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Introduction

Objectives of the present standard are determined by Federal Laws No. 35-ФЗ “On Electric Power Industry” dated 26.03.2003, No. 184-ФЗ “On Technical Regulation” dated 27.12.2002, which concern provision of conditions for reliable power supply of consumers, and of electric power quality.
Present standard of RAO “UES of Russia”, JSC (hereinafter referred to as “Standard”) specifies uniform requirements for trial schemes for power distribution by power plants on the stage of their capability assessment for connection to electric grid of UES, assessment of island power systems of Russia and on the stage of calculation payment for technological connection to electric grid under the conditions of new construction, expansion or reconstruction accompanied by increase of electric power plant capacity irrespectively of ownership pattern and electric power plant type under the conditions of feasibility study absence. The Standard serves for technological connection cost determination.

1. Sphere of Applications
The Standard specifies requirements and regulations, which should be followed by entities of operational dispatch management, generating and grid companies of Russia in the course of preliminary determination of conditions for technological connection to electric grids of unified of island energy systems of Russia, which are used to determine payment for technological connection to electric grid of UES of Russia.

The Standard is applied for specification of preliminary technical determination of power distribution, for calculation of payment for technological connection to electric grid of any electric power plants irrespectively of ownership pattern and electric power plant type.

Preliminary technical determinations of power distribution by electric power plants, developed in compliance with the present Standard, serve for calculation of payment for technological connection according to agreements on technological connection and are not obligatory for preparation of technical terms readout and for other measurements on technological connection.

Requirements as to schemes of power distribution by electric power plants, specified in the Standard, are system-based technical specifications, meeting of which is necessary to achieve demanded reliability level of electric power plant operation as a component of energy system, to achieve demanded quality of electric power supplied. Extra requirements of qualifying character as to schemes of power distribution, basic equipment, protection equipment, automatic protective and regime devices, which are mandatory for technical project implementation, are specified in other standardizing documents in effect.

In order to determine payment for technological connection of electric power plants to electric grid construction cost of required HV lines of proper voltage class is taken into account. Quantity and length of the lines are calculated on the basis of the present Standard, as well as the cost of modernization of substations, the electric power plant is connected to. The latter is calculated in compliance with chapters 4 and 5 “Consolidated Cost Figures of 35 – 750 kV Substation Construction and Construction of 6.10 – 750 kV Overhead Transmission Lines” of the Standard.

2. Normative References

The standard contains references to below defined documents in the form [ ].
1. Federal law No. 35-ФЗ “On Electric Power Industry”.

2. Federal law No. 184-ФЗ “On Technical Regulation”.

3. Standard of RAO “UES of Russia” JSC, СТО 17330282. 29.240. 001-2005. Regulation on Exclusion of Development and Liquidation of Power Interruption in Electrical Unit of Energy Systems.

4. Operation rules of electric power stations and electric grids of Russian Federation. (Approved by Order of RF Ministry of Energy No. 229 dd. 119.07.2003 and registered by Ministry of Justice of the Russian Federation, register number 4799 dd. 20.07.2003).

5. Reference book. Terminology and Definitions by RAO “UES of Russia”, JSC. (Approved by Order No. 296 dd. 11.05.2005).

6. Procedural Guidelines on Energy Systems Stability. (Approved by Order of RF Ministry of Energy No. 227 dd. June 30, 2003).

7. Enclosure No.2 to Regulation on Access of Participants in the Wholesale Market of Electric Power to Trading System of Power Industry Wholesale Market.    
8. Reference Guide on Electric Grids Design. Under the editorship of Faybisovich D.L. Moscow, “НЦ ЭНАС, Publishers”, 2006, 314 pgs.
3. Terminology and Abbreviation

The standard uses terms defined in [1, 2, 3, 4, 5, 6] and some extra terms as well.

Tie station – is a substation characterized by one of the following characteristic groups:
· the highest voltage class of 330 kV and above with at least two high voltage transmission lines and at least one transformer connected to the tie station;
· the highest voltage class of 110 – 220 kV with at least three high voltage transmission lines and at least two transformers (autotransformers) connected to the tie station.

