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Summary
This functional specification describes the technical requirements needed by the plant owner. It stipulates performance levels and methods for proving guarantees as well as operation and maintenance requirements.

This specification is intended to be used in conjunction with its associated commercial specification which covers contract terms and conditions. Together they will form an enquiry document to enable the Delegation of the European Commission to the Republic of Serbia (DEC) to procure environmental emissions improvements at Nikola Tesla A6 and B2 Units as identified in the European Union Large Combustion Plant Directive (LCPD) which came into force on 1 st January 2008.
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ABBREVATIONS
	BH
	Bunker House

	BO
	Boiler House

	CE
	Collecting Electrodes

	CEM
	Continuous Emissions Monitoring 

	CFD
	Computational Fluid Dynamics

	CCR
	Central Control Room

	DCS
	Distributed Control System

	DE
	Discharge (Emission) Electrodes

	EPS
	Electrical Power Industry of Serbia

	ESP
	Electrostatic Precipitators

	FDF
	Forced Draft Fan

	HFPS
	High Frequency Power Supplies

	HV
	High Voltage

	IDF
	Induced Draft Fan

	IE
	Intermittent Energization

	I/O
	Input / Out

	LV
	Low Voltage

	MV
	Medium Voltage

	PCR
	Power Control Rapping

	SCR
	Silicon Controlled Rectifier

	SCA
	Specific Collection Area

	TPP
	Thermal Power Plant

	TPP NT- A
	Thermal Power Plant “Nikola Tesla A”

	TPP NT- B
	Thermal Power Plant “Nikola Tesla B”

	T/F
	Transformer

	TR  
	Transformer / Rectifier

	SMPS
	Switch Mode Power Supplies

	SGF
	Skewed Gas Flow


1. INTRODUCTION

The Thermal Power Plant “Nikola Tesla A” is located on the right bank of the river Sava, 40 and 57 Km respectively upstream the Belgrade, near the city of the Obrenovac.

The Thermal Power Plant “Nikola Tesla A” consisted of 6 Blocks with total installed capacity of 1650 MW. There are the Blocks A1 and A2 with 210 MW each and the Block A3 with 305 MW and Blocks A4, A5 and A6 with 308,5 MW each.

The construction and commissioning works started on 1970 and had been done successively until 1978. Unit A6 commissioned on the year 1978 and since then has accumulated more than 170.000 operating hours and some 730 start ups, operating as base load Unit.

The Thermal Power Plant “Nikola Tesla B” consisted of 2 Blocks with total installed capacity of 1240 MW. There are the Blocks B1 and B2 with 620 MW installed capacity each.

The construction works at the Thermal Power Plant “Nikola Tesla B” started on 1980 and the second Block B2 commissioned on the year 1985. Since then has accumulated about 170.000 operating hours and some 470 start ups, operating as base load Unit.
2. AIMS AND OBJECTIVES

DEC requires Nikola Tesla A6 and B2 Units to comply with the most recent European and Serbian legislation in readiness for the European Union Large Combustion Plant Directive (LCPD)1 which comes into force on 1 st January 2008. This requires the Electrostatic Precipitators (ESPs) to be able to meet the 50 mg/Nm3 emission limit regularly and reliably. 
This specification, unless otherwise is specified, prescribes the Upgraded Electrostatic Precipitator System` of one Unit. The complete scope of supply includes, unless otherwise is specified, the two Upgraded Electrostatic Precipitator Systems for the Units A6 and B2 as specifically prescribed each one in this Specification. 

The above new Upgraded Electrostatic Precipitator Systems must be designed in such a way as to ensure their long term, proper, safe, reliable and trouble free operation combined with the other existing equipment, i.e. Air Pre-heaters, Induced Draft Fans, Ash Handling System, etc. The Upgraded Electrostatic Precipitator Systems time life is expected to exceed the 20 years.
Any details, accessories, equipment etc., required for the satisfactory operation of the Upgraded Electrostatic Precipitator Systems not specifically mentioned in this specification are deemed to be included in the Contractor scope of supply.
3. PERFORMANCE REQUIREMENTS and DUTIES IMPOSED
3.1. Particulate Emissions

DEC wishes to engage a Contractor to enhance the precipitators plants, so that emission levels will comply with the LCPD
 and with Serbian legislation, across the load range for the remaining life of the stations.

The maximum permissible values (MPV) of particulate emission limits under the LCPD are as follows:
	
	MPV

(mg/Nm3, dry gas, 0 o C, 1013 mbar, 6% O2)

	Compliance Basis
(%)


	48 Hour Average
	55
	97%


	Monthly Average
	50
	100%

	Extractive Sample
	50
	100%


Table 001 - EU requirement for Particulate emissions from Large Combustion Plant Directive g/Nm3
Periods of start-up, shut-down and abatement plant failure are excluded from the above compliance averages. For the purposes of compliance with the legislation abatement plant failure will not exceed 120 hours per year unless a genuine overriding need is required for the plant to operate.

Whether or not the Upgraded Electrostatic Precipitator System meets these compliance bases will be determined using the following techniques:

· An opacity-based continuous emissions monitoring system, calibrated in accordance with EN14181
, will be used for the 48 hour average and the monthly average.

· Gravimetric extractive sampling to ISO 9096 part 4.3
 as amplified in 9.5. The measured emission value may, at the Contractor’s discretion, be adjusted by reference to corrections curves provided by the Contractor in his tender, using process parameters measured at the inlet to the Upgraded Electrostatic Precipitator System at the time of the test. Overall correction shall include corrections for flue gas flow rate and fuel ash content, as well as other factors which Contractor considers important for plant efficiency, such as flue gas temperature and humidity, ash carbon concentration and total ash content
3.2. Transient emission levels

The Upgraded Electrostatic Precipitator System will not produce “puffs” or other visual nuisances. This requirement will be deemed to have been met provided that the opacity-based continuous particulate emissions monitors, using the EN14181 correlation, indicate that emissions averaged over any 15 seconds do not exceed 150 mg/Nm3. This requirement will stand whenever one or more mills are firing normally. If necessary the Contractor will make the necessary improvements to make the Upgraded Electrostatic Precipitator System conform to this requirement.
3.3. Maintaining Emissions Performance over the Long Term

A legislative requirement exists for the Upgraded Electrostatic Precipitator Systems to maintain the performance levels stated in the Contract for its remaining life and should be borne in mind when designing the Upgraded Electrostatic Precipitator System. Tenderers are required to detail qualitatively and quantitatively any performance degradation in the Upgraded Electrostatic Precipitator system during the remaining life of the station that is expected to occur during typical running conditions.

3.4. Operational Flexibility Requirements
The Technical requirement is for the Upgraded Electrostatic Precipitator System controls to be modernised to provide a flexible software-based man-machine interface. The man-machine interface will be operationally interconnected with the existing Unit’s Distributed Control System, for which the Contractor will provide an input/output data interface with the Unit’s Central Control Room.
The Upgraded Electrostatic Precipitator System shall be capable of absorbing the condensation of both water and acids, which may occur during boiler start-up before the flue gas has reached saturation temperature, and of accepting the deposits remaining when the boiler is left to become cold.

The Upgraded Electrostatic Precipitator System will be able to be put into service prior to starting of ID fans and will work at sufficient effectiveness to meet the Minimum Acceptable Performance even from ambient temperatures during the course of a cold start.

In addition to meeting the particulate emission requirements during start-up and shut​down, the Upgraded Electrostatic Precipitator System must be designed to still meet the Minimum Acceptable Performance in spite of the stratification of the gas flow, and low gas flows and velocities that may occur at intermediate loads.

3.5. Operational duties imposed upon the equipment
All the performance requirements will have to be met at full load, firing a fuel with a specification that lies within the specified fuel characteristics range. Ash removal is only done at the furnace bottom and air-heater exit.

The Upgraded Electrostatic Precipitator System will be required to be flexible and robust in its ability to maintain the specified performance capability in spite of the need of Nikola Tesla A6 and B2 Units to operate under varying load regimes. The future regimes are not predictable but are expected to include a mixture of:

· Continuous operation at maximum load for 24 months with no opportunity for gas passes repair,

· Routine nightly shut-down and start up using fuel oil and coal firing,

· Routine nightly operation at reduced up to minimum load with coal firing and eventually fuel oil support,

· Hot Standby with boiler pressure raising using fuel oil and coal firing,

· Cold starting using fuel oil for several hours after being left to go cold for the main outage.

Minimum overnight load is 180 MWe and 360 MWe for the Units A6 and B2 respectively.
3.6. Fuels to be Used
3.6.1. Coal characteristics

Thermal power plants "Nikola Tesla A" and “Nikola Tesla B” are burning coal supplied from Kolubara coal basin, having the following characteristics: 

· Low heat value



5860 kJ/kg – 7300 kJ/kg

· Ash content




20% (±3%)

· Combustibles




32% (±3%)

· Moisture content



45 – 53%

· Sulphur 




0,52 % 

Guarantees for electrostatic precipitator plant operation are given for the following coal quality:

· Low heat value



6700kJ/kg 

· Ash content




22%

· Combustibles




30% 

· Moisture content



48%

· Sulphur 




0,52 % 

3.6.2. Ash characteristics

Based on the available historical data the ash composition has as follows:
Thermal Power Plant Nikola Tesla A 
	Description
	
	Min
	Average
	Max



	SiO2


	%
	46.70
	58.03
	80.02

	Al2O3


	%
	8.03
	21.12
	28.35

	Fe2O3


	%
	2.59
	5.56
	8.01

	CaO


	%
	2.01
	5.31
	10.27

	MgO


	%
	0.24
	2.35
	4.78

	Na2O

	%
	0.14
	0.51
	1.44

	K2O

	%
	0.60
	1.17
	2.73

	TiO2


	%
	0.31
	0.74
	1.17

	P2O5

	%
	0.01
	0.05
	0.19

	SO3

	%
	0.38
	2.21
	6.09

	MnO


	%
	0.07
	0.08
	0.10


Table 002 _ Nikola Tesla A Fly ash Composition

Thermal Power Plant Nikola Tesla B 
	Description
	
	Min
	Average
	Max



	SiO2


	%
	44,15
	56,67
	71,53

	Al2O3


	%
	14,65
	23,78
	28.30

	Fe2O3


	%
	4,16
	5.85
	8.08

	CaO


	%
	3,31
	5.89
	9,98

	MgO


	%
	0,71
	2,08
	3,20

	Na2O

	%
	0,23
	0,54
	1,43

	K2O

	%
	0,11
	1,05
	2,63

	TiO2


	%
	0,43
	0,66
	0,87

	P2O5

	%
	0,02
	0,06
	0,10

	SO3

	%
	0,3
	1,61
	5,90


Table 003 _ Nikola Tesla B Fly ash Composition
3.6.3. Fly Ash Resistivity
As regards the ash resistivity, the available data are dated back to 1979. As it is expected for the lignite and fly ashes with the above mentioned characteristics subject ash resistivity lies in the range of the high resistivity ashes (1010 to1013), i.e. equals to 5x1012 Ohm cm.

However, the ash resistivity has to be measured by Contractor during the engineering phase and relevant report to be submitted to the Beneficiary and to the Supervisor. The measurement results shall be taken into account in the sizing of the Upgraded Electrostatic Precipitator Systems and the selection of the appropriate equipment.
3.6.4. Particles Size
There are not available historic data for the grain size spectrum concerning the particles entered into the ESP of Units A6 and B2. 

The only available particles size data referred to the ash collected on the precipitator’s bottom hoppers. These data have as follows:
	Thermal Power Plant Nikola Tesla A 
Class (μm)
	05.11.2007

(%)
	06.11.2007

(%)
	09.11.2007

(%)

	+1000
	0.00
	0.00
	1.06

	-1000+630
	1.92
	2.93
	3.80

	-630+400
	1.21
	2.03
	5.67

	-400+300
	2.53
	4.85
	5.97

	-300+200
	17.67
	22.04
	13.36

	-200+100
	33.94
	33.87
	27.13

	-100+75
	3.64
	4.25
	5.46

	-75+63
	8.28
	8.09
	9.01

	-63+40
	4.1
	3.03
	1.90

	-40+27
	7.43
	6.06
	6.65

	-27+18
	6.35
	4.56
	7.73

	-18+13
	4.71
	3.07
	4.97

	-13+0
	8.23
	5.22
	7.29


Table 004 _ Nikola Tesla A6 Fly ash particle (grain) size. 

Thermal Power Plant Nikola Tesla B 
	Class (μm)
	min

(%)
	average

(%)
	max

(%)

	+630
	0,92
	1,31
	1,87

	-630+400
	1,98
	2,76
	3,22

	-400+300
	4,48
	7,37
	10,58

	-300+200
	5,39
	7,32
	8,58

	-200+100
	27,18
	28,45
	29,69

	-100+75
	4,56
	5,48
	6,86

	-75+63
	6,85
	8,11
	9,82

	-63+48
	2,31
	3,54
	4,64

	-48+33
	5,1
	6,84
	7,79

	-33+22
	4,21
	7,57
	9,64

	-22+16
	3,32
	3,98
	4,6

	-16+0
	12,42
	17,27
	25,56


Table 005 _ Nikola Tesla B2 Fly ash particle (grain) size. 

Above data have to be considered as indicative only and not representative of the ash particles size entering into ESPs. The ash particles up to their sampling at the ash hoppers outlet may have agglomerated during their passage and treatment into ESPs, the collection stage on the electrodes and the unloading into the bottom ash hoppers.
However, the ash particle size has to be measured by Contractor during the engineering phase and relevant report to be submitted to the Beneficiary and to the Supervisor. The measured particles size distribution shall be taken into account in the sizing of the Upgraded Electrostatic Precipitator Systems and the selection of the appropriate equipment.
3.7. Flue gas design parameters of the existing Precipitators Systems
The flue gas design operational parameters at the inlet of the existing Electrostatic Precipitator Systems are the following:
Thermal Power Plant Nikola Tesla A

	Parameter
	Value



	Load
	308 MW

	Flue gas volumetric flow rate through 2 ESPs, burning reference lignite (0 oC, 1013 mbar, dry)
	2x1,520,000 Nm3/h 



	Flue gas temperature
	150 oC

	Flue gas Under Pressure
	3,189 Pa

	O2 content in the flue gas mixture.
	4,7% - 6,2%.

	CO2 content in the flue gas mixture.
	13% - 14,5%.

	Dust concentration on flue gas upstream the ESPs (0 oC, 1013 mbar, and dry).
	51,2 g/Nm3

	Pressure drop across ESP
	98,1 Pa

	Temperature drop across ESP
	10 oK


Table 006 _ Nikola Tesla A6. Flue gas design operational parameters at the existing ESP inlet. 

Thermal Power Plant Nikola Tesla B

	Parameter
	Value



	Load
	620 MW

	Flue gas Flow (as measured, actual)
	5.126.400 Am3/h 

	Flue gas temperature
	170 oC – 175 oC

	Flue gas Under Pressure
	-50 KPa

	O2 content in the flue gas mixture.
	5,46%.

	Dust concentration on flue gas upstream the ESPs (0 oC, 1013 mbar, and dry).
	54,8 g/Nm3


Table 007_ Nikola Tesla B2. Flue gas design operational parameters at the existing ESP inlet. 
3.8. Upgrade of steam turbines future projects

Dedicated projects aiming to upgrade the existent steam turbines have been in progress in both Power Plants. 

After implementation of the steam turbines upgrade projects the new Unit’s nominal load should be increased from 308 MW to 350 MW for the Unit A6 and from 620 MW to 680 MW for the Unit B2. 
3.9. Flue gas design parameters for the guarantees of the Upgraded Electrostatic Precipitators 
The Contractor has to take into account the increased lignite consumption and the subsequent increased fly ash load entering to the ESPs in the sizing / determining the ESP’s refurbishment policy. For the purposes of the ESPs upgrade contract the steam turbines efficiency after the upgrades project implementation and the resulted flue gas new operational parameters will be considered.

More specifically:

Thermal Power Plant Nikola Tesla A

	Parameter
	Value



	Load
	350 MW

	Flue gas volumetric flow rate through 2 ESPs, burning reference lignite (0 oC, 1013 mbar, dry)
	2x1,660,000 Nm3/h 



	Flue gas temperature
	165 oC

	Flue gas Under Pressure
	3,189 Pa

	O2 content in the flue gas mixture.
	4,7% - 6,2%.

	CO2 content in the flue gas mixture.
	13% - 14,5%.

	Dust concentration on flue gas upstream the ESPs (0 oC, 1013 mbar, and dry).
	51,2 g/Nm3

	Pressure drop across ESP
	98,1 Pa

	Temperature drop across ESP
	10 oK


Table 008 _ Nikola Tesla A6. Flue gas design operational parameters for the upgraded ESP. 

Thermal Power Plant Nikola Tesla B

	Parameter
	Value



	Load
	675 MW

	Flue gas Flow (as measured, actual)
	5.587.400 Am3/h 

	Flue gas temperature
	170 oC 

	Flue gas Under Pressure
	-50 KPa

	O2 content in the flue gas mixture.
	6 %.

	Dust concentration on flue gas upstream the ESPs (0 oC, 1013 mbar, and dry).
	54,8 g/Nm3


Table 009_ Nikola Tesla B2. Flue gas design operational parameters for the upgraded ESP. 
3.10. Induced Draft Fans Data

Each one from the Nikola Tesla A6 and B2 Units is equipped with two axial flue gas induced fans and associated flaps having the following characteristics:

 Thermal Power Plant Nikola Tesla A

· Manufacturer: KKK (currently TLT-Turbo GmbH)
· Type: AN 31W13

· Capacity: 1.498.000 m3/h

· Flue Gas Temperature: 170 oC.

· Speed: 740 rpm

· Motor Power: 2.150 KW

· Under pressure: 43,13 mbar

·  Impeller Diameter: 3.140 mm

· The flue gas flow is adjusted through a regulating damper upstream the IDF.

Currently the IDFs operate below their loading limit. 
Thermal Power Plant Nikola Tesla B

· Manufacturer: KKK (currently TLT-Turbo GmbH)
· Type: AN 42e6                                               

· Capacity: 824,3 m3/s

· Flue Gas Temperature: 180 oC.

· Speed: 590 rpm

· Motor Power: 5.200 KW

· Under pressure: 46,6 mbar

· The flue gas flow is adjusted through a regulating damper upstream the IDF.

The average value of the actual flue gas volume per each flue gas channel is 2.660.617 m3/h while the maximum volume flow per each IDF is determined to 2.970.000 m3/h.

Beneficiary intends to use existent flue gas fans after ESPs upgrading. Neither their dislocation nor reconstruction is planned. Having the said in mind, the Contractor shall use available space from boiler house line to the inlet flanges of flue gas fans for the placement of new electrostatic precipitator plant. On the other hand, special attention should be paid to provide minimization of the pressure drop through electrostatic precipitator, in order to keep the existent flue gas fans in operation even after upgrading. 
The Contractor shall be obliged to identify guaranteed maximal pressure drop through upgraded electrostatic precipitator at design conditions.
Flue gas pressure drop, flow rate and temperature shall be measured during admission tests. 

3.11. Imbalances between precipitator/casings and particulate streaming
The Air ​Heater flow resistance can vary due to fouling. This can result in a static pressure gradient at the Upgraded Electrostatic Precipitator System inlet. 

Heavily particulate-laden flue gas in complex ductwork will concentrate to varying degrees in streams of high particulate burden. 
The Contractor will design the Upgraded Electrostatic Precipitator System to cope with such imbalances.
3.12. Ash Transport System

A specific project including the complete replacement / upgrade of the ash transport system of Thermal Power Plant NT B is currently in progress.

The new ash transport system is under construction and its interconnection with the existing installations is scheduled to take place during the Unit’s major overhaul starting on May 2009. 

In the frame of this ash transport project a new pneumatic system is collecting the fly ash from the ESPs hoppers and transfers it to a new ash silo. Hence, the ash will be diluted by water with slurry ratio 1:1 and transferred to the disposal area.

The new ash transport system has an ash removal capacity 258 t/h and is sized to cover both, fly ash and bottom ash demands; usually reaching approximately the 190 t/h.

3.13. Ambient conditions
Average annual air temperature equals to 12ºC. The hottest month is August, with average air temperature of 22.6ºC, while the coldest is January with a temperature of 0.9ºC. Highest average maximal temperatures are recorded in August, 26.2ºC, while minimal in December, -3ºC. Extreme maximal temperatures amount to 33.6ºC, while extreme minimal equals to -6.1ºC.

	Month
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	Ann.

	Average temperatures
	0.9
	3.1
	7.1
	11.9
	17.5
	20.8
	22.5
	22.6
	17.3
	12.5
	6.6
	1.0
	12.0

	Average max temperatures
	3.6
	7.6
	11.1
	15.8
	19.6
	22.8
	24.1
	26.2
	21.0
	14.5
	11.1
	4.1
	13.7

	Average min temperatures
	-1.7
	-1.5
	2.3
	7.5
	13.2
	18.6
	20.9
	20.2
	13.7
	9.2
	2.8
	-3.0
	10.9

	Extreme max temperatures
	7.6
	13.3
	17.0
	21.7
	26.0
	28.9
	30.2
	33.6
	27.8
	20.7
	17.3
	8.3
	19.3

	Extreme min temperatures
	-4.5
	-6.1
	-1.5
	2.7
	9.0
	13.0
	13.7
	15.2
	10.0
	4.4
	-0.3
	-5.8
	6.2


Table 010 _ Average monthly and annual minimal and maximal air temperatures [ºC] 

	Month
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	Ann.

	Average precipitation 
	36.5
	24.7
	33.3
	55.6
	55.5
	77.0
	64.9
	55.4
	68.8
	51.7
	50.2
	55.2
	628.7

	Average max precipitation
	85.8
	48.9
	78.9
	146.9
	87.8
	170.4
	209.5
	137.3
	206.4
	116.8
	81.1
	128.4
	911.0

	Average min precipitation
	6.7
	0.5
	8.0
	29.9
	15.5
	29.9
	12.7
	4.8
	19.3
	0.0
	24.4
	23.7
	351.6


Table 011 _ Average monthly and annual precipitation  [ l/m² ]

	Seasons (months)
	Winter

XII, I, II
	Spring

III, IV, V
	Summer

VI, VII, VIII
	Autumn

IX, X, XI
	Total annual

	Average, mm
	116
	144
	197
	172
	629

	% of annual sum
	18.4
	23.0
	31.3
	27.3
	100


Table 012 _ Annual precipitation distribution 

	Month
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII
	God.

