facilities for cleaning of air from dust.

4.3.45. It is recommended to install that separate ventilation systems on the first floor, basement and other insulated premises. It is allowed to construct the general ventilation system with controllable louvers (gate valves), allowing the interruption of air supply to separate rooms in case of fire.

4.3.46. Converter substations and installations must have a supply of water based on requirements for cooling of converter units and for sanitary-engineering installations.

4.3.47. The water pipeline must be fitted with strainers preventing ingress of impurities in the cooling system of converters. 

CONSTRUCTION PART

4.3.48. Converter substation buildings and converter unit rooms should be classified as industrial premises of category D according to the SNiP.

4.3.49. Converter room walls must be plastered and painted with oil paint up to the ceiling, the latter – limewashed. Painting and finishing of the rest of the rooms are carried out according to their design. 

4.3.50. The floors of converter rooms must have covering preventing the formation of dust (e.g. cement with marble aggregate or flooring tiles).

4.3.51. In inserted floors and walls of the rooms assembling hatchways and apertures for transportation of heavy and bulky equipment should be made. The hatchways must be located in the area of operation of a lifting unit. The hatchway overlap must have the same fire resistance rating as the inserted floor where the hatchway is located.

4.3.52. The basement of rooms must have waterproofing and a drainage system. 

4.3.53. Cable tunnels entering converter substation buildings and converter unit rooms at the place where they adjoin buildings (rooms) must be separated from them by partitions with fire resistance rating of 0.75 h, and doors with fire resistance rating of not less than 0.6 h. Doors must open towards the room of the substation (installation) and have an instant lock which can be opened without a key from the side of the tunnel.

Chapter 4.4 

BATTERY INSTALLATIONS 

SCOPE

4.4.1. The present chapter of the Code covers stationary installations of acid storage batteries.

The Code does not apply to installations of the battery of special purpose.

4.4.2. The rooms of batteries where the latter are charged at a voltage of 2.3 V per element are classified as explosion-hazard premises of the class C-Ia (see also 4.4.29 and 4.4.30).

The rooms of batteries operating in the mode of permanent recharging and charging with voltage up to 2.3 kV per element are explosion-hazard premises only during the period of forming of batteries and charging after their repair with a voltage of more than 2.3 V per element. In the conditions of normal operation with a voltage up to 2.3 V per element these rooms are not explosion hazardous.

ELECTRIC PART

4.4.3. Selection of electrical heaters, lamps, electrical motors of ventilation and wiring for the main and auxiliary battery rooms as well as installation and assembling of this electric equipment must be carried out in accordance with the requirements presented in chapter 7.3.

4.4.4. The battery charger must have power and voltage sufficient for charging the battery to 90% of rated capacity for not more than 8 hours with preliminary 30-minute discharging.   

4.4.5. The battery installation must be fitted with a voltmeter with a switch and an amperemeter in the circuits of a charger, recharger and battery. 

4.4.6. Devices must be used for switching off of charging and recharging motor generators upon occurrence of reverse current. 

4.4.7. As a rule, a circuit breaker selective in relation to protection devices of the main must be installed in the circuit of the battery.  

4.4.8. The recharger must ensure the regulation of voltage on battery buses within the limits of ± 2%. 

4.4.9. The battery installations for which the mode of battery charging with a voltage of not more than 2.3 V per element is used must have a device preventing spontaneous increase of voltage to a level exceeding 2.3 V per element.

4.4.10. The rectifier units used for charging and recharging of batteries must be connected on the alternative current side via an isolating transformer. 

4.4.11. Buses of direct current must be fitted with an insulation permanent monitoring device allowing evaluation of the value of insulation resistance and operating to signal upon decrease of insulation resistance of one of the poles to 20 kΩ in a 220 V main, 10 kΩ in a 110 V main, 5 kΩ in a 48 V main and 3 kΩ in a 24 V main.  

4.4.12. For a battery a blocking device preventing the charge of a battery with voltage of more than 2.3 V per element with switched off ventilation should be used.

4.4.13. In the battery room one lamp must be connected to the emergency lighting main.

4.4.14. Batteries must be installed on racks or shelves of the cabinet. The vertical distance between the racks and cabinet shelves must allow easy maintenance of the battery. Batteries can be installed in one row if they are serviced from one side and in two rows when serviced from two sides.

In case of using of twin glass vessels they are considered as one battery.

4.4.15. The racks for installation of batteries must be made, tested and marked in accordance with the requirements of the GOST or specifications; they must be protected from electrolyte impact by heavy-duty coating.