· with aggregate capacity of the station and commissioning of new up to 30 MW generation taken into account, 35 (20) kV the highest voltage class substation with at least three high voltage transmission lines connected to the tie station;

· with aggregated capacity of the station and commissioning of new up to 2 MW generation taken into account, 10 (6) kV the highest voltage class substation with at least three high voltage transmission lines connected to the tie station;

· with at least 330 MW new generator (generating unit) capacity, 220 kV the highest voltage class substation with at least three high voltage transmission lines and at least two transformers (autotransformers) connected to the tie station.
For the present Standard objectives operating as well as provided for construction by investment program substations are taken into account in calculations. The investment program is approved by the Board of Directors of the grid organization if schedule date of the substation service entrance precedes service entrance date of new generator (generating unit) (hereinafter referred to as Investment Program of Grid Organization).

Natural power of transmission line (PЛЭПнат) – is active power transmitted over power transmission lines, providing equality of transmission line charge capacity to reactive power losses in it.   
Power capability of transmission line (PЛЭПдоп) – is active power capability transmitted over power transmission lines with rated flux.
Scheduled peak power transmitted over power lines (PЛЭПmax) – is maximum power transmitted over power lines and determined for maximum 35 kV grid in accord with power capability of the transmission line and rated flux PЛЭПmax = PЛЭПдоп taken into account; for at least 110 kV grid provisional peak power is determined according to its natural power: PЛЭПmax = K×PЛЭПнат taking into account service current capacity limitation, where K – is a modular ratio of   transmission line natural power which is estimated as 1 with at least 330 kV nominal voltage, as 1, 2 with 220 kV voltage, as 1,4 with 110 kV voltage.

 Scheduled transmission capacity of scheme of power distribution by electric power plant (PCXпред) – the sum of scheduled maximum power transmitted over outgoing power lines of all voltage classes, including transmission lines provided for construction by investment program of grid organization if schedule date of their service entrance precedes service entrance date of new generator (generating unit):  
PCXпредв =∑PЛЭПmax.
Scheduled transmission capacity of distribution substation transformers at electric power plant (PТрРУпредв)- the sum of coupling transformers’ (autotransformer’s) capacity values (STpРУном), by means of which connection of the given distribution substation with that of higher voltage class, with the capacity of the most powerful one excluded, is implemented (STpРУmax ном) with cosφ=0.85:

PТрРУпредв=(∑STpРУном- STpРУmax ном)*0.85
Scheduled transmission capacity of distribution substation at electric power plant (PРУпредв) – the sum of scheduled peak power values transmitted over outgoing power lines of the given distribution substation (PЛЭПmaxРУ) and scheduled transmission capacity of the distribution substation transformers:   
PРУпредв=∑PЛЭПmaxРУ+ PТрРУпредв
Available transfer capacity after the scheme of power distribution by electric power plant (PСХсв) is a preliminary estimated value of non-usable transmission capability after the acting scheme of power distribution by electric power plant, equal to scheduled transmission capacity of the scheme for power distribution by electric power plant, with installed capacity of generating equipment at the power plant (PГуст):

PСХсв=PСХпред-∑PГуст
Available transfer capacity of distribution substation at electric power plant (PРУсв) – scheduled transfer capacity of operating distribution substation at electric power plant with installed capacity of generating equipment of power station connected to the distribution substation excluded:

PРУсв= PРУпред-∑PГустРУ
Rated kilowatt of Generators connected to coupling transformer (autotransformer) winding of low voltage is transferred to distribution substation of lower voltage class in the process of calculation.