	Average relative humidity
	86
	78
	70
	69
	67
	69
	68
	66
	73
	77
	83
	87
	74

	Average max relative humidity
	94
	87
	78
	76
	76
	79
	80
	79
	82
	81
	89
	92
	80

	Average min relative humidity
	83
	68
	63
	62
	56
	56
	57
	50
	61
	70
	75
	81
	69


Table 013 _ Average monthly and annual relative humidity (%)

	Direction
	N
	NNE
	NE
	ENE
	E
	ESE
	SE
	SSE
	S
	SSW
	SW
	WSW
	W
	WNW
	NW
	NNW
	C

	Frequency of occurrence, ‰
	54
	30
	27
	31
	67
	87
	89
	48
	79
	41
	45
	51
	123
	68
	55
	47
	60

	Average wind speed, m/s
	2.7
	1.8
	1.7
	2.0
	2.8
	3.8
	3.6
	2.5
	2.2
	1.7
	1.8
	2.0
	3.3
	3.5
	3.5
	3.2
	-


Table 014 _ Average speed and frequency of occurrence of wind directions 

Maximal wind speed equals to 21 m/s. 

3.14. Noise emission

All elements of upgraded electrostatic precipitator shall be sound-insulated in order to reduce noise emission at 1 m distance. Maximum permissible noise emission value equals 85 dBa, at normal operating conditions. 

Noise levels shall be estimated after measurements performed at 1 m distance and 1 m above each access surface of the facility being analysed. Measuring equipment shall be in accordance with BS EN 61672 Class 1 Standard.

3.15. Ground water level

A soil investigation will be performed and the results of the soil quality shall be used for the foundations assessment and calculations. Higher values shall be used for calculations. 

3.16. Standards

International norms and standards such as: ICAC, DIN, ISO, IEC, IEEE, ASME, will be applied, but all local regulations (JUS) have to be taken into account as well. Certain domestic standard can be used only after it has been approved by the Beneficiary and the Supervisor. The standard defines minimal requirements and can not restrict requirements imposed by this Tender. 

The latest editions of the standards shall be used: 

Latest editions of the following standards shall be used for steel structure: 

JUS U.E7.010, JUS U.E7.081, JUS U.E7.086, JUS U.E7.091, JUS U.E7.096, JUS U.E7.101, JUS U.E7.111, JUS U.E7.121.

Steel has to be of Č 0361 or Č 0561 quality, in accordance with JUS C.B0.500.

The following standards shall be used for concrete structures:

JUS B.C1.011 (Portland cement), JUS B B2.010 & JUS B.B3.100 (Aggregate), JUS U.M1.051 
(Hardness), JUS U.M1.058 (Water), JUS C.K6.020 & JUS C.K6.120 (Armature RA 400/500).

3.17. Load types

· Constant load (includes structure, floors, roof panels, platforms, insulation, pipelines weights etc.);

· Free load (in accordance with JUS U.C7.121, JUS U.C7.122);

· Wind load (all exposed structures or their parts have to be wind resistant for any wind direction and in accordance with JUS U.C7.110, JUS U.C7.111, JUS U.C7.112, JUS U.C7.113. A structure has to be calculated for basic wind speed as defined in JUS.U.C7.110, Table 8 or in data provided by Hydrometeorology Institute);

· Seismic issues (implementation of national Technical standard for construction in seismic areas is required; the considered plant is located in VII zone according to MKS scale);

· Snow load;

· Temperature influence.

3.18. Permissible stress levels

The said is defined in the above stated steel and concrete standards, Section 3.12.
3.19. Design conditions

All structures have to be designed in such a way as to sustain constant and free loads, wind load or seismic force (which one is higher), loads resulting from equipment vibrations. Calculations of structures and foundations have to be based on maximal combined influence of the following loads:

· constant, free, occasional,

· constant, wind or seismic,

· constant, free, occasional, snow, wind or seismic.

All calculations should be based on the official data on distribution and size of new equipment load levels, which shall be integrated into design documentation.

3.20. Permissible deformations

· Deflections
1/300 L

3.21. Other references

All existing drawings, specifications, operational data, fuel and ash analysis data, performance and inspection reports, etc. referred to the existing Electrostatic Precipitators and the related equipment are available in the Thermal Power Plants “Nikola Tesla A” and “Nikola Tesla B”  archives.  

In the case Contractor will request additional information or data for the existing equipment and installations, Beneficiary shall forward to him the data requested to the extent they are available. Contractor has to gather himself all additional data he considers necessary. 

4. EXISTING PRECIPITATORS SYSTEMS
4.1. Reuse of existing precipitators – Contractor’s Responsibility

Beneficiary is happy for the existing precipitators to be part of Upgraded Electrostatic Precipitator System as much as possible. However the Contractor must determine the condition of the existing precipitator equipment before he decides whether it is technically and economically advantageous to retain certain parts of them.

The Contractor will take responsibility for, and overhaul, any retained existing precipitator part to a standard commensurate with meeting the guarantee requirements. Where a part of the existing precipitator plant is re-used, it must be overhauled sufficiently to enable it to make a proper contribution to meeting all the performance requirements of the Contract throughout of their remaining time life, expected to be not less than 20 years.

The information provided in this document is provided on a “best endeavours” basis and comes without warranty. The exact condition of all existing equipment is a matter for Tenderers to determine by internal inspection in order that they include sufficient costs for plant remediation in their offers. Tenderers are invited therefore to make internal inspections of the existing precipitator plant and, if they wish, to carry out further performance checks. These inspections will have to be carried out at a time convenient to the Beneficiary.
4.2. Thermal Power Plant “Nikola Tesla A6”
  
4.2.1. General 

Unit’s A6 Boiler is a tower type membrane welded, subcritical, once through SULZER type, manufactured by the company RAFAKO S.A. (model BB-920). 

The boiler is equipped with 6 beater wheel lignite mills arranged in a tangential firing system. The lignite mills are manufactured by the company EVT (currently ALSTOM), type N-270.45.

Five lignite mills are designed to be in operation for achieving the boiler maximum continuous rating steam production when burning reference lignite; the 6th remains as stand-by or for maintenance. 

Due to lignite quality variations or the equipment operating conditions degradation, often, all 6 lignite mills are needed to be in operation to maintain the nominal load. There are cases, when the 6th lignite mill is not available (approx. once per month), where heavy oil (start up fuel) is used as well to produce the nominal load.

The flue gas exit the boiler in two gas paths passing through the Air Heaters and the Electrostatic Precipitators drawn by the Induced Draft Fans (IDFs) before entering to the stack.

Two Rotating (Ljungstrom) Air Heaters of horizontal type are located inside the Boiler House. Soot blowers are in use for the Air Heaters cleaning. The air leakage through the Air Heaters is estimated to be of 15%.

Cross-Over ducts interconnecting the two flue gas paths are located at the Air Pre-heaters outlet, outside the Boiler House. This interconnection aims the flow balance between the two flue gas paths, as well as, the boiler’s partial operation in the case one ESP or one IDF is not available.

There are two gravitational hoppers after the Air Heaters outlet, which collect the coarse particulates as the flue gas turns from downwards to horizontal. These hoppers are integrated in the ash transport system installed underneath the ESPs.

Each flue gas path is splitted in two ducts and each duct through appropriate transition pieces is connected to the corresponding Chamber of the ESP. 

Through proper transition pieces the flue gas duct outlets from each ESP’s chamber are connected to the common suction duct of the line’s Induced Draft Fan.

Tapping points forming a grid for the dust concentration measurement are located at the outlet duct downstream of each one ESP’s chamber.
The ducts metal casing is mostly in proper condition not showing apparent corrosion or erosion problems. The ducts internal bracing is intact without integrity problems. 

Part of the cladding of the external thermal insulation is missing, deformed or disconnected. Rain water passing through the cladding at these areas deteriorates the thermal insulation. 

The wall thickness of the ducts metal casing has to be measured by Contractor in details. Worn parts (if any) have to be replaced, or new metal plates have to be fitted on top of worn areas and welded gas-tight.

4.2.2. Basic Technical Data

Unit A6 has two Electrostatic Precipitators manufactured by the company “ELWO” from Poland. Each electrostatic precipitator is gas tight partioned in two chambers. 
The ESP’s type is HE 2x33-2x750/3x4x9,6/300.
The ESPs are designed for a collection efficiency of 99 % i.e. 512 mg/Nm3 (0 oC, 1013 mbar, dry gas), when reference lignite is used.
The ESPs mainly consist of the following parts or have the following characteristics:

· The ESP’s casing is made of 6 mm steel plates, 

· The entire ESPs are resting on appropriate supporting steel structures,
· There are three staggered successive rows of vertical U beams located in the inlet nozzles, across the flue gas flow aiming to give an even distribution of the incoming gas over the entire cross section of the precipitator. Some U beams at the center of the last row are heavily deformed at their upper area. This can cause unbalanced gas streams. 
· There are not gas distribution screens on the ESPs outlet,
· Each Chamber is divided in 3 Fields, and each field constitutes a bus section.
· The size of each precipitator casing is approximately 18.330 mm high (with the hoppers) x 20.700 mm wide x 17.100 mm depth (in the flow direction),
· The active ESP’s volume per field consists of 33 parallel flue gas passages between the collecting plates, 9.600 mm effective vertical height and approx. 4.000 mm length in the flow direction. 

· Discharge system including 18.612 flat strip with spikes electrodes and the necessary support insulators, electrode frames, suspension devices, rapping mechanisms, etc.

· Collecting system with collecting electrodes, rapping mechanisms, suspension assemblies, etc.  

· 24 pyramid shaped bottom hoppers connected to the fly ash handling system.

· Inspection doors placed on the precipitator roof, at both sides of the precipitator casing, at the bottom hoppers and the ducts.

· Electrical Equipment comprising Transformer / Rectifiers (T/R units), voltage controllers, primary voltage supply equipment, rapping systems motors, heating elements, etc. 

· The ESPs footprint is restricted from the adjacent equipment. Space of about 4,0 m in length before and behind ESPs could be used for the ESPs enlargement.

4.2.3. Collection Electrodes (CEs)

The Collection Electrodes type is “SIGMA IV” with 12,000 mm hanging length and 320 mm length in the flue gas direction. The vertical edges of the collecting electrodes are bent (5 mm deep) to give them a profile that provides rigidity and stiffness required to assist in vertical alignment.

The total active collecting length 3x4,00 m = 12,00 m compared to the precipitator total length of 17,10 m results in a casing utilization factor of the whole ESP’s volume of 70%. 
Each Section contains 33 longitudinal assemblies of collecting electrodes plates. The space between the collecting electrode plates is 300 mm. 

In total, each ESP contains 2.448 CEs, and the total number of CEs for both ESPs is 4.896 pcs. The active collecting surface for each ESP is 15.040 m2 and 30.080 m2 is the total collecting area of both ESPs of the Block A6.
The collection electrodes, except those of zone I, are not presenting remarkable corrosion, erosion and wearing, misalignment or deformation / dilatation defects. 

On the contrary the collection electrodes of the Zone I are subject to more intensive wear. Some of them have been worn through on the leading edge or have been already partially replaced in the lower section by welding new plates or have been strengthened by fitting additional metal angles.
The collecting electrodes are cleaned from the dust by means of 6 horizontal bottom rapping mechanisms consisting of tumbling hammers, reduction gearbox and motors. The tumbling hammers (flip-flop type) are fixed on rotating shafts and driven by gravity hit the impact rod of each one row of collecting electrode frames via appropriate anvils.

The rapping motors /reduction gearboxes are located outside at the lower part of the electrostatic precipitator sidewall and connected with the rotating shaft of the hammers.

The collection electrodes plates of each one field are rapped independently. The rapping system is adjusted to operate as follows:

· In Field (Zone) I   :  1 minute run       


6 - 10 cycles/h

· In Field (Zone) II  :  1 minute run       


2 -3  cycles/h

· In Field (Zone) III :  1 minute run       


0,6 - 1,2 cycles/h
4.2.4. Emission (Discharge) Electrodes

The Emission electrodes are of type “A” (flat strip with spikes) having 2.450 mm length each one. 

The emission electrodes are assembled on electrode frames which are suspended from the roof beams through the supporting high voltage insulators. Four cylindrical insulators are used for each bus section. The supporting insulators are placed into dedicated tunnels formed at the ESPs roof.    

The insulators are electrically heated to avoid condensation on their surface. The heating resistance functioning is controlled by thermostats located on the top of the insulator tunnels, weather protected with metal covers. 

Each electrode frame contains 94 emission electrodes fixed in 4 rows (3x24+1x22) and each bus section contains 33 emission electrode frames. The total number of emission electrodes installed at both ESPs is 37.224 pcs having 45.971 x 2= 91.492 m active length. 

The emission electrodes are cleaned from the dust by means of 6 horizontal rapping systems consisted of tumbling hammers (flip-flop type) fixed to rotating shafts and driven by gravity hit the impact rod of each one electrode frame via appropriate anvils.

The respective driving motors / reduction gearboxes are located outside on the middle of the ESP’s sidewalls. The shaft insulators are housed on dedicated chambers on the ESP’s casing.

The emission electrodes of each one field are rapped independently. The rapping system is adjusted to operate as follows:

· In Field (Zone) I   :  1 minute run       


3   minutes pause

· In Field (Zone) II  :  1 minute run       


19 minutes pause

· In Field (Zone) III :  1 minute run       


39 minutes pause
The alignment of the discharge electrodes is virtually satisfactory.
Due to sparks and short circuits occurred during the ESP’s operation a number of discharge electrodes, amounting to approx. 10%, was torn or broken and hence removed. 
Due to their very narrow positioning (15 cm space between the emitting and collecting electrodes) there is no access for their replacement. 

Some discharge electrodes are loose and lacking in tension. Their misalignment might exceed the allowable limits.

In couple of electrode frames some horizontal intermittent tubes were disconnected. 

4.2.5. ESP’s Casing & Support Structure

The precipitator support steel structure is consisted of vertical columns anchored on concrete foundations and interconnected with horizontal beams. 

 The entire precipitator is resting on this steel structure.  Slide bearings installed between the casing columns and the supporting structure are used to provide free expansion. 

The precipitator casing is of an all welded gas tight construction consisting of mild steel metal plates with thickness of 6,0 mm, supporting columns, beams and transversal bracing. Roof loads are distributed via roof beams supported off stanchions rising from the precipitator support steel structure. The stanchions sit on aforesaid bearings on top of the support structure columns that transfer the load to the foundations.

The ESP’s weight without inlet / outlet funnels, support steel structure and heat insulation is 483,450 Kg. The inlet / outlet funnels weight is 44,444 Kg and the support steel structure weight is 121,200 Kg.

Each ESP is equipped with platforms, stairs, walkways and ladders to facilitate access to the various components.
The ESPs casing (side walls, inlet /outlet transition pieces) are insulated with mineral wool and aluminum plates cladding. 
The ESPs roof is made also of an all welded gas tight construction consisting of mild steel metal plates with thickness of 6,0 mm.  Eight insulator’s tunnels are formed in the ESP’s roof to house the H.V. cable ends, the heating resistors and the high voltage suspension insulators for the discharge electrodes.
No apparent faults like corrosion, erosion and wearing, deformation or air infiltration leaky points, etc. are presenting at the ESPs side walls and inlet / outlet funnels.  

On the opposite, the precipitator’s roof is notably corroded and extended intervention is necessary to re-instate its integrity. 

The external thermal insulation and its metal cladding present only minor damages (some metal cladding plates deformed and / or disconnected) and therefore some local water leakage into the cladding is suspected.

4.2.6. Hoppers & Fly-Ash Plant

There are two pyramid bottom hoppers per field arranged in parallel, making 24 precipitator hoppers in total. The hoppers are fitted with counter-weight ash flap valves, which maintain a seal between the hopper and the ash transport system.  
The fly ash falling down from the hoppers of the same field is collected through air slide ducts. Compressed air blown into air slide ducts helps to transfer the ash into the ash wetting ‘teapot’. Two ventilators type WP-28/0.75, with capacity Q=2,900 m3/h, 6.4 KW absorbed power; 2950 rpm are used to provide the necessary compressed air.
The air slide ducts have been proved under dimensioned in transferring the collected fly ash quantity. 
In the wetting “teapot” the ash is mixed with water to form dilute slurry with ratio 10:1. Two dilute water pumps with capacity 822 tn/h, H=86mmWC, 1450 rpm are used.

The ash slurry falls into trench and thence to a collection pit located in the basement of the precipitator building. The slurry pit is then pumped to ash disposal area by slurry pumps with capacity 850 tn/h located in the slurry pump-house situated on the basement of the precipitators buildings as well.

The hoppers of the second and third fields are equipped with electrical heaters. No sensors are provided for the ash level indication in the hoppers.
Excessive wear and repairs with welding of metal plates on the wearied areas of the hoppers is noted.

4.2.7. Electrical Equipment

4.2.7.1. Primary voltage supply (6 KV, 0.4 KV Distributions)

A 6kV / 1250 A oil breaker from the 6 KV distribution 6BB (BH, 0,00 m), is used to supply the 6/0,4 kV, 1250 KVA, 3 phase transformer 6CT4 feeding the ESPs mains 6CS. The 6CT4 transformer is of dry type manufactured by the company BEZ BRATISLAVA and is located at the low voltage electrical room at the Bunker House ground level. 

A MV cable with cross section 3X185mm2 connects the breaker to the aforesaid transformer. 

In emergency cases, supply from the Block’s LV reserve distribution 6EU is used as stand by feeding of the ESP’s 6CS LV distribution.

The 0,4kV power distribution board 6CS originates from the initial installation. Two withdrwable remote operated breakers manufactured by the company MERLIN GERIN, 1250 A, are feeding the board. 16 withdrwable locally operated breakers are in use supplying the TR sets and the ESP’s auxiliaries.

The 0,4 KV distribution has a stand by supply through a 2500A, 0,4kV breaker, capable to feed its load, in case of failure of the main voltage supply. This 0,4KV stand by breaker (2500A) is fed by the auxiliary power supply 6 KV board which supports all the Unit’s 0,4KV supplies.

4.2.7.2. Secondary Voltage supply (HV supply, Transformers / Rectifiers)

Twelve transformer rectifier (TR) sets feed the 12 bus sections of both ESPs. 

The TR sets are of indoor type, manufactured by the Merlin Gerin (type, TS 812/6-A) with Silicon Controlled Rectifiers. Each TR is rated at 90kV peak voltage and 800 mA secondary current and apparent power of 62 KVA. 

The TR sets are housed alongside to the ESP’s dedicated electrical room at 9m level in the area between the boiler and the precipitator No 2. The same room houses the cabinets for the T/R sets control systems as well as the cabinets for the supply for the rapping mechanisms, and the auxiliaries (heat resistances, sockets etc) . 

The corona power is directed, to the precipitators via insulators in the wall, into the ESP transformer room and subsequently through HV cables, oil filled type,

Each TR is sized to feed two bus sections in case of failure of the duty TR. To this purpose the TR feeding the two bus sections of the same zone are interconnected through their insulators in the electrical room allowing any combination between the TR of the same set to feed either the first or the second bus section or both.

4.2.7.3. Voltage Controller

Analogue electronic modules of MERLIN GERIN Company are used to control the high voltage supply.

Control of the precipitators is carried out from control panels located at separate cabinets inside the ESP TR room. The electronic modules are manually adjusted by changing their physical characteristics.

 The control of the rapping motors is done independently by using timer relays. Since the original installed timer relays do not exist in the market many of them are replaced by different types with same functioning. 
4.2.7.4. ESP’s auxiliaries supply and instrumentation 

 Local panels installed inside the ESP TR room are supplying the system auxiliaries. Four 100A/0,4kV breakers of the ESP power distribution board are dedicated to supply the respective panels. Rappers cyclic operation, heaters, sockets 220VAC and 24VDC supply derives from these panels. The low voltage cable condition is deemed good.

Local indicators mounted on the front door of the controller’s cabinets are showing the ESPs operating condition as regards the mains voltage and current values, as well as, the secondary voltage and current values of each bus.
Same signals plus inlet / outlet flue gas temperatures are indicated in the displays of the Operator’s stations of the DCS system in the Central Control Room.

4.2.8. Continuous Emissions Monitoring System (CEM)

No Continuous Emissions Monitoring System (CEM) is installed. 
Power Plant has prepared positions for installing opacity meters on the flue gas ducts downstream the IDFs. Tapping points for grid measurements and dust sampling for the opacity meters calibrations have been prepared as well. The preparation has been done following the specific requirements (dimensions, etc.) needed for the opacity meter type CPM 5000 Series manufactured by the Company BHA, which is already installed in the Unit A1. 
The supply, installation and calibration of opacity meters downstream the IDFs is included in the scope of this Contract. 

It is to the Contractor’s discretion whether will use the already prepared installation places or not. 

4.2.9. Electrostatic Precipitators Performance Data
The Power Plant Environmental Department is conducting ESP’s performance tests twice per year. 

The measured ESPs efficiency with the Unit operating at nominal load for the period from 1982 to 2007 varies from 96,31% to 99,87% with average value 99,15%, while the dust concentration measured at the ESP’s outlet is ranging from 38 mg/Nm3 to 1.804 mg/Nm3 with mean value 273 mg/Nm3.

4.2.10. Flue Gas Flow Distribution / flue gas velocities

There are no data for the flue gas flow distribution inside ESPs to confirm the effectiveness of the inlet gas flow distribution control system. 

However, the average velocity inside the ESPs calculated on the basis of the measured readings taken during the ESPs performance tests range from 1.76 m/s to 2.86 m/s with mean value of 2.10 m/s. 

The flue gas velocity inside ESPs, calculated according to the precipitators design data is equal to 2,53 m/s.

