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[bookmark: _GoBack]Technical Specifications for Substation Electrical Equipment 



All the Plants and Equipment under this Contract will be provided by the Contractor based upon the below list of WAPDA/NTDC Equipment Specifications (Latest Revision).
List of WAPDA/ NTDC Equipment Specifications (Latest Revision) 
	Sr. No.
	Specification No.
	Description

	1. 
	P-46:2008
	Power Transformer.

	2. 
	P-181-96
	Metal- Oxide (Gapless) Surge Arrestors.

	3. 
	P-193-2010
	SF6 Circuit Breakers.

	4. 
	P-128-2011
	AC Bus and Line Disconnectors (Isolators).

	5. 
	P-90:1982
	Current Transformers (33kV to 132kV).

	6. 
	P-129:2011
	Inductive Voltage Transformer (145kV, 72.5kV, 36kV).

	7. 
	P-143:83
	Tension Strings.

	8. 
	PDW/ TS- 1804
	10+3.1m Gantry Pole and Beam drawings.

	9. 
	PDW/ TS- 113
	10m and 13.1m Earth Mast drawing.

	10. 
	P-138:80
	Connectors for Grid station.

	11. 
	P-176:86
	Connectors for 220/132kV Grid stations.

	12. 
	P-182:81
	Supporting Steel Structure for Grid station Equipment.

	13. 
	P-151:2008
	132kV Control and Relay Panels.

	14. 
	P-63:79
	Aluminum Stranded Conductor.

	15. 
	P-134:80
	Aluminum Tubing.

	16. 
	P-12:80
	Galvanized Steel Wire

	17. 
	Annex-A
	Post Insulators- Electrical and Mechanical characteristics.
11kV Post Insulators

	18. 
	PDW/ TS- 192
	11kV Steel Structure drawing.

	19. 
	P-29:2010
	15kV XLPE Aluminum/ Copper conductor Power Cables.

	20. 
	P-184:86
	Termination for XLPE 11kV Power cables.

	21. 
	P-100:2005
	Control Cables.

	22. 
	P-16:68
	Copper Wire for Earthing.

	23. 
	P-116:81
	Earthing Rod.

	24. 
	P-135:80
	Earthing Platform.

	25. 
	P-114:82
	Thermite Joints for Substation Earthing.

	26. 
	P-44:96
	11kV Metalclad Switchgear.

	27. 
	P-165:89/ P-78:2010
	11kV Capacitor Bank and Control Equipment/ Single Phase Capacitor 12/kV, 100, 200kVAR.

	28. 
	P-132:88
	Station Batteries.

	29. 
	P-133:95
	Chargers for Station Batteries.

	30. 
	P-48:81
	A.C and D.C Auxiliary Services Panels.

	31. 
	P-41:81
	3-Phase Pad Mounted Transformer.

	32. 
	P-8:96
	Disc Type Porcelain Insulators.

	33. 
	P-19:83
	Steel Nuts and Bolts.

	34. 
	P-50:08
	Aluminum Conductors, Steel Reinforced (ACSR).

	35. 
	P-140:82
	Suspension Strings.

	36. 
	P-82:81
	Zinc Coating.

	37. 
	
	Civil Works.

	38. 
	
	Erection, Testing and Commissioning.

	39. 
	
	Grid station Lighting.
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CIVIL WORKS

1.		INTRODUCTION

 This section comprises the Standards and Specifications pertaining to the fundamental requirements of design, material, workmanship, construction, testing, inspection and maintenance of the Civil Works required or specified under the Contract. The Contractor shall perform the work in accordance with these specifications and other specifications supplemental to these specifications as may be specified by the Engineer from time to time. Should the Contractor follow other specifications, these must be approved by the Engineer prior to carrying out these works. 

1.1		Works:

The Contractor shall carry out all the works required for the design, construction, completion and maintenance of the Civil Works required under the Contract including foundations, cable trenches, pavements, roads, buildings, drainage and other allied work as required or specified in the Contract and as shown in the drawings.

	The prices of all additional works which are not shown in “Price Schedule” but specified in the Contract Documents, shall be included in the prices of other items of “Prices Schedule”. The Contract Documents shall not claim additional cost for any item, which is required to be executed as per Contract Documents but not specially mentioned in the “Public Schedule”.

1.2		Materials:
i) The Contractor shall furnish all materials and equipments for the performance of civil work.
ii) Materials to be used for civil work shall conform to the relevant ASTM standards and specifications. However in case of using other standards, the Contractor shall obtain prior approval of the Engineer.
iii) In all matters relating to the acceptance or otherwise of the equipment and offered under this contract the decision of the Engineer shall be final.
The Engineer shall have the right to reject any material and/or equipment which does not meet the requirements of the Contract Documents. All rejected material or equipment shall be removed from the Site as soon as possible.
The Engineer reserves the right to witness any test on material if necessary. The Contractor shall provide proper facilities to witness tests and shall also bear all the expenses on this account. Should the Engineer require the detailed data on material, the Contractor shall furnish the same in writing to the Engineer. 



2		DESIGN CONDITIONS
2.1		General
All drawings and statements shall be in the English language and metric system of measurements shall be used.
The following design conditions shall be used for the design of civil work and shall not be deviated unless approved by Engineer.
2.2		Design Condition
The values used in this project are as follows:
Seismic Coefficient:
Vertical		Kv = 0.0
Horizontal		Kh = 0.1
i) Wind Load:
Wind pressure		Fw = Cxq

Where			q = 1/2xpV²
				
p = Air density/
				acc.(0.125 kG sec²

				V = Wind velocity
				(45m/sec)

				c = Shape factor
				(for circular equipment 0.8
				(for Angular equipment 1.2) 



2.3		Design of Foundations:
1) Geotechnical Investigations
The Contractor shall carry out the Geotechnical investigations at Site just after award of the Contract under the supervision of the Engineer to design the foundations. For this purpose the Contractor shall submit his proposal regarding the type of tests and their locations at Site for review/approval of the Engineer. After performing Geotechnical investigations, the Contractor shall submit Geotechnical investigation report and his recommendations for design of civil works for review/approval of the Engineer. 
2) Foundations
All foundations shall be designed up to 200 mm or as shown in the drawings from top of gravel level, appropriate slope shall be provided on the top end of the foundation in order to ensure sufficient drainage. The load for design of foundation shall be taken from the foundation reactions calculated in the design of gantries and respective equipments after applying appropriate load factors.
The Contractor shall submit to the Engineer for his approval calculations and load analysis used for design of gantries, equipment foundations and building works. 
The size and type of foundations i.e. spread footing, mat footing or pile foundations including soil replacement if any shall be based on Geotechnical Investigation Report.  
The gantry stubs and anchor bolts shall be available at Site before pouring of concrete for gantry and equipment foundations. If block outs are to be provided in the foundations due to any constraint, pre-mixed non-sprink grout shall be used for the embedment of stubs and anchor bolts as per approval of the Engineer.            
3) Leveling Concrete
A leveling concrete shall be placed in thickness of 100mm or as shown in drawing. 
2.4		Design Standard and Code
For foundations and building designs, the Contractor shall conform to the applicable requirements of the latest revisions of following standards and publications, in principle. 
	1)	ASTM	(American Society for Testing and Material)
	2)	ACI	(American Concrete Institute)
	3)	BS	(British Standards) – where specified only
2.5		Testing
In addition to following tests on coarse and fine aggregate to be used for constructions;
i)	Specific gravity of aggregates
·   Coarse grading
· Fine grading 
ii) Unit weight
iii) Gradation analysis
iv) Flakiness and elongation indices
v) Log Angle Abrasion:
· Coarse grading
· File grading
vi) Soundness
vii) Water absorption
viii) Aggregate impact value
ix) SASR test for aggregates
x) Petrographic test:
-	Fine aggregates
-	Coarse aggregates
The following chemical analysis shall be carried out for water to be used in concrete, ground water and for soils which are to come in contact with concrete:  
	-	PH
	-	Chloride mg/liter
	-	Magnesium, mg/liter
	-	Ammonium, mg/liter
	-	Sulphate. Mg/liter
	-	Potassium permanganate, mg/liter
	-	Total hardness milli equivalent/liter
	-	Non carbonates
	-	Carbonic acid
Cement to be used shall have an alkali content less than 0.5% of soda equivalent. Test reports for the tests carried out to verify the alkali contents shall be submitted to the Engineer for review and approvals.
The Contractor shall compare chemicals found in water, soil and construction material with those values allowable in design code and submit report for Engineer’s approval. The Contractor shall take precautions in designing civil works and shall add admixture in concrete and take remedial measures to prevent structure from any expected attack from chemicals observed.

3		TEMPORARY WORK
3.1 General
1)	This clause covers the furnishing of all appliances, labor, materials tools, transportation and services required to perform and complete all preliminary work and temporary construction.

2)	Immediately after award of the Contract, the Contractor shall submit to the Engineer in writing the schedules for machinery and equipment to be supplied and temporary work to be constructed by the Contractor in connection with the execution of the permanent work.
	Even though such schedules have been submitted to the Engineer, by no means the Contractor shall be relieved from any liabilities and responsibility to be borne by him in accordance with the Contract.
	However, the schedules for minor and simple work may not be submitted if allowed by the Engineer.

4) Any drawing and design calculation sheets for the equipment to be used and for the temporary work specified in the specifications shall be submitted to the Engineer for his approval.

3.2 Scaffoldings and Path

In order to complete the construction, the Contractor shall furnish and maintain all required scaffolding, stairways, platforms and other necessary pertinents.

3.3 Temporary Transportation Road

1)	The Contractor shall carry out investigation, design and construction of the temporary transportation road required for execution of the work at his expense, and submit such design in writing to the Engineer and obtain his approval.

2)	The Contractor shall, at his expense, carry out maintenance and management of the temporary transportation road.

3)	After completion of the work, the Contractor shall dismantle or leave the temporary transportation road as mutually agreed by the concerned parties subject to the approval of the Engineer.

4 EARTH WORK

4.1 General

This clause covers the performance of all works in connection with the required cutting, filling, leveling and compaction of site area, excavation for the various type of foundations as shown in the drawings, or any other excavation and banking that may be necessary during the progress of works including the removal, use or disposal of all excavated material.

4.2 Clearing and Grubbing

1)	Clearing and grubbing shall include dismantling and removal of structures, removal of trees and shrubs, stumps and other obstacles from the area necessary for the execution of work. The Contractor shall cut and remove all such objects from the project area up to any lead as approved by the Engineer.


2)	The Contractor shall not cut any tree outside the premises of the construction site without permission of the parties concerned.

3)	Clearing and Grubbing shall also include removal of unwanted top layer upto    150 mm, if required.

4.3 Excavation

1)	Excavation under this section shall consist of the removal, hauling dumping, and satisfactory disposal of all materials from required excavations for leveling the site area and construction of civil works. Excavation in rock by means of drilling, blasting, chemicals etc. shall also be done by the contractor wherever required. 

2)	The excavated slope surface shall be protected against any erosion due to heavy rains during construction period. Should any damage be caused on any face of slope, the Contractor shall immediately repair any such damage at his expense.

3)	Excavation shall be carried out by adopting a suitable method for excavation of the ground so as not to loosen the ground outside the excavation. If necessary, temporary sheeting shall be constructed.

5) During excavation, work shall be performed carefully so as not to cause any damage to adjacent structures and buried structures owned by the public or third party. The execution of work in such areas shall be carried out following instructions of the Engineer
.
6) If the excavated material is to be temporarily stockpiled, designated spaces shall be kept at suitable distance from the shoulder of the road while considering the earth pressure at the excavated surface and the working space. Temporary sheeting or other such structures, if necessary, shall be constructed so that the stockpile can be protected from damage or being washed away
.
7) After completion of excavation, excavated widths and bottoms shall be subject to inspection by the Engineer.

8) Any and all excess excavation for the convenience of the Contractor or over-excavation performed by the Contractor for any purpose or reason, except as may be ordered in writing by the Engineer, and whether or not due to fault of the Contractor, shall be at the expense of the Contractor. All such excess excavation shall be filled at the expense of the Contractor with materials as approved by the Engineer. However, for the switchyard equipment, gantry and building foundations, excess excavation underneath the foundations if any done, shall be filled with lean concrete at the expense of the Contractor.     