Key Word Combinations Used for Russian Abbreviations

HV, overhead power line – ВЛ
Cable electric power transmission line – КЛ 
Power transmission line – ЛЭП
Distribution substation – РУ
Protective relay – РЗ
Automatic protective device – ПА 

Remote control and communication – ТМиС
Project feasibility study – ТЭО

4. General Regulations and Requirements

Reliable schemes of power distribution by electric power plants are one of the basic conditions for the entire system reliability. Scheduling of basic technical determination after the schemes of power distribution in accord with the present Standard, makes it possible for entities of power engineering (grid and generating companies, transmission system operator) to determine basic regulations of technical terms for technical connection of new generating capacity units to energy systems of Russia on the basis of minimal initial data and with minimal costs when new power facilities are introduced into service and operating ones are reconstructed.  
Basic preliminary technical decisions on the schemes of power distribution by electric power stations are determined by the following transmission capacity requirements:

4.1.1. Sufficient level of transmission capacity of transmission lines as components of scheme of power distribution by electric power plant that is sum of nominal capacities of all generators at the power plant should not exceed scheduled transmission capacity according to the scheme of power distribution by power plant:     

∑PГном≤PСХпредв

4.1.2. Sufficient level of scheduled transmission capacity of distribution substation at the power plant, which is the sum of nominal capacities of generating equipment of the power station connected to the abovementioned distribution substation, should not exceed scheduled transmission capacity of the distribution substation at the power plant:   

∑PГномРУ≤PРУпредв
4.1.3. Sufficiency of distribution substation transformers which means that nominal capacity of the most significant power station transformer connected to the abovementioned distribution substation should not exceed scheduled transmission capacity of these distribution substation transformers:

MAX
                                                                    PГномРУ≤PТрРУпредв
4.1.4. Terms of sufficient transmission capacity of power transmission lines, distribution substation and distribution substation transformers should be complied with in the course of construction and power plant expansion at every construction stage.
5. Trial Scheme of Power Distribution and Design Voltage of Distribution Substations
5.1. Transmission capacity of the entire electrical facilities complex, by means of which generator is connected to distribution substation at power plant should provide complete nominal power delivery by generator to bus lines of abovementioned distribution substation.

5.2. Unit enlargement connected with connection of two and more generators to a unit transformer, which is permitted only if capacity of the enlarged unit is limited to 660 MW value maximum.

5.3. Voltage class of distribution substations and power transmission lines as components of power distribution scheme should be defined according to nominal voltage scale, adopted by energy systems of Russia: 6-10-20-35-110(157)-220-330-500-750 kV.

5.4. In the course of expansion and reconstruction of operating substation and during new power plant construction:
5.4.1. Connection of new generators to distribution substation at power station should be accomplished in the following way: 

· when the new generator’s (generating unit) capacity does not exceed 30 MW, voltage of distribution substation should not exceed 110 kV;

· when the new generator’s (generating unit) capacity equals 30 MW or does not exceed 160 MW, voltage of distribution substation should be at least 110 kV;

· when the new generator’s (generating unit) capacity equals 160 MW or does not exceed 330 MW, voltage of distribution substation should be at least 220 kV, if there is no power plant of the specified voltage class grid in the area, voltage of distribution substation the generator is connected to should be at least 330 kV;

· when the new generator’s (generating unit) capacity is at least 330 MW, voltage of distribution substation should be at least 500 kV, if there is no power plant of the specified voltage class grid in the area, voltage of distribution substation the generator is connected to should be at least 330 kV;

5.4.2. If there is no distribution substation of the required voltage class at the operating power plant, construction of a new distribution substation of the required voltage class should be provided for connection of new generators.

5.4.3. Coupling of distribution substations at a power plant should be accomplished with two and more transformers (autotransformers) engaged; nominal capacity of the engaged transformers should be at least equal to nominal capacity of the largest generator (generating unit) at the power plant, connected to distribution substation of lower voltage out of the two considered distribution substations.

5.4.4. If there is no distribution substation of required voltage class at the operating power plant, construction of new distribution substations at power plants of proper voltage class should be provisioned to implement connection of transmission lines, connecting the power plant with tie-station.

5.5. For newly constructed distribution substations at power plants of at least 220 kV typical schemes of distribution substations should be applied as a rule; the schemes provide for at least one breaker (two breakers are represented by schemes 3/2 and 4/3).