4.2.11. HV power consumption 

The secondary voltage varies between the precipitator’s fields from 31 KV to 68 KV with average 48,2 KV; and the secondary current values range from 300 mA to 900 mA with average value 750 mA. 
Moreover, the power absorbed on each one precipitator varies from 169 KVA to 249,2 KVA with a mean value equal to 216,2 KVA. The total power consumption for the ash particles charging and collection is consequently 432,4 KVA. 

4.2.12. Flue gas temperature
The flue gas temperature measured at the ESPs inlet during the performance tests varies from 151 oC to 214 oC with mean value 180 oC. 
4.2.13. False (tramp) air

The boiler false (tramp) air is estimated to be approximately 40%, and the air leakage in the Air Heaters is estimated to be about 15%. 

4.2.14. Treatment time
The treatment time calculated on the basis of the performance test data varies between 4.19 sec to 6.85 sec.

4.2.15. Migration velocity

The effective migration velocity factor derived from the modified Deutsch equation developed by Ohnfeldt - Matts calculated with the use of the data of the ESPs performance tests carried over the period from 1982 to 2007 varies from 32,6 cm/s to 115,6 cm/s with average value 71,75 cm/s.

4.3. Thermal Power Plant “Nikola Tesla B2”  

4.3.1. General 

The Unit’s B2 Boiler has been manufactured by the company RAFAKO S.A. (model BB-1880).
The Boiler is lignite fired, tower type, subcritical, once through SULZER type, membrane welded. 

The boiler is equipped with 8 beater wheel lignite mills arranged in a tangential firing system. The lignite mills are manufactured by the company EVT (currently ALSTOM), type N-400.42

Seven lignite mills are designed to be in operation for achieving the boiler maximum continuous rating steam production when burning reference lignite; the 8th remain as stand-by or for maintenance. 

The flue gas exits the boiler in one gas duct which is divided in two legs. Each leg of the flue gas duct is passing through the corresponding Air Heater, the Electrostatic Precipitator and drawn by the Induced Draft Fan (IDF) is directed to the stack.

Two Rotating (Ljungstrom) Air Heaters of horizontal type are located inside the Boiler House perpendicular to the flue gas path down comer ducts. 

There are two gravitational hoppers after the Air Heaters outlet, which collect the coarse particulates as the flue gas turns from downwards to horizontal. These hoppers are integrated in the ash transport system installed underneath the ESPs.
After Air Heaters, each flue gas path is splitted in two ducts. Using two 90o and other two 45o elbows balance the level deference of 5 m between the Air Heaters and the ESPs and start expansion of flue gases before entering to the corresponding Chamber of the ESP. 

Four rows of guide vanes are installed on the ducts curves to direct uniformly the flue gas distribution.   
Increased erosion problems causing a 20 % replacement of the guide vanes used for smoothening flue gas flow at the duct’s curves is to be noted. 
Additionally, an increased pressure drop of about 6 KPa compared to the designed one (3 KPa) across the flue gas duct connecting the Air Heaters with the ESPs is recorded.

Through the ESPs outlet nozzles and proper transition pieces the flue gas ducts are connected to the common suction of the Induced Draft Fan, hence the flue gases are vented to the stack.

Tapping points forming a grid for the dust concentration measurement are located at the ESPs inlet and outlet ducts. 
The ducts metal casing is mostly in proper condition without apparent corrosion or erosion problems. 

Part of the cladding of the external thermal insulation is missing, deformed or disconnected and or presents superficial corrosion. Rain water passing through the cladding at these areas deteriorates the thermal insulation. 

The repair / re-instatement of the damaged external thermal insulation materials and cladding have to be performed.  
The compensators of the flue ducts upstream / downstream the ESPs are flexible type and in general are intact except in some cases where connections’ detaching has occurred. 
However, although no signs of flue gas condensates are present at these areas; air infiltration, affecting negatively the ESPs performance, might happens. 
Additionally, an increased pressure drop of about 6 KPa compared to the designed one (3 KPa) across the flue gas duct connecting the Air Preheaters with the ESPs is recorded.

4.3.2. Basic Technical Data

The Unit B2 has two Electrostatic Precipitators, manufactured by the company “LURGI” from German and are in operation since 1985. The ESP’s type is BS 672

Each electrostatic precipitator is consisted from two chambers, not gas tightly separated.

The ESPs are designed for a collection efficiency of 99,82 % which in terms of particulate emissions corresponds 100 mg/Nm3 (0 oC, 1013 mbar, dry gas), when burning reference lignite.
The ESPs mainly consist of the following parts or have the following characteristics:

· The ESP’s casing is made of 6 mm steel plates. 

· The entire ESPs are resting on appropriate supporting steel structures.

· There are three successive rows of vertical perforated screens located in the inlet nozzles, across the flue gas flow aiming to give an even distribution of the incoming gas over the entire cross section of the precipitator. Broadly, the distribution screens are structurally intact with extended superficial corrosion due to water washing applied during the Unit’s outage for the ESPs cleaning. Due to supply difficulties repairs / replacements of the initial LURGI design distribution screens with square holes have been made with new screens with round holes. This could be the cause for no uniform flue gas flow distribution. 

· There are not gas distribution screens on the ESPs outlet.
· Each Chamber is divided in 4 Fields and each field constitutes one bus section.
· The size of each precipitator casing is approximately 21,00 mm high (with the hoppers) x 30,850 mm wide x 19,370 mm depth (in the flow direction).
· The active ESP’s volume per section consists of 100 parallel flue gas passages between the collecting plates, 13,750 mm effective vertical height and approx. 3,360 mm length in the flow direction. 

· Discharge system including 83.200 wires “ASTEROID” type electrodes and the necessary support insulators, electrode frames, suspension devices, rapping mechanisms, etc.

· Collecting system with collecting electrodes, rapping mechanisms, suspension assemblies, etc.  

· 16 pyramid shaped bottom hoppers connected to the fly ash handling system.

· Inspection doors placed at both sides of the precipitator casing, the bottom hoppers and the ducts.

· Electrical Equipment comprising Transformer / Rectifiers (T/R units), voltage controllers, primary voltage supply equipment, rappers, heating elements, etc.
4.3.3. Collection Electrodes (CEs)

The Collection Electrodes are of “CSV” type with 13.750 mm effective height and 510 mm effective length in the flue gas direction. The collecting electrodes are vertically bent at their edges and the middle in order to give a profile that provides rigidity and stiffness required to assist in vertical alignment.

The collecting plates consist of 7 collecting electrodes arranged in longitudinal rows and interlocked via leading and trailing edges so that the electrodes form a single electrode plate running the 13,75 m active zone height and the 3,36 m active zone length in the flow direction per zone. The top end of each electrode is fixed to the roof structure in strict alignment. The bottom end of each electrode is fixed to the rapper bars which run in slots to align the bottom of the plate. The downstream end of the rapper bar has an anvil which the tumbling hammer hits during rapping. The collecting electrodes assembly is shown in the attached drawing.

The total active collecting length 4x3,36 m = 13,75 m compared to the precipitator total length of 19,37 m results in a casing utilization factor of the whole ESP’s volume of 70% (13,75/19,37x100) which is considered as low.

Each Section contains 50 such longitudinal assemblies of collecting electrodes. The space between the collecting electrode plates is 300 mm.

In total, each ESP contains 2.800 CEs, and the total number of CEs for both ESPs is 5.600 pcs. The active collecting surface for each ESP is 36.960 m2 and 73.920 m2 is the total collecting area of both ESPs of the Block B2. 
The alignment of the collection electrodes was virtually undisturbed and satisfactory. 
Extended superficial corrosion caused by the water washing of the ESP internals is apparent.

The collection electrodes of the Field I plate’s leading edge and the Field IV trailing edge present severe deformation, wearing and / or erosion defects. Certain collection electrodes have been completely damaged and removed, while a remarkable number of others worn through by erosion problems have been provisory repaired by welding new metal plates or have been strengthened by fitting additional metal angles.
The collecting electrodes are cleaned from the dust by means of 8 horizontal bottom rapping mechanisms consisting of tumbling hammers, reduction gearbox and motors. The tumbling hammers (flip-flop type) are fixed on rotating shafts and driven by gravity hit the impact rod of each one row of collecting electrode frames via appropriate anvils.

The rapping motors /reduction gearboxes are located outside at the lower part of the electrostatic precipitator sidewall and connected with the rotating shaft of the hammers.

The collection electrodes plates of each one field are rapped independently.
4.3.4. Emission (Discharge) Electrodes

The emission electrodes are “ASTEROID” type “A”. 

The emission electrodes are assembled on electrode frames which are suspended from the roof beams through the supporting high voltage insulators. Four cylindrical insulators are used for each bus section. The supporting insulators are placed into dedicated tunnels formed at the ESPs roof. 

The insulators are electrically heated to avoid condensation on their surface. The heating resistance functioning is controlled by thermostats located on the top of the insulator tunnels weather protected with metal covers. 

Each electrode frame is divided in two sub-frames; the bottom sub-frame has 6,0 m height and contains 52 emission electrodes in two rows (3,0 m each one) while the upper sub-frame has 7,5 m height and also contains 52 emission electrodes in two rows (3,0 m the first one and 4,5 m the second). Each bus section contains 50 emission electrode frames. The total number of emission electrodes installed at both ESPs is 83.200 pcs having 280.800 m active length. 
Due to sparks and short circuits occurred during the ESP’s operation a number of discharge electrodes – amounting to approx. 2% according to the Power Plant competent personnel – is torn or broken and hence removed. Due to their very narrow positioning (15 cm space between the emitting and collecting electrodes) there is no access for their replacement. 

Some discharge electrodes are loose and lacking in tension. Their misalignment might exceed the allowable limits.

Material missing, due to corrosion problem, reducing the wires diameter is identified as well.

The emission electrodes are cleaned from the dust by means of 16 horizontal side rapping systems consisted of tumbling hammers fixed to shafts and driven by gravity hit the impact rods of each one electrode sub-frame via appropriate anvils. 

All 4 rapping systems of the same fields of each ESP are driven by the same motor installed on the ESP’s roof. The motor rotates a shaft on the ESP’s roof and through eccentric devices the shaft’s rotary motion is converted to reciprocating motion which results to the rapping shafts lifting / falling down and thus hitting the electrode frames anvils. The rapping systems operate continuously in cycling mode.
In general, the emission electrodes system is characterized by its poor reliability causing frequent operation problems and troubles.
4.3.5. ESP’s Casing & Support Structure

The precipitator support steel structure is consisted of vertical columns anchored on concrete foundations interconnected with horizontal. 

 The entire precipitator is resting on this steel structure.  Slide bearings are installed between the casing columns and the supporting structure providing free expansion. 

The precipitator casing is of an all welded gas tight construction consisting of mild steel metal plates with thickness of 6,0 mm, supporting columns, beams and transversal bracing. Roof loads are distributed via roof beams supported off stanchions rising from the precipitator support steel structure. The stanchions sit on aforesaid bearings on top of the support structure columns that transfer the load to the foundations.
No apparent faults like corrosion, erosion and wearing, deformation or air infiltration leaky points at the casing of the ESPs side walls and inlet / outlet funnels, etc are detected. 

Each ESP is equipped with platforms, stairs, walkways, ladders to facilitate access to the various components.

The ESPs casing (side walls, inlet /outlet transition pieces) are insulated with mineral wool with aluminum plates cladding. The metal cladding present minor damages (some metal cladding plates deformed and / or disconnected) and therefore some local water leakage into the cladding is suspected. 

The ESPs roof is made also of an all welded gas tight construction consisting of mild steel metal plates with thickness of 6,0 mm. Insulator’s tunnels are formed in the ESP’s roof to house the high voltage suspension insulators for the discharge electrodes. 
4.3.6. Hoppers & Fly-Ash Plant

There is one pyramid bottom hopper per field, making 16 precipitator hoppers in total. The hoppers are fitted with counter-weight ash flap valves, which maintain a seal between the hopper and the ash transport system.  

The fly ash falling down from the hoppers is collected through air slide ducts. Compressed air is blown inside slide ducts helping to transfer the ash into the ash wetting ‘teapot’. Two ventilators are used to provide the necessary compressed air.

In the wetting “teapot” the ash is stirred by water to form dilute slurry with ratio 10:1 with the use of two dilute water pumps.

The ash slurry falls into trench and thence to a collection pit located in the basement of the precipitator building. The slurry pit is then pumped to ash disposal area by slurry pumps located in the slurry pump-house situated on the basement of the precipitators buildings as well.

The hoppers are thermally insulated and equipped with electrical heaters. No sensors are provided for the ash level indication in the hoppers.

The total ash quantity; wet and fly varies from 175 t/h to 240 t/h. The fly ash quantity ranges from 160 t/h to 220 t/h.

A completely new ash transport system is currently under construction and is scheduled to be completed by May 2009. 

In the frame of this project a new pneumatic system will collect the fly ash from the ESPs hoppers and transfer it to the ash silo. Hence, the ash will be diluted by water with slurry ratio 1:1 and transferred to the disposal area.
4.3.7. Electrical Equipment

4.3.7.1. Primary voltage supply (6 KV, 0.4 KV Distributions)

Two 6,6 / 0,4 KV, 3p, 1600 KVA, resin impregnated, dry type transformers (2CT21 and 2CT22) are used to feed the ESPs electrical distributions.

Additionally, an identical third one (6,6 / 0,4 KV, 3p, 1600 KVA resin impregnated, dry type) transformer serves as stand by one.

It is to be noted that 1000 KVA nominal apparent power is depicted on the T/Rs plates  instead of 1.600 KVA shown on the corresponding drawing.
All three transformers (2CT21, 2CT22 and 2CT23) are fed through 6,6 KV / 1250 A oil breakers from the 6 KV distribution 2BA (2CT21, 2CT22), and 2BB (2CT22), located at MV electrical (BH, 0,00 m).

All transformers are installed at the ESPs electrical room located at ground level, in the area between the ESPs and Boiler area. The T/Fs are manufactured by the company MINEL – TRAFO, MLADENOVAC (type TPS-7909-1600). They are dry type and are enclosed on air cooled metal gland cabinets.

Two MV cables with cross section 3x250 mm2 connects aforesaid transformer with the respective 6 KV distributions. 

Two 0,4 KV, 2500 A switchboards 2CS01 / 2CS02 are used to feed the two Unit’s right and left ESPs correspondingly. The switchboards are of metal gland type with withdrwable circuit breakers.
Each switchboard is fed through two 3200 A withdrwable remote operated circuit breakers from the corresponding service transformer (2CT21 /2CT22) and the stand by one (2CT23). 

Each switchboard is feeding the corresponding ESP’s transformer-rectifiers (TRs) through 8 withdrwable outgoing feeders as well as all other auxiliary ESP’s equipment like rapping motors, heaters, etc. 

Also, aforesaid LV switchboards are housed on the Block’s 2 ESP’s electrical room.

4.3.7.2. Secondary Voltage supply (HV supply, Transformers / Rectifiers)

Sixteen (16) Transformer Rectifier (TR) sets, installed at the ESPs roofs, are used to energize the ESP’s bus sections. Each bus section is fed by its dedicating TR set.

The TR sets are of outdoor type, oil insulated, manufactured by the company Merlin Gerin (type, LE 5791) with Silicon Controlled Rectifiers. Each TR is rated at 61kV peak voltage and 2000 mA secondary current and 132 KW power. 

4.3.7.3. Voltage Controller

Analogue electronic modules of MERLIN GERIN company are used for controlling the high voltage feeding to the ERSP’s bus sections.

Control of the precipitators is carried out from control panels located at separate cabinets inside the ESP’s electrical room. The electronic modules are manually adjusted by changing the physical characteristics of their components. 

4.3.7.4. ESP’s auxiliaries supply and instrumentation 

Local panels installed inside the ESP,s electrical room are supplying the system auxiliaries, like rapping motors, heaters, sockets 220VAC etc. 

All the available information for the ESP operating condition is given by local indicators on the front door of the control cabinets. Readable is the volt and current values of the ESP mains as also the kilovolt and amperes of the secondary voltage and currents.

Possibility for placing the TRs ON – OFF remotely from the Central Control Room, as well as, voltage and current indications are implemented in the CCR’s vertical panel.
4.3.7.5. Continuous Emissions Monitoring System (CEM)

No Continuous Emissions Monitoring System (CEM) is installed. 

4.3.8. Electrostatic Precipitators Performance Data

The Power Plant Environmental Department is conducting ESP’s performance tests twice per year. 
The measured ESPs efficiency with the Unit operating at nominal load varies from 98,92% to 99,98% with average value 99,82%, while the dust concentration measured at the ESP’s outlet is ranging from 11 mg/Nm3 to 382 mg/Nm3 with mean value 66 mg/Nm3
4.3.9. Flue Gas Flow Distribution / flue gas velocities

There are no data for the flue gas flow distribution inside ESPs to confirm the effectiveness of the inlet gas flow distribution control system. 

However, the average velocity inside the ESPs calculated on the basis of the measured readings taken during the ESPs performance tests range from 1,37 m/s to 2,15 m/s with mean value of 1,73 m/s. 

The flue gas velocity inside ESPs, calculated according to the precipitators design data is equal to 1,73 m/s.

It is to be noted, that velocities from 1,0 m/s to 1,5 m/s  are considered as optimum ones. 
4.3.10. HV power supply 

The secondary voltage varies between the precipitator’s fields from 30KV to 86KV with average 55,7 KV; and the secondary current values range from 200 mA to 2200 mA with average value 1.525 mA. 

The average power absorbed on each one precipitator field (bus section) equals to 84,95 KVA and consequently the total power consumption for the ash particles charging and collection is approx. 1360 KVA. 

No malfunctions or other remarkable operation problems have been recorded on the TRs operation as of yet. 

4.3.11. Flue gas temperature

The flue gas temperature measured at the ESPs inlet during the performance tests varies from 140 oC to 188 oC with mean value 168 oC. 
4.3.12. False (tramp) air

The boiler false (tramp) air is estimated to be approximately 60%, and the air leakage in the Air Heaters is estimated to be about 18%. 

4.3.13. Treatment time

The treatment time calculated on the basis of the performance test data varies between 6.24 sec to 9,79 sec with mean value equal to 7,76 sec.
4.3.14. Migration velocity

The effective migration velocity factor derived from the modified Deutsch equation developed by Ohnfeldt - Matts calculated with the use of the data of the ESPs performance tests carried over the period from 1982 to 2007 varies from 39,12 cm/s to 144,12 cm/s with average value 92,02 cm/s.

5. SUGGESTED RETROFIT METHODS 
It is the Contractor’s responsibility to select a method which gives the required performance and there is no requirement to follow the recommendations in Section 5. 

The suggested methods below are considered as the most likely to prove cost-effective, meet the efficiency requirements and ensure a reliable and long term (for more than 20 years) ESPs operation. Some of the advantages and problems of each method are identified. 

The feasibility of the upgrade method will depend largely on the foundations needed and the ease of construction around existing structures in the case precipitator’s casing enlargement and / or height increase is needed. The suitability of the existing support structures and their use in the precipitator upgrade will therefore need to be thoroughly evaluated. The Tenderer will determine the cost and technical feasibility of all foundation work required and this will be included in the tender.

The Tenderer must select a method which he is happy to construct and for which the Unit outage time and the performance can be guaranteed. Using his experience of retrofit projects, the Tenderer is encouraged to make improvements to the suggested methods and Tenderers may (if they wish) offer an alternative method.

The Tenderer must consider suggested methods in turn and to either submit a proposal for each or else to explain why he does not consider the suggested methods will provide a satisfactory solution for TPP NT- A6 and TPP NT-B2.

5.1. Available technologies for ESPs retrofit

There are a number of methods of improving particulate emission levels used successfully on upgrading works elsewhere, e.g.:

· Precipitator enlargement by adding new fields in series upstream and / or downstream.

· Adding a parallel flow precipitator/casing, on the ground or “piggyback”.

· In-casing refurbishment with better electrodes.

· In-casing refurbishment with better utilization of the ESP casing by expansion of the collecting zones into inlet flare, outlet flare and walkways.
· In-casing refurbishment with better electrodes combined with height increase and new roof. This method is better fitting with wide spacing (400 mm) collection electrodes arrangement and use of rigid type discharge electrodes. Wide spacing with rigid discharge electrodes has been widely applied in the ESPs retrofitting, especially in the case of ESPs increase in height (reduce the electrodes weight, better voltage control, better DE/CE electrodes alignment, reduce DE electrodes failure rate, etc.).

· Proper adjustment of the flue gas flow distribution by applying certain flue gas distribution screens at the ESPs inlet / outlet nozzles. Skew Flue Gas Flow technologies have been developed and applied with satisfactory results.
· Use of new advanced technology ESPs controllers like those of Intermittent Energization and High Frequency Power Supply, better fitting with the specific collection needs of ashes characterized with high resistivity.

· Use of new advanced technology rapping systems controllers integrating the rapping systems operation with the ESPs voltage control, i.e. voltage reduction during rapping.
· Adding bag filters in parallel and / or in series.
· Adding a bag filter as a replacement for the precipitators.
· Applying flue gas conditioning technologies at the flue gas ducts upstream ESPs to reduce the ash resistivity and / or to increase their agglomeration potential.
5.2. Preference for Precipitator Technology over Bag Filters

Electrostatic precipitator technology achieves good performance for four fields, and is capable of meeting the LCPD 50 mg/Nm3 emission limit elsewhere. Fabric filter technology would also meet LCPD limits but is less proven for lignite and might have problems with maintenance and carries a risk for the long term economics of operation, and will impose excessive pressure drop across the flue gas path requiring replacement of the Induced Draft Fans. 