9) The Contractor may request the Engineer in writing to change the excavation line as required according to the soil conditions of the foundation during the progress of excavation line, the Contractor shall prepare the revised design of the said foundation and submit it to the Engineer for his approval.


4.4 Filling and Back Filling

1)	Filling and back-filling shall be executed as construction proceeds alongwith the removal of shoring and other materials at the filling and back-filling site. 

	When sheeting is to be let and buried in order to prevent shear failure of soil or due to some other inevitable reasons, it shall be done according to the direction of the Engineer. 

2)	Except as noted otherwise in the specifications or the drawings, all the materials for filling and back-filling shall comply with the following requirements. 

a)	Material shall not include any harmful materials, such as fertile soil or pieces of wood, slurry mud organic and other unsuitable material.

b)	Material shall not be of an extreme swelling nature.

c)	The gradation of the general fill material shall conform to the following limits:


Material Size,				Percent Finer Than,
U.S. Shieve Series			by Weight

No.  	10				     100
No. 	50				70-95
No.	100				25-75
No.	200				  0-15
	
	However, for the engineered fill under the light structures i.e. foundations, proposal of well graded gravelly sand shall be submitted by the Contractor for approval of the Engineer. 

d)	No stones or the like shall be used for filling and back-filling. 

e)	Impermeable clay shall not be used for back-filling of a structure which is susceptible to earth pressure. 

Location of borrow pits and method of obtaining materials for banking shall be reported to the engineer in advance for the approval.

3)	If the inflow of water exists at the site of filing and back-filling, it shall be appropriately handled at the expense of the Contractor. 

4)	The compaction shall be made in the filed by ramping machines or other mechanical means as approved by the Engineer. The layer of compacted earth filling shall not be more than 5 cm per lift, and it shall be graded at horizontally as possible, and shall be sufficiently compacted to produce not less than 95% of laboratory maximum dry density as determined by ASTM Designation D1557-00 “Test Method for Laboratory Compaction Characteristics of Soil Using Modified Effort”. Field dry density shall be measured according to ASTM D-1556-00 – Standard Test Method for Density and Unit Weight of Soil in Place for Sand – Cone Method or ASTM D-2937-00 “Standard Test Method for Density of Soil in Place by the Drive – Cylinder Method” or other methods as approved by the Engineer. 

5)	If there is any surface or buried structure owned by the public or the third party at the site of filling and back-filling, care shall be taken so as to cause no harmful effect to them and the execution of the work shall be carried out following instructions by the Engineer. 

6)	For back-filling adjacent to a structure, compaction and back-filling shall be carried out in such a manner that will prevent damage to the structure. 

4.5 Disposal of Excavated Materials

1)	Spoils produced by excavation shall be piled, graded, sloped or disposed of at the locations as directed by the Engineer. 

2)	In transporting the spoils, care shall be taken so as to neither hamper traffic nor cause trouble to the third party by scattering the spoil over the road. 

4.6 Inspection:

The instructions and tests specified herein shall include the following:

1) Volume of work executed
2) Inspection of test of construction materials
3) Inspection of excavation (including bed surface)
4) Inspection of disposal of excavated materials
5) Inspection of compaction test of back-filling
6) Other tests and inspections which the Engineer deems necessary
7) Other tests and inspections required according to pertinent regulations, codes and standards

The works for which the Engineer deeds inspection necessary, shall be executed in the present of the Engineer.

5.		REINFORCED CONCRETE WORK

5.1 General

1)	This clause covers the performance of all reinforced concrete work for permanent structures in accordance with the drawings and these specifications. 

2)	The Contractor shall furnish all materials and equipment for the performance of concrete work. 

3)	Reinforced concrete work and plain concrete work shall comply with all requirements of ACI 318-02 (latest revision). Also test on material shall, in principle, follow relevant ASTM Standard or equivalent approved by the Engineer. 

4)	Concrete shall have the uniform quality with the required strength, durability water lightness etc. 

5) Strength: 

a)	The strength of concrete shall generally be based on 28 days compressive cylinder strength

b)	Compression tests for concrete shall be performed in accordance with relevant ASTM standards or approved equivalent. 

o28 = 350 kg/cm²	For grouting under base plate of equipment steel structure with mixing of non-shrinking agent. 

o28 = 280 kg/cm²	For water retaining structures. 

o28 = 211 kg/cm²	For foundation of each equipment gantry towers, cable trenches, buildings and other structures as specified. 

	The minimum cement contents shall be 350 kg per cubic meter of concrete. 

o28 = 71 kg/cm²	For leveling concrete.   

Where o28 means concrete compressive cylinder strength at the age of 28 days. 

						









Table-1 – Basic Mix Data

	Design		Max Size of	Slump	    Air		Description
		Strength	Aggregate 	(cm)	    E/ment
	o28 kg/cm²	   (mm)____		    (%)___	__________

		350		As per 		4 ± 2	      -		Grouting under base plates of
				Table-3				equipment steel structure.

		280		As per 		10 ± 2	   4 ± 1		Water retaining structures.
				Table-3				

		210		As per 		6 ± 2	   4 ± 1		Foundation, buildings and 
				Table-3				other structures.

		140		As per 		10 ± 2	   4 ± 1		Leveling concrete.
				Table-3				



	Note:	1.	Specific gravity in design
	Cement – 3.15, Fine Aggregate – 2.62, Coarse Aggregate and Crushed Stones – 2.62.

2.	The Contractor shall submit proposal of mix design for approval of the Engineer. 

3.	Maximum size of coarse aggregate may be reduced for columns, beams and slabs etc. 	as directed by the Engineer. 

5.2             Material

1) Material for Reinforced Concrete

a) Cement

Classification shall be Ordinary Portland Cement to be complied   with British Standard 12:1971 “Specifications for Ordinary and Rapid Hardening Portland Cement” or to ASTM Designation C150-99a Standard Specification for Portland Cement for Type-I”, or equivalent and Sulphate Resistant (SR) cement shall be used in water logged area and as per requirements of Geotechnical investigations and this shall be according to ASTM C150-99a Type-V.

b) Water
      
i) Water shall be clean and free from injurious amounts of oils, acids, alkalis, salts, organic materials or other substances deleterious to concrete or reinforcement. 

ii) Sea, river or canal water shall not be used in mixing concrete for reinforced or plain concrete. 

iii) Test as described in clause 2.5 shall be within acceptable limits. 

iv) Non-potable water shall not be used in concrete unless specifically approved by the Engineer. 

c) Fine Aggregate

i)	General
		
Fine aggregate shall be clean, strong, hard, durable, suitably graded and free from injurious amounts of dust, mud, organic impurities, salts etc. 

					Beach sand shall not be used for concrete. 
				
ii) Grading

Fine aggregate shall consists of large and small particles suitably mixed, and its grading shall, as a standard, be within the range shown in Table-2. 

			




	Table - 2  - Standard Grading of Fine Aggregate

			Sieve Designation				Percent
			U.S. Standard Square Mesh			Passing

			0.375 in (9.5 mm)				100
			No. 4 (4.75 mm)				95 to 100
			No. 8 (2.36 mm)				80 to 100
			No. 16 (1.18 mm)				50 to 85
			No. 30 (600 mm)				25 to 60
			No. 50 (300 mm)				10 to 30
			No. 100 (150 mm)				02 to 10
			
The sand equivalent value of the fine aggregate, as determined by ASTM Designation D-2419-02 “Standard Test Method for Sand Equivalent Value of Soils and Fine Aggregate”, shall not be less than 75. The Fitness Modules shall range between 2.3 to 3.1.
d) Coarse Aggregate

i)	General

Coarse aggregate shall be clear, strong, hard, durable, suitable graded and free from injurious amount of flakes, elongated pieces, organic impurities, salts etc. 

ii) Crushed Stones

Coarse aggregate shall consist of large and small particles suitably mixed and its grading shall be within the range shown in Table-3 as a standard.

Sieve analysis shall be performed in accordance with ASTM Designation C33-02a, or equivalent. 

				Table - 2  - Standard Grading of Coarse Aggregate

						Percent by weight finer than each laboratory sieve

		US Standard	1.5 in. to 	0.75 in.	0.5 in. 
				Sieve Size	0.75 in.	to No. 4	to No. 4

				2        in.	100		-		-	
				1.5     in.	90 to 100	-		-
				1        in.	20 to 55	100		-
				0.75   in.	0 to 15		90 to 100	100
				0.5     in.	-		-		90 to 100
				0.375 in.	0 to 10		20 to 55	40 to 70
				No. 4		-		0 to 10		0 to 15
				No. 8		-		0 to 5		0 to 5

			e)	Reinforcement

Steel bar reinforcement, shall be deformed bars conforming to the provisions of ASTM Designation A615/A615M-01b, “Standard Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement” and shall have a minimum yield stress of 40,000 psi. Steel bar reinforcement in the openings to be filled with second stage concrete shall be of mild steel. At least 45 days prior to issuing each order for reinforcing steel, the Contractor shall notify the Engineer in writing of the Contractor’s proposed sources of supply so that the Engineer may make arrangements for plant examination, testing and inspection. A similar notification shall be given prior to each shipment to the Site. The Contractor shall provide such assistance, instruments, machines, labor and materials as are required for examining, measuring and testing the quality, weight or quantity of steel at the mill and at the Site. If and when required Contractor shall provide all necessary facilities to Engineer for the selection of test pieces and shall prepare these to the required shape and length and submit it to the laboratory where directed for tests at Contractor’s cost. No steel shall be incorporated in the Works without prior approval of the Engineer. 


			f)	Admixture

i) The Engineer shall select the source and brand of air-entraining admixture, if required.  The air-entraining admixture will be an approved substance or compound conforming to the requirements of ASTM Designation C260-01, “Standard Specification for Air-entraining Admixtures for Concrete”, which will produce entrained air in the concrete as hereinafter specified. The air-entraining admixture shall be added to the batch in solution in a portion of the mixing water. This solution shall be batched by means of mechanical batcher capable of accurate measurement and in such a manner as to ensure uniform distribution of the admixture throughout the batch during the specified mixing period.

ii) The source, brand and types of suitable water-reducing cement-dispersing admixtures, if required, shall be selected by the Engineer. The water-reducing admixture will be compatible with the air-entraining admixture specified above and shall be batched and added to the concrete in the manner specified for the addition of air-entraining admixture but separate from the portion of the mixing water containing the air-entraining admixture. The quantities of water-reducing cement-dispersing admixture to be used shall be in accordance with the instructions of the Manufacturer, as approved by the Engineer. Water-reducing admixture will conform to the requirements of ASTM Designation C494-99a “Standard Specification for Chemical Admixtures for Concrete”. Water-reducing admixtures shall be sampled at the source of supply and tested at the expense of the Contractor. Additional tests if deemed necessary shall also be arranged by the Contractor without any claim of cost under the supervision of the Engineer. 

iii) Admixture for non-shrinking of concrete shall be used for grouting wherever required. 


g)	Mortar

Before placing the fresh concrete a mortar cost, approximately two cm thick, shall be placed on construction joint. The proportion of the mortar mix shall be one part of cement to two parts of sand of fineness of between No. 100 and No. 4 sieves, with a consistency which allows spreading it over the surface and completely filling of all irregularities in the old concrete. Before concrete is placed over a construction joint, the joint shall be thoroughly cleaned and wetted. Any excess water shall be removed prior to concreting.
	



2) Storage of Materials

a) Storage of Cement

i)	Cement shall be stores separately for each type in either silos or damp-proof warehouses.

ii) Silos to store cement shall be built or equipped with suitable means so that cement will not be retained at the bottom without being conveyed out.