6. Power Distribution Schemes of Transmission Lines
6.1. Transmission Lines provisioned for construction should be connected to tie stations. Construction of transmission lines connecting distribution substations with one tie station by means of more than four circuits of transmission lines of the same voltage class is not allowed in the course. 
6.2. In case of distribution substation absence at the power plant, the nearest tie station functions as a distribution substation of a power plant; the tie station engaged should have voltage class of the new generator connected to it.
6.3. If the distance to the nearest tie station exceeds limit length of overhead power transmission line/cable line according to the scheme of power distribution, present Standard is not applicable.
6.4. In case power plant (site chosen for construction work) is located in a dense city zone or in industrial area where overhead line routing is impossible, cable lines or cable overhead lines may be used for connection of transmission lines to the power plant; the length of cable section should not exceed limit length pointed out in item 6.6.in these circumstances.

6.5. Implementation of transmission lines distributing power of new and developing power plants using supports for three and more circuits is not allowed.

6.6. Transmission lines of scheme of power distribution by power plant should provide the following:

6.6.1. For 35 and above kV grid – sufficiency of transmission capacity of transmission lines resulting from power capability of transmission lines. At that application of transmission line wires with different section values in distribution scheme of one and the same power plant is not allowed.

Maximum power for 35 and less kV transmission lines, determined on the basis of their power capability with normalized ampere density, is represented by table 1.
Table 1

Permissible Continuous Load of Transmission Lines (Overhead and Cable Lines)
	Voltage, kV
	Power capability, MW
	Maximum permissible length, km

	10 (6)
	2.1/4
	5/0.35

	20
	7.5/12.5
	8/0.25

	35
	9.3/19
	20/0.25


For transmission lines constructed in dimensions of abovementioned voltage class, proper increase of maximum permissible length is allowed.
6.6.2. For 110 and more kV grid sufficiency of transmission capacity of power lines results from surge impedance loading of the lines, K=1.4 coefficient value for 110 (157) kV overhead lines, K=1.2 for 220 kV overhead lines and K=1 for 330 and more kV overhead lines as well as from limit for maximum permissible transmission line length represented in table 2.
Table 2

Surge Impedance Loading and Maximum Permissible Length of Overhead Lines

	Nominal voltage, kV
	Surge impedance loading of overhead lines, MW
	Maximum permissible length of overhead lines, km

	110 (157)
	30
	80

	220
	135
	250

	330
	360
	400

	500
	900
	500

	750
	2100
	1000


For transmission lines constructed in dimensions of the following voltage class proper increase of maximum permissible length is allowed.
6.7. In case of application, data on surge impedance loading for 110-330 kV voltage class represented in table 2 are multiplied by correction coefficient 2, and for 500 kV voltage classes the data is multiplied by 1.25. At that permissible cable line length for 110-500 kV voltage classes should not exceed 10 km. For 750 kV voltage class cable lines are not applicable.

6.8. Recommended sequence for specification of trial scheme for power distribution by a new power plant is represented in Enclosure 1.

6.9. Recommended sequence for specification of trial scheme for power distribution by a power plant in expansion or under reconstruction is represented in Enclosure 3.

7. Initial Data
Initial data necessary for specification of trial scheme for power distribution by a power plant compile the following:

7.1. Area of prospective power plant construction (georeferencing).

7.2. Nominal capacity, number of generators scheduled for installation. Nominal capacities of all the generators at the power plant in total, including that of generators scheduled for installation. Voltage class of distribution substation (substations) at the power plant prospective transmission lines should be connected to according to the power distribution scheme.   

7.3. Sketch map of grids in the area of prospective power plant construction with power facilities location indicated. Investment program approved by the Board of Directors of the grid organization in its part of new transmission lines and substation construction should contain start-up dates for the power grid facilities.

7.4. Normal scheme of power system grid bonds in the area of expected electric power plant construction.   
7.5. Data on items 7.1, 7.2 is to be prepared by the investor on his own account.