4.4.16. Batteries must be insulated from racks, and racks – from the ground by dint of insulating pads resistant to the impact of electrolyte and its vapours. The racks for batteries with a voltage of not more than 48 V can be installed without insulating pads.

4.4.17. Passages for servicing batteries must have the clear width between batteries of not less than 1 m with location of batteries on two sides and 0.8 m – on one side. Batteries must be located in compliance with the requirements of the GOST to racks for stationary installation of electrical batteries. 

4.4.18. The distance from batteries to heaters must not be less than 750 mm. This distance may de reduced provided heat deflectors of incombustible materials preventing local heating of batteries are installed.

4.4.19. The distances between live parts of batteries must not be less than 0.8 m at a voltage higher than 65 V to 250 V during the period of normal operation (not charging) and 1 m – with voltage more than 250 V.

When installing batteries in two rows without a passage between them, the voltage between live parts of adjacent batteries of different rows must not exceed 65 V during the period of normal operation (not charging).   

Electric equipment as well as the places of connection of buses and cables must be located at a distance of not less than 1 m from open-type batteries and not less than 0.3 m from the lowest point of the ceiling.

4.4.20. Leads of batteries must be made of copper and aluminum uninsulated buses or one-core cables with acid-resisting insulation.

Connections and tappings of copper buses and cables must be implemented by welding or brazing, of aluminum ones – only by welding. The connection of buses with pass rods of an outlet plate must be implemented by welding. 

The places of connection of buses and cables to batteries must be serviced.

Electrical connections from an outlet plate from the battery room to switching devices and a switchboard of direct current must be made of one-core cables and uninsulated buses.

4.4.21. Uninsulated conductors must be painted by two layers of acid-resisting alcohol-free paint along the whole length, except for places of connection of buses, connections to batteries and other connections.  Unpainted places must be greased with petroleum jelly.

4.4.22. The distance between adjacent uninsulated buses is determined by calculation for dynamic ability. Specified distance as well as the clear distance from buses to the parts of buildings and other grounded parts must not be less than 50 mm.  

4.4.23. The buses must be implemented on insulators and fixed to them by bus clamps. 

The span between support points of buses is determined by calculation for dynamic ability (with 4.4.22 taken into account), but it must not be more than 2 m. Insulators, their attachments, parts for fastening of buses and supporting structures must be electrically and mechanically resistant to the long term impact of electrolyte vapours. The grounding of supporting structures is not required.

4.4.24. The outlet plate from the battery room must be resistant to the impact of electrolyte vapours. It is recommended to use plates of asbestos-cement, hardened rubber etc. impregnated with wax. Use of plates of marble as well as of plywood and other materials with laminated structure is not allowed. 

Plates installed in an inserted floor must rise above the latter by not less than 100 mm.

4.4.25. When selecting and calculating the battery, reduction of its capacity at a temperature in the battery room of less than +15 °C should be taken into account.

CONSTRUCTION PART 

4.4.26. Stationary batteries must be installed in the rooms specially intended for them. It is allowed to install several acid batteries in one room.

4.4.27. Battery rooms are classified as industrial premises of F category and must be located in buildings with fire resistance rating of not less than II according to fire-prevention requirements of the SNiP 21-01-97 of the Russian Federation Construction Committee.

Doors and window frames may be made of wood.

4.4.28. It is recommended to install batteries in rooms with natural lighting; for windows opal glass or glass covered by white glue water paint must be used. 

Battery rooms can be constructed without natural lighting; it is also allowed to locate them in basements.  In these cases, the use of blast relief panels is not required.

4.4.29. Portable closed-type batteries (e.g. starter batteries) used for supply of power to stationary electrical installations as well as open-type batteries up to 60 V with the total capacity of not more than 72 A·h may be installed both in a separate room with natural ventilation and a common production explosion and fire safe room, in ventilated metal cabinets with removal of air outside of the room. Portable closed-type batteries operating in the mode of discharging or permanent recharging, which are charged not at the place of their installation, can be located also in metal cabinets with blinds without removal of air outside of the room. 
If the above-mentioned conditions are observed, the explosion and fire safety class of the rooms does not change. 

4.4.30. Sealed stationary batteries charged at a voltage of not more than 2.3 V per element can be installed in a common production explosion and fire safe room provided a ventilator cowl is fixed above them. In this case, the explosion and fire safety class of the rooms does not change. 

4.4.31. The battery room must be:

located as close as possible to chargers and direct current switchboard;

insulated to prevent ingress in it of dust, vapours and gas as well as penetration of water through the inserted floor;

easily accessible for maintenance staff.

In addition, the battery room should not be located near the sources of vibration and shaking.