In case of sacked cement, it shall be stacked on the floor rising atleast 30 cm from the surface of the ground, and shall be stored in such a manner as to facilitate conveyance and inspection. Height of each stack shall be at most 13 sacks.
				
iii) Any bag for which portion of cement has hardened during its storage shall not be used at all. Cement stored for long period shall be tested for its quality prior to its use. 

iv) Cement with excessively high temperature shall be used only after lowering the temperature.

b) Storage of Aggregate

i)	Fine aggregate, coarse aggregate and other aggregate of different type and grading shall be separately stored with dividers between each. 

ii) When receiving, storing and handling aggregate, facilities shall be well maintained and handling shall be carefully performed so that no segregation of large particles from small ones may occur, no foreign materials may become mixed, or in case of coarse aggregate, no particles may be crushed. 

iii) Storage facility of aggregate shall be equipped with a suitable drainage system, and shall have a suitable capacity so that the aggregate with uniform surface water may be used separately and the aggregate received may be used after being tested. 

iv) In hot weather, aggregate shall be stored in a place with a facility to avoid direct exposure to the sun etc. so that extreme drying or temperature rise in the aggregate does not occur. 

c) Storage of Reinforcement

Reinforcement shall not be directly placed on the ground, and it shall be stored in a warehouse or a place with suitable cover. 

d) Storage of Admixture

i)	Admixture shall be stored so as to be free from dusts and other impurities. Admixture in powder form shall be stored in such a manner that absorption of water and hardening are prevented and admixture in liquid form shall be stored in such a manner that segregation and change in quality are prevented. 

ii) Admixture material shall be carefully handled. 

iii) Admixture material shall be stored in silos or warehouses which are damp-proof and shall be used in the same order as they are received. 

iv) Admixture stored for a long period or found to have changed shall be tested prior to its use. Should it be found in the test that admixture does not possess the required characteristics, its use shall not be allowed. 

5.3            Mix Proportions

1)	Mix proportion for concrete shall be determined in such a manner that the unit quantity of water its minimized while the required strength, durability, water tightness and the workability suitable or the work are secured. 

2)	Mix proportion for concrete and results of tests mixing shall be determined so as to provide the required strength, workability, uniformity and durability. The scheme of mix proportion shall be submitted to the Engineer for approval. The form of submission as per Table-4 shall be used. The design strengths of the concrete shall be the classes indicated below. 

o28 = 350 kg/cm²	For grouting under base plate of equipment steel structure  

o28 = 280 kg/cm²	For water retaining structures. 

o28 = 211 kg/cm²	For foundation and buildings 

o28 = 71 kg/cm²	For leveling concrete.   

Where o28 means concrete compressive cylinder strength at the age of 28 days. 

The Contractor shall prepare concrete mix design according to basic design data for mixing as indicated in the Table-1 herein. 

                                Table-4 (Concrete Mix Design Report)
	
	
	
	
	
	
	Quantity (per Mixed 1m³)

	Mix Size of Aggregate
	Slump


(cm)
	Air-
Entrainment


(%)
	Max Water/
Cement w/c (%)
	Sand
percent
s/a

(%)
	Water
(W)


kg
	Cement
(C)


kg
	Fine
Aggre.
(S)

kg
	Coarse
Aggre.


kg
	Admixture



gm/cm³



Note:	The quantity of admixture shall be indicated in cm³ or gram without solution or dilution. 


5.4		Batching

	Each material to be used in concrete shall be obtained through batching. 

1)	Batching Equipments

a)	Batching method and batching equipment for each material shall be subject to the approval of the Engineer in advance. 

b)	Batching equipment for each material shall be inspected and adjusted if necessary, prior to the commencement of the construction work and periodically during the construction. 



	2)	Batching of Materials

a)	Batching shall be made in accordance with the mix design approved by the Engineer. Test for surface water of the aggregate shall be in accordance with relevant ASTM Designation of equivalent or as directed by the Engineer. Test for the quantity of the effective absorption of water, in case of dried aggregate, shall be as directed by the Engineer. 

b)	Volume of one batch shall be determined as directed by the Engineer.

c) Each material shall be batched by weight and/or by volume as approved by Engineer except the water and the solution of admixture, which may be measured by only volume. 

d)	Error in the measurement in each batch shall be within the permissible error range given n Table-5.


             Table-5 Permissible Error in Measurement

Type of Materials			Permissible Error (%)

			Water						± 1

			Cement & admixture material			± 2

			Aggregate					± 3

			Solution of admixture agent			± 3



5.5		Mixing

Materials for concrete shall be thoroughly mixed until the mixed concrete becomes uniform in quality. 




	1)	Mixers

		a)	Mixers shall be either tilting batch mixers or forced batch mixers

b)	Any concrete mixers to be used under this project shall be subject to approval of the Engineer. 

c) Mixers shall be such that they will not cause any separation of materials at the time of discharging. 

2)	Mixing

a)	When charging a mixer, all the materials shall be charged uniformly and simultaneously in principle.

b)	Mixer shall be rotated at a speed recommended by the manufacturer. 

c) Mixing time shall, in principle, be determined based on tests. As a standard, it shall be at least 1 minute and 30 seconds for tilting type mixers and 1 minute for forced mixers. 

d)	Mixing shall not be continued for more than 3 times the specified mixing time. 

e)	Materials for new batch shall not be charged into the mixer until all the concrete in the mixer is discharged. 

f)	Mixers shall be thoroughly cleared before and after their use. 

g)	Concrete which is left mixed and has commenced setting shall not be used after re-tempering. 

h)	Hand mixing shall not be allowed




5.6		Conveying and Placing

	1)	General

a)	Prior to the commencement of the construction work, a plan of conveying and placing shall be made, and this shall be subject to the approval of the Engineer. 

b)	Concrete shall be conveyed by methods which will prevent separation and loss of materials, shall be placed immediately and then, shall be thoroughly compacted. Even when it is impossible to place the concrete  immediately due to some special reasons, the time between mixing and the completion of placing shall not exceed 30 minutes. 

c) When segregation is observed in concrete during its delivery or placement, it shall be made uniform in quality by remixing. 

2)	Conveying Equipment 

Equipments to be used in conveying concrete shall be those which can easily deliver the concrete to its required place. Should the delivery distance be long, they shall equipped with such facility as an agitator. 

	3)	Buckets

	Structure of buckets shall be such that they will not cause any separation of materials when charging or discharging concrete, and that the concrete  can be easily and swiftly deposited from them.

	4)	Conveyer Belts

	Should conveyer bolts be used, they shall be suitably located so that they will not impair the quality of the concrete and the end of the line shall be provided with baffle plates and an elephant trunk so that the segregation of concrete can be prevented. 

	5)	Buggies and Trolleys

Should buggies or trolleys be used, a level runway or path shall be constructed so that separation of material will not occur in conveying concrete.

6) Chutes

a)	Should any chute be used, it shall be drop-chute in principle. The drop chute shall be connected to an elephant trunk so that the separation of materials is minimized. 

b)	Open chutes may be used, only when approved by the Engineer. Each open chute shall be inclined at uniform angle all along its length and the slope shall be such that it will not cause any separation of materials of the concrete  to be placed. The distance between the bottom end of the chute and the surface on which concrete is to be deposited, shall be at most 1.5 m. The discharging end shall be equipped with a suitable elephant trunk. 

	7)	Preparation of Placing 

a)	Prior to the placement, the arrangement of reinforcement, forms etc. shall be approved by the Engineer. 

b)	Prior to the commencement of the placement, it shall be certified that conveying equipments and placing equipments are in conformance to the plan of placing specified in clause 8.

c)	Prior to the placement, conveying equipments, placing equipments and the inside of forms shall be thoroughly cleaned to prevent foreign materials from being mixed into the concrete. Portions expected to face concrete and to absorb water shall be moistened in advance. 

d)	Water in pits and sumps shall be removed prior to the placement of the concrete. Suitable protective measures shall be taken so that water running into these pits and sumps will not wash the concrete just placed. 


	8)	Placing

a)	Concrete shall be placed in accordance with the plan of placing specified in clause 5.6 should it be inevitable to change the placing method,. it shall be so done as directed by the Engineer. 

b)	When concreting is done in hot weather, special attention may absorb the water in concrete shall be given to the materials, placement, curing etc. 

c) Portions such as the ground and foundations which may absorb the water in concrete shall be thoroughly wetted prior to the placement of concrete. 

d)	Temperature in concrete at the time of placing shall be at most 25 deg. C for gantry foundations and 32 deg. C for equipment foundations and other structures. If the temperature goes up, precautionary measures approved by the Engineer have to be taken. 

e)	Conveying equipments for concrete shall be such that they will protect concrete from being dried or heated. 

f)	Concrete shall be protected as soon as the placement is completed or interrupted. Special care shall be exercised to keep the surface of the concrete moist. 

g)	During the concreting operation, attention shall be paid not to disturb the arrangement of the reinforcement. 

h)	Concrete shall be placed in such a manner that it will not be required to be moved after being deposited. 

i)	Should any notable separation of materials be observed during concreting, the concrete shall be remixed to obtain the uniform quality and necessary measures to prevent separation shall be taken before the placing operation is resumed. 

j)	Concrete for one section shall be placed continuously until it is complete. 

k)	Concrete shall, in principle, be placed in such a manner that the surface of the placed concrete will be horizontal within the section. One lift in placement shall be at most 30 cm, in principle, if the length of the vibratory rod is larger than the concrete lift. 

l)	Should concrete be placed in layers, each succeeding layer shall be placed while the one below it is still plastic. Should it become necessary to place concrete on top of layer which has started setting, it shall be done in accordance with clause 5.6

m)	When height of the form work is great, it shall be provided with openings for concrete placing or the placement shall be done using droop chutes in order to prevent the concrete from being segregated or from adhering to the reinforcement or to the forms above the layer to be placed.

n)	The height of the end of buckets and hoppers shall be at most 1.0 m above the level of placement. 

o)	Should there be any water coming out and accumulated during the placement, the concrete shall not be placed further until the water is removed by suitable means.

p)	When concreting high structures such as walls and columns continuously, the consistency of the concrete and the rate of lifting shall be controlled, in such a manner that separation of materials during the placement and the compaction is minimized. 

5.7		Compaction

1)	In principle, internal vibrators shall be used to compact the concrete. When it is difficult to use internal vibrators in the case of thin walls suitable means shall be adopted. Vibrators to be used shall be subject to the approval of the Engineer. 

2)	Concrete, shall be thoroughly compacted immediately after placement, and shall be thoroughly worked around the reinforcement and into the corners of the form. Where conditions make compaction difficult, batches of mortar containing the same proportions of cement, sand and water as used in the concrete shall first be deposited to ensure the compaction. 

3)	When compaction is achieved by vibrators, it shall be inserted into the layer below the one just placed by about 10 cm. The vibrators shall be pulled out very slowly so that no hole will form I the concrete. 

4)	When concreting is to be compacted by internal vibrators the spacing and the time of their application shall be as directed by the Engineer. 


5.8		Additional Placing

Should additional placing be made on top of a layer which has already started to harden, it shall be thoroughly and carefully worked on a directed by the Engineer so that the top and the lower layer becomes monolithic. 


5.9		Curing

	1)	General

a)	Concrete, after being placed, shall be sufficiently cured without being subjected to injurious effects caused by low temperature, drying, sudden change in temperature etc. 

	The Contractor shall report the said method to the Engineer and obtain his approval 

b)	Concrete shall be protected from vibrators, impacts and loads while it is hardening. 

	2)	Wet Curing

a)	Concrete being placed and compacted shall be protected form the sun, wind, showers etc. until it starts hardening. 

b)	Any exposed surface of concrete which has hardened to a degree that works can be done without impairing it shall be either covered with wet mats, canvas, sand etc. or directly watered and shall be kept moistened continuously for at least seven (7) days after the placement in case Ordinary Portland Cement is used. 

c)	When sheathing boards are expected to become dry, they shall be watered. 




5.10		Joints
	1)	General

a)	Location and structure of joints including expansion joints shall be as per relevant standards and codes and shall be shown and specified in the drawings.

b)	Should any joint not specified in the design be made, its location, direction and method of construction shall be determined in the plan of construction so that it will not impair the strength and the appearance of the structure, and this shall be subject to the approval of the Engineer. 

	2)	Construction Joints

a)	Construction joints shall be located where the shear forces are minimum and with their faces in perpendicular, in principle, to the direction of compression in the member as approved by the Engineer. 

b)	Should it be unavoidable to make a construction joint at a location where large shear is acting, it shall be reinforced by forming tendons or grooves, or embedding suitable steel as approved by the Engineer. 