5.3. Flue gas conditioning

Technologies for flue gas conditioning by injecting SO3 to reduce the ash resistivity or NH3 or various other proprietary chemicals to enhance agglomeration and reduce rapping re-entrainment are not applicable due to high silica-plus-alumina content of the ash. Ashes containing 85 % or more of these components generally do not chemically condition well.  
Further, SO3 conditioning is considered cost​ effective for lower sulfur bearing coals at moderate flue gas temperatures but their efficiency with flue gas temperatures in the region of 190ºC has to be proved adequately.
Additionally, there are indirect costs associated with ammonia injection; the principle one being the loss of revenue from ash sales due to the risk of ammonia gassing, the risk of increased cost of disposal of ash, and ammonia chemistry affecting cement setting quality. 
5.4. TPP Nikola Tesla “A”.  Best Available Experience on ESPs refurbishment.
The Electrostatic Precipitators of Unit A6 are the last ones remained to be refurbished in TPP NT-A. The ESPs of all other Units have been refurbished recently and a significant experience has been accumulated in Power Plant as regards the collection of fly ash derived from the lignite burned in Nikola Tesla Power Plants A and B.

The Beneficiary is aware that an ESP efficient design has to be customized to the specific operation conditions and ash characteristics prevailing to the specific Power Plant and thus Tenderers are encouraged to consider in preparing their refurbishment proposals the positive or negative experience accumulated from the retrofit of Units A1 to A5 ESPs.
Briefly, in all cases the electrical equipment (TR, voltage controllers, auxiliary’s power supply distributions and control devices), the collection and emission electrodes, the associated rapping systems and the auxiliaries have been replaced.
Microprocessor based voltage controllers of CASTLET (Units A2, A5), SIEMENS (Unit A3), and Technical Institute Nikola Tesla (Units A1, A4) have been installed. 

The new TR sets used in the refurbished ESPs are manufactured by the companies KRAFT (Units A1, A4), SIEMENS (Unit A3), and CASTLET (Units A2, A5).

To increase the collection area, an increase of active height applied to the ESPs of Units A2, A4 and A5, and/or extension in length by addition of one field in the ESPs of Blocks A3, A4 and A5.

The ash hoppers and ash transport systems have been replaced in Block’s A4 and A5.

The collection area of the Unit’s A5 ESP has been increased by about 40% by increase the ESP’s active height to 18 m, extending the ESP’s length about 2 m and rearranging the electrodes in 5 sections. The existent casing and support steel structure have been re-used as they were. Problems in the electrodes alignment in their verticality, as well as, in the steel structure free expansion and capability of bearing the new loads appeared during ESPs operation affecting their performance.

The refurbishment of Unit’s A4 ESPs was the last one and took place on 2007. The experience gained from the operation, the malfunctions and/or deficiencies of the previous ones has been regarded in the design of the A4 ESPs refurbishment. Their refurbishment comprises the extent of the collection area by about 60% with increase the ESPs active height from 12,0 m to 15,4 m, adding one new field and applying wide space (400 mm), rigid emission electrodes technology, and pulse mode controllers capable to provide intermittent energization voltage control. The old casing has been re-used while the support steel structure has been reinforced. The warranty performance tests conducted on June 2008, recorded dust penetration figures fulfilling successfully the emission limits established by the Directive 2001/80/EC. 

The voltage controllers installed at the Units A1 and A4 have been designed / developed by the Institute Nikola Tesla in collaboration with the Power Engineering Department of Belgrade University and are operating in the “Intermittent Energization Mode”, a technology especially fitting with the back corona effects appeared in the collection of high resistivity ashes. The results of their operation are satisfactory proving a reliable and efficient performance. A specific optimization program is currently running, under the supervision / guidance of the Power Engineering Department of Belgrade University, aiming to develop an optimization procedure defining the best parameters for the “Intermittent Mode of Energization”. The results of this optimization campaign are available to Tenderers.
Finally, it is worthy to be mentioned that EPS in collaboration with the Power Engineering Department of Belgrade University is running a pilot project at Morava Power Plant applying High Frequency Power Supply technology; a cutting edge technology claimed that is fitting more appropriately the special collection needs of high resistivity ash. 
More detailed information is available to Tenderers in the TPP NT-A.
There is a strong preference for including in the Tenderers proposals use of the already installed equipment (DE/CE Electrodes, Insulators, Transformer/Rectifiers, Controllers, etc.). 
This will help in the operation and maintenance personnel familiarization and training in the new equipment and provide better opportunities for a cost effective spare parts management. 
5.5. Suggested Method for the Upgraded Electrostatic Precipitator System of the TPP NT- A6.
5.5.1. General upgrade requirements / criteria for the Upgraded Electrostatic Precipitator System
5.5.1.1. Efficiency 

The fulfillment of the Directive’s 2001/80/EC requirements by the Upgraded Electrostatic Precipitator System of the Unit A6 requires both; the increase of the electrostatic precipitator efficiency from the current value of 99 % to the 99,9% combined with maximal and long term availability and reliability.

5.5.1.2. Collection area 

Using the methodology based in the modified Deutsch – Anderson equation (Matts – Ohnfeldt) and the effective migration velocity factor deriving from the available performance tests data is broadly calculated that the existent collection area (30.412 m2) has to be increased by 80% to 100% in the Upgraded Electrostatic Precipitator System.

5.5.1.3. Flue gas flow distribution / velocities 
The flue gas velocity inside ESPs is higher than that recommended for ESPs optimum performance. Increased flue gas velocities increase the ash reentrainment effect and reduce the treatment time.

There is strong preference for improvement of the flue gas flow distribution and reduction of flue gas velocities inside ESPs in the range between 1,0 m/s to 1,5 m/s considered as optimum ones.
5.5.1.4. Collection  / discharge electrodes 

Wide space (400 mm) collection electrodes arrangement and use of rigid electrodes is the preferred solution.
5.5.1.5. Rapping System

New rapping systems for the emission and collection electrodes interlocked with the power controller’s logic have to be provided. Top rapping system for the emission electrodes could be considered.
5.5.1.6. Transformer / Rectifier sets

High Frequency Power Supply sets or pulse mode / intermittent energization controllers with the associated Transformer / Rectifiers will be considered for use. 
However, the offered equipment have to be supported with well proved operating experience of efficient and reliable operation in ESPs collecting high resistivity ash from lignite fired Power Plants.
5.5.1.7. ESPs controllers

ESP’s controllers with intermittent energization mode (IE) or high frequency power supply (HFPS) mode, improving the ESPs collection capability for high resistivity ashes have to be considered. 
5.5.2. Review of existent upgrade potentials 

In view of the above general requirements and taking into account the existing site constraints from the adjacent equipment for the ESPs enlargement the following options have to be examined for their feasibility:

5.5.2.1. Better utilization of the ESPs casing
Better utilization of the ESPs casing by expansion of active collection area at the inlet / outlet flares and walkways.
5.5.2.2. Increase ESPs Height to 12,0 m

The ESPs height increase to about 12,0 m is technically feasible and will:

· Increase the collection area by about 33%, 
· Reduce the flue gas velocity to about 1,45 m/s,

· Increase the treatment time to 8,27 sec,

· Reduce the aspect ratio to 1,00

· Might not require reinforcement of the support steel structure, if will be combined with wide spacing (400 mm) technology, 
· Turns out to insufficient collection area to fulfill the new efficiency target requirements.

5.5.2.3. Increase ESPs height to 15,0 m.

The ESPs height increase to about 15,0 m is technically feasible and will:

· Increase the collection area by about 65 %,

· Reduce the flue gas velocity accordingly to about 0,75 m/s. Such low velocities can cause flue gas flow stratification and consequently drastically reduce the ESP efficiency.

· Increase the treatment time to 16 sec,

· Deteriorate the aspect ratio to the value of 0,8. Such low aspect ratios could cause increased ash reentraiment. Aspect ratios ranging between 1,2 to 1,5 are common for high efficiency ESPs.
· Will require new foundation and heavily reinforced support steal structure.
5.5.2.4. ESPs extension by one field.

The ESPs extension with 1 field in the ESPs inlet or outlet is in principle technically feasible. 
The less difficult is to add the field in the ESPs inlet. In this case the local control room of the fly ash transportation located in the area between the ESPs building and Boiler House has to be removed. 
Attention has to be given in the proper arrangement of the flue gas duct and the ESP’s inlet nozzle as to succeed uniform flue gas flow entering to the ESPs. 
The ESPs extension in their outlet will lead to difficulties in the IDFs motor accessibility and the flue gas duct routing to IDFs suction. 
Alternatively, the ESP’s enlargement could be implemented by extending the ESPs casing by 2,0 m approx. in both sides (inlet / outlet) and eventually re-arranging the sections / hoppers lay out.
However, this option results to insufficient collection area increase (33%) and leaves the flue gas velocity inside ESPs high.
5.5.2.5. ESPs extension by two fields.

The ESPs enlargement by addition of 1 field at the ESP inlet and 1 field at the ESP outlet is technically feasible.

This solution turns out to increase the collection area to 66% approximately but is less preferred because leaves the flue gas velocities inside ESPs high, deteriorates drastically the aspect ratio (new aspect ratio will be 2,22) and increases the pressure drop across ESPs. 

5.5.2.6. ESPs extension by one field and increase ESPs height to 12,0 m.

This solution sounds as more feasible and consequently more preferred because its implementation will:

· Increase the collection area by 78% and in conjunction with better ESPs casing utilization might be raised near to 90%.

· Reduce the flue gas velocity to about 1,45 m/s. 
· Increase the treatment time to 11,04 sec,

· The aspect ratio will be 1,33, i.e. within the range of optimum aspect ratio values. Reduce the pressure drop across ESPs.

· Combined with wide spacing collection electrodes arrangement might not require replacement of existing support steel structure.

5.5.3. Preferred Upgraded Electrostatic Precipitator System retrofit method
In view of the above the preferred ESPs refurbishment proposal should include at least the following:

· ESPs extension with 1 field and increase ESPs effective height to about 12,0 m.

· Replacement of existing inlet flow distribution U beams with perforated screens for a more effective flue gas flow control. 
· Installation of flue gas flow control screens in the ESPs outlet as well. 
· Feasibility of Skew Flue Gas Flow has to be considered. 
· Proper arrangement of flue gas duct upstream / downstream the ESPs and the new inlet / outlet ESP’s nozzles. 
· Installation of guide vanes in the duct curves upstream the ESPs. 
· The flue gas flow and velocities distribution must be examined by development of dedicated CFD (Computational Fluid Dynamics) model during the design phase.

· Replacement of existing collection / discharge electrodes. 
· Wide spacing (400 mm) collection electrodes arrangement with rigid discharge electrodes is preferable. This solution has been satisfactorily applied in the ESPs refurbishment of Blocks A1, A2 and A4, while rigid electrodes used to eliminate the Block’s A5 electrodes alignment problems. 

· Replacement of existing rapping systems. 
· Use of top rapping for the emission electrodes could be considered for its feasibility. 
· Interface of the rapping system operation with the voltage controller’s operation mode, i.e. voltage reduction during rapping (Power Control Rapping), must be foreseen.

· Replacement of existing ESPs controllers and auxiliary equipment power supply and control equipment. 
· New microprocessor based controllers with operation modes matching the high resistivity ash specific needs (Intermittent Energization Mode or High Frequency Power Supply) to be used. 
· Replacement of the HV TR. New TR to be installed at the ESPs roof (outdoor installation).

· Replacement of HV insulators. Air heating and purge air systems must be provided for the insulators cleaning and heating. Purge air to be provided for the cleaning of the insulators of the emission electrodes driving motors, as well.
· Installation of opacity meters in the flue gas ducts downstream the IDFs for the permanent monitoring of the dust emission. Feedback signals from opacity meters to be used to correct the controllers operation for power consumption.

· Facilities for the ESPs local and remote (CCR) control, supervision and monitoring shall be provided. To this purpose interface and signal exchange capability with the Unit’s DCS system shall be provided.
· Replacement of the 6,0/0,4 KV T/R feeding the ESPs mains as well as the LV distribution switchgear. Location of the new equipment in the ESPs local electrical / electronic room in the place the TRs are currently installed. 

· Installation of HVAC, fume exhaust and fire detection systems in the ESPs electrical / electronic equipment room.

· Replacement of the ash hoppers and the ash transport slide ducts. Installation of level indicators (High-Low level) and heating resistances in the hoppers.

5.6. Suggested method for the Upgraded Electrostatic Precipitator System of  the Unit Nikola Tesla B2.

5.6.1. General upgrade requirements / criteria the Upgraded Electrostatic Precipitator System
5.6.1.1. Efficiency 

The fulfillment of the Directive’s 2001/80/EC requirements by the Upgraded Electrostatic Precipitator System of the Unit A6 requires both; the increase of the electrostatic precipitator efficiency from the current value of 99,82 % to the 99,91 % combined with maximal and long term availability and reliability.

5.6.1.2. Collection area 

Using the methodology based in the modified Dutsch – Anderson equation (Matts – Ohnfeldt) and the effective migration velocity factor deriving from the available performance tests data is broadly calculated that the existent active collection area (73.920m2) could be satisfactory for the Upgraded Electrostatic Precipitator System.
5.6.1.3. Flue gas flow distribution / velocities 

Existent flue gas velocity inside ESPs is slightly above than that recommended for ESPs optimum performance and can be accepted. 
There is evidence that conditions of heavy flue gas flow turbulent flow prevail at the ESP inlet / outlet nozzles. There is strong preference for improvement of the flue gas flow distribution.
5.6.1.4. Collection  / discharge electrodes 

Wide space (400 mm) collection electrodes arrangement and use of rigid electrodes is the preferred solution.

5.6.1.5. Rapping System

New rapping systems for the emission and collection electrodes interlocked with the power controller’s logic have to be provided. Top rapping system for the emission electrodes could be considered.
5.6.1.6. Transformer / Rectifier sets

High Frequency Power Supply sets or pulse mode / intermittent energization controllers with the associated Transformer / Rectifiers will be considered for use. 

The existing Transformer / Rectifier sets are acceptable if they can fulfill assigned requirements. 

However, the offered equipment have to be supported with well proved operating experience of efficient and reliable operation in ESPs collecting high resistivity ash from lignite fired Power Plants.
5.6.1.7. ESPs controllers

ESP’s controllers with intermittent energization mode (IE) or high frequency power supply (HFPS) mode, improving the ESPs collection capability for high resistivity ashes have to be considered. 
5.6.2. Preferred Upgraded Electrostatic Precipitator System retrofit methods

In view of the above general requirements and considering that there is no need for change of the ESPs size and effective volume / collection area the following retrofit methods are proposed:

· New routing of inlet flue gas ducts by changing the 90o elbows to smoothen and equalize the flue gas flow before entering the ESPs. New inlet guide vanes to be used.

· Replacement of existing inlet flow distribution perforated screens. 
· Installation of flue gas flow control screens in the ESPs outlet as well. 
· Feasibility of Skew Flue Gas Flow has to be considered. 
· The flue gas flow and the velocities distribution must be examined by development of dedicated CFD (Computational Fluid Dynamics) model during the design phase.

· Replacement of existing discharge / collection electrodes, electrode frames and rapping system. Use of top rapping system could be considered for its feasibility.

· Replacement of existing ESPs controllers and auxiliary equipment power supply and control equipment. 
· New microprocessor based controllers with operation modes matching the specific needs for collection of high resistivity ash (Intermittent Energization Mode or High Frequency Power Supply) to be used. 

· Replacement of driving groups (motors, reduction gears) of the collection electrodes rapping system. 
· Interface of the rapping system operation with the voltage controller’s operation mode, i.e. voltage reduction during rapping (Power Control Rapping), must be foreseen.

· Replacement of the existing Transformer Rectifier sets (if existing TR sets cannot fulfill assigned requirements).
· Replacement of HV insulators. Air heating and purge air systems must be provided for the insulators cleaning and heating. Purge air to be provided for the cleaning of the insulators of the emission electrodes driving motors, as well.

· Installation of opacity meters in the flue gas ducts downstream the IDFs for the permanent monitoring of the dust emission. Feedback signals from opacity meters to be used to correct the controllers operation for power consumption.
· Facilities for the ESPs local and remote (CCR) control, supervision and monitoring shall be provided. To this purpose interface and signal exchange capability with the Unit’s DCS system shall be provided.

· In the case High Frequency Transformers will be proposed, replacement of the existing outgoing feeders of the LV distribution feeding the new Transformers is needed. 

· Installation of HVAC, fume exhaust and fire detection systems in the ESPs electrical / electronic equipment room

5.7. Layout Implications for Further Environmental Upgrades
A project aiming to upgrade the fly ash transportation to a dense slurry system (ash to water ratio 1:1 compared to the current ash to water ratio of 1:10) is currently ongoing on the TPP NT-B. This project is scheduled to be completed by May 2009.
There are plans for a similar upgrade of the fly ash transportation system at TPP NT A as well, at some point in the future. 

Further, dedicated projects aiming to upgrade the existent steam turbines have been in progress in both Power Plants. After implementation of the steam turbines upgrade projects the new Unit’s nominal load should be 348 MWe for the Unit A6 and 680 MWe for the Unit B2.

The Contractor has to take into account the increased lignite consumption and the subsequent increased fly ash load entering to the ESPs in the sizing / determining the ESP’s refurbishment policy. For the purposes of the ESPs upgrade contract the steam turbines efficiency after the upgrades project implementation will be considered.

Whilst not essential to this project, the Beneficiary is mindful of the possible need to make further environmental upgrades in the future in line with LCPD by installing Flue Gas Desulphurization (FGD) system and DeNOx system. 
The tenders will be assessed for their impact on the cost of aforesaid ongoing and / or possible future retrofits. However this will not be a major factor for tender assessment.
6. SCOPE OF WORK & LIMITS OF RESPONSIBILITY
The Scope of the work under this Contract includes any and all Permanent Works needed by to achieve the specified performance by the Upgraded Electrostatic Precipitator System. There will be no undisclosed `added extras' required to allow the system to become fully functional during commissioning and throughout the design life of the Upgraded Electrostatic Precipitator System. The Contractor will design, supply, install, commission, test the Upgraded Electrostatic Precipitator Systems and repair /rectify defective equipment during the period of the Extended Defects Notification Period at Nikola Tesla A and B Power Plants.

The Contractor will be responsible for the Permanent Works required within the contractually agreed Limits of Responsibility, and for making good at the Limits of Responsibility.

The Works must enable Nikola Tesla A and B Power Plants to comply with all relevant health and safety regulations.

6.1. Proposed Limits of Responsibility

The following list of proposed Limits of Responsibility is intended to define the points of supply and also the scope and area of work. Whilst the points may need to be moved slightly as a result of tender discussions, once the final design has been agreed the Contractor will be responsible for satisfactory performance of all Plant and systems within the limits of responsibility.

6.1.1. Civil works, Foundations and other below ground structures

It will be the Contractor’s responsibility to provide the underground foundations needed by the Upgraded Electrostatic Precipitator System, plus all requirements above ground level including all investigations and design work associated with these.

It will be the Contractor’s responsibility to determine the suitability of this area to support any new imposed loads from the proposed installation and, if necessary, to re​route these services to the Supervisor’s satisfaction.

6.1.2. Electrical Power Supplies

There is no margin power available so the scope includes the replacement of existing 6,0/0,4 kV service transformers feeding the precipitators LV distribution with new bigger ones with extra capacity, if necessary, to achieve T-R set performance and reliability. 

The Contractor will be responsible for making checks of the existing equipment upstream of where he is taking power to ensure that it is suitable. 
However, Limit of Responsibility is the Circuit Breaker at the 6 kV switchgear feeding the 6/0.4 kV transformer. All electrical equipment on the circuit side of the switch-gear (measurement / protection compartment) is included in the scope. Special care has to be given in the protections (differential protection, overload protection, etc.) checking and upgrade and / or adjustment as to meet the new loading conditions.

The scope includes 0.4kV switchboards upgrade / replacement, as necessary. Provisions have to be taken in order to keep fault currents on the existing switchboards within safe limits.

If the existing MV and/or LV cables are insufficient, replacement and/or additional cables installation may be necessary.

The electrical supply points for all of the Upgraded Electrostatic Precipitation System must be suitable for power consumption measurement to EN 62053.

6.1.3. Control and Instrumentation Limit
The precipitator control & instrumentation required by the operators is specified in section 7. 
The Contractor will be responsible for installing a modern operator interface. 
However the Contractor will also install primary control station (stop/start & alarms) on the existing Unit’s A6 and B2 control desks in the main control room. 
Instrumentation power supplies for equipment installed in the operator’s desk are available in the desk. 
A data highway will be provided from the plant areas to the control room.

6.1.4. Compressed Air Supply Limit
The Contractor must provide compressors and driers if compressed air is required.

6.2. Site documentation and Station Drawings

There are a few drawings at Nikola Tesla A and Nikola Tesla B power plants which are relevant to this contract. 

The drawings are provided in good faith but without warranty that they are completely accurate. It is the Contractor’s responsibility to check and confirm all critical dimensions and features and allow for the cost of corrective work if the drawings prove to be inadequate.

The Tenderer must include a list of drawings he requires the Beneficiary to prepare. 

