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ANNEXURE-I 

1.00.00 EARTHING NOTES

1.00.01 GENERAL 

Earthing of operating boxes, cubicles shall be done by 50 X 6 mm GS flat while 
cable trenches  and structure by 75 X 12 mm GS flat.  

1.00.02 Neutral points of systems of different voltages, metallic enclosures and frame 
works associated with all current carrying equipments and extraneous metal works 
associated with electric system shall be connected to a single earthing systems 
unless stipulated otherwise. 

1.00.03 Earthing system installation shall be in strict accordance with the latest editions of 
Indian Electricity Rules, relevant Indian Standards and Codes of practice and 
Regulations existing in the locality where the system is installed. 

1.00.04 Bolts and nuts required for earthing all main equipment structures and for 
connecting with earthing system as explained in Cl. 1.00.02 above shall be in the 
scope of the Contractor. 

2.00.00 DETAILS OF EARTHING SYSTEM 

  Item    Size   Material 

Main Earthing conductor  40mm dia rod  Mild steel 

Conductor above ground &  75 x 12/ G.S. Flat Galvanized 
earthing leads    50 x 6 mm  steel 
(for equipment)       

Rod Electrode    40mm dia, 3000mm Mild steel 

G.I. Earthwire    7/8 SWG  GI 

3.00.00 EARTHING CONDUCTOR LAYOUT 

3.00.01 Earthing conductors in outdoor areas shall be burried atleast 600mm below 
finished grade level unless stated otherwise. 

3.00.02 Minimum 6000mm or higher spacing between rod electrodes shall be provided 
based on the earthmat design calculations. 
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3.00.03 Wherever earthing conductors cross cable trenches, underground service ducts, 
pipes, tunnels, railway tracks etc., it shall be laid atleast 300mm below them and 
shall be re-routed in case it fouls with equipment/structure foundations. 

3.00.04 Tap connections from the earthing grid to the equipment/structure to be earthed, 
shall be terminated on the earthing terminals of the equipment/structure, if the 
equipment is available at the time of laying the grid.  Otherwise, “earth insert” with 
temporary wooden cover or “earth riser” shall be provided near the equipment 
foundation/pedestal for future connections to the equipment earthing terminals. 

3.00.05 Earthing conductor along their run on cable trench ladder columns, beams, walls, 
etc. shall be supported by suitable welding/cleating at intervals of 750mm.  
Earthing conductors along cable trenches shall be on the wall nearer to the 
equipment.  Wherever it passes through walls, floors etc. galvanized iron sleeves 
shall be provided for the passage of the conductor.  Both ends of the sleeves shall 
be sealed to prevent the passage of water through the sleeves. 

3.00.06 Earthing conductor around the building shall be buried in earth at a minimum 
distance of 1500mm from the outer boundary of the building.  In case high 
temperature is encountered at some location, the earthing conductor shall be laid 
minimum 1500mm away from such location. 

3.00.07 In outdoor areas, tap connections shall be brought 300mm above ground level for 
making connections in future, in case equipment is not available at the time of grid 
installations. 

3.00.08 Earthing conductors crossing the road shall be either installed in hume pipes or laid 
at greater depth to suit the site conditions. 

3.00.09 Earthing conductors embedded in the concrete fibre shall have approximately 
50mm concrete cover. 

4.00.00 EQUIPMENT AND STRUCTURE EARTHING 

4.00.01 The connection between earthing pads and the earthing grid shall be made by 
short and direct earthing leads free from kinks and splices.  In case earthing pads 
are not provided on the item to be earthed, same shall be provided in consultation 
with engineer. 

4.00.02 Metallic pipes, conduits and cable tray sections for cable installation shall be 
bonded to ensure electrical continuity and connected to earthing conductors at 
regular interval.  Apart from intermediate connections, beginning points shall also 
be connected to earthing system. 
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4.00.03 Metallic conduits shall not be used as earth continuity conductor. 

4.00.04 A separate earthing conductor shall be provided for earthing lighting fixtures, 
lighting poles, receptacles, switches, junction boxes, lighting conduits, etc. 

4.00.05 Wherever earthing conductor crosses or runs along metallic structures such as 
gas, water, steam, conduits, etc. and steel reinforcement in concrete it shall be 
bonded to the same. 

4.00.06 Cable and cable boxes/glands, lockout switches etc. shall be connected to the 
earthing conductor running alongwith the supply cable which, in turn, shall be 
connected to earthing grid conductor at minimum two points, whether specifically 
shown or not. 