	3)	Construction of Horizontal Construction Joints

a)	Sides of the surface of a horizontal construction joint intersecting the forms shall be kept as horizontal and straight as possible. 

b)	When new concrete is placed, the surface of the old concrete shall be removed of all laitance, interior concrete, loosened aggregate etc. and shall be thoroughly wetted. 

c)	Prior to the placement of new concrete, the forms shall be tightened, standing water removed and either cement paste or mortar with the same mix proportion as in concrete shall be applied on the surface of the old concrete. 

	4)	Construction Method for Vertical Construction Joints

a)	When a vertical construction joint is to be made, the forms at the joint shall be rigidly supported and the concrete in the vicinity of the joint shall be thoroughly compacted by vibrators. 



b)	Fresh concrete shall be placed after the surface of the aged concrete at the joint is removed of the surface film or is roughened and thoroughly wetted or after the surface is treated as directed by the Engineer. 

c)	Fresh concrete shall be thoroughly compacted at the time of placement so that the fresh and aged concrete is in tight contact with each other. 

5.11		Reinforcement Work

	1)	Processing of Reinforcement

a)	Reinforcement shall be processed to the shape and the dimensions as shown in the drawings by a method which will not impair the quality of the material.

b)	Reinforcement shall be processed in ordinary temperature. When it is unavoidable to heat for processing, the whole process shall be subject to the approval of the Engineer.

	2)	Placing of Reinforcement

a)	Prior to fabrication and at time concrete is placed, reinforcement shall be thoroughly cleaned and free from must, oil, loose rust and any other non-metallic coatings which may impair the bond between the reinforcement and the concrete. 

b)	Reinforcement shall be accurately placed to the designated position, and shall firmly be supported so that it will not be dislocated during the placement of concrete. Erection bars, if required, shall be used for this purpose. 

	Important crossing of reinforcement shall be fastened by either annealed wire of at least 0.9 mm in diameter or binding wire. 

c)	Clearance between reinforcement and sheathing board shall be maintained correctly by use of spacers. 

d)	Reinforcement shall always be inspected by the Engineer before placing of concrete. 

	3)	Covering of Concrete

a)	The covering shall be at least one diameter of the reinforcement.

b)	In general, the minimum covering shall be as shown in Table-6, unless otherwise noted on the drawings.



	Table – 6 Minimum Covering (cm)

Conditions				Slabs, Walls		Beams, Columns 

When not directly exposed to		     2.0				4.0
severe weather or ground

When effective coating is not applied	     5.0				6.5
on the portion which may be subjected
to injurious chemical reaction due to 
smoke, acid, alkali, oil, deicing salts,
brackish water etc.

c)	In case of footings and important members of a structure, it is recommended that the covering be at least 7.5 cm when concrete is placed directly facing the ground, and at least 5 cm for bars with diameter or more than 19 mm and 4 cm for bars with the diameter of less than 19 mm when the concrete is buried and directly facing the ground or when it is subjected to severe weather conditions. However, the covering at the bottom side of slabs may be at least 2.5 cm even if the portion of it is subjected to extreme weather conditions. 

d) The covering in structures which are required to be specially fireproof shall be determined based on the temperature of the fire, duration, characteristics of aggregate to be used etc.

4)	Joints of Reinforcement

a)	Lap joints of reinforcement shall be made by lapping the required lengths and fastening them together at several points with annealed wire of at least 0.9 mm in diameter. Lap length shall be according to ASTM Designations.

b)	Reinforcement projecting from the structure and exposed for future jointing   shall be protected from damage, corrosion, etc.  

5.12 Forms and Timbering

Forms and timbering shall be so designed and constructed as to have the required strength and rigidity, to secure correct position, shape, lines dimensions of the structure and to secure the satisfactory quality in concrete.
	
1)	Design of Forms
 
a)	Forms shall be those which can easily be fabricated and stripped; joints of sheathing boards and panels shall be forced in parallel with or perpendicular to the axis of the member so that it will have to structure which is tight against mortar. 

b)	The structure form shall be such that the corners of concrete can be mould even hen it is not particularly specified. 



c) Temporary openings, if necessary, shall be made at suitable locations to facilitate cleaning and inspection of the forms and the placing of concrete.




2)	Design of Timbering

a)	Suitable type of timbering shall be selected and the load carried by them      shall  be correctly transferred to the foundation by appropriate means.  

b)	As design of timbering for important structures is concerned they shall be subjected to the approval of the Engineer.
	
	3)	Construction of Forms 

Stripping agents shall be applied on the inside of the sheathing board.
	
4)	Construction of Timbering

a)	Timbering shall be constructed so as to have sufficient strength and stability.

b)	An amount of the settlement of the form works due to the weight of the placed concrete shall be estimated and a camber shall be introduced, if necessary, in the shoring.
	
5)	Removal of Forms and Timbering

a) 	Forms and timbering shall not be removed until the concrete reaches a strength required to carry the concrete weight and the load applied during the construction work.

b)	Time and sequence of the removal of the forms and timbering shall be subject to the approval of the Engineer. 

Loading on a structure immediately after the removal of the forms and timbering shall be subject to the approval of the Engineer.    

5.13 Finishing

1)	General

When the uniform appearance should be obtained on the exposed surface, special attention shall be given to place the concrete for the predetermined section continuously without changing the materials, proportions and the method of placement.
	
2)	Surface Facing Sheathing Boards

a)	Surface of the concrete compact and approximately leveled to the required level and shape shall not be finished until the water coming out ceases and is removed. 

	 

b)	Cracks formed after finishing but before hardening shall be removed by tamping or re-finishing.
	
3)	Surface Facing Sheathing Boards

a)	Concrete which will be exposed shall be placed and compacted in such a manner that the surface solely composed of mortar will be secured. 

b)	Projections and lines formed on the surface of concrete shall be removed to ensure surface flatness. Honeycombs and chipped places shall be removed and the surface shall be moistened and patched with appropriately proportioned concrete or mortar to be finished flat. 

c)	Cracks formed after the removal of the forms due to temperature stress, drying, shrinkage, etc. shall be repaired as directed by the Engineer.   


5.14 Tests
Contractor shall submit to the Engineer six copies of reports as directed by the Engineer.
	1)	Test of Material
a)	All the materials (cement, water, fine aggregate, coarse aggregate, reinforcement, admixture, etc.) to be used shall be approved by the Engineer after the Contractor submits the test results. 
b)	The testing method shall comply with relevant ASTM Designation or equivalent.
	
2)	Tests of Concrete
Materials of concrete, reinforcement, equipments, and workmanship shall be controlled to produce reinforced concrete of the required quality economically.
a)	During construction the following tests shall be carried out as directed by the Engineer.
	i)	Slump test
	ii)	Temperature test  
		    	iii)	Compression test of concrete

Samples for compression tests of each class of concrete placed each day shall be taken not less than once a day, nor less than once for each 100m3 of concrete, nor less than once for each 450m2 of surface area for slabs or wall. 
		
b)	In order to determine the suitability of the curing method and the time to remove the forms, and in order to certify the safety for early loading, strength tests shall be performed on specimens cured under the conditions as similar as possible to those of the concrete at the site. Should the result of the test indicate that the obtained strength of the specimen is much smaller than that of the specimens cured under the control condition, the method of curing at the site shall be changed as directed by the Engineer. 
      
c)	For compression test of concrete, minimum six (6) test specimens shall be required with a minimum of one set of sample per concrete, pour from a randomly selected batch of concrete, taken at point of discharge from mixer or truck, cured under standard conditions.

Three (3) specimens shall be tested for seven (7) or fourteen (14) days strength, the remained three (3) specimens shall be tested for twenty eight (28) days strength. 

d)	Should it become necessary after the completion of the work, non-destructive test of concrete or tests on concrete specimens cut out from the structure shall be carried out. 

	The expenses for the above tests shall be included in the unit prices.

3)	Control of Concrete by Compressive Strength

a)	Control of concrete by compressive strength shall be based on 28 days compressive strength. Specimens, in this case, shall be taken in such a manner that they will represent the concrete of the structure for at least each separate pour.   

b)	Test results of compressive strength to be used for the control of concrete shall generally be considered satisfactory if arithmetic average of strength tests for specimens taken from the same batch, equals or exceeds specified compressive strength and not individual strength test falls below specified compressive by more than, 35 kg/cm2.



4)	Inspection of Quality of Concrete

a)	The Contractor shall submit to the Engineer the results of the tests of concrete obtained according to the quality control test in the preceding paragraph 4.05.14. and obtained approval of the Engineer. 

b)	When the results of tests show that the strength of any concrete is below the minimum specified, Engineer may give instructions for the whole or part of the work concerned to be removed and be replaced at the expense of Contractor. The Contractor’s Works which has to be removed and replaced as a result of the defective concrete. If any concrete is held failed, Engineer may order the proportions of that class of concrete to be changed in order to provide the specified strength. 

5)	Test of Reinforcement Bars

In the case where there is no test certificate of reinforcement bars (mill sheet) or in case the Engineer deems necessary, the Contractor shall carry out the characteristics and strength test of reinforcement bars and obtained approval from the Engineer for its use.

	a)	Test Method
Test method shall conform to the relevant ASTM Designation or equivalent, unless directed otherwise by the Engineer. 

	b)	Report
		The result of the tests shall be reported to the Engineer without delay.


5.15		General 

	The inspection and tests specified herein shall include the following:-

	a)	Volume of work executed
	b)	Inspection and test of construction materials
	c)	Inspection of reinforcement bar assembly
	d)	Inspection of forms
	e)	Inspection of the lines, grades and dimensions of the structures
f)	Identification test of the quality of concrete at site (cast-in-place    concrete).
g)	Other tests and inspections required according to pertinent regulations, codes and standards or as deemed necessary by the Engineer.  

The following tests and inspections shall be executed in the presence of the Engineer. 

		i)	Strength test of reinforcement steel
		ii)	Compression test of concrete
		iii)	Other tests and inspections the Engineer deems necessary.

2)	Inspection of Reinforcement Bar Assembly

Prior to placement of concrete, the Engineer shall inspect reinforcement bar assembly to confirm the classification and diameter of reinforcement bar, space between reinforcement, length of lap joint and covering etc. are according to the Drawings.  

3)	Inspection of Forms

Prior to placement of concrete, the Engineer shall inspect the form work and shall give approval for concreting. 

4)	Inspection of the Dimensions of the Structure

Inspection of the dimensions of the structures shall be made as required by the Drawings. 

	Concrete work shall not exceed, in general, the tolerance limits specified below:

	a)	Variation from plumb or specified batter for surface of stems and lines.

		i) 	In any 3.0 m of length			5 mm
		ii)	Maximum for the entire length   	15 mm
		
	b)	Variation from the level for slabs

		i)	In any 3.0 m of length			5 mm
		ii)	In any 6.0 m of length			8 mm
		iii)	Maximum for the entire length	15 mm

	c)	Variation in cross sectional dimensions of stems and thickness of slabs.

		i)	Minus					5 mm
		ii)	Plus					10 mm


	d)	Variation and level specified at tope of foundations.

		i)	Minus					10 mm
		ii)	Plus					10 mm

	e)	Variation in protective covering of reinforcement steel.

		i)	With cover of 40 mm or less		-5 mm
		ii)	With cover more than 40 mm		-10 mm

	f)	Variation from effective depth of
 Reinforcement steel.				20 mm



5.16		CABLE TRENCH WORK

5.16.1		General

The Contractor shall provide all cable trenches leading from the outdoor equipment in the switchyard to the indoor equipment in the buildings as shown in the Drawings.

	The design shall cover the following requirement.

1)	The design of cable trenches shall be similar to the design shown in bidding documents and with draining system. 

2)	Cable trenches shall be made of complete monolithically reinforced concrete work. Each type of cable trench shall be provided with expansion joint at intervals of max. 20 linear meter.  

3)	All trench covers shall be of reinforced concrete to withstand a load of 300 kg at the center except those at road crossing which should withstand a load of 5 tons at the center.   

4)	The trench covers shall be of such size as to facilitate their handling by manual labor. 

5)	Trenches in substation will be built with the top of the trench cover 150 mm above the gravel level or as shown in the bid drawings.
6)	The trenches shall be connected to a drainage system, designed and constructed by the Contractor in such a manner that sub-oil water due to water logging cannot enter the trenches and rain water collecting in trenches is drained out efficiently. The drainage system for trenches shall be designed with proper slope for flow of water, entering the trenches.   	