6.3. Scope of Work for the Primary Contract

The following have been identified as necessary activities (but may not be sufficient) which the Contractor will carry out.

a) Make all necessary repair and refurbishments to existing precipitator’s equipment to be re-used. To design improvements to enable them to continue to operate satisfactorily in spite of erosion, corrosion and other types of deterioration. 

b) Design the Upgraded Electrostatic Precipitator System to not exceed the capacity of the existing ID fans.

c) Establish the layout of existing equipment and interfaces including those which might affect structural foundations.

d) Make all modifications and repairs to any other equipment affected by the Upgraded Electrostatic Precipitator System. To make good all interconnections with existing plant.

e) Design, manufacture, and install, commission, test and optimize the Upgraded Electrostatic Precipitator System including foundations, weather-proofing, and all the operations & maintenance functionality specified in section 7. 

f) Trouble shouting and repair / rectify defective equipment during the Extended Defects Notification Period.
g) Develop Computational Fluid Dynamic (CFD) models for the flue gas flow entering and passing through the Upgraded Electrostatic Precipitator Systems of Units A6 and B2.
h) Design, manufacture, install, commission and maintain a state-of-the-art control system as described in Section 7.2 including a data highway from the plant to the control room.

i) Refurbish and/or provide suitable hopper emptying systems to ensure reliability of the ash emptying from the precipitator hoppers. [The existing ash slurry handling systems are excluded from the Limit of responsibility].

j) Identification of weather-proofing and insulation six weeks in advance of needing access to the underlying ductwork equipment so that the Beneficiary can arrange removal.

k) Insulating and weather-proofing of flue gas carrying parts of the Upgraded Electrostatic Precipitator System.

l) Scaffolding and other temporary access (see section 6.3.5)

m) Provide or refurbish all specified flue gas sampling and testing points, including new precipitator outlet sampling points to ISO 9096. Provide safe permanent access for personnel sampling at these points if it does not exists.

n) Provide environmental monitoring stations for measurement of Particulates, Provide safe permanent access for personnel performing routine maintenance at this station or these stations.

o) Calibrate and correlate the output of the environmental monitoring station instrumentation in accordance with EN14181 to provide control room readings in mg/N m3, dry, 6% O2.
p) Provide sufficient lighting for all areas which are accessible while the plant is on load.

q) Provide portable tools and lighting compatible with the site supplies (220V, 16A, 50Hz sockets). The plugs and sockets used on site are 2 pole + earth, 16A, I P54.

r) Provide welding machines compatible with site supplies (380V, 63A, 50Hz sockets). The plugs and sockets used on site are 4 pole = 3 pole + neutral (neutral and earth are the same), 63A, IP54.

s) Provide fire detection and protection systems

t) Provide fixed washing water points and drainage into existing drains.

u) Provide safe access interlocks and lockable isolating valves

v) Plant Labeling as defined in Section 8.6
w) Conduct measurements and identify the fly ash resistivity during the engineering phase and submit relevant Report to the Beneficiary and to the Supervisor.

x) Conduct particle size measurements of fly ash entering to the precipitators of Units A6 and B2 and submit relevant Report to the Beneficiary and to the Supervisor.

y) Arrange and pay for the performance tests to demonstrate compliance with the contract. This includes emission tests, power consumption tests, velocities distribution measurements and pressure drop tests.

z) Provide succinct Operating and Running Maintenance Instructions suitable to ensure correct and safe operation of the Upgraded Electrostatic Precipitation System. See Section 9.1.

aa) Provide training for the Beneficiary’s personnel at which the Operating & Running Maintenance Instructions are explained. Demonstrate the controls to a sufficient level to ensure that the Upgraded Electrostatic Precipitation System will not be inadvertently damaged by reasonable application of the knowledge gained.

ab) Provide Repair and Maintenance manuals which will provide instructions on how to diagnose faults and replace items, including software, of all Plant items that the Contractor knows from experience to be a possible subject of failure. See Section 9.2

ac) Engineering, trouble-shooting and supply of spares services during the 24 months Extended Defects Notification Period of the Upgraded Electrostatic Precipitation System as detailed in section 6.3.7.
ad) All transportation, loading and unloading requirements, all cranage, lifting facilities and equipment, all safety barriers, all plant cleaning, all electrical and instrumentation disconnections / reconnections.

ae) Site establishment as defined in Section 6.3.1.

af) Ensure that all access (e.g. roads, walkways and gantries) effected by the Works are restored to as new condition following installation.

ag) Provide sufficient gantries, walkways and handrails to allow safe and effective maintenance of the Upgraded Electrostatic Precipitator.

6.4. Site Establishment

For the purpose of this Contract, the term “site establishment” will constitute the setting up and maintenance of facilities and amenities which are necessary for the Contractor to operate safely and effectively on site.

The Contractor will provide complete management of this project, be self-sufficient in all aspects of the Works, and have sufficient equipment, man-power and technical expertise not to require assistance from the Beneficiary. Any sub-contractor must report through the Contractor, not direct to the Contracting Authority, Beneficiary or the Supervisor.
The construction area and the existing precipitation plant will become the management responsibility of the Contractor for the purposes of Project implementation and Site Safety. The Contractor is required to have a Site Safety Officer on site for the entire duration of the site work (from site establishment, or material delivery, which-ever is the earlier, through to the issue of a Taking-Over Certificate). This safety officer must have direct reporting access to the Contractor‘s Company Safety Officer independently of the Site Manager.

Any person having duties which are, or may be, affected by the details set out in this specification will be made aware of the requirements and have convenient access to a copy of this document.

The Contractor will make arrangements for receiving deliveries at site. The Beneficiary will not accept responsibility for the safe-keeping of stores for this project and may turn away deliveries if there is no one to accept them.

Where the Contractor intends to interconnect with and draw from existing station facilities such as electricity, compressed air, water, the quantities of the 'drawing off' will be limited by agreement in writing. 

It is the Contractor's responsibility to determine that the quality of such supplies is suitable and to provide suitable filtering and buffer storage. The minimum acceptable pressures and rms voltages which the Beneficiary will have to sustain at the take-off points will be agreed prior to letting the Contract. 

Inability of the Beneficiary in providing aforesaid facilities in the quality and / or quantity required couldn’t be the reason of raising by the Contractor of any claim for delays or additional cost implication. 
6.5. Site Management

The Contractor is responsible for creating a project team, nomination of responsible person for Contract implementation. Within this team there must be a Project Manager and team members responsible for project management, Project programming to keep to outage dates, quality control, and correct observance of the Beneficiary safety rules.

The Contractor will nominate a Site Manager who will act as the contact between the Contractor, sub-contractors, the Beneficiary and the Supervisor. The Site manager will be responsible for the day to day running of the Works and must have his company's authority to carry out the following functions without referral to his company officers off-site:

a) Agree and authorise additional, or altered, work.

b) To take responsibility for sub-Contractors actions, progress and compliance with this Contract.

c) To liaise and control site access/security arrangements particular to this Contract.

d) To ensure that the Supervisor is kept up to date with progress and informed of any significant delays against the programme plans.

e) To demonstrate compliance with the Quality Plans.

f) To witness all commissioning, re-commissioning and testing of plant and systems.

This manager, or in his temporary absence, a deputy previously agreed with the Supervisor, MUST be available on site at all times that any Contract, sub-contract or delivery staff are on site.

6.6. Health & Safety

The Authorities overseeing worker health & safety at the Beneficiary’s premises are the Republic labour inspector and the Republic inspector of medical care.

The Contractor will observe the following regarding health & safety:

· Work protection law

· Beneficiary Safety work regulations,

· Safety work regulations in civil engineering industry;

· Regulations of measures and rules of safety work on machines,

· Regulations of technical standards for lifting devices,

· Regulations of general safety rules for hazardous effects of electric shock in facilities,

· Working premises and sites;

· Study of site arrangements for evacuation in emergencies etc

· Project planning to minimise hazardous activities

The Contractor will be responsible for ensuring that all the Contractor’s personnel understand the site safety rules by arranging safety training. Contractor must take responsibility for the safety of the men working under his control and must be qualified to perform a safety role under the Beneficiary safe access to dangerous plant control system. The Contractor will be required to have nominated staffs who are competent to apply safety isolations.

6.7. Cleaning

The state of the work area at the start of the contract will be as found and all preparatory cleaning will be by the Contractor. The Contractor may find it beneficial to start cleaning work before the station comes off load. Any such work will be at the discretion of the Supervisor, to ensure that the operation of the station is not affected.

The Contractor will ensure that the working area is kept in a safe condition, to the satisfaction of the Supervisor, including the timely removal of scrap and rubbish to avoid causing a hazard. The Supervisor may direct the Contractor to rectify poor or incorrect storage, or to collect and return to store any loose materials left lying around the site. No material will be permitted to remain or be stored in any location other than the storage area designated by the Supervisor.
All internal work areas will be offered for inspection by the Supervisor before boxing up, but this inspection will not absolve the Contractor of the responsibility of ensuring the plant is clear of debris and fit for service.

The work areas within and around the Limits of Responsibility will be cleared of debris before Return the Unit into Operation; the Contractor will be solely responsible for this area cleaning. The Contractor will supply his own vacuum cleaning equipment where specified, or where particulate would be a nuisance if other methods of cleaning were used.

The Contractor will observe the following laws regarding waste disposal:

· Law of waste materials treatment, Official Gazette of Republic of Serbia. No.25/96 and 26/96,

· Regulations of conditions and methods of separation, packing and storage of secondary raw materials, Official Gazette 55/01;

· Regulations of treatment of waste materials that poses hazardous substances, Official Gazette R. of Serbia, No. 54/92;

· The Law of production and transport of waste materials, Official Gazette of Republic of Serbia, No. 15/95;

· International agreement, Official Gazette of FR Yugoslavia, No. 2/99

· Law of establishing of Bael convention

· Draft law of waste material treatment in Republic of Serbia, according to legislations and directives of EU

· Draft law of environment protection, coordinated with legislation in EU is in Parliament procedure at the moment.

Subject to the above listed regulations, all waste arising from the Works will be taken to the designated disposal site by the Contractor. Metallic scrap is the property of the Beneficiary and will be deposited in the designated scrap area.

Where a water supply is required for the Works, the station hydrant system may be used at the discretion of the Supervisor. The Contractor will supply all hoses, fittings etc to connect into the fixed points.

6.8. Scaffolding

At TPP Nikola Tesla A and B there are safety rules covering:

· Access

· Erection

· Safety

· Material

· Inspection

The Contractor will be responsible for ensuring there is safe access for the execution of work, and will arrange scaffolding where expressed or implied in the definite work of this specification.

All scaffolds must be erected to a safe design and comply with European Standards and Serbian / the Beneficiary Codes of Practice. Load bearing scaffold fittings will comply with EN 74, CENELEC HD 1039 or equivalent and be manufactured by the drop forging method.

The Contractor will appoint a Competent Person for the inspection of scaffolding, to ensure that they comply with the specified standards in all respects. He will keep a register of all scaffolds, whether complete or incomplete.

When a scaffold is incomplete, partially erected, and those which have failed an inspection, will have a red label attached to indicate in Serbian and the language of the Contractor’s staff that it must not be used.

When a scaffold has been inspected and declared fit for use, it will have a green label attached, signed and dated by the Competent Person. Scaffolds will be re-inspected at intervals of not more than 7 days and the result of the inspection entered into the register.

6.9. Lighting and Power

There is general lighting in the area but this may only be relied upon for safe access and egress. The Contractor will supply all temporary lighting required for the Works including any extra lighting which may be used in wet conditions.

The supply of approved plugs and extension leads will be the responsibility of the Contractor.
Electrical supplies for portable tools and lighting are from 220V, 16A, 50Hz sockets. The plugs and sockets used on site are 2 pole + earth, 16A, IP54.

Electrical supplies for welding machine are from 380V, 63A, 50Hz sockets. The plugs and sockets used on site are 4 pole = 3 pole + neutral (neutral and earth are the same), 63A, I P54.

No 240V or higher voltage extension leads will be used by the Contractor at the TPP Nikola Tesla A and B sites.

Where the Contractor chooses to use floodlighting this will be at a voltage not exceeding 220V and will employ lamps conforming to the appropriate European standards, and in any event the lamps will employ a protective clear front cover and be designed for use in a hostile environment. 'Open' type lamps will not be used for any lighting.

Protection against electric shock will conform to IEC Regulations and TM-C and TN-S (equalisation of system potential). All costs associated with lighting and power will be included fully within the Tender.

6.10. Extended Notification Period Trouble Shooting Service

The Contractor will provide all technical support needed to ensure continuing compliance with the 50 mg/Nm3 limit. The Contractor will provide a prompt and effective trouble-shooting service and will take urgent corrective action whenever the continuous particulate emission monitors indicate that the Upgraded Electrostatic Precipitation System is failing to meet the guaranteed performance.

Depending on the reliability of the Works and its performance margin, the Contractor may need a permanent site technical support team at Nikola Tesla Power Plants. If necessary the Contractor will take any opportunity for internal access to make repairs.

This service must include a 24 hr/day call-out facility – phone number to contact technicians and/or engineers competent in electro-mechanical and C&I who understand the equipment supplied and how to fault-find in a logical manner. Alternative personnel and phone numbers will be provided to cover for absences, holidays etc. The technician will have 24 hr/day contact numbers from which to contact the design engineers for expert advice. A ready supply of spare parts will be stored by the technician on site and backed up by strategic stores at the Contractor‘s base location with 24 hr dispatch capability.

7. OPERATION / MAINTAINANCE REQUIREMENTS
7.1. Operational Controls and Indications

The current precipitator systems provide for limited indications of the precipitators from the Unit’s Central Control Rooms. Adjustment of the precipitators operating settings is carried out at the T-R set control panels.

The Upgraded Electrostatic Precipitation System on the control panel will include state-of-the-art control and indications for which there is a computer-based information system in the Unit’s Central Control Room which will be used to display and adjust the Upgraded Electrostatic Precipitation System. However there must be a start and stop facility on the Unit’s A6 and B2 central control panels.

A multi-level password system will permit interrogation and changes to the system by those authorized to the appropriate levels.

The control panel controls will include the following capabilities:

· a start-up sequence – one button start – programmable to permit only the inlet field to be used until Unit is on-load.

· rapping – sequence start and continuous off-load power-down rapping

· starting and stopping transformer-rectifiers individually

The control panel indications will include:

· the kV & mA of each bus section

· each rapping contactor running/stopped

· ash emptying system on hoppers operating / stopped

· Power Save status

· Sparks /min rate

The control panel alarms will include

· Any transformer/rectifier oil temperature approaching the trip level,

· Any transformer/rectifier power input approaching the trip level,
· Any zone kV approaching the under-voltage trip level,
· Hopper and insulator heating not working (low temperature),
· Hopper high ash level,

· Rapping failure (see section 7.4).
These control, indications and alarms will be available at the precipitator as well for diagnosis.

The indication system will display:

· Opacity

· Particulate (mg/Nm3, dry, 6% O2)

· Oxygen %

· Temperature

Available as instantaneous values:
· Calendar monthly average value to date,
· Trend graphics (hourly, per shift, daily, weekly, monthly).
History of the above control actions, indications and alarms should be data-logged against time. If there are any signal malfunctions or errors this will be shown in the control room as “signal malfunction” (rather than zero).

7.2. Alarms

The Upgraded Electrostatic Precipitation System will include sufficient automation and controls to operate under all the modes of operation with no more than 20 alarms per week. Alarms are defined for this purpose as any visual or audible display in the control room which appear to be calling for the attention of the unit operator. 
The alarm system will be designed so that one alarm cannot mask from the operator's notice the initiation of another alarm. The alarm handling system will incorporate a means for the operator to select one or more alarms as "standing" alarms, thereby preventing re-initiation if they reset. The alarm handling system will also incorporate a means to select one or more alarms, from a list of non-safety-critical alarms, as "non​functional", thereby masking them altogether.

7.3. Manual and Local Operation

Any system that uses remote control will have the facility for local manual operation in the event of a system failure and to test operation.

Sensors for remote indication will also provide local indication at the Plant item.

7.4. Rapping

Automatically initiated rapping controls will be installed which can be pre-programmed either locally or from the control room to set the frequency and duration of the rapping of the collecting plates and discharge electrodes. 
As a minimum the rapping controls must be interlocked to prevent simultaneous rapping of collector plates in different zones as to avoid rapping puffs and collected ash re-entrainment. Better and preferred would be a dedicated precipitator controller to start and stop each collector rapping drive with independently programmable start times referenced to a real-time 24 hr clock and duration adjustable down to single hammer rapping.
Off load rap-down (rapping while the field is de-energised) and an automatic "power down rapping" sequencer will be installed and be control-room selectable. 
Rapping failure can lead to permanent damage, particularly of emitter electrodes. Therefore rapping failure detection will be installed on both discharge and collecting electrode systems and be capable of identifying most types of failure. It will not be sufficient to install contactor open/closed watch-dog, or even shear-pin failure detectors at the drive end of the mechanism. Motion or impulse transducers which can sense the rapping hammers operating are required. 

Rapping motor power consumption will only be considered as a failure detection device if it has been demonstrated by trial to be capable of detecting non-operation of discharge electrode rapping.

7.5. Automatic Precipitator Field Voltage Controls

Each precipitator field will be continuously controlled to optimise the voltage while avoiding damaging levels of arcing and sparking and predict back corona effect appearance. The controller will have adjustment points to enable spark rate, HV level, and current levels to be set and adjusted.

Each controller will have facility to enable a selected ratio of cycles or half cycles to be inhibited from firing. Firing ratio will have a default setting, a manual over-ride and an auto-variable capability.

A sequencer will control the start-up and shut-down of the fields and T/R sets. It will be capable of gradually increasing the field voltages over a period of 6 hours, and of selectively energising and de-energising different fields by reference to the signal from the opacity-based instrument. It will be capable of holding each field voltage during purging and initial furnace ignition at 50% of the spark-over voltage experienced during the previous period of operation.

Local and remote automatic and local manual control facilities for the T/R set controller will be provided.

7.6. Power Save

In order to reduce the electrical power consumption of the Upgraded Electrostatic Precipitation System when Units A6 and B2 are at part load or firing good quality fuel, a Power Save feature will be built into the Automatic Precipitator Field Voltage Controls. 

The feature will take a desired value of emissions in mg/Nm3 and a signal of actual mg/Nm3 from the Environmental Monitoring Station. It will progressively reduce the mA of the 4th field T-R Sets, then the 3rd field, then the 2nd field until the actual value approximates to the desired value.

Power Save will be selectable ON/OFF at the operator control panel. The desired value will be adjustable at the operator control panel in a range 0 to 80 mg/Nm3.

7.7. Minimising Loss of Performance from a Single Electrical Fault

The Upgraded Electrostatic Precipitation System must comprise at least 16 separately energised zones. Proposals comprising more than 16 separately energised zones would be considered less susceptible increased emissions when faults occur. 

Nevertheless cost-effectiveness may favour 16 TR set zones. 

In any case the Upgraded Electrostatic Precipitation System must have sufficient sectionalisation so that a short-circuit or failure of a TR set does not increase the emissions to more than 100 mg/Nm3 once manual corrections have been applied. 

Manual corrections will include the ability to energise an adjacent zone from another transformer-rectifier; 2 zones fed from one T-R at reduced power. To this purpose Transformers and rectifiers will be rated at sufficient continuous power to provide effective precipitation when two precipitator fields are interconnected.

7.8. Precipitator Insulator heating and purging

Emitter electrode support insulators and conductor lead-through insulators will be heated to prevent condensation during start up, and will be kept clean on the flue gas side by clean air purging. 
They will be installed out of the main gas stream and will be capable of replacement whilst the precipitator has hot flue gas flowing through it. 
Heaters will be controlled by adjustable thermostats in case a change of fuel warrants a different set-point temperature. The insulator temperature will be monitored by a low temperature detector leading to an alarm.

7.9. Ash emptying systems for precipitator hoppers

All hoppers on the Upgraded Electrostatic Precipitation System will be maintained as close to empty as is desirable for preventing air and moisture from entering the hopper from below. 
All hoppers will be emptied automatically as per Section 8.1 bellow. 
Ash from the hoppers should be introduced into the existing system for ash and slag transport and it should be noted that no additional water is available.

7.10. Hopper level indication

Each hopper will be equipped with low and high level probes suitable to ensure a reliable means of indicating, locally and in the control room that the ash level collected at the hopper. Signals indicating that the ash level in the hoppers is approaching the full condition shall be available locally and in the control room. Capacitance probes are considered proven technology.

7.11. Flue gas sampling and measuring points

The Upgraded Electrostatic Precipitation System will include the provision of sufficient permanently installed sampling and measurement points to carry out commissioning, testing and all the requirements set out in Section 10.5. 

The test points will be suitable for gas sampling, traverse testing for temperature, particulate, gas stratification as appropriate to the position and application, meeting the requirements of the appropriate standards as far as practicable within the constraints of the existing layout. 

Sampling and measurement points exist at the flue gas ducts downstream the precipitator’s chambers outlet at Unit A6 and upstream / downstream the precipitator’s chambers at Unit B2.

The Contractor will check and assess their suitability and fitness for the purpose of sampling and measurement during the performance tests.

The removal and replacement of test points (if necessary) is within the Contractor’s scope of supply and will be as indicated in the tender but with any subsequent changes as agreed in writing by the Supervisor.

7.12. Environmental monitoring station

It is necessary to be able to continuously measure the environmental emissions from the Upgraded Electrostatic Precipitation System in order to determine that it is performing correctly. Additionally it is necessary to monitor the key constituents of the boiler flue gas that may impact on the performance of the Upgraded Electrostatic Precipitation System.

The Contractor will provide the following cross-duct continuous monitors:

· Particulates (visible spectrum opacity)

· Oxygen (zirconia cell)

· Temperature

The instruments shall conform to the quality requirements of EN 14181.

Two locations for the monitoring stations have been identified; two stations, one at the outlet of each ID fan with opacity monitors and oxygen zirconia cell.
The Contractor will provide safe permanent access for maintenance of these instruments.

The Contractor will install and calibrate these instruments against standard reference methods as stipulated in EN 14181. The Contractor will connect these instruments to a display in the unit control room.

7.13. Access for inspection and maintenance

Components subject to wear and tear, erosion and corrosion to the extent that they will need servicing and/or replacing in a 15 year service life, will be designed to be accessible, removable and replaceable without the need to dismantle or renew larger equipment.

Access doors will be provided to permit direct to any part of the Upgraded Electrostatic Precipitation System where internal inspection and maintenance will be a requirement during its life. Access doors to all such areas will be linked to suitable personnel and equipment walkways. Internal landing platforms and grab handles will be provided where necessary for safe entry and exit.

Precipitator rapping equipment at high level might be linked (if horizontal distances between precipitators does not make it impracticable) by overhead walkways which avoid the need to descend to ground level and re-ascend when carrying out a complete precipitator inspection. 
Access doors into flue gas passes will be hinged and able to be opened and re-sealed without the use of specialist tools. They will incorporate a replaceable seal and be designed to remain gas-tight when shut even after a number of years operation under varying temperatures. They will be separately insulated and will be weatherproofed where necessary.

High voltage support insulators will be positioned where they can be renewed without access into the flue gas stream.

7.14. Isolation of sections of plant

Segregation of safety provision will be so as to permit safe access to the precipitators for the inspection and maintenance of equipment. Each field supply will have an electrical isolator (disconnecting switch) and earthing switches, whose operation can be visually confirmed from outside the high voltage area, as to provide earthing for each zone and sub-zone and its associated high voltage supply.