4.4.32. The entry to the battery room must be through the lobby. The entry from amenity rooms is not allowed.

The lobby must be of such dimensions that the door from the battery room to the lobby can be opened and closed with the closed door from the lobby to an adjoining room; the lobby area must not be less than 1.5 m2. The door of the lobby must open outside and be fitted with instant locks unlocked without a key from inside of the room.

The door must have the signs: “Battery room”, "Inflammable”, “No entry with fire”, No smoking”.

4.4.33. A separate premise for storage of acid, separators and accessories and preparation of electrolyte with the area of not less than 4 m2 must be attached to battery rooms.

4.4.34. The ceilings of battery rooms must be, as a rule, horizontal and smooth.  It is allowed to construct ceilings with projecting structures or slanted ceilings provided the requirements of 4.4.43 are complied with.   

4.4.35. The floors of battery rooms must be strictly horizontal, on concrete foundations with acid resistive covering (ceramic acid resistive tiles with seams filled up by acid resistive material or asphalt).

If racks are installed on asphalt covering, rest pads of a strong acid resistive material must be used. Installation of racks directly on asphalt covering is not allowed.

Inside the battery and acid battery rooms as well as near the doors of these rooms skirting of acid-resisting material must be fitted.

4.4.36. The walls, ceilings and window frames, ventilation ducts (on external and internal sides), metal structures and other parts of battery rooms must be painted with acid-resistant paint.

4.4.37. When installing batteries in exhaust hoods, the internal surface of the hoods must be painted with acid-resistant paint. 

4.4.38. In battery rooms with a rated voltage of more than 250 V wooden grids must be installed in maintenance passages to prevent the contact of the staff with the floor.

4.4.39. When using standard ventilation devices, places for their installation and outputs of supply and exhaust ventilation ducts to them must be provided. 

SANITARY-ENGINEERING PART 

4.4.40. Battery rooms where batteries are charged at a voltage of 2.3 V per element must be provided with stationary forced supply and exhaust ventilation.

In battery rooms operating in the mode of permanent recharging and charging with a voltage up to 2.3 kV per element stationary or standard forced supply and exhaust ventilation devices must be used for the period of forming of batteries and check recharging. 

The required volume of fresh air V, m3/h is determined by the following formula

V = 0.07Icharn,
where Ichar is the maximum charge current, A; n is the number of battery elements; in this case, the concentration of the sulphuric acid in the air of the battery room must not be more than the level specified in the SNiP 2.04.05-91* (edition 1994) of the Russian Federation Construction Committee. 

In addition, for ventilation of battery rooms natural exhaust ventilation ensuring a signle-fold change of air per hour at least must be implemented. In cases when natural ventilation can not ensure required rate of air change, forced exhaust ventilation must be implemented. 

4.4.41. The ventilation system of the battery room must be used only for the battery room and acid premise. Gases must be evacuated through the shaft rising above the building roof at least 1.5 m. The shaft must be protected against ingress of atmospheric precipitations. Inclusion of the ventilation in chimneystacks or in the common ventilation system of the building is prohibited.

4.4.42. When constructing forced exhaust ventilation, the fan must have explosion-proof enclosure.

4.4.43. Gases must be evacuated from upper and lower parts of the room on the side opposite the place of fresh air intake.

If the ceiling has projecting structures or inclination, air must be exhausted from each compartment or upper part of the space under cealing, respectively. 

The distance from the upper edge of ventilation outlets to the ceiling must not be more than 100 mm, and from the lower edge of ventilation outlets to the floor – not more than 300 mm.

The flow of air from ventilation ducts must not be directed straight to the battery electrolyte surface.

Metal ventilation ducts must not be located above open batteries.

Use of standard ventilation ducts in battery rooms is not allowed.

The air speed in battery rooms and acid premises during operation of ventilation devices must comply with the requirements of the SNiP 2.04.05-91* (edition of 1994).

4.4.44. In cold period the temperature in battery rooms at the level of location of batteries must not be less than +10 °C. 

At substations without permanent attendance of staff the above-mentioned temperature can be assumed of not less than 0 °C if the battery is selected only for switching on and off of breakers. 

4.4.45. It is recommended to heat the battery room by dint of a heater located outside the room and supplying warm air through a ventilating duct. When using electrical heating, measures must be taken to prevent ingress of sparks through the duct. 

When steam or water heating systems are constructed, they must be implemented within the battery room with welded smooth tubes. Flanged connection and installation of valves are prohibited.

4.4.46. At electric generating plants as well as substations fitted with water pipeline, water tap and sink must be installed near the battery room. Above the sink a sign “Do not pour acid and electrolyte” must be fixed.
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