7)	All cable trenches shall set on a layer or leveling concrete of thickness 100 mm. 

8)	Cable trays shall be provided in trenches at adequate intervals horizontally and with sufficient vertical spacing between trays to freely accommodate the cables, Plenty of working space shall be provided for handing the cable during installation and maintenance. 

9)	Each trench shall have two sections, one to accommodate cables for primary and other for secondary protection system. The later shall also accommodate power cables. 

10)	Trench-road & trench-trench crossings shall be culvert type and so designed that plenty of space is available for handling the cables during installation, future requirements of bays and maintenance at these crossings. Proper water drainage system shall also be designed on these crossings. 

11)	Trench entrances into the buildings shall be designed to seal off entry of any water or vermins and pests into the building through these entrances. 

12)	The trench covers shall be upper covers type for trench-road-crossings where embedded covers shall be used.  

13)	Small openings shall be provided in the walls of cable trenches as required for entry of cable carrying pipes during construction stage which shall be sealed later with appropriate sealing compound as approved by the engineer. The appropriate measures shall be adopted to protect these pipes against corrosion and damages. All joints of these pipes shall be properly sealed to prevent/ingress of subsurface water. 

5.16		Inspection

The Engineer shall inspect the cable trenches as for the compliance of the specifications and drawings approved by the Engineer.

6.		GRAVEL PAVEMENT WORK

The Contractor shall provide a blanket of river run gravel in the switchyard area       along equipments foundation and as shown in the drawings.




A 200 mm layer of hard, durable, gravel shall be provided by the Contractor in the switchyard area around the equipments above the reference ground level. The size of gravel shall generally vary from 20 to 75 m. The material shall be placed to its full thickness of 200 mm in one layer and in such manner as to avoid displacing the under laying material. The material shall not be compacted.  

The gravel shall conform to the following gradation limits, unless otherwise specified. 


	U.S. Standards Sieve 		Percentage Passing by
	       Designation			           Weight________

	(3 inch) 75 mm				100

	(2 inch) 50 mm				85-100

	(3/4 inch) 20 mm				0-100

Crushed rock shall not be allowed, the gravel which shows any sort of chemical reaction as per site conditions shall also be not allowed. Contractor shall get the approval of the source of supply from the Engineer prior to placement of gravel. 

7.		ROAD WORK

The Contractor shall prepare roads in the substation as shown on the drawings. Proper slopes shall be maintained. 

7.1		Foundation for Road

1)	Sub-Grade Work:  Any excavation required for sub-grade construction shall be carried out in accordance with the respective provisions in the clause of earth work. 

The materials required for banking and displacement shall be so placed that the finished thickness of one layer after compaction will become 20 cm or less.

2)	Sub-Base Course Work  The material to be used for sub-base course shall be as approved by the Engineer. The Contractor shall submit a report concerning the quality of materials and the method of sampling to the Engineer for approval. 

3)	Testing:  The sub-grade surface shall be finished by proof rolling in order to obtain the contract pressure sufficient to permit smooth traffic of vehicles of 8 tons or over. 

Should any defects be detected as a result of proof rolling, such defective sub-grade surface shall be finished again to the satisfaction of the Engineer. 

	
4)	Inspection

a)	Sub-grade: The finished sub-grade surface shall be within ± 5 cm of the design elevation.

b)	Sub-base: The finished sub-base course shall be within –10 mm and + 5mm of the design elevation.





7.2		Asphalt Concrete Pavement

	1)	Material

a)	Asphalt

	Bituminous material shall be used in the design of Asphalt Concrete Pavement Work.

	The asphalt material shall conform to the requirements of AASHTO M-20, M-81, M-82 and M-40. The type shall be as directed by the Engineer. 

b)	Fine Aggregate

	Fine aggregate passed a 2.5 mm sieve and shall be clean, strong, hard, durable, suitable graded and free from injurious amounts of dust, mud organic impurities, salts etc. 

c)	Coarse Aggregate

	Coarse aggregate which retained on a 2.5 mm sieve, and shall be clear, strong, hard, durable, suitably graded and free from injurious amount of flakes, elongated pieces, organic impurities, salts etc. 

	Coarse aggregate for pavement shall comply with the following requirements.

	i)	Specific gravity			more than 2.5

	ii)	Absorption value			less than 3.0%

	iii)	Percentage wear			less than 35.0%

	iv)	Soundness test				less than 12.0%

	v)	Content of shale and soft		less than 5.0%
		fragment of stone

	vi)	Content of slender and thin		less than 25.0%
		fragment of stone


Note:	Ratio of longer width and the other is more than three times, and on thin fragment ratio of thickness and width is more than three times. 

d)	Filler

	Particles of stone means the material which was crushed a limestone or igneous rock and water content of filler shall be less than 1%.

	
	Grading range of the filler shall comply with the following requirements. 

	Sieve				Percentage Passing

	0.6 mm				100%
	0.15 mm				90-100%
	0.074 mm				70-100%

	2)	Storage of Material

a)	Asphalt

	Asphalt shall be stored in exclusive tank.

b)	Aggregate

i)	Storage facility of aggregate shall be equipped with a suitable drainage system

ii)	Fine aggregate, coarse aggregate and other aggregate of different type and grading shall be separately stored with divides between each. 

iii)	When receiving, storing and handling aggregate facilities shall be well maintained and handling shall be carefully performed so that no segregation of large particles from small ones may occur, no foreign materials may become mixed, or in case of coarse aggregate, no particles may be crushed. 

iv)	During storage of fine aggregate, water contents should not change rapidly. 

3)	Mix Proportions: Mix proportions for the dense grade asphalt concrete shall be determined in such a manner that the test piece which conform stability flow value, percentage of void and degree of saturation by marshal testing of the asphalt volume at intervals of five percentage and submit such data in writing to the Engineer for approval.

Material for dense grade asphalt concrete, shall in principle, comply with the following requirements.

a)	Thickness of surface shall be 5 cm

b)	Maximum size of aggregate shall be 20 mm:

	Material Size		% age Passing

	25			100
	20			90 - 100
	13			75 - 90



c)	Weight percentage of those passing a sieve:

	Material Size		% age Passing

	5			45 - 65
	2.5			35 - 50
	0.6			18 - 29
	0.3			10 - 21
	0.15			  6 - 16
	0.075			  4 - 8

d)	The volume of asphalt			5 – 7 %

e)	Penetration test			80 - 100

	Percentage of passing weight:
	(On permissible error)

	5 mm					+ 5 %
	2.5 mm				+ 4 %
	0.56 mm, 0.3 mm, 0.15 mm		+ 3 %
	0.075 mm				+ 1.5 %
	Percentage of asphalt volume		+ 0.3 %

4)	Working:  Asphalt concrete shall be placed on the clean and completely dry base course. The temperature in the working area shall not be less than 20 deg. C for at least one hour prior to the commencement of operations. 

Asphalt concrete layer shall be compacted upto 95% maximum dry density. Curing period shall be minimum 24 hours and during this period no traffic shall be allowed to move on the road. 
5)	Testing:  The marshal test shall be observed in the dense grade asphalt concrete for surface. 

On standard values of marshal testing.

Soundness				more than 600

Value of flow				20 – 40%

Porosity				75 – 85%

Submerged marshal retained		more than 75%
Soundness

	6)	Inspection: Inspection of surface shall comply with following requirements.

Thickness of surface			10 – 15 %

Profile index part of each work	less than 5%


The mixture shall be spread uniformly, rolled and finished into the specified thickness. Then the finished surface shall be measured in parallel to the center. 

7.3		Reinforced Concrete Pavement/Service Road

	1)	Material

a)	Cement, water, fine aggregate and coarse aggregate shall be in accordance with the clause 5.2 ”Material for Reinforced Concrete”.

b)	Water reducing agent shall conform to the standards for water reducing agent by relevant ASTM Designation or approved equivalent. 

c)	Reinforcement steel shall be deformed bars conforming to ASTM 615-96a grade –40 or equivalent as approved by the Engineer. 

d)	The Contractor shall submit the report of tests for quality of the materials as directed by the Engineer for his approval. 

e)	If on receipt of tests from laboratory any change is observed in material, the matter shall be referred to the Engineer for his approval.

2)	Concrete Mix: The following requirements shall be observed in concrete pavement. 

a)	The bending strength at 28 days of concrete is 45 kg/cm³ and this test shall, in principle, be performed in accordance with relevant ASTM Designation or approved equivalent. 

b)	Maximum size of coarse aggregate shall be 40 mm.

c)	Consistency in concrete shall be less than 2.5 cm by slump test and initial setting time is 30 sec. 

d)	Air content shall be between 3 to 6 percent. 

3)	Form Work Form: material shall be straight and have width for designed thickness of pavement which is more than 3m in length, and it shall be fixed on the position in accordance with the drawings. 

4)	Detachment of Form:  It shall not be detached within 20 hours after concrete placing. However, if increase in concrete strength delays under certain conditions, approval of removing forms shall be given by the Engineer. 

	5)	Joint:

a)	The joints shall be provided at appropriate locations as per relevant standards

b)	Flouring of joint shall be done after form is cleaned up and dried sufficiently. 

	
6)	Placing:  Placing for concrete pavement shall, in principle, be in accordance with clause 5.6 ”Conveying and Placing of Reinforced Concrete”.

7)	Installation of Reinforcement:  Mesh and reinforcement bar shall be set correctly at a position designated as shown I the drawings.

8)	Finishing:  Finishing of surface shall be done after leveling and compaction of concrete.

9)	Curing:  Curing of concrete pavement shall, in principle, be in accordance with clause 5.9 “Curing” of Reinforced Concrete Work. 

10)	Testing: The Contractor shall submit to the Engineer six copies of report on these tests. 

a)	During placing of concrete following tests shall be carried out as directed by the Engineer. 

	i)	Slump test

	ii)	Temperature of concrete

	iii)	Compression/bending test

The test of concrete shall be executed not less than once for each one hundred (100) cubic-meters of concrete to be poured on the same day with a minimum of one set of sample per concrete pour. 

b)	Test of Material

	Coarse aggregate shall provide limit of wear reduction maximum 30 by Loss Angeles test of ASTM Designation. 

11)	Inspection:  Finishing of concrete pavement shall meet the following requirements.

Profile index						Less than 10

Different from maximum height			Less than 3 cm

Difference at two points picked up 
Arbitrarily at intervals of 20 cm.			Less than 1 cm

Joints shall not have the difference of more than 3 mm between adjoining pavement slab by measurement rectangular against inclination with a 3 m ruler and the depth of any section shall not exceed 5 mm.






8.		BRICK WORK/CONCRETE BLOCK

1)	Prior to commencing the brick masonry work, the surface of brick shall thoroughly be cleaned and sufficiently moistened in order to ensure smooth adherence of mortar to the brick surface. Ist class bricks shall be used which shall be approved by the Engineer. 

2)	The masonry joints shall  in principle be 10 mm in thickness and mortar (1:3 c/s ratio or as shown in drawings) shall be filled sufficiently between each masonry joint in order to eliminate any void between brick and mortar. 

9.		DRAINAGE WORK		

1)	The drainage work shall be as described in the drawings and carried out in accordance with general provisions section 4 “Earth Work” and Section  5  “Reinforced Concrete Work”.

2)	The water-plumbing facility for drainage shall be of such a system as not to cause any trouble against the surrounding area and structures. The Contractor shall submit the design and execution schedule for the water plumbing work to the Engineer for approval.

10.		FENCE WORK

1)	The design of fence shall conform to the drawing included in Volume-III of Bidding Documents.

2)	The galvanized iron shall be used in accordance with ASTM Designation or equivalent. 

3)	Construction of fence, welding shall comply with ASTM Designation or equivalent. 

11.		BUILDINGS

The Contractor shall construct Control House building at 132KV Model Town Grid station with complete covered area as shown in drawings.

Toilet shall be finished with glazed ceramics tiles on the floor and up to height of 2-Meters on the walls. Separate overhead water storage tank shall be constructed for storage of water of control building. Capacity of the storage tank shall be min 500 gallons. Water supply and sewerage system of Control House building shall be connected with the existing systems.
 
Walls: All walls to be erected shall be of brick masonry with cement sand mortar, plastered on both sides with mortar as shown in the relevant drawings. Plastic emulsion paint shall be applied on all interior surfaces of walls except Battery Room where acid resistance paint shall be applied.