All points of isolation of all kinds of energy sources will have the facility to allow a padlock to be applied directly to the Upgraded Electrostatic Precipitation System to prevent unauthorised de-isolation.

8. DESIGN REQUIREMENTS-QUALITY STANDARDS TO BE ADOPTED
International standard ISO 9000 will be the guiding standard regarding harmonization of Quality control including tracking of manufactured parts, deliveries and storage, warranty, testing and maintenance services, and commissioning.

8.1.  New Precipitator Hoppers
Section 8.1 will apply to the hoppers where new precipitators are installed or where hoppers are substantially modified or replaced on existing precipitators,

Hopper slope angles, including the valley angles, will all be greater than the angle of repose of electrostatically charged ash. The hoppers will not have ledges on which ash can collect and bridge.

The hoppers and the emptying equipment, both new and existing, will be trace heated and lagged; the trace heating system being capable of maintaining the hopper internal walls at any pre-selected temperature of up to 100oC when the station is off load. The whole of the emptying systems on hoppers under the final field will be lagged and weather-proofed to minimise condensation and blockage.

Each hopper will have two outlets. The main outlet will have a spade-type isolating valve, followed by a short spool section with a 200 mm dia (min) access port, followed by the automatic ash emptying system valve. The access port is to allow clearing of lumpy debris on load. The standby hopper outlet will consist of a spade-type isolating valve leading to a 150 mm (or larger) pipe with a blanked flanged end suitable for discharging into a temporary vacuum-type container or into a hydraulic ejector to a pipeline.

The automatic fly-ash handling system will deliver the ash to the existing ash slurry pit beneath the existing precipitators. The equipment will produce no spillage or leaks during normal operation even allowing for normal wear and tear. Seals will be of a material which retains flexibility over a period of 4 years to ensure an effective seal is maintained throughout the normal operation of the plant. The system will be capable of emptying hoppers at least the following rates in order to be able to recover from a high level and other abnormal conditions:

	Hoppers under precipitator inlet fields and under bag filters
	Twice the maximum incoming particulate flow rate 

	Hoppers under precipitator fields - which are not inlet field
	The maximum incoming particulate flow rate when the inlet field is not

energised


Table 012. Minimum Hopper emptying rates
If the new ash emptying system vents air or flue gas, it is not acceptable to vent ash​laden gasses into the environment. The air or gasses must be directed into the upper reaches of the ash hoppers if small in volume, or else into the flue gas up-stream of the precipitators if large in volume.

8.2. Ductwork

Ductwork will remain structurally and operationally satisfactory for the lifetime and operating conditions specified in Section 3. Ductwork will be designed to avoid the collection of pockets of non-flowing flue-gas and rainwater; this is to be achieved by shaping the duct steelwork and/or insulation to allow the natural run off of rainwater.

Materials selected for the construction of all components in contact with flue gas will provide a level of protection against corrosion and erosion consistent with their environment and the specified operating and maintenance regime. Carbon steel should not be used for components which will be permanently exposed to flue gas whilst its temperature is below the acid dew-point.

Ductwork and support structures will be capable of withstanding the internal pressure or suction generated by the flue gas fan(s) at peak pressure, and other loads including dead weight due to self load as well as particulate build up, and external loads including due to wind and snow.

Ductwork subjected to significant aerodynamic pulsation, e.g. from fans, will be strong enough to avoid fatigue failure.

8.3. Insulation

The Contractor will remove existing insulation and cladding, as necessary for the Works execution. 

As per the Beneficiary’s knowledge and the information included in the documentation available there is no asbestos used in the existing insulation. However, the Contractor has to conduct his own inspections and checks and will identify the specific plant areas with asbestos presence at least 6 weeks before the access to the plant is required. The Beneficiary will arrange for the safe removal of the asbestos. 

All flue-gas-carrying parts of the Upgraded Electrostatic Precipitation System will be insulated sufficiently to ensure that the inside of the steelwork remains at above the acid dew-point temperature during normal operation at high load.

8.3.1. Provision for Thermal Expansion

Provision must be made for thermal movement of the plant and prevent long term damage from thermal expansion cycles. Thermal expansion joints will be installed wherever necessary between ductwork sections and at connections to separately supported plant items. Expansion joints will be leak proof and maintain a liquid and gas tight seal with connected equipment. Expansion joints upstream of the precipitators will be fitted with streamlining plates designed to minimise the formation of eddies and the deposition of ash and debris into the moving parts of the expansion joint.

The expansion joints will be thermally insulated, with the thermal insulation and weatherproofing configured to enable removal for and reinstatement after, periodic inspection of the expansion joints.

Where there is expansion joints situated inside confined spaces with access a flue gas detection and alarm system will be provided.

8.4. Electrical installation standards

Protection of electrical equipment against particulate and moisture will be to IP65 minimum standard.

Electrical installation standards are specified in Appendix B and these will be complied with. They cover:

· Segregation

· General lay-out

· Cable types

· Cable system design

· Fault current

· Motor starting

· Cable regulation

· Cable support system

· Cable installation practice

· Cable performance under fire conditions

· Cable accessories

· Fire barriers

· Control and switch gear

· Earthing systems

· Lightning protection

· Lighting heating and small power systems

Where Appendix B, is not specific, the design and execution of electrical installation work will comply with the requirements of the relevant IEC standard. Where specific variations to this guidance exist for particular installations or where further information is required this will be provided by the Supervisor.

The Contractor will ensure that materials, equipment and practices not covered by standards listed above conform to sound engineering practice. If the Supervisor so requires, materials and equipment will be subject to inspection and testing to ensure that they are in accordance with the Contract or where not so specified, that they are adequate for their intended use.

Any electrical equipment will be so designed with due regard to manufacture, fabrication, erection, inspection, testing, cleaning, maintenance, repair and satisfactory operation under such variations to the working conditions as may be met under general operation.

8.4.1. Spare Capacity for Future Upgrading etc.

New control cables or data highways will have at least 10 spare (unused) signal routes provided.

8.4.2. Electrical Testing and Test Equipment

All electrical installation work will be subject to electrical testing that will demonstrate as far as possible that the installation is fit for purpose and the specification as set out in this document is met. The Contractor shall set out all proposed electrical testing within the commissioning processes as part of the tender.

8.5. Electrical Safety 
8.5.1. Safety Screening
Exposed high voltage conductors outside of the gas stream will be enclosed within an earthed metal screen which provides protection to the appropriate standard with a mesh size of 8 mm or less. Separately energised sections within such enclosures will be segregated by similar screens where access for maintenance is provided.

Access points into such areas will have a facility to permit them to be locked shut
8.5.2. Safety Interlocks
A system of interlocks will be installed to ensure correct operation of the high voltage system and safe access into areas subject to high voltage.

Supply isolator switches, earth switches and door locks, operated by an interlocked system of code-keys, will be installed on each precipitator to ensure that the correct sequence for isolation and Earthing of HV supplies has to be completed before any access points to any HV apparatus can be unlocked. The interlock system will likewise prevent the removal of earth switches until all relevant access points have been locked shut and prevent the unlocking of power supplies until all relevant earth switches have been removed. Key exchange boxes will be provided where several keys are required to release others.

The interlocks will be arranged to prevent access into a precipitator casing unless all the fields in that particular flow are earthed and all points of supply are isolated. Where there are multiple gas flow chambers, segregated by continuous casing walls and earthed screens too fine to climb through, each chamber will be subject to a separate interlock system.

Each door into the precipitator gas passes and each door into an area with exposed HV conductors will be included in the interlock scheme.

Each precipitator field will have a mechanical manually-operated switch which forms part of the interlock system and can be interlocked either to earth or to an HV supply.

Each high voltage source will have an isolating switch on the power supply.
Each key will be unique and operate only one interlock at the site. No master keys will be made or supplied. The keys will be of a robust construction, and of a type whose lock operating contours have been proven to continue to reliably operate its own lock only, even with a film of particulate and after normal wear and tear incurred during 20 years of operation life.

8.5.3. Earthing
The precipitator casings, roof housings, and all parts of the structure including the emitter electrodes will be bonded to form an equipotential zone using dedicated conductors. The zone will be connected to station main earth system and will incorporate attachment points for portable Earthing cables outside every access point to equipment operating at high voltage.

Each high voltage field will have an Earthing stud positioned where the clamp of a portable earth can be applied from the access door. Earthing studs will also be provided on every HV connection point into a T/R chamber and change-over chamber. Enough portable Earthing cables of sufficient length and with compatible connectors will be supplied to enable all fields of the precipitator to be earthed at the same time.

With the exception of doors into gas passes, earth switches will be arranged to automatically close onto the appropriate section of the high voltage conductor when any door providing access to a zone containing high voltages (e.g. rapping chambers) is opened.

8.6. Plant Labelling
Where there are parallel items of plant they will be designated plant item identification in accordance the existing conventions of Units Nikola Tesla A6 and B2.

All labels will be in accordance with latest European standards.

All labels will be written in Serbian. The Contractor will supply and fit permanent plant identification labels at all the following points:
· Items such as pumps, valves, electric contactors, T/R sets, local isolators, isolating valves and other items of similar significance for operating and making the plant safe for maintenance.

· Access points into the precipitator gas passes.

· Isolating and earth switches and all high voltage supply components.

The labels may be painted on – white lettering in black boxes but only where the plant item is unlikely to be exchanged for repair etc.

8.6.1. Labeling of Electric Cables
All cables are to have a unique cable identification number clearly and securely fastened at each end as soon as possible after laying. The unique number will be issued by the Contractor in accordance the existing register and conventions of Units Nikola Tesla A6 and B2.

When the cable has been glanded and terminated the cable number will appear immediately adjacent the gland position at each end of the cable. The identification labels will be of the type where the numbers are fitted on to a carrier strip or channel, this being mounted on to the cable longitudinally by means of two ties. These labels will be to the approval of the Supervisor.

8.7. Noise Emissions
All necessary parts of the Upgraded Electrostatic Precipitation System will be noise-insulated to reduce the noise levels at 1 metre distance to a maximum of 85 dBa under normal operation.

The noise level will be assessed by the measurement of the overall `A' weighted sound pressure level at 1 m from the plant surface and 1.2m above any access surface local to the plant being tested. Equipment used shall comply with BSEN 61672 Class 1.

8.8. Electromagnetic Emissions and Radio interference
All Works will meet the European Community Electromagnetic Compatibility Directive (89/336/EEC) and the amending directive (92/31/EEC).

The Upgraded Electrostatic Precipitation System will not emit significant or nuisance levels of radio interference and other electromagnetic radiation.

The Upgraded Electrostatic Precipitation System must not be susceptible to interference from portable communications radios or from publicly available portable phones with cubicle doors shut. With cubicle doors open there will be no susceptibility from devices more than ½ m from the equipment.

All control and instrumentation will be unaffected by lightning strikes to the building, site, grid system or locality.

9. OPERATION and MAINTENANCE MANUALS
It is the responsibility of the Contractor to provide sufficient information, in suitable formats, for the Beneficiary’s personnel, to be able to understand how to perform their activities correctly without danger to themselves or damage to the Upgraded Electrostatic Precipitation System. The information must be supplied in sufficient time for the Beneficiary’s personnel to familiarise themselves with the requirements prior to completion.

The Contractor will collate the information concerning the Upgraded Electrostatic Precipitation System. The information will be supplied in digital electronic information format, except where express permission is granted by the Supervisor for paper versions as master copies. Where necessary the information will be provided in interim or draft format, with updates as further information becomes available. Information updates will be identified as newer versions.

9.1. Operating & Running Maintenance Instructions
The Contractor will identify all necessary correct operating and running maintenance procedures necessary to ensure continued long term performance of the Upgraded Electrostatic Precipitation System. These procedures will form the Operating Instructions. Operating instructions will be succinct and strictly functional and will not include

· Design details

· Theory

· Equipment brochures

· Repair instructions

Draft copies of the Operating & Running Maintenance Instructions, translated into Serbian and English, will be provided at least four weeks before it is planned that the Beneficiary will first run the plant. Queries, comments and suggestions for changes will be made to the Contractor by the Supervisor within two weeks following receipt and the Contractor will re-issue the document with suitable changes prior to the Beneficiary’s Personnel being required to run the station.

The operating and running maintenance instructions will enable the Beneficiary to operate the Upgraded Electrostatic Precipitation System to best effect and will provide sufficient instructions to enable a trained operator to avoid damage to it provided that the instructions are followed. It will include:

· Pre-start checks

· An explanation of what each control button does to the process

· How to perform the various start-up and shut-down activities with diagrams of the steps to be taken.

· What to do to optimise the process during steady state operations.

· How to over-ride automatic functions where 'manual' control is available.

· How to recover from ash emptying backlog

· Operational activities that may damage the Upgraded Electrostatic Precipitation System in the long or short term or lead to unsafe situations.

· Routine checks to be made, e.g. for wear, and how often (by reference to running hours, or time as appropriate)

· Lubrication schedule

· Running adjustments needed e.g. for wear and tear

· Alarm schedule - what each alarm could mean - likely causes and recommended response.

· How to access process information including time trends.

· Isolation points - how to make each item of equipment safe from the rest of the system regarding electrical power, high temperatures, hazardous chemicals and stored energy. This will include how to make safe for internal access into large items and for the removal and replacement of equipment items.

Operating Instructions will be provided in draft format to the Supervisor at least 30 days prior to Return the Unit into Operation. The Supervisor will collate queries, comments and suggestions for changes from the Beneficiary and an updated draft will agreed between the Contractor and the Supervisor and provided to operators prior to Return the Unit into Operation. The Contractor will issue 10 numbered official copies of the Operating Instructions with suitable changes within 30 days of Return the Unit into Operation. The Contractor will update the 10 numbered official copies of the Operating Instructions whenever a change to procedures is found to be necessary during the Extended Defects Notification Period.

9.2. Reference and Maintenance Manuals
The Contractor will provide to the Supervisor draft reference and maintenance manuals, translated into Serbian and English, within 30 days of Return the Unit into Operation and will work with him to produce a satisfactory suite of reference and maintenance information. Six numbered official copies of the final manual will be provided by the Contractor who will provide updates for these numbered copies if changes are made during the Extended Defects Notification Period. These manuals will comprise a project overview section explaining how the processes work and what the objectives of the processes are and the changes that have been made to existing equipment.

Quality records will be included as detailed in the agreed quality plans, together with test certificates and details of any agreed changes or deviations to the original contract details (such as actual cable routes, pipe runs, sizes etc). The commissioning and functional test logs will be included.

Maintenance instructions will be divided into sections requiring mechanical fitting expertise, electrical engineering expertise, computing, and control and instrumentation expertise.

The maintenance manual will include a list of spare parts with OEM numbers and of specialist tools unique to the Upgraded Electrostatic Precipitation System that are not normally used elsewhere, stating where these may be purchased. The spares list will include expected frequency of usage of spare parts, and schedules for major and minor routine maintenance.

The Reference and Maintenance Manual will also contain sufficient detail of expected performance and characteristics of the plant to enable the Beneficiary’s personnel to identify faults, deterioration in performance and to permit efficient trouble shooting. It will exclude reference information with no direct relevance to safe and efficient operation of the Upgraded Electrostatic Precipitation System.
The reference manual will start with an index, which accurately captures the multiple locations by page number of information concerning the following topics. The index may be expanded by further items at the request of the Supervisor between draft and final versions. Items to be included as a minimum are:

· Compressed air systems ( if fitted)

· Hopper ash emptying systems

· Auto stop and start

· Collecting Plate & support structure

· Dampers (if fitted)

· Digital data link system

· Discharge wire electrode & support structure

· List of Drawings

· Power Supply System for T-R sets including electrical protection

· Earthing

· Emergency Stop System

· Emission Monitoring Instruments

· Hopper agitation Air (if fitted)

· Safety Interlocks

· Help Screens on Computer

· Historical trending

· Hopper Level Alarms

· Hopper Heaters

· Insulator heaters

· Logic flow diagrams

· Computer, including the how to re-boot computer controls (if used)

· Lubrication

· Display Panels

· mA & kV indications

· Over-current relays

· Log On & Passwords (if used)

· T-R Set Controllers

· Power Save (if fitted)

· Rapping mechanism for collecting plates electrical & mechanical

· Rapping mechanism for discharge electrodes electrical & mechanical

· Sequence Controls

· Spares Part List

· Spark Rate

· Surge resistors

· Terminal Box

· Thyristor & firing circuits

· Transformer 3.3kv/415v (if fitted)

· T/R sets – protection systems

· Fire protection

· Interlock system

· An appendix containing all the Quality Control documentation

The manual will be edited to ensure that the detail is specific to the Upgraded Electrostatic Precipitation Systems at Nikola Tesla Units A6 and B2.

All drawings and diagrams representing the Upgraded Electrostatic Precipitation System will be in both paper (6 Copies) and CAD format – exact format to be agreed with the Supervisor and Beneficiary prior to submission.

10. PLANT COMMISSIONING, TESTING and ACCEPTANCE
10.1. Commissioning Procedure
All components and systems which form part of the Upgraded Electrostatic Precipitation System will be methodically tested to ensure that they have been correctly made and installed. Wherever practicable such functional tests will be performed with the components/systems at maximum duty (or minimum duty if that is more demanding). Wherever practicable the functional tests will be completed before the components/systems are made available for normal use.

Power supplies for plant testing will be commissioned in accordance the standard safety procedures of the Beneficiary with project-specific details agreed in writing between the Contractor and the Supervisor. The Beneficiary will use reasonable endeavours to make power supplies and control systems available as soon as the Contractor's systems become ready for testing and commissioning. However the commissioning process may be interrupted by other activities on the Power Station so the Contractor must be prepared to divert staff to other work or leave site and return as required.

10.2. Functional Testing
The Contractor will draw up a test schedule for the approval of the Supervisor which includes tests of all the functional requirements specified in section 6 and elsewhere in this specification. The Contractor will inform the Supervisor of planned functional testing sufficiently far ahead to permit him to witness them if he chooses to. The operating conditions and the results of such tests will be logged. A commissioning report and test log will be presented to the Supervisor before Return the Unit into Operation by the Contractor. Functional testing will include the following information:

· kV x mA characteristic curves for all fields from corona onset voltage to spark over voltage, clean air conditions.

· Details of test results from prescribed electrical tests carried out by the Contractor or jointly with the Supervisor.
· Tests of functionalities specified in section 6.

10.2.1. Electrical Testing
Electrical plant will be subject to the following:

· Circuit Insulation resistance tests at appropriate voltages.

· Low Ohm meter tests of electrical joints and connections. Circuit loop resistance tests.

· Earth continuity and integrity tests.

· Phase / polarity tests.

· Cable high voltage tests.

· Circuit function tests.

10.2.2. Exploratory Emissions Testing
It is expected and assumed that the Contractor will carry out exploratory emissions testing prior to the official contractual testing as part of the tuning and adjustment process within commissioning.

10.2.3. Access to, and use of already commissioned equipment
No connections or adjustments may be made on the Works already in use and/or commissioned unless safety clearance in writing has been previously issued by the Beneficiary. No Plant may be charged, energised or operated without the prior approval of the Supervisor. After the Safety Rules Clearance Certificate has been issued for a particular piece of Plant, then that Plant will be subject to the appropriate Beneficiary safety rules.

The issue of a Safety Document and the approval of a Safety Controller in no way relieves the Contractor of the responsibility for ensuring that his plant is in a suitable state and that connections or adjustments are correctly made.

Copies of test certificates any HV or pressure vessels in use on the Contract must be presented to the Supervisor and Beneficiary prior to the items being taken into service.

10.3. Return the Unit into Operation
As soon as the Contractor has demonstrated that the commissioning and functional tests are complete to the Supervisor's satisfaction, the Operating and Running Maintenance Instructions have been issued (see section 8.1) and training of Beneficiary’s staff is successfully finished and there is readiness to Return the Unit into Operation   a Partial Provisional Acceptance Certificate detailing the accepted parts will be dated, signed by the Beneficiary, the Supervisor and the Contractor and copies will be issued to each signatory.

The Beneficiary will then take responsibility for the operation and safety on those accepted parts of the Upgraded Electrostatic Precipitation System. The Contractor will cease to work on those accepted parts of the Upgraded Electrostatic Precipitation System except by agreement with the Beneficiary, e.g. for final tuning, adjusting and optimization.
The Contractor will operate those parts of the Upgraded Electrostatic Precipitation System which have not been taken over. Until the whole of the Upgraded Electrostatic Precipitation System is either accepted or capable of being operated by the Contractor to the requirements of the Supervisor and the Beneficiary, the Contractor is at risk of the penalties for late return to service as described in the commercial section.

In order for Units A6 and B2 to return to commercial operation, the Beneficiary will operate the plant to meet the requirements following Partial Acceptance Certificate of Return the Unit into Operation, bearing in mind the need to carry out the contractual performance tests. The Beneficiary will use best endeavours to provide access to the plant for post commissioning activities and improvement measures by the Contractor.
10.4. Performance Guarantee Tests - Particulate Emissions

The purpose of these tests is to demonstrate in the short and medium term that the Upgraded Electrostatic Precipitation System is fit for the specified purpose. 
The Contract guarantee will be deemed to have been met provided that each of the following conditions is met:

a) The particulate in the flue gas measured and averaged during an extractive sample test at the outlet of the Upgraded Electrostatic Precipitation System is found to be at 45 mg/Nm3.

b) The particulate emissions, as continuously monitored using opacity-based particulate monitors are below the LCPD limits, based on the conversion from opacity to mg/Nm3 in a data processor using the methodology of EN14181.

10.4.1. Approved Particulate Emission Test Organisation
The particulate emission tests will conform to ISO 9096.

The emissions performance tests will be carried out by a nominated independent party who has a proven satisfactory record in precipitator guarantee tests.

Potential Sub-Contractors for this element of work are available on request from the Beneficiary’s designated contact point, however, it will be noted that the Contractor is fully responsible for the appointment of its Sub-Contractors.
10.4.2. Roles of the Beneficiary, the Supervisor and the Contractor during performance guarantee testing
The Contractor will declare that the commissioning, tuning and adjustment phase of the work has ended, exploratory emission testing is at an end and that the Upgraded Electrostatic Precipitation System is ready for contractual testing.