7.6. Data on items 7.3, 7.4 is submitted to the investor by electric power engineering entities.

8. Presentation Form for Results of Power Distribution Trial Scheme
Trial scheme of power distribution is represented by two graphical schemes (general scheme of the power plant, power distribution scheme with tie station of the transmission system referred to) and a table with quantity and characteristics of its components indicated:

	Item No.
	characteristics
	Units of measurement

	1
	Quantity and nominal capacity of generators connected
	pcs, MW 

	2
	Quantity and voltage class of operating distribution substations
	pcs, kV

	3
	Quantity and voltage class of new distribution substations
	pcs, kV

	4
	Quantity of generator units constructed for distribution substations of each voltage class 
	pcs

	5
	Quantity and capacity of coupling transformers installed
	pcs, MVA 

	6
	Quantity and voltage class of operating overhead power lines
	pcs, kV

	7
	Quantity and voltage class of constructed overhead power lines
	pcs, kV


9. Block Schemes of Standard Application Process

Block Scheme of Standard Application Process for specification of trial scheme for power distribution by new electric power plant is represented in Enclosure 2.

Block Scheme of Standard Application Process for specification of trial scheme for power distribution by developed or reconstructed electric power plant is presented in Enclosure 4.
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1. Rules for electric installations arrangement. Chapter 1. Approved by Order of RF Ministry of Energy No. 264 dd. 30.07.2003.
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3. Reference Guide on Electric Grids Design. Under the editorship of Faybisovich D.L. Moscow, “НЦ ЭНАС, Publishers”, 2006, 314 pgs.
Enclosure 1
  Determination Sequence of Trial Scheme for Power Distribution by New Electric Power Plant

1. Specification of Trial Scheme for Power Distribution by New Electric Power Plant with One Distribution Substation Construction 

Variant No.1.

Structure Specification of Outgoing Transmission Lines of  Electric Power Plant

1.1. Using initial data (chapter 8) total plant generators’ rated kilowatt, scheduled for installation is calculated (∑PГуст).

1.2. Using data of table 1 and that of table 2 on ∑PГуст, required quantity of transmission lines of the same voltage class is defined as resulted from 4.1.1.condition:
∑PГном≤PСХпредв
Acceptability Control of the Defined Structure of Transmission Lines
1.3. The defined transmission lines’ structure should comply with the following terms:

·     to measure up the scale of nominal voltage, adopted by UES of Russia (item 5.3.),  

·  capacity of generators connected should comply with the chosen voltage class of                       distribution substation (item 5.4.1.),

·     quantity of transmission lines connecting distribution substation of the power plant with one tie station should not exceed the limit (item 6.2.),
·     preassembled length of transmission lines should not exceed the limit (tables 1 and 2).

1.4. If the defined transmission lines’ structure complies with the terms, found variant of trial scheme for power distribution by new electric power plant is admitted to further examination.
Variants No.1.2 – No. 1.N.
1.5.   Specification of two variants of trial scheme for power distribution by new electric power plant with one distribution substation construction is carried out through determination of structure of transmission lines referred to alternative voltage classes following Variant No.1 algorithm.

2. Specification of Trial Scheme for Power Distribution by New Electric Power Plant with the Construction of two Distribution Substations
Variant No.2.1.
Structure Specification of Outgoing Transmission Lines of  Electric Power Plant

2.1. Using initial data (chapter 8) total plant generators’ rated kilowatt, scheduled for installation is calculated (∑PГуст).

2.2. Using data of table 1 and that of table 2 on ∑PГуст, required quantity of transmission lines of the same voltage class is defined as resulted from 4.1.1.condition:
∑PГном≤PСХпредв
Acceptability Control of the Defined Structure of Transmission Lines

2.3. The defined transmission lines’ structure should comply with the following terms:

·     to measure up the scale of nominal voltage, adopted by UES of Russia (item 5.3.),  

·  capacity of generators connected should comply with the chosen voltage class of                       distribution substation (item 5.4.1.),

·     quantity of transmission lines connecting distribution substation of the power plant with one tie station should not exceed the limit (item 6.2.),

·     preassembled length of transmission lines should not exceed the limit (tables 1 and 2).