Roof: All roofs of concrete slab shall also be covered with the bitumen felts and thermal insulation material in addition to other roofing layers.

Ceiling: ceiling shall not be plastered and be provided fair faced.

Floors: Terrazzo floors shall be provided in all rooms except acid resistance tiles in battery Room. The surface of floor exposed to extremely heavy wear and tear shall be improved by additives against abrasion.

Earthing: The described indoor equipment, cables ducts, control building & Generators Room etc. must be connected to the common earthing system.
Doors and Windows: All doors, windows and other frames etc. to be installed in the building shall be made of Anodized Aluminum metal. Windows shall be provided with aluminum wire gauze mesh on inside and window blinds. All sections of frames etc. shall be subjected to the approval by the Engineers.  
  
12.		PREPARATION OF SITE AREA AND DISMANTLING WORK

A number of partially constructed foundations are existing in the 500 kV switchyard area and area in which new 220 kV bays are to be constructed under this Project. The Contractor shall investigate if these partially constructed foundations can be used and submit detailed report in this regard. However, the Contract Price shall be deemed to include the cost of complete dismantling of existing of civil works and construction of new foundations. Use of existing civil works or part thereof by the Contractor will be subject to approval of the Engineer and in such case the Contract Price will be adjusted appropriately. 

The Contractor shall also dismantle the concrete structures/foundations inside the outside the foundation area which are not required, cut the projecting reinforcing bars and fill up the excavated pits to level the area.
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ERECTION, TESTING AND COMMISSIONING

						
		GENERAL

The Contractor shall complete the erection, testing and commissioning of the substation and shall hand over in proper working order in accordance with the Contract Documents. All work of assembly, construction and erection shall be done in a neat, first class workmanship manner according to the best practice applicable and as approved by the Engineer.   

The Contractor shall submit a detailed description of the field tests he intends to carry out on his equipment, comprising test protocols, testing and commissioning procedures etc. for Engineer’s review well before starting of the field tests.

The Contractor shall be responsible for satisfactory field testing and commissioning of equipment to the satisfaction of the Engineer prior to the energization. Engineer may also ask the Contractor to perform additional tests, which may not be listed to prove that a particular equipment is fit for commissioning and energization.  

A record of all performance tests shall be embodied in a report to be submitted by the Contractor upon completion to the satisfaction of the Engineer of the tests described herein together with such other tests as may be agreed between the Contractor and the Engineer, which collectively shall constitute the Commissioning Tests. 

The Engineer may at his option require that tests be made after the equipment has gone into service in order to demonstrate that all performance guarantees have been met. The Contractor will be permitted to have his representative present at his own expense and make all necessary corrections. Additional tests shall then be made under the directions of the Engineer to demonstrate to his own satisfaction the effectiveness of these corrections have been satisfactorily made the conditions of the Contract shall not be considered fulfilled. 

Upon completion to the satisfaction of the Engineer of the tests specified hereafter together with such other tests as may be agreed between the Contractor and Engineer shall collectively constitute the commissioning tests. The Contractor shall certify in writing to the Engineer that the equipment or part of the equipment has been installed and tested to the satisfaction of the Engineer and is ready for energization.  

All instruments and test equipment required for complete installation testing and commissioning of plant shall be arranged by the Contractor.





	1.	ERECTION AND INSTALLATION

 	1.1	High Voltage Bus-works		

	1)	General

The Contractor shall install the conductor, insulators and the hardware for strain and tubing buses and overhead shield wire in accordance with approved drawings.

	2)	Conductor and Buses

Buses, which are used in tension, shall be free of joints or splices. All bus connectors shall be clamped firmly and locked securely. The equipment and methods used for stringing the conductors shall be approved by the Engineer and shall be such that the conductor will not be damaged during the stringing operation.  

Tubing’s used bus work and connections to equipment shall be shaped and formed prior to installation to reduce the possibility of damaging equipment terminals. All tubing shall be installed in such a fashion that stresses between connecting terminals will be reduced to a minimum. If connection is made to the equipment on another foundation or structure then the tubing shall have flexible connectors at one end. 

The radius of tubing bends shall not be less than four times the diameter of the tubing, and such bends shall be free from links indentations, or flattened surfaces. Tubing shall be utilized in such a manner as to minimize the necessity of splicing. Splicing will not be allowed unless unavoidable. All terminals shall be bolted securely and locked. All connections shall be thoroughly cleaned to remove oxide film. An oxide-retarding compound of approved type shall be used at all connections and precautions shall be taken to seal moisture out of the joint to avoid galvanic corrosion.  

1.2	            Transformers and Shunt Reactors 	

	1)	Installation

The transformers and shunt rectors shall be assembled on their respective foundations in strict conformity with manufacturer’s erection manuals and approved drawings. 

While assembling, precaution shall be observed to prevent condensation on any part within the tank. The tank and the neutral shall be grounded as specified. 

While bushing holding down bolts shall be properly tightened to avoid unequal clamping strains and subsequent damage to the bushing porcelain or support. 


	2)	Wiring
	
Connection to oil and winding temperature gauges and oil level indications shall be with control cable run through conduit from cable trench to the cabinet or terminal boxes.  

	3)	Oil Filling

The oil shall be passed through filter press and shall be cleaned and dry before filling the transformers and reactors under vacuum. It shall be ascertained that no contamination takes place during oil filling.  

In case the gas has leaked from transformers and reactors, which shall be supplied inert gas filled during shipment drying out under vacuum shall be done by a suitable drying process.  

1.3	           Circuit Breakers

The circuit breakers shall be assembled placed leveled aligned and grouted on their concrete foundations and connected in accordance with approved drawings.

The circuit breaker control panels shall be factory wired. The control and power cables shall be terminated at terminal blocks. Connections to control mechanism shall be with control cables running through conduit from cable trench to mechanism cabinets.

1.4	            Disconnectors	

The Contractor shall assemble mount and connect all gang operated switches. Each pole of the disconnector shall be installed so that the base shall not be stressed unequally when bolted to the supporting member. The poles of the disconnector shall be aligned accurately and leveled on the supporting steel structures and shall be adjusted to permit a smooth and completely controlled movement through the entire operating cycle. 

The bearing and the operating mechanism shall be lubricated properly. All contacts of the switches shall be adjusted and aligned for proper contact pressure and coated with corrosion inhibiting grease.  

1.5	            Surge Arresters
Surge arresters shall be mounted as close as possible to the apparatus being protected.

1.6	            Instrument Transformers	

Instrument transformers shall be mounted and connected in accordance with standard practice. Secondary connections to current transformers shall be made with minimum 6 sq mm. Conductors and to voltage transformers with minimum 4 sq mm. Conductors. 

The connecting cables shall run in metallic conduits from trench/duct to instrument transformers.

1.7		Control and Protection System
Control and relay panels shall be erected on channel iron bases. The channel irons shall be leveled and grouted in place and the control board and relay board panels mounted thereon. The Contractor shall mount all equipment and shall make all necessary connections and interconnections to the panels in accordance with the approved standard practices.

All instruments and relays shall be properly installed connected and tested to meet the technical specifications in the presence of the Engineer. 

1.8		Fault Recorder and Sequential Event Recorder
The assemblies shall be securely mounted. AC mains shall be routed through appropriate system power filter and auxiliary disconnecting devices. Care shall be taken to obtain requisite clearances between assemblies and different components in an assembly. Provisions shall be made for free conversion air flow to prevent heat buildup in the immediate vicinity of any unit. Operational tests shall be made to confirm the calibration to meet the needs. 

1.9		Telecommunication and SCADA Systems
Proper care shall be taken to avoid mechanical joints, shocks or vibrations to the equipment. If any soldering etc. on site is necessary the person making these connections and tools will be properly grounded during the entire operation. Commissioning shall include operational tests to verify all possible modes of operation of SSB, protection and switching equipment. Signal to noise ratios will be monitored and demonstrated to be equal or better than design values.    

1.10		Control and Small Power Cables
Cables shall be installed on cable supports, in cable trenches or in conduits. Cables shall be installed with sufficient slack to allow for expansion and contraction and tied at each support point. If laid in trenches, the cables shall rest on cable supports suitably spaced and shall be fastened at appropriate points, using bolted galvanized straps, which should not press tightly against the insulation. 

Where group of cables enter or leave the trench, each shall be identified with stenciled metal tags. Each tag shall indicate the major equipment to which it is attached. At each cable termination the cables shall be clamped below the terminal block. Cable glands of appropriate sizes shall be used at cable entrances into control panels, relay panels of and marshalling boxes. The cable glands shall have provision for grounding the earth shielded cables. The jackets shall be stripped back and individual conductors trimmed to fit. Insulation shall be cut square and terminals installed without damage to insulation by over heating or abrasion.  

Cables runs shall be continuous from terminal to terminal, to the extent permitted by available commercial lengths. Splicing shall not be permitted.

Insulated wire and cable shall be handled with care so as to avoid kinking and damage to insulation and outer jackets. Cables shall not be bent around a radius less than that recommended by the manufacturer.

Each wire terminating in a terminal block shall carry a permanent identification tag (ferrule) bearing the same identification number as given on the drawings. Slip-in-type ferrules should not be used for this purpose. 

The Contractor shall install all lugs, terminals blocks and terminals required and shall make all connections required to provide a complete installation ready to operate. Cable identification tags of permanent type shall be provided and installed on both ends of each power and control cable. 

Connections in lighting wires and cables shall be insulated with layers of plastic insulating tape or with high grade rubber tape over which friction tape shall be applied.

Sufficient slack shall be allowed in each run where a number of cables or wire comprising a circuit are trained through a pull box, terminal box trench or tray and shall be neatly placed and tied together. Lacing shall also apply from the point of leaving a cable tray or raceway to the point of attachment on the terminals of the switchgear, switchboard or other devices unless the run is in conduit.  

1.11		Switchyard AC Power and Lighting

The Contractor shall install all required lighting, power and auxiliary apparatus, cables and make all connections. Illumination level of the installed lighting fixtures shall be measured according to the specified levels.

1.12		AC & DC Auxiliary Supplies

The Contractor shall install and connect the equipment under these specifications as specified in Section-20.

2.		TESTING AND COMMISSIONING

2.1		HV Bus work/Equipment Connections 

		1)	Verification of tightness of nuts/bolts as per the recommended torque.
		2)	Verification of sag and tension of the overhead conductors
		3)	Measurement of contact resistance of the HV connections  
4)	Thermo-vision survey of the HV connections after energization at high voltage
		5)	Check of visible corona after energization	

2.2		Transformers and Shunt Reactors

The operating mechanism and control circuits of the on-load tap changer and forced air-cooling equipment shall be tested for proper operation and for tap changer position indications. All tests shall be made from the remote control points as well as the local control points.

Tests, performed to the satisfaction of the Engineer, shall include, but not limited to the following:

a)	Drying shall be performed. The method and tests shall be subjected to the approval of the Engineer 

b)	Final sample testing of the insulation oil, after the completion of the dehumidifying and degassing process to ascertain specified chemical and physical characteristics

		c)	Oil insulation test

		d)	Winding insulation resistance tests

		e)	Insulation power factor test

		f)	Low voltage ratio test on each position of the tap changer

		g)	Zero sequence impedance test 
h)	Functional test for auxiliary equipment, buchholz relay, thermal relay, oil level indicator etc.   

i)          Adjustment of the protective devices such as gas and oil temperature relays and system to show compliance with operating requirements, correct operation verification of oil-preservation and oil-protection system. 

		j)	Phasing test

		k)	Vector group test

l)	Operational test for automatic tap-changing equipment, adjustment of the protective devices such as gas and oil temperature relays and system to show compliance with operating requirements, correct operation of complete cooling system and verification of correct operation of oil-preservation and oil-protection system.

		m)	Checking the oil leaks

		n)	Measurement of winding resistances

		o)	Verification of all alarm, trips and control circuits

		p)	Energization to full voltage

2.3		Circuit Breakers

a) Measurement of insulation resistance (Megger test)
b) Measurement of air content and humidity in SF-6 gas in the cylinder before its filling into the breaker
c) Measurement of air content in SF-6 at appropriate intervals after filling in the breaker	
d) Recording of humidity content of the SF 6 gas at appropriate intervals after filling in the breaker 
e) SF 6 leakage tests
f) Verification of AC and DC auxiliary supplied in respect of magnitude and phasing/polarity
g) Verification of pick-up and drop-off of each of the SF6 pressure switches at rising and dropping pressures  
h) Verification for each hydraulic/pneumatic pressure switch in respect of pick-up & drop-off
i) Verification of operation of pressure relief valves
j) Verification of pressure thresholds for pump start/stop, breaker automatic tripping/blocking/lockout of close, trip and auto-reclose operation  
k) Measurement of starting and running currents and direction of rotation of hydraulic/pneumatic pump/compressor motors
l) Measurement of time to reach the pump cut-off pressure

			-	From zero pressure
			-	After close operation
			-	After open operation
			-	After CO operation
			-	After O-C-O operation

		m)	Measurement of loss of hydraulic pressure over 24-hour period

		n)	Measurement of current in the tripping/closing coils

		o)	Measurement of operating times:

-	Measurement of operating time at minimum, nominal and maximum DC supply voltage

-	Measurement of operating times at maximum nominal and minimum hydraulic pressures 

			-	Measurement of time for “O”, “C”,”CO” and “O-C-O” operations 

While performing the timing tests, in addition to the numerical printout, traces of contact travel and close/open positions i.e. graphical recording of times should be appended to the test reports.