The Beneficiary will be the operator of the Upgraded Electrostatic Precipitation System during performance tests, and will operate it in accordance with the Operating and Running Maintenance instructions and any relevant training which the Contractor has provided. 
The Supervisor will advise on the requirements for the Tests on and after Completion.

The Contractor's role will be as an observer during the 'A' Test and the 'B' Test. 
The Contractor will inform the Supervisor of all observations of deficiencies, mal-operation defects and other things which have a material bearing on the legitimacy of the test as and when they are first observed in order that they can be addressed promptly. Such observations will be confirmed in writing on the day. 
All optimisation and adjustment by the Contractor will have ceased at least 36 hours before these tests. 
The Contractor will make all communications during the course of the tests to the Supervisor.
The Contractor will pay for all testing unless specified in the Contract.

The tests will be carried out at a date determined by mutual agreement, taking account of the time needed to arrange equipment, testers and observers, and of the need to avoid uneconomic electricity generation by the Units under test. 
The Contractor will be prepared to remain at site for up to two weeks waiting to witness either test, and to return to site at a later date to witness either of the tests.

10.4.3. Operating conditions during performance guarantee tests
All of the following will apply during the course of the Tests on and after Completion.

· Unit under test will be operated by the Beneficiary at up to full load (see section 2.6).

· The boiler will be operated normally. “Normally” means that all relevant temperatures, pressures, settings etc will be within the range experienced at such high loads during the course of operations in the week before or after the test.

· The precipitator rapping and any other automatic self cleaning systems will be set to their normal mode for continuous running.

· If anyone precipitation zone or section fails, the test will go ahead unless the plant history shows this has never happened before in the previous 30 days. If two zones or sections fail, the test may be stopped provided that the Contractor pays for the cost of a re-test.

· The precipitator hopper emptying systems will be set to operate in the normal mode for continuous unit running.

10.4.4. Measurement tolerances & Re-testing & Correction Curves
Extractive flue gas sampling is known to have limitations of accuracy. Nevertheless no adjustment allowance will be made for such inaccuracies when the emissions are measured; the contract will be deemed to have been met or not met according to the “as found” measurements. However if the emissions are found to be at a level which results in delays to, or the withholding of, contractual payments, the Contractor may elect to:

a) Use for contractual purposes the Design Case Emissions value instead of the actual emission value. If this option is selected then the whole of the methodology of section 10.7 will be applied; there will be no ‘cherry picking’ of some parameters to be corrected for, leaving other parameters unfavourable to the Contractor being ignored. 

and/or

b) Arrange for the Upgraded Electrostatic Precipitation System to be re-tested on two additional days, subject to the Beneficiary‘s right to postpone such additional tests until an authorised (by the Supervisor) economically viable opportunity arises to operate Unit A6 or B2 at full load. On completion of the additional two tests, the emission level used to determine the performance at this stage of the Contract will now become the middle result; the most favourable and the least favourable results will not be considered for the purposes of the contract.
10.5. Upgraded Electrostatic Precipitators acceptance 

For a period up to 3 months following the Partial Provisional Acceptance of Return the Unit into Operation, the Supervisor will assess the Upgraded Electrostatic Precipitation System for any instances of non-compliance with the technical standards and functional requirements of the Contract and will inform the Contractor in writing of any such concerns as soon as they come to light. Such instances will be deemed defects and the Contractor will keep a register of all such defects and will advise in writing how and when such defects will be rectified. The Supervisor will 'sign off' such defects as rectified as soon as they are rectified satisfactorily.

The Supervisor will issue the Final Acceptance Certificate for the Upgraded Electrostatic Precipitation System as and when the Contractor has demonstrated that it meets the functional and technical requirements of the contract:

· Test “A” indicates that the Upgraded Electrostatic Precipitation System meets minimum acceptable performance,
· Quality standards of section 8 have been met,
· Functional requirements of section 7 have been met,
· No outstanding defects of significant value,
· Emissions are lower than the Table 1 limits as indicated by continuous emission monitors,
· Short term emissions are within the Contractual limits as indicated by continuous emission monitors,
· The Operations and Routine Maintenance Instructions have been supplied by the Contractor and accepted by the Beneficiary,
· The Contractor shall supply to the Supervisor the specified numbers and types of copies of the relevant as - built drawings and documents. 
As completion date stated in the Final Acceptance Certificate for the Upgraded Electrostatic Precipitation System will be considered the dated of satisfactory conclusion of the performance Test “A”.   
10.6. The “B” Test 
The purpose of the “B” Test is to demonstrate that the Upgraded Electrostatic Precipitation System can still meet the emissions performance requirements of the Contract after being in service for about two years. The test will be carried out towards the end of the Defects Liability Period, the exact scheduling will be decided by the Beneficiary, to minimize the cost of operating the electricity system.

10.7. Design Condition Emission Calculation
Design Condition Emissions will be calculated using the Deutsch-Anderson equation:

Efficiency = 1- e-(wA/Qa)
The full derivation is in Appendix C.

Design Condition Emission,
 Xd, = Xt * Ad / At * Ct / Cd * e^(wt*A/Qt)/e^(wd*A/Qd) 
Where:

Xt   
=test condition emission

Ad  
=Maximum ash in fuel (design conditions).

At   
=Ash in fuel (test condition) as measured from fuel sample taken on     the test day 

Ct  
=Calorific value of the fuel used on the test-day

Cd   
=minimum calorific value of the design fuel

A 
=Effective collection area (m2)
wt   
=Effective migration velocity during the test (m/s)

Qt  
=Actual volumetric gas flow rate during the tests (m3/s)

Qd  
=Maximum design conditions actual volumetric gas flow rate (m3/s)

wd, 
=Effective migration velocity that would be achieved under design conditions; wd will be calculated by applying correction factors to wt, the effective migration velocity achieved during the test.

Wd = Wt * kw * kt * kc * ks * ka

where the k values are the correction factors.

kw
= the correction for moisture in flue gas

kt
= flue gas temperature at the time of the test

kc
= the correction for the carbon in ash at the time of the test

ks
= the correction for the % sulphur in fuel at the time of the test

ka
= the correction for the % ash in the fuel at the time of the test

based on the flow-weighted average values of the parameters for the test period.

K values will vary according to Contractor-supplied look-up tables, charts, or mathematical equations linking the ‘as-measured’ values of the parameter in question to the correction factor and will assume a value of 1 (one) at design conditions. The correction factors can include for as many parameters as the Contractor deems necessary, including calorific value and ash in fuel. Where there is no agreed methodology for a parameter then the correction factor will assume a value of 1 (one).
10.8. Pressure Drop Guarantee Testing
The mean static pressure drop and flue gas flow rate and temperature will be measured after commissioning. The methodology will be by multiple-position sampling in planes of the ductwork using calibrated pitot tube. The sampling positions will be as stipulated by ISO 9096 (or as near to compliance with the standard as can be achieved with the ductwork sampling positions as installed). It is the Contractor’s responsibility to provide suitable sampling positions in the inlet and outlet ductwork.

The tests will be performed at the Unit’s under test nominal load. The flue gas flow rate will be measured at the same time as the static pressures are being measured. The arithmetic mean of the static pressures at the precipitator inlet will be subtracted from arithmetic mean of the static pressures at the precipitator outlet to provide an uncorrected pressure drop. Since the measured flue gas flow rate will not be exactly the design Am3/s, the pressure drops (before and after the precipitator upgrading works) for the purposes of this contract will be adjusted to reflect what they would have been at design Am3/s.

Contractual pressure drop at design A m3 /s  = Measured pressure drop* (design flow / measured flow)

10.9. Electrical Power Consumption Guarantee Testing
The electrical power consumption will be measured during performance tests or under similar operating conditions using the methodology of BS EN 62053.

10.10. Noise Emission Testing
The noise level will be assessed Under normal operation by the measurement of the overall `A' weighted sound pressure level at 1 m from the plant surface and 1.2m above any access surface local to the plant being tested. Equipment used shall comply with EN 61672 Class 1.

10.11. Final Acceptance Certificate
Following satisfactory completion of the activities described in section 10, and in particular the Defects Liability Period has been expired and that there are no defects outstanding for more than one month, emissions are within Table 1 limits as indicated by continuous emission monitors and the “B” Test results, the Beneficiary will issue a Final Acceptance Certificate stating the date on which the Contractor completed his obligations under the contract and the Works final acceptance has been effected.

11. DEFINITIONS

Defined terms in this document are in bold + italics
11.1. People & Organisations
The Contractor is as defined by PRAG
The Beneficiary is the ultimate owner of the Upgraded Electrostatic Precipitation System.

The Supervisor is as defined in PRAG and will be appointed by DEC.

11.2. Scoping
Upgraded Electrostatic Precipitation System is the “Permanent Works”. The Limits of Responsibility define the contractual borders of the “Permanent Works” within which the Contractor has full responsibility for providing the functionality and performance to the agreed quality, and timeliness.

11.3. mg/Nm3
mg/Nm3 is a measure of the average amount of particulate matter in the flue gas at the cross section where the sampling of the flue gas takes place. mg/Nm3 is the mass of particulate divided by the normalised volume which the flue gas in which the particulate is suspended would occupy at the time of the sampling if the flue gas has been at 0C, 1013 mbar, with all water vapour removed and sufficient dry atmospheric air added or removed to provide an oxygen content of 6% by volume.

11.4. Partial Provisional Acceptance, Return the Unit into Operation, Acceptance of Works
Partial Provisional Acceptance for Return the Unit into Operation means taking control of the Unit and presumes that all commissioning checks have taken place except those that require full operational duties. It requires the Supervisor's to be satisfied that the plant is fit for operation. The Beneficiary will then take responsibility for the operation and safety on those parts of the Upgraded Electrostatic Precipitation System. The Contractor will cease to work on those provisionally accepted parts of the Upgraded Electrostatic Precipitation System except by agreement with the Beneficiary.
Partial Provisional Acceptance does not imply acceptance for contractual purposes but in order for Units A6 and B2 to return to operation, the Beneficiary will operate the provisionally accepted plant to meet its requirements, bearing in mind the need to carry out the contractual performance tests.

The Test “A” is a series of extractive particulate emission tests performed to ISO 9096 shortly after the commissioning of the Upgraded Electrostatic Precipitation System.

The Test “B” is a series of extractive particulate emission tests performed to ISO 9096 shortly before the end of the Extended Defects Notification Period – about 2 years after the Test “A”.

Final Acceptance Certificate will be issued by the Supervisor as and when the Contractor has demonstrated that the Upgraded Electrostatic Precipitation System meets the functional and technical requirements of the contract and the required performance at the Test “A”.

The Beneficiary will issue a Final Acceptance Certificate for the Upgraded Electrostatic Precipitation System as and when the Contractor has demonstrated that it continues to meet the functional and technical requirements of the contract and the required performance at the Test “B”. 
11.5. Remedial Action process
The minimum acceptable performance is a flow-weighted average particulate density in the flue gas level of 50 mg/Nm3. Emissions at or below this level meets this criterion. Failure to meet this at the Test “A”   has consequences detailed in Section 10.3.

A Failure & Improvement Report is written by the Contractor if the Upgraded Electrostatic Precipitation System fails to meet minimum acceptable performance at the Test “A”. It details the step-wise investigation and improvement program by which the Contractor will endeavour to meet the Minimum Acceptable Performance within the time-limits of the Performance Security.

The Final Improvement measure constitutes the Contractor's last opportunity to meet the Contract requirements. It is the last activity which the Supervisor permits the Contractor to carry out in order to meet the minimum acceptable performance. When this has been completed, the Supervisor has the right to reject the Upgraded Electrostatic Precipitation System if it fails to meet the minimum acceptable performance.

11.6. Maintenance and Warranty Periods
The Defects Liability Period starts from the date stated in the Final Acceptance Certificate, i.e.  the date of satisfactory conclusion of Test “A”.
The Defects Liability Period finishes on the later of:

· 24 months after the start of the Defects Liability Period.
· The date of a satisfactory performance in the Test “B”.   
11.7. Performance Guarantee
The Performance Guarantee is defined in PRAG as a Bank Guarantee and will be for 10% of the total value of the Contract.
11.8. Design Condition Emission
Design Condition Emission value is as defined in Appendix C.

12. Appendix A. ELECTRICAL STANDARDS
Power Stations have requirements that differ from normal industrial standards, because of their size, complexity and the security needs of such high investment plant. Due consideration must therefore be given, when designing a scheme that the requirements have been met for:

· Segregation

· General lay-out

· Cable types

· Cable system design

· Fault current

· Motor starting

· Cable regulation

· Cable support system

· Cable installation practice

· Cable performance under fire conditions

· Cable accessories

· Fire barriers

· Control and switch gear

· Earthing systems

· Lightning protection

· Lighting heating and small power systems

· Transformers

· Voltage fluctuations

The design and execution of electrical installation work will generally take into account, and specifically comply with where indicated in this document or the work specification, the requirements of the IEC Regulations, Standards and practices.

The Contractor will ensure that materials, equipment and practices not covered by standards nevertheless conform to sound engineering practice. If the Supervisor so requires, materials and equipment will be subject to inspection and testing to ensure that they are in accordance with the specification and adequate for their intended use.

All materials will be new and of best quality. No repaired or defective parts will be permitted without the sanction of the Supervisor.

Voltage regulation

All power Station electrical plant and equipment must be designed to operate within specified voltage regulation limits during steady state full load and under motor starting conditions, and consequently may not operate correctly if these limits are exceeded. These limits are specified as:

Steady state full load: +6% and -10% nominal system voltage

Motor starting: -20% nominal systems voltage for a period of up to 90 seconds.

Equipment will be capable of operating continuously under actual service conditions at any frequency between 48 and 51 Hz, and within the limits of 47 to 51 Hz for motor starting conditions.

Where allowance is made for diversity, (typically I = 0.8 x the fuse rating for a 400V fused feeder circuit) this may be taken into account in calculating voltage drop. Account will be taken of the effects of motor starting current on other equipment.

During extreme system transient conditions, the voltage at the supply terminals may be lost for up to 0.2 seconds, followed by initial recovery to 60% of the nominal voltage for a period not exceeding three minutes.

The short circuit fault level for which the complete 400V system shall be designed to is:
	System

voltage
	Maximum symmetrical

fault, fault level
	Maximum symmetrical

fault, current

	400 v
	TBA
	TBA


Design and Construction of Switchgear, Control Gear, Fuse Gear Design and Construction of Switchgear, Control Gear, Fuse Gear and Ancillary Equipment

Equipment will be provided in accordance with the following documents, including all related specifications and standards:

	I EC – 60439 -1
	LV Switchgear

	BS – 7671
	LV Wiring

	IEC – 60269
	HRC Fuses

	IEC – 6100
	EMC

	ESI Standard 50-

18
	General Specification for Design and Application of Ancillary

Electrical Apparatus

	BS 88-2.2
	HRC Cartage fuse links

	IEC – 60146
	Power Converters

	IEC – 60255
	Protective Relays

	IEC-60287-3-2
	Electric Power Cables- Selection, Ratings

	BS 7870
	LV and MV Polymeric cables

	BS 6346
	PVC Insulated Electrical Cables

	BS 6004
	PVC Insulated non armoured Cables


Enclosure and Degree of Protection

Switchgear assemblies are completely metal clad, self-supporting and suitable for floor or wall mounting, in multi-cubicle or multi-box type structures. The floor is not considered as being part of the enclosure.

Cover bolts or nuts are retained in place when undone (captive bolts and nuts).

In the absence of any other specific design requirement the minimum degree of protection as per IEC 60529 for any assembly is: For use in switch rooms:
IP 31

In other indoor environments (i.e. not switch rooms) the degree of protection is appropriate to prevent the ingress of dust and moisture.

If anti-condensation heating is required inside the assembly, it is supplied from a separate source connected between system phase and neutral. The heating system of each section is separately protected. When the heating system is live, this is indicated by means of a prominently situated red light. The heating system is designed in such a way that the heat is adequately distributed over all functional units to prevent the risk of accumulated free water e.g. condensation.

Diversity Factor

Subject to the design not requiring more onerous diversity factors, as a minimum, for temperature rise tests or temperature rise calculations, a diversity factor of 1.0 is applied for each switchboard panel containing only one functional unit. If a panel contains two or more functional units, the rated diversity factor applied is not less than 0.9 when considering the circuit loads as known at the time of final inspection at the manufacturer’s works. Spare circuits and partially equipped space compartments are considered as being loaded to 90% of their rated current.

This supplement does not apply to sub-distribution systems. Instead, the original clause of IEC 60439-1 applies.

Electrical Characteristics

The following clauses relate directly to clauses in IEC 60439-1.

 Rated Operational Voltage

All equipment is suitable for continuous operation on a nominal 415 volt three-phase three or four wire system with a voltage variation of – 10% to + 6% of the nominal value. Transient variations outside of these limits maybe present.

Rated Insulation Voltage

The rated insulation voltage is 1000 Volts

The assembly is suitable to form part of a system with co-ordinated insulation values in accordance with IEC 60664-1, over-voltage category IV, and is type tested accordingly.

Rated Impulse Withstand Voltage 
The rated impulse withstand voltage is 12kV.

Rated Current

The main bus-bars are rated for the maximum continuous current over the entire length of the assembly and are not be rated lower than the incoming and bus section units.

Rated Short-Time Current

The equipment is capable of withstanding the maximum perspective sort circuit current for a period of three seconds.

Power Cables

For each feeder or motor circuit application, a suitable conductor size has to be selected from the applicable range, to satisfy current and voltage technical requirements. Selection and sizing must be based on IEC-60287-3-2 unless otherwise stated in this specification.

Fault current

The current ratings must ensure that the maximum temperature of the insulation will not be exceeded under normal operating conditions. However, the cable must also be protected against all forms of excess current. This is achieved by a combination of the circuit protection characteristics and the fault current capability of the cable.

Earth faults

For earth faults, both the cable conductor and the low impedance path to earth i.e. the cable metallic screen/armour must be considered.

Control Cable system design

Particular attention will be taken where PLC and microprocessor circuits form part of a scheme. In order to avoid the possibility of "brown-outs" and "black-outs" to equipment power supplies it will be noted that the nature of the in house supplies can give rise to surge and sag conditions causing the 400 VAC supply to vary between +5% and -20% of nominal volts for periods in excess of 30 seconds but not exceeding 90 seconds.

Cable design and selection

All cables will be manufactured for reduced propagation (RP) of fire and will comply with BS 6346 or BS 6004. The thickness of the extruded PVC sheath will be in accordance with BS 6346 and the colour of the outer sheath will be as follows:

Power cables - Black; Control cables - Grey; Earth cables - Green.

Power Cables below 16mm2: For 400 Volts.

Cables will be of the following construction except where otherwise specified. Cu/PVC/PVC/SWA/PVC to BS.6346 with stranded copper conductors and steel wire armour. Standard sizes: 2.5 mm2, 4mm2, 6mm2.

Multicore Cables 16mm2 and above: For 400 Volts.

Cu/PVC/PVC/SWA/PVC to BS.6346 with stranded copper conductors and steel wire armour. Standard sizes: 16mm2, 35mm2, 70mm2, 120mm2, 185mm2, 300mm2.

Earth Cables up to 240mm2

Al/PVC to BS.6004, Table 5, but with solid aluminium conductor.

Multicore Control Cable:

2.5mm2 Cu/PVC/PVC/SWA/PVC to BS 6345 or BS 6004

Multipair (Telephone type) Cable:

1/0.8mm2 PVC insulated copper cable to IEC 5308

Mineral Insulated Cable:

BS.6207, Part 1, heavy duty with sheath.

Panel Wiring:

Stranded copper conductor to BS.6004 with red, yellow, blue, black, grey or green insulation as appropriate.

Cable Glands

Cable glands will generally be of the insulated type generally to BS 6121. Glands will be supplied with or without an integral earth bonding lug dependent upon the application required.

Earthing and bonding must be strictly in accordance with section 12. Where bonding is required the integral bonding connector (lug) will be used. Where bonding is not required the gland will have no integral bonding connector (lug) and will be covered with a black PVC shroud.

Uninsulated glands may be used on lighting and small power circuits.

Fuse Links

Fuse protection generally, will be provided by HRC cartridge fuse links in accordance with BS 88-2.2.

Re-wireable fuses will not be used.

50 Volt and 24 Volt d.c. remote control, indication and alarm circuit fuses incorporating alarm contacts will in the main be the 'Grasshopper' type.

Enclosures

Enclosures will be of metal or other approved materials with suitable anti-vibration pads where circumstances require this. The enclosures will provide a degree of protection not less than I P54 to BS 5490 as follows:

	Environment category
	Environment
	Degrees of protection

	A
	Indoor
switchrooms,

control
rooms,
offices,

workshops
and
stores

which
are
normally
	IP31

	
	designed "clean areas".
	

	B
	Indoor plant areas which

are not in the vicinity of

boilers, steam pipework or

Mulsifyre Protection.
	IP54

	C
	Indoor
plant
areas

adjacent to boilers, steam

pipework, water pipework,

pumping plant or subject

to
deluge
by
Mulsifyre

Protection
	IP65

	D
	Outdoor plant areas
	I P66

	E
	All
applications
where

plant may be subject to

submersion in water
	IP67


The Contractor will, at the time of tendering, ascertain by site visit, the type of environment applicable in the various areas of the installation. Drip proof covers will be provided for enclosures in Category B, C, D or E environments.

Anti-condensation heaters are required in all equipment enclosures for Category B, C, D or E environments, with the exception of distribution boards and terminal marwilling boxes. All anti-condensation heaters will be thermostatically controlled. Suitable transformer equipment to provide this supply will be included, unless specified otherwise.

The design of joints between adjacent board sections will ensure that the above requirements are fully met.

Where equipment is of the withdrawable type and is not fitted behind lockable front doors, loose cover plates suitable for padlocking and having captive fixings will be provided to blank off the openings in the cubicle fronts, when the withdrawable assembly is removed, to preserve the degree of protection of the enclosure specified above.