Choice and Control of Sufficiency Level of Transformers’ at Distribution Substation

2.4.   Variant of power plant generators distribution between distribution substations is chosen in with requirements of item 5.4.1 taken into account, quantity and capacity of coupling transformers (autotransformers) are chosen in compliance with item 5.4.3 according to the sufficiency level of transformers at distribution substation (item 4.1.3.):

MAX

                                                                    PГномРУ≤PТрРУпредв
Sufficiency Control Applied to Trial Capacity of Distribution Substation at Electric Power Plant
2.5.   To control compliance of the chosen variant for generators location at distribution substations of the power plant with the sufficiency terms for trial capacity of distribution substation at electric power plant 

for every distribution substation the following procedures are observed:

· trial capacity of distribution substation at the power plant is calculated:
PРУпредв=∑PЛЭПmaxРУ+ PТрРУпредв
· expected for connection to the distribution substation capacity of power plant generators (∑PГномРУ) is calculated.

Сhosen variant for generators location at distribution substations of the power plant is acceptable upon condition that:

∑PГномРУ≤PРУпредв
2.6.   If the defined structure of transmission lines and coupling transformers (autotransformers) comply with the terms pointed out, found variant of trial scheme for power distribution by new electric power plant is admitted to further examination.

Variants No.2.2.-No.2.N.
2.7.   Determination of alternative variants of trial scheme for power distribution by new electric power plant with two distribution substations construction is carried out though searching for structure of transmission lines of two alternative voltage classes and variants for distribution of generators among distribution substations according to Variant No.2.1 algorithm.

3. Specification of Trial Scheme for Power Distribution by New Electric Power Plant with the Construction of Three and More Distribution Substations

Determination of variants of trial scheme for power distribution by new electric power plant with the construction of three and more distribution substations is carried out through searching for transmission lines structure of proper quantity of voltage classes and variants for generators distribution among distribution substations according to Variants No.2.1 algorithm.

4. Selection of Final Variant for Trial Scheme of Power Distribution by New Electric Power Plant
Selection of final variant for trial scheme of power distribution by new electric power plant is carried out by means of engineering and economical comparison of Variants from No.1.1. up to No.N.N.

5. Selection of Scheme of Distribution Substations at Electric Power Plant
Selection of scheme of distribution substations at electric power plant including determination of quantity of circuit breakers at every distribution substation, is carried out in compliance with item 5.5.

Enclosure 2  

Block Scheme of Algorithm for Specification of Trial Scheme of Power Distribution by New Electric Power Plant (represented by Russian version)
Enclosure 3

Connection of New Generator (Generators) to Distribution Substations of Electric Power Plant
Enclosure 3. Connection of a new generator (generators) to distribution substations of electric power plant is accomplished in the following order:

Enclosure 3.1. Free capacity of the scheme of power distribution by electric power plant is determined.

Enclosure 3.2. If free capacity of the scheme of power distribution by electric power plant is absent, or is lower than nominal capacity of generator (generators) scheduled for connection, connection of the new generator without increase in number of outgoing transmission lines is unacceptable.

Enclosure 3.3. If free capacity of the scheme of power distribution by electric power plant is available, providing there are more than one distribution substation at the power plant, connection of a new generator (generators) should be accomplished in following order:
Enclosure 3.3.1. Free capacity of every distribution substation at power plant should be determined.
Enclosure 3.3.2. If distribution substations of electric power plant have free capacity, connection of a new generator (generators) to the distribution substation within the value of free capacity is acceptable.
Enclosure 3.3.3. If free capacity of distribution substations at electric power plant corresponds to or is lower than nominal capacity of generator (generators) scheduled for connection, connection of the new generator (generators) without increase in number of transmission lines outgoing to the distribution substation is unacceptable. In such a case actual lack of free capacity of power distribution scheme of the power plant is not taken into account.

Enclosure 3.3.4. For distribution substations of power plant, excepting distribution substations of the highest voltage class, increase in number of transformers (autotransformers) or in their capacity ate acceptable apart from increase in number of outgoing transmission lines when the lack of  free capacity of distribution substations is observed.

Enclosure 4        

Block Scheme of Algorithm for Specification of Trial Scheme of Power Distribution by Expanded or Reconstructed Electric Power Plant (represented by Russian version)
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