Timing of each interrupter and each pre-insertion resistor shall be separately recorded and shall be graphically visible on the timing strips. 

		p)	Verification of pre-insertion time of closing resistors

q)	Verification of time variation between openings of series contacts on any one phase   


r)	Verification of time variation between openings of contacts of any two phases 

		s) 	Measurement of contact resistance

		t)	Verification of functioning of auxiliary contacts

u)	Verification of setting of the hydraulic/pneumatic motor thermal protection relay by secondary injection 
		
v)	Verification of functioning/calibration of every timing relay used in the control system 

		w)	Verification of trip free operation and pole discordance functions

x)	Functional tests in respect of local/remote controls, interlocking, anti-pumping, annunciation, fault & events recording, SCADA functions etc. 

		y)	Functional tests of heating and lighting for the panels and cubicles

		z)	Verification of grounding connections and continuity

		aa)	Check of visible corona after energization

2.4		Disconnectors	 / Earthing Switches 

		a)	Measurement of insulation resistance (Megger tests)

b)	Verification of AC and /DC auxiliary supplied in respect of magnitude and phasing/polarity

c)	Verification of mechanical adjustments. Field measurements should be compared with the manufacturer’s recommended adjustments and tolerances
		
		d)	Measurement of contact resistance of the main contacts

		e)	Verification of limit switch operation

		f)	Verification of operation of auxiliary switches

		g)	Measurement of operating times for opening and closing operations

h)	Measurement of starting and running currents of motors of disconnecting and earthing switches at minimum, nominal and maximum auxiliary supply voltage.
  
i)	Verification of functioning of motor protection devices by secondary injection

j)	Functional tests in respect of local/remote controls interlocking, annunciations, fault & event recording, SCADA functions etc. 

k)	Functional tests of panels/cubicles humidity control, ventilation, internal illumination

		l)	Verification of grounding connections

		m)	Check of visible corona after energization

2.5		Surge Arresters

		a)	Test of insulation resistance:
			-	HV-Ground/Base
			-	Base Ground

		b)	Verification of grounding connections and continuity

		c)	Measurement of ground resistance

		d)	Verification of surge counter operation

e)	Functional tests of surge arrester remote signaling, annunciations events and fault recording 

f)	Measurement of leakage current with leakage current analyzer subsequent to energization of surge arrester
		
g)	Check of visible corona after energization

	2.6		Current Transformers/Bushing Current Transformers and Current Circuits

			a)	Verification of insulation resistance (Megger test):
			-	Primary to ground
			-	Each secondary winding to ground
			-	Primary to each secondary winding
			-	Between secondary windings

		b)	Measurement of winding resistance at each tap of each secondary winding

		c)	Measurement of capacitance and dissipation factor

		d)	Verification of winding polarities by flick test

		e)	Verification of magnetization characteristics and knee-point voltages

		f)	Verification of ratios

		g)	Verification of current circuits

Following checks and tests shall be made for the current circuits fed from the bay CTs transformer bushing CTs and reactor bushing CTs.

			-	Each CT circuit shall be verified for grounding at one point
			-	Phase-N loop resistance values shall be measured and recorded 
-	Loop resistance measurements shall also provide lead resistance    values
			-	Resistance measurements shall be with wheatstone bridge 
-	Verification of all current circuits associated with bay CTs and bushing CTs with primary injection

-	Primary injection shall be carried out for at least the following combinations 

				EACH CT:

				R-G
				Y-G
				B-G
				R-Y
				R-B

· Busbar 1 CT and Mid CT in series

R-G
Y-G
B-G

· Busbar 2 CT and Mid CT in series

R-G
Y-G
B-G

· Busbar 1 Protection Busbar 1 CTs of new bays (if more than one) in series

R-G
Y-G
B-G

· Busbar 2 Protection; Busbar 2 CTs of new bays of (if more than one) in series

R-G
Y-G
B-G

· Busbar 1 Protection: Existing bay CT and new bay CT in series (if applicable)

R-G
Y-G
B-G

· Busbar 2 Protection : Existing bay CT and new bay CT in series (if applicable)

R-G
Y-G
B-G

-	Secondary current measurement at each test block shall include recording of current magnitude as well as relative phase angle. 

-	Burden volts across each CT core shall be recorded during primary  injection.

-	In addition to measurement of magnitude of current and its relative phase angle at each test block during primary injection, current in panels’ internal wiring shall be checked. 


 -	Change-over of current circuits in the bank selector kiosk and with selector switches in the pole selector kiosk shall be verified during these tests.

h)	Verification of operation of protective devices at the final (fault) settings during primary injection

i) Dissolved gas analysis (D.G.A) and measurement of moisture content of oil samples from each current transformer for future reference 

j)	Functional tests of panel’s/cubicle’s humidity control, ventilation, internal illumination.

k)	Verification of grounding connections and continuity.

l)	On-load tests on current transformer circuits:

-	Secondary current measurements at each test block in respect of current magnitude as well as relative phase angle. 

		-	Measurement of burden volts across each CT core.

		-	Measurement of current magnitude in panels internal wiring.

m)	Check of visible corona after energization.

2.7	Coupling Capacitor Voltage Transformers (CCVTs)/Capacitor Voltage Transformers (CVTs)/Voltage Transformers (VTs) and Voltage Circuits

a)	Tests of insulation resistance (Megger tests):

	-	Primary winding -ground
	-	Primary to each secondary winding
	-	Secondary to ground and between secondary windings
	
b) Measurement of winding resistance at each tap

c)	Verification of polarities:

In case polarity of CCVTs/CVTs/VTs windings cannot be verified with the flick test, phase angle meter shall be used to check the phase angle between the primary injected voltage and secondary output. 

d)	Verification of voltage ratio at each tap by primary injection

e)	Capacitance of dissipation factor measurement

f)       Verification of voltage circuits:

-	Verification of grounding of each voltage circuits at one point.

-	If voltage circuit associated with CCVTs/CVTs/VTs cannot be verified with primary injection, secondary injection shall be made from the terminal box of the voltage transformers. 

-	Measurement of related burden amperes for each core.

-	Voltage selection for synchronizing system for each combination of circuit breakers’ and disconnecting switches’ positions shall be checked. 

g)	Functional tests on panels/cubicles' humidity control, ventilation, internal illumination.

h)	Dissolved gas analysis (DGA) and measurement of moisture content of oil samples from each voltage transformer for future reference. 

i)	Verification of grounding connections and continuity.

j)	On-load/post energization tests shall be in respect of voltage magnitude, phase angle and phase rotation at the rest blocks, voltage magnitude and phase rotation at the terminals of the major devices in the panels; measurement of burden current for each core. 

k)	Check of visible corona after energization


2.8	Control and Recording Equipment 

1)	Fault Recorders

a) Measurement of insulation resistance (Megger tests) 

b) Verification of AC & DC auxiliary supply magnitude and polarity/phasing
c) Verification of grounding connections
d) Verification of MCB’s operation at settings of thermal/magnitude.

e) Verification of calibration of adjustable devices such as timers.

f) Verification of calibration of each analogue channel by secondary injection.

g) Functional tests of analogue channels.

h) Verification tests/triggering verification for each logic channel.

i) Verification of functioning of each peripheral device.

j) Functional tests of indications, alarms, annunciation.

k) Verification of battery back-up and power-down and power-up function of real time clock

l) Verification of time synchronization with local event recorder

m) Verification of time synchronization with remote time source i.e. radio time signals or GPS signals

n) Functional tests of panels/cubicles humidity control, ventilation, internal illumination

2)	Event Recorders

a) Measurement of insulation resistance (Megger tests) 

b) Verification of AC & DC auxiliary supply magnitude and polarity/phasing

c) Verification of grounding connections

d) Verification of MCB’s operation at settings of thermal/magnetic releases

e) Verification of calibration of adjustable devices such as timers

f) Tests to verify point programming and functioning of each input

g) Verification of functioning of each peripheral device

h) Verification of battery back-up and power-down and power-up function of real time clock

i) Verification of time synchronization with local event recorder

j)	Verification of time synchronization  with remote time source i.e. radio time signals or GPS signals

k)	Functional tests to verify alarms, indications, annunciations.

l) Functional tests of panels/cubicles humidity control, ventilation, internal illumination.

3)	Control Boards

a)	Measurement of insulation resistance (Megger tests) 

b) Verification of AC & DC auxiliary supply magnitude and polarity/phasing

c) Verification of grounding connections

d) Verification of MCB’s operation at settings of thermal/magnitude

e) Verification of calibration of adjustable devices such as timers

f) Verification of calibration of electrical indicating instruments:

· Calibration of each indicating instrument shall be verified by secondary injection

· Injected quantities shall correspond to 25%, 50%, 75%, 100%, 125% and full case of the instrument

*	100% Load Angle 0,+30.+60.+90.-30.-60.-90 degrees
*	  50% Load Angle 0,+30.+60.+90.-30.-60.-90 degrees
*	  25% Load Angle 0,+30.+60.+90.-30.-60.-90 degrees

g)	Functional tests of controls. indications, alarms, annunciation

h)	Functional tests of  panels/cubicles humidity control, ventilation, internal illumination

i)	On-load tests:

· Current circuits:  Measurement of current magnitude, relative phase angle, burden volts.

· Voltage circuits:  Measurement of voltage magnitude, phase angle, phase rotation and burden amperes.

· Directional checks of power meters.

4)	Metering Boards

a) Measurement of insulation resistance (Megger tests) 

b) Verification of AC & DC auxiliary supply magnitude and polarity/phasing

c) Verification of grounding connections.

d) Verification of MCB’s operation at settings of thermal/magnetic releases

e) Verification of calibration of each energy meter and MW/MVAR/Voltage recorder by secondary injection:

· Injected quantities for recorders shall correspond to at least 25%, 50%. 75%. 100%. 125% and full scale of the instrument

· For MW and MVAR recorders and energy meters, tests shall also be carried out for at least the following combinations of magnitude and power factor of the measurands. 



*	100% Load Angle 0,+30.+60.+90.-30.-60.-90 degrees
*	  50% Load Angle 0,+30.+60.+90.-30.-60.-90 degrees
*	  25% Load Angle 0,+30.+60.+90.-30.-60.-90 degrees

f)	Functional tests of panels/cubicles humidity control, ventilation, internal illumination

g)	On-load tests:

· Current circuits:  Measurement of current magnitude, relative phase angle, burden volts

· Voltage circuits:  Measurement of voltage magnitude, phase angle, phase rotation and burden amperes

· Directional checks of power recorders and energy meters

5)	Outdoor Marshalling Kiosks and Cubicles

	
a) Measurement of insulation resistance (Megger tests) 

b) Verification of AC & DC auxiliary supply magnitude and polarity/phasing

c) Verification of grounding connections.

d) Verification of calibration of adjustable devices such as timers.

e) Verification of MCBs operation at settings of thermal/magnetic releases.

f) Functional tests to verify alarms, indications, annunciations.

g) Functional tests of humidity control, ventilation, internal illumination.