The minimum thickness of sheet steel to be used in the construction of cubicles and enclosures will be 1.5mm.

The enclosures will incorporate provisions for work in safety on the dead side of any circuit isolating device with adjacent circuits live.

Separate compartments will be provided for each circuit breaker, fuse switch or motor starter equipment.

The layout and circuitry of the various sections of the equipment within a cubicle will be arranged in clear discrete modules suitably identified to facilitate isolation, ease of testing and maintenance. Where equipment is assembled in control and instrument panels a separate set of terminals will be provided for the group of cables associated with each piece of equipment. Terminal boards will be preferably mounted in a vertical position. Terminal boards will be at least 400mm apart and at least 200mm from the cable gland plate.

To prevent accidental touching by persons, shrouds or covers will be provided over any main circuit parts which are energised above 125V, when access has been gained to the interior of the enclosure, other than through doors or covers secured by fastenings requiring the use of tools.

Any circuit parts which require access for testing, fault finding and setting up, whilst energised above 125V, will also be shrouded or covered. Test points will be provided to minimise the need for the covers or shrouds to be removed. Test points will provide a hole not exceeding 5mm diameter. The protection achieved at these test points will be not less than IP20 to BS 5490, except that the test probe will be 'test finger' IV to BS 3042.

The enclosure earthing will comply with the requirements in section 12. Doors and covers will be sufficiently rigid to avoid distortion which could prevent effective sealing when tightening the fixings. Hinged doors will open not less than 90and movement will be limited to prevent damage to equipment mounted on the doors and to prevent damage to or tension being applied to the wiring connected to the equipment mounted on the doors.

The design of doors will be such that all indicators will be clearly visible when the doors are closed.

Provision will be made for padlocking all doors or handles; unless otherwise agreed no other type of locking will be provided. This provision will not prejudice the requirements of interlocking using castellated type keys in certain plant areas.

Doors or covers which permit access to live conductors will be secured by bolts, studs or screws, the removal of which must require the use of tools. Fasteners which may be loosened by means of a 'coin' are not acceptable.

The design of cubicles will be based on the following dimensions:‑

	Overall Height
	Maximum 2600mm

	Operating
Handles
(highest and
lowest

positions reached by operators hand)
	Maximum 2000mm

	Protective
relays,
instruments
and

mechanical indicators
	Minimum 450mm

	Door and Panel handles and locks
	Maximum 2000mm

Minimum 300mm


Equipment installed in environment category 'A' will be arranged for top or bottom entry of cables (as specified). Cable compartments will be segregated to allow termination of cables safely with busbars and adjacent circuits 'alive'. Insulated shrouds will be provided on all 400 Volt cable terminals.

Equipment for all other environment categories will be arranged for only bottom entry of cables.

The dimensions of cable compartments will be adequate to allow manipulation and setting of the maximum size of cable/core applicable to the circuit rating. The size of cables allowed for motor circuits will be in accordance with IEC-60287-3-2

All equipment cubicles will be prepared and finished in accordance with BS EN 62208.

Escutcheons, facia, relay and instrument surrounds, etc, will have a semi-matt or non​reflecting finish. A rough matt or crinkle finish which holds dirt will not be used. The bezels of push-buttons and illuminated indicators will be finished similarly unless permitted otherwise by a particular type approval. The preferred finishes are black or grey.

The colour and finish of cases inside panels and cubicles may be the maker's standard finish, provided that such is durable.

Cable Termination and panel wiring

Terminations will be made using crimped connectors.

Identification markers for multi-core and multi-pair cables will be sleeve type, of the correct size and will not slip along the cable. Such markers will not be removable without re-termination.

All markers will be fitted to cores in an approved manner such that the numbers and letters will be read from left to right.

The wiring looms will be formed in a neat and secure fashion. The individual cores will be taken out and connected to the terminals in such a manner that a sufficient length of core is available to permit cutting off and re-making of the conductor termination without disturbing the main group of wiring.

Spare cores will be left long, coiled and fixed inside the cabinet.

The wiring loom will be formed and secured such that all cores are long enough to reach any terminal in the box. All cores are to be run to the far end of the terminal row away from the gland and then back to the appropriate terminal.

Panel wiring and terminals will be in accordance with BS5308

Internal wiring of complete items or equipment where wiring is not normally disturbed in service, eg circuit breakers, isolators, motor starters and auxiliary control equipment, etc., will be as follows:‑

	Number and Nominal

Diameter of Strands
	Cross Sectional

Area

	16/0.20mm
	0.5mm²

	32/0.20mm
	1.0mm²

	30/0.25mm
	1.5mm²

	50/0.25 or 7/0.67mm
	2.5mm²

	56/0.30 or 7/0.85mm
	4.0mm²


The size of wiring used will be suitable for the current rating, thermal rating and IR drop. Mixed sizes of wire in any one bunch will be avoided as far as practicable. Where a cubicle accommodates equipment of more than one primary circuit, the wiring for each circuit will be separately run.

Wiring to process control and instrumentation equipment will be in accordance with BS 5308 and the manufacturer’s recommendations to minimise the susceptibility of system to signal interference. Special attention will be given to requirements for screening and segregation of signal process wiring.

Terminal blocks must be adequately sized for the duty. Generally they must be BS EN 60943. Terminal blocks associated with 50 Volt d.c. control, indication and alarm circuitry will be rail mounted, screw clamp, insertion type, with integral captive isolating link. Terminal blocks associated with circuits operating in excess of 125 Volts will be equipped with insulated shrouds and warning labels.

All bolts provided for use on terminations must be high tensile steel and cadmium or zinc plated.

When terminating all cables and particularly the solid extruded insulation and screened types, the method of cutting back sheaths and beddings, removing fillers and conductor insulation will be as recommended by the cable manufacturer. It is essential that no damage is caused to conductors or insulation and where applicable their respective screens.

Marshalling Boxes

Unless specified otherwise, all boxes for use with multi-core, multi-pair, telephone and Mineral Insulated Cables will generally comply with BS EN 62208

Note 2

For 400 V motor ratings of 1.5 KW and above circuits will have their cable armour connected to the station earth at the switchgear end and bonded to earth locally at the motor end in order to limit the rise in earth potential at the motor under fault conditions.

Earthing Apparatus Enclosures

Earth bonding

Metal enclosures of all electrical apparatus, all switchgear, transformers, distribution boards, control panels, cubicles, kiosks, marwilling boxes and ancillary apparatus enclosures will be bonded to earth.

Local bonding

The size of the main equipotential bonding conductor will be not less than half the csa of supply conductor and not less than 6mm2. A bonding conductor forming a connection between two exposed sections of steelwork (eg cable support steelwork and structural steelwork) will be a minimum csa of 6mm2. copper conductance equivalent.

Earthing of Cubicles, Kiosks, Boxes and Desks

Each cubicle or kiosk will have a 25mm x 3mm (1 in x 0.125in) copper earth fault bar at the bottom. On cubicles which may form part of a suite, the earth bar will extend across the cubicle and will be drilled and provided with a drilled copper link 25mm x 3mm (1 in x 0.125in) long enough for bolting to an adjacent Unit. Boxes will be provided with a 10mm (0.375in) dia. stud which may be removable, of phosphor bronze or high tensile brass, in an accessible position, clear of obstructions.

Desks may be provided with either an earth bar or a stud of the sizes specified above.

Earthing of Small Apparatus and Components

Metal cases, supports and bases as specified below will be earthed directly to the earth bar or stud by means of an insulated wire, of a cross section not less than 2.5mm². Specific means will be provided for earthing, e.g. the use of assembly bolts is not permitted.

Earthing is not required for components with a body of insulating material, nor for apparatus or components enclosed in a non-removable insulated case or cover, nor for apparatus or components (such as relay cases or supports) when used in circuits at a normal voltage of less than 125V

Metal supports for live elements within a removable insulating case will be earthed if the normal voltage exceeds 125 volts, or any working part is in a circuit which can breakdown to a primary circuit. For example, metal supports and relay cases will be earthed if the apparatus is connected in the secondary circuit of a ct or vt but not if connected in the secondary circuit of an interposing transformer.

The disconnection of any one piece of apparatus from earth will not disconnect any other apparatus. Normally this will be ensured by ring wiring.

When apparatus for more than one primary circuit is mounted on the same panel, separate connections will be provided for each circuit direct to the earth bar.

Process control and instrumentation equipment will be earthed in accordance with the manufacturer’s recommendations. Where necessary this will include earth screening, earth system segregation and special earth bonding arrangements.

Cable Supports

Single Core Power Cables

All single core power cables will be installed in flat, spaced configuration with 80mm between the cable centres. On horizontal steelwork single core power cables will be cleated at 1.8 metre centres using approved multiple cable clamps. On vertical runs the cables will be cleated at 1 metre intervals using approved single cable clamps. In troughs channels will be installed at 1 metre intervals and cables cleated to alternate channels using approved multiple cable clamps.

When cables are terminated on to plant they will be arranged such that a full 90bend falls within 3m of the cable gland. This bend is required to take up the forces produced by cable conductor expansion. The recommended minimum bending radius for these cables is fifteen times the cable overall diameter. Every cable will be cleated at a maximum of lm below the cable gland position.

Multicore Power Cables

When multi-core power cables are installed on horizontal steelwork either straps or thermal spacers will be used at 1.2 metre centres. Cables up to and including 16mm2 will be installed in a double touching layer. Cable sizes larger than this will be laid in a single layer, each cable being spaced from the next using a thermal spacer at 1.2 metre intervals. When cables above 16mm2 are installed in vertical runs the cables will be cleated at lm intervals using approved single cable clamps. Cables 16mm2 and below can be strapped in bundles. In troughs cables will be installed as above on channels at lm intervals.

Control Cables

On all major cable routes where power and control cabling run in parallel, a physical separation of 600mm will be maintained between power and control cables. On routes where there are no single core power cables, this separation may be reduced to 300mm. In addition, no separation is necessary for ' tail end' cabling involving multicore power cables for route lengths up to 5m.

All control cables run on horizontal steelwork will be retained on the steelwork using the thermal spacers or cleats at 1.2 metre intervals. Cables up to and including 12 core and 60 pair will be laid in double touching layers. Cables above these sizes will be installed in single layers. No cleating or channels are required in troughs.

Where control cables are installed in vertical runs, they will be clipped using approved straps at lm intervals. On risers of over 10 m length, approved single metallic cleats will be used in place of every third strap to fasten cables in bundles. The only exception to this is that the 37 core and 100 to 500 paired control cables will always be cleated at lm intervals.

Mineral Insulated Cables

Mineral insulated cables will either be surface run on walls, on concrete, etc or will be installed on light duty perforated trays. All cables whether run vertically or horizontally, will be clipped at a maximum of 600mm intervals.

Cables laid direct in the ground

Cables will be laid on a bed of sand 75mm deep and covered with sand to a depth of 75mm after laying. This will be well punned over and around the cables by hand. The upper cables in a trench will not be less than 800mm below ground level (this may be reduced to 500mm for 400V cables and below at the discretion of the Supervisor). All cables will be protected with interlocking concrete covers to BS 2484. Backfilling will be carried out carefully and the surface restored to the satisfaction of the Supervisor.

13. Appendix C. Design Condition Emission Value Calculation

Design Condition Emission value calculations will be based on the Deutsch Andersson equation:

Precipitator Efficiency = 1- exp{- w*P/Q}

Therefore:
X = Y /exp{w*P/Q}

Where:

X = Outlet dust concentration

Y = inlet dust concentration

w = effective migration velocity (m/s) which will vary

P = plate area (m2) which will not vary once the design has been finalised.

Q = volumetric gas flow rate which will vary

The Deutsch equation will have been used by the precipitator designer and can be expressed using "d" subscripts to denote design conditions:

Xd = Yd /exp{wd*P/Qd}

The Deutsch equation can be also applied to an emissions test using "t" subscripts to denote test conditions:

Xt = Yt /exp{wt*P/Qt}

Dividing the design condition equation by the test condition equation, Xd/Xt = Yd/Yt * exp{wt*P/Qt}/exp{wd*P/Qd}

Therefore Design Condition Emission,

Xd, = Xt * Yd/Yt * exp{wt*P/Qt}/exp{wd*P/Qd}

There are no test ports at the precipitator inlet so the design condition inlet concentration is not known. In order to make a suitable adjustment for inlet concentration it will be necessary to either establish a fair value for Yd and to measure Yt or to substitute values that can be measured.

Since all the ash entering the boiler must exit the boiler at steady state, it would be possible substitute ash-to-boiler for inlet concentration. This relies on the assumption that the percentage of ash intercepted en-route to the precipitator is constant. The ash-to-boiler value will depend on the ash in fuel and the fuel calorific value which are both readily measurable.

If At is the test-day fuel’s ash content (%) and Ct is its calorific value (kJ/kg)

and Ad is the design fuel’s ash content (%) and Cd is its calorific value (kJ/kg) and the proportionality stated above applies,

Yd/Yt = Ad / At * Ct / Cd 
Substituting,

Design Condition Emission, 
Xd, = Xt * Ad / At * Ct / Cd * exp{wt*P/Qt}/exp{wd*P/Qd}

Where:

Xt 
= test condition emission

Ad 
= Maximum ash in fuel (design conditions) see Section 2.7

At 
= Ash in fuel (test condition) as measured from fuel sample taken on the test day 
Ct 
= calorific value of the fuel used on the test-day

Cd 
= minimum calorific value of the design fuel see Section 2.7.

wt 
= effective migration velocity during the test (m/s), is calculated from the measured dust concentrations as wt = Qt/P x Ln{inlet concentration / outlet concentration} P = precipitator plate area (m2)

Qt 
= actual volumetric gas flow rate during the tests (m3/s)

Qd 
= maximum design conditions actual volumetric gas flow rate (550 m3/s)

wd, is the effective migration velocity that would be achieved under design conditions. wd will be calculated by applying correction factors to wt, the effective migration velocity achieved during the test.

wd = wt * kw * kt * kc * ks * ka

where the k values are the correction factors.

kw
= the correction for moisture in flue gas

kt
= flue gas temperature at the time of the test

kc
= the correction for the carbon in ash at the time of the test

ks
= the correction for the % sulphur in fuel at the time of the test

ka
= the correction for the % ash in the fuel at the time of the test

based on the flow-weighted average values of the parameters for the test period.

K values will vary according to Contractor-supplied look-up tables, charts, or mathematical equations linking the ‘as-measured’ values of the parameter in question to the correction factor and will assume a value of 1 (one) at design conditions. The correction factors can include for as many parameters as the Contractor deems necessary, including calorific value and ash in fuel. Where there is no agreed methodology for a parameter then the correction factor will assume a value of 1 (one).

14. Appendix D. WELDINGS

Welding process

Welding preparation

Appropriate preparation of all welding edges, in accordance with appropriate technical norms, JUS standards and best practice examples shall be performed before any welding procedure.

Metal sheet cleaning and preparation of the edges, as well as creation of butt welding channels (for gas, electric and special type welding which require preparation of the welding edges and weld formation) can be performed by gas cutting or utilizing appropriate tools and devices.

Edges prepared by gas cutting must be absolutely clean and free from oxides and other non-metal impurities. If during the said preparation a need for application of some special treatment, not described in technical documentation, arises, the Contractor shall not proceed with the said treatment before consulting the Beneficiary.

Before carrying out any welding, welding peaces have to be brought into certain position to one another, no matter if they are welded in a free state, in special tools or in positioners. Data on their position have to be indicated in the appropriate drawing detail. Marking of the cutting points on the welding peaces as well as all other marking must be performed in such a way as to provide that surface of the base material is not considerably damaged.

Marking controller must not be positioned closer than 3-5 cm from the weld axis. Surfaces to be weld have to be inspected before the welding. They have to be metal clean (free of water, oil, grease, rust, oxide coating resulting from gas cutting etc.). When carrying out multi-pass welding, weld have to be properly cleaned from slag produced after each welding pass.

Before commencement of any welding works, the manufacturer is obliged to present the Beneficiary with the evidence of all material, device, tool, machine and equipment quality, analysis of the their applicability for welding works, as well as of performed welding preparations.

Welding

Position of the welding area has to be such as to provide correct weld production in the best possible position.

During workshop welding, welds should be produced in the best possible position utilizing manipulators or positioners.

During on-site welding all welding positions can be foreseen, provided that qualifications of all welders are indicated for each of adopted positions.

Welding can be performed without any particular caution if the ambient temperature is higher than 0°C and if there is no wind or rain. If not, welding shall be performed outdoors, implementing all protection measures against wind and rain influence.

At temperatures ranging from 0°C to - 5°C, preheating of the base material should be applied. If temperature falls below - 5°C, all welding activities should be cancelled.

Weld dimensions have to be compatible with those indicated in design and working drawings. After welding is performed, construction, its parts and elements fabricated by welding have to fully correspond to design and working drawings, both in form and dimensions. 

Corrections can not be made without justified reasons and confirmation of the constructor and liable welding expert nominated by the Contractor.

If based on justified constructional reasons or if explicitly required by the Beneficiary, construction sections are to be built both as welded and utilizing overstrained screws, drawings shall precisely indicate design applied. Welding must be performed before the screw tightening. Additional welding, over the tightened screw joints, is not permitted.

Produced fillet welds (side and butt) must be of dimensions as indicated in design documentation. Manufacturer is obliged to control all fillet welds regarding their quantity (dimensions) and quality.

Quality control can be performed visually, employing magnifying lenses, or utilizing penetrating colours method.

Results of the performed control must be presented in written worm.

Butt welded joints shall be made in accordance with valid technical regulations (in three quality categories: special, Quality I and Quality II). 

In general, quality control of the butt welded joints is performed by radiographic method. Permissible joint grades range from 1 to 3.

Welds graded with 4 have to be corrected, while those graded with 5 are dismissed as unfit.

Weld grade is determined in accordance with regulations of international institute for welding (IIW). Results of the performed control must be presented in special report.

Production and assembling of welded constructions can be entrusted only to certified welders who have passed appropriate exam. 

If rolled profile peaces made of Č 0.370 non-killed steel are butt welded along the whole cross sectional height, bearing capacity of the welded beam subjected to bending decreases for 50% when compared to its regular load capacity. It is recommended that these butt welded sections be strapped using straps of appropriate load capacity and then fillet welded to the base section. In such case, bearing capacity of the strapped beam can be considered as 100%.

The Constructor must keep a record of all welding works.

Record of performed welding works shall incorporate all significant data such as: atmospheric conditions (if welding is performed outdoor), ambient temperature, welder’s name and sign, additional materials, potential preheating and similar). Welding record shall have attached general arrangement of the welded structure and drawings required for carrying out all works, including information correlating each of the welders to the weld he has produced.

The Beneficiary representative enters all objections and requirements into the Welding record, as well as admittance and refusal of performed works and similar.

Thermal treatment

Appropriate thermal treatment of specific section or element shall be selected based on its character, technical conditions, base material, its thickness and deformation during treatment and welding. Technical documentation should clearly indicate where and what type of thermal treatment is necessary. Thermal treatment should also be applied when welding is performed at temperatures ranging from 0° to -5°C. Prescribed thermal treatment shall be controlled with appropriate devices.

Thermal treatment of welded joints includes heat utilisation for the following purposes:

· provision of slower cooling,

· weldability improvement, 

· deformation suppression,

· removal of self tensions; 

· improvement of weld structure and its surroundings.

Preheating and thermal treatment temperature has to correspond to the base and additional material, providing design properties of the weld and of the whole welded piece and construction. 

Welding testing and control

Welding testing and control is performed during, before and after the welding.

Welding preparation control should include inspection of the base and additional materials, as well as of the shape and regularity of foreseen welded joint (condition of the edges to be welded, their properly inclined position, surface cleanness, distance between the weld toes of the welding peaces etc.). The Contractor is obliged to organize all the above activities.

Welding procedure control should include inspection of the welding method, weld shape and type, welding wire i.e. welding electrode diameter, torch flame type, current intensity for melting, arc size (for arc welding), inlet of multi-pass welding, regularity of welding seam depositing and its conservation, conservation of proper welding distance etc. Special attention should be paid to the provision of weld continuality and uniformity.

Control activities described in the above paragraph shall be organised by the manufacturer, in agreement with the Supervisor appointed by the Contracting Authority.

Weld control after performed welding shall include inspection of the weld appearance (regularity of its shape, width and height of weld edges), presence of cracks and other mechanical deficiencies which can be detected by external weld inspection, presence of the beginning and ending craters etc.

Welds of especially important constructions or their sections have to be inspected with radiographic method (utilizing X-rays, isotopes) or with some other non destructive testing method. Radiographic control and report preparation shall be done in accordance with JUS C.T3.051. Grading of the obtained recording (Section 1, Article 3.45 of the above stated standard) shall be determined by the Contractor and the Supervisory body, using the existing attests and regulations.

If some other non destructive method has been used for testing, it is necessary to provide the same information as for radiographic method, in addition of the data referring to specific control method applied (for example ultrasonic method). The above said control shall be organised by the manufacturer, in agreement with the Supervisor appointed by the Contracting Authority. When no other non destructive control methods can provide defect detection with adequate certainty, the Supervisory body can request for propagation method to be applied, utilizing appropriate device. 

If during the above explained control, uncertainties regarding the scope or conductance of the control or interpretation of the results arise, opinion of the expert welding institute or office shall be consulted.

Organisation performing welding activities on the construction must employ liable welding expert – engineer or technician, who shall be responsible for correct application, provision and quality testing of welding works.

Liable expert must possess appropriate certified knowledge, necessary for the provision of welding works.

Welders have to have adequate technical training, in accordance with regulations on professional qualifications of welders. Before commencement of the Works, The Contractor is obliged to present to the Supervisor, if so required, evidence of the welder qualifications for the works to be performed on the construction. 

15. Appendix E. Preliminary ESPs Upgrade Time Schedules
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1DIRECTIVE 2001/80/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 October 2001


� EN 14181:2004 “Stationary Source Emissions – Quality Assurance of Automated Measuring Systems


� ISO 9096:2003 Stationary source emissions — Manual determination of mass concentration of particulate matter.


� The ESP’s terminology used is in accordance with standard ICAC-EP-01, 2000. 
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