2.9	Protection Boards

a) Measurement of insulation resistance (Megger tests) 

b) Verification of AC & DC auxiliary supply magnitude and polarity/phasing.

c) Verification of grounding connections

d) General tests on each protective device including contactors, timers, auxiliary relays etc. as per the manufacturers’ recommended procedures and tests protocols

e) Verification of protective devices calibration at the final settings. 

f) Verification of protective devices characteristics

g) Verification of MCB’s operation at settings of thermal/magnetic releases

h) Functional tests of protective devices including operation of power swing blocking relays, auto-reclosers etc. 

i) Functional tests of  protection tele-signalling 

j) Functional tests of complete protection schemes

k) Functional tests of indications, alarms, annunciations

l) Functional tests of panels/cubicles humidity control, ventilation, internal illumination

m) On-load tests:

-	Verification of current circuits
-	Verification of voltage circuits
-	Directional tests
		-	Tests of differential protection by de-stabilising the current circuits

2.10	Telecommunication and SCADA Equipment

	1)	Power Line Carrier Equipment

a)	PLC Terminals

-	Measurement of insulation resistance (Megger tests) 

-	Verification of AC & DC auxiliary supply magnitude and  polarity/phasing

-	Verification of grounding connections.

-	Verification of MCB’s operation at settings of thermal/magnetic releases.

			-	Measurement/verification of oscillator and pilot frequencies

			-	Measurement/verification of transmit and receive frequencies

		-	Measurement/verification of transmit/receive frequencies difference

			-	Level adjustments for transmitter, tele-operation and telephony
	
			-	Automatic gain control (AGC) settings

		-	Frequency response equalization

		
			-	Preparation of AF-AF response curve for speech and data channels

			-	Return loss measurement

		-	Measurement of line attenuation 

			-	Verification of signal to noise ratio

			-	Check of service telephone

		-	Functional tests indication, alarms, annunciation

-	Functional tests of panels/cubicles humidity control, ventilation, internal illumination

	b)	Protection Signaling Equipment
	
			-	Verification of regulated power supply outputs

			-	Measurement of transmit and receive levels

		-	Check of commands’ transmission

			-	Measurement of command transmission times

			-	Functional tests of command transmit and receipt counters

		-	Functional tests in conjunction with protection system

-	Verification of remote tripping of breakers with direct transfer trip commands

		-	Functional tests of indications, alarms, annunciation

2)	SCADA Equipment
	
a) Point to RTU local test for each tele-information point	

b) Point to point test for each tele-information point utp the National Control Centre

3)	Miscellaneous Tests
	
a) Performance of additional tests to verify characteristic(s) and functions, peculiar to the design of an equipment or system device installed at the substation/utilized in the telecommunication, protection signalling, SCADA systems shall be assessed at the detailed engineering and implementation stages.

b) Visual inspections of equipment and devices shall be carried out in respect of damage, labelling, alignment, dust proofing, sealing against vermin etc. 

c)	Humidity and vibration recording devices are fitted to the equipment and systems for monitoring during transportation. Recordings of these devices shall be inspected upon arrival/installation at the site. Copies of the recordings shall be made part of the site test books. 

d)	High voltage tests shall be performed on the equipment in accordance with the standards.

e)	Applicable tests and verifications mentioned in the above sections and sub-sections shall be applicable to all the equipment and systems and specifically mentioned herein above but may be installed at the substations. 

	4)	Line Trap

The following routine tests shall be performed in accordance with IEC Publication 60353:

1)	Measurement of rated inductance of the main coil

2)	Measurement of power frequency inductance of main coil

3)	Measurement of blocking resistance and blocking impedance

4)	Measurement of tapping loss and tapping loss based on the blocking resistance

2.11	Control and Power Cables

	1)	MV Cables

a)	Verification of insulation resistance (Megger test)

	-	Core-Ground /shield/armour
	-	Core-core

b)	Verification of core(s) continuity

c)	High voltage /Dielectric tests

d)	Verification of shield continuity and grounding

e)	Verification of armour continuity and grounding

f)	Verification of tightness of connections

	2)	LV Cables

a)	Verification of insulation resistance (Megger test)

	-	Core-Core
	-	Core-ground/shield

b)	Verification of core(s) continuity

c)	Verification of shield/armour continuity

d)	Dielectric tests:  2000V AC one minute

e)	Verification of tightness of connections

2.12	Grounding and Lightning System

	1)	Grounding System

a) Visual verification of each grounding connection

b) Verification of tightness  of grounding connections as per recommended torque

c) Verification of effectiveness of substation grounding system by an appropriate method commensurate with installation involving large mesh

d) Continuity tests of each grounding connection

e) Measurement of grounding resistance with earth resistance tester:

· Each neutral connection of transformer
· Each neutral connection of shunt reactor
· Each surge arrester connection
· Building grounding
· Panels and equipment inside the buildings

2)	Outdoor and Indoor Lighting System

a) Measurement of insulation resistance (Megger tests)

b) Verification of AC & DC auxiliary/power supply magnitude and polarity/ phasing

c) Verification of grounding connections

d) Verification of mebs’ operation at setting of thermal/magnetic release

e) Verification of automatic and manual switching

f) Measurement of circuit loading

g) Verification of illumination levels

h) Functional tests to verify alarms, indications, annunciations.

i) Functional tests of humidity control, ventilation, internal illumination

(3)	Outdoor And Indoor Power Sockets

a) Measurement of insulation resistance (Megger tests)

b) Verification of grounding connections

c) Verification of mebs’ operation at settings of thermal/magnetic release

d) Check of voltage magnitude and phase rotation for each three phase power socket

e) Check of voltage magnitude and correct phase connection for balanced load for single phase sockets

f) Functional tests to verify alarms, indications, annunciations

2.13                AC and DC Auxiliary Supplies

(1)	DC Distribution Boards

	Following tests shall be performed on mebs in the DC distribution boards
	
a)	Verification of breakers’/mebs’ operation at setting of thermal/ magnetic release

			b)	On-load tests:- Measurement of loading of each circuit

(2)	AC Distribution Boards

	Following tests shall be performed on MCBs in the AC distribution boards

a)	Verification of voltage and phasing up to each outgoing breaker/ MCBs’

b)	Verification of breakers’/MCBs operation at setting of thermal/magnetic releases

c)	On-load tests:- Measurement of loading of each circuit

2.14	            Temperature Inside Panels, Cubicles, Marshalling Kiosks

Recording of temperatures inside the panels, cubicles, marshalling kiosks have been energized with ac and dc supplies and all devices mounted therein have been in service for sufficient time.

Ambient temperature i.e. room temperature for indoor equipment, yard temperature for outdoor equipment to be recorded.

2.15	Coordinated Functional Tests of Control, protection, Metering and Monitoring Systems

(1)	General: The set furnished by the Contractor under this Contract shall be subject to tests in the shop and at site in the presence of the Engineer for conformity to requirements of the Specifications. All tests shall be conducted in accordance with the appropriate codes for testing.

	The diesel engine and AC generator shall be test-run continuously for 24 hours to ensure smooth running and satisfactory operation of the machines and accessories. Tests on the unit shall not be less than the minimum requirements of ISO standard Practices for equipment.

(2)	Generator: Routine tests on the generator shall be performed. Routine tests shall include:

	a)	Resistance of armature and field windings

	b)	Polarity of field coils

	c)	Check of mechanical balance

	d)	Check of no-load field current or exciter field current

	e)	Voltage balance

	f)	Phase sequence

	g)	No-load saturation curve

	h)	Insulation and high potential tests

	i)	Over speed test at 125% speed for 1 minute

	Where the generator is not completely assembled in the factory, tests (d) to (i) above inclusive may be carried out with the generator coupled to Engine Test (a) to (d) shall also apply to the exciter.

(3)	Performance Tests: At the conclusion of installation of the Emergency Diesel Generating Set at site, commissioning tests shall be carried out by the Contractor/Manufacturer to demonstrate the satisfactory operation of the equipment and to verify the guaranteed performance figures of the diesel unit. The tests shall comprises:

	1)	Preliminary tests on individual components.
	
2)	Continuous one-hour heat run at 50% load rating in parallel with the system 

3)	Continuous one-hour heat run at 75% load rating in parallel with the system 

4)	Continuous one-hour heat run at 100% load rating in parallel with the system 

5)	Part load heat runs to demonstrate satisfactory operation and establish fuel  consumption at the respective loads. 

6)	The tests shall also include:

a) Performance of governing characteristics and protective systems.

b) Starting characteristics of the units. The units shall start at least five (5) times in six (6) consecutive starting attempts.

c) Starting power requirements to demonstrate the ability of the machine to start the specified number of times without need to recharge the batteries

2.16                 Miscellaneous

a)	Performance of additional tests to verify characteristic(s) and functions, peculiar to the design of an equipment or system device installed at the substation/utilized in the , protection, control ,metering and monitoring systems signalling, SCADA systems shall be assessed at the detailed engineering and implementation stages.

b)	Visual inspections of equipment and devices shall be carried out in respect of damage, labelling, alignment, dust proofing, sealing against vermin etc. 

c)	Humidity and vibration recording devices are fitted to the equipment and systems for monitoring during transportation. Recordings of these devices shall be inspected upon arrival/installation at the site. Copies of the recordings shall be made part of the site test books. 

d)	High voltage tests shall be performed on the equipment in accordance with the standards.

e)	Applicable tests and verifications mentioned in the above sections and sub-sections shall be applicable to all the equipment and systems not specifically mentioned herein above but may be installed at the substations. 

g) The functional testing of fire protection shall be carried out on one transformer by means of external input to pressure and temperature/fire sensors.
LIST OF TESTS FOR SUBSTATION EQUIPMENT

It is clarified that any other tests required for testing & commissioning and proper functioning of the equipments, which are not mentioned below, shall be carried out as per NTDC requirements and standard practice. 

1-	Tests for 132/11 KV Power Transformer

Measurement Tests

a)	Measurement of dielectric strength of oil
b) Transformer’s turn ratio (TTR) test
c) Measurement of winding resistance
d) Vector group verification & open circuit test
e) Diverter switch verification by short circuit test
f) Insulation resistance test
g) Bushing current transformers

Functional Test

	a)	Cooling system

		i)	Testing from local cubicle 
		ii)	Testing from control room

b) Winding & oil temperature thermo-meters & indicators

i)	Oil temperature thermo-meter & indicator
ii) Winding temperature thermo-meter & indicator

c) Buchholz & pressure relief valve
d) Oil level indicator
e) Tap changer control

i)	Individual manual control from local
ii) Individual manual control from remote
iii) Master follower control in manual/automatic mode

a) Manual control
b) Automatic control
c) Parallel operation by SKB-30 relay
d) Heating & lightning circuit

      	2-		Tests for 145 kV Circuit Breaker

a) Preliminary checks & visual inspection
b) Operational tests

i)	SF6 density meter
ii) Spring charging time
iii) Closing – opening operation
iv) Anti-pumping feature
v) Manual operation
vi) Closing opening time measurement
vii) Functional lock out
viii) Panel heating & lighting

c)	Functional Tests

			i)	Alarm & indication circuits
ii) Interlocking scheme

-	For line controlling circuit breakers 
· For auto-transformers 
· For auto-transformers 
· For bus coupler 

c) Contact resistance measurement

 	3		Tests for 132 kV Voltage Transformers

a) Preliminary checks & visual inspection
b) Insulation resistance tests
c) Ratio and polarity test
d) Voltage circuits in control, protection & metering panel
e) 

      	4		Tests for 132 kV Current Transformers


a) Preliminary checks & visual inspection
b) Hi-Pot & insulation resistance tests
c) Hi-Pot test
d) I.R. test of secondary windings
e) Ratio, polarity & wiring test by primary injection

5		Tests for 132 kV Disconnecting/Earth Switches

a) Preliminary checks before starting
b) Visual inspection of safety clearances/distances
c) Hi-Pot tests
d) Operation tests
i)	Manual opening & closing operation - verification
ii) Close/open operation from local/remote position
iii) Opening/closing test under maximum/minimum supply voltage
· Under max. voltage
· Under min. voltage
e)	Auxiliary contacts commutation - verification
f)	Additional tests for earthing switch
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