4.00.07 Railway tracks within switchyard area shall be bonded across fish plates and 
connected to earthing grid at several locations.   

4.00.08 Earthing conductor shall be burried 2000mm outside the switchyard fence.  Every 
post of the fence and gates shall be connected to earthing loop by one lead. 

4.00.09 Flexible earthing connectors shall be provided where flexible conduits are 
connected to rigid conduits to ensure continuity. 

4.00.10 Equipment earthing (Riser & welding of two conductors) shall be done as per 
enclosed sketch. Drg. No. 9561-572-POE-A -015. 

5.00.00 JOINTING 

5.00.01 Earthing connections with equipment earthing pads shall be of bolted type.  
Contact surfaces shall be free from scales, paint, enamel, grease, rust or dirt.  Two 
bolts shall be provided for making each connection.  Equipment bolted 
connections, after being checked and tested, shall be painted with anti-corrosive 
paint/compound. 

5.00.02 Connection between equipment earthing lead and between main earthing 
conductors shall be welded/brazed type.  For rust protections, the welds should be 
treated with red lead and afterwards thickly coated with bitumen compound to 
prevent corrosion. 

5.00.03 Steel to copper connections shall be brazed type and shall be treated to prevent 
moisture ingression. 

5.00.04 Resistance of the joint shall not be more than the resistance of the equivalent 
length of the conductor. 
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5.00.05 All ground connections shall be made by electric arc welding.  All welded joints 
shall be allowed to cool down gradually to atmospheric temperature before putting 
any load on it.  Artificial cooling shall not be allowed. 

5.00.06 Bending of large diameter rod/thick conductor shall be done preferably by gas 
heating. 

5.00.07 All arc welding with large diameter conductors shall be done with low hydrogen 
content electrodes. 

6.00.00 POWER CABLE EARTHING 

Metallic sheaths and armour of all multi core power cables shall be earthed at both 
equipment and switchgear end.  Sheath and armour of single core power cables 
shall be earthed at switchgear end only. 

7.00.00 SPECIFIC REQUIREMENT FOR EARTHING SYSTEMS 

7.00.01 Earthing terminal of each surge arrester, capacitor voltage transformer and 
lightning down conductors shall be directly connected to rod electrode which in 
turn, shall be connected to station earthing grid. 

7.00.02 Earthing mat comprising of closely spaced (300mm x 300mm) conductors shall be 
provided below the operating handles of the isolators. 

8.00.00 SPECIFIC REQUIREMENTS FOR LIGHTNING PROTECTION SYSTEM 

8.00.01 Conductors of the lightning protection system shall not be connected with the 
conductors of the safety earthing system above ground level. 

8.00.02 Down conductors shall be cleated on the structures at 2000mm interval. 

8.00.03 Connection between each down conductor and rod electrodes shall be made via 
test joint located approximately 150mm above ground level. 

8.00.04 Lightning conductors shall not pass through or run inside G.I. conduits.

8.00.05 Lightning protection system installation shall be in strict accordance with the latest 
editions of Indian Electricity Rules, Indian Standards and Codes of practice and 
Regulations existing in the locality where the system is installed. 
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A. PROCEDURE FOR NON DESTRUCTIVE TESTING 

a) LIQUID PENETRANT EXAMINATION OF WELDED JOINTS 

Evaluation of indications: 

Relevant indications are those which result from mechanical discontinuities.   
Rounded indications or indications which are circular or elliptical with the length 
less than three times the width. 

Linear indications are those indications in which the length is more than three times 
the width. 

Any questionable or doubtful indications, shall be retested to verify whether or not 
actual defects are present.  

Localised surface imperfections, such as may occur from machining marks, surface 
conditions, may procedure similar indications which are not relevant to the 
detection of unacceptable discontinuities. 

b)    Acceptance Standards  

All surfaces to be examined shall be free of  

linear indications; 

four or more rounded defects with any dimensions more than 1.6mm in a line 
separated by 1.16 inch (1.6mm) or less (edge to edge). 

c)    Defect removal and repair: 

Unacceptable imperfections shall be removed and re-examination made to assure 
the complete removal.  Whenever a defect is removed  and subsequent repair by 
welding is not required, the excavated area shall be blended into the surrounding 
surface so as to avoid sharp notches, crevices or corners.  Where welding is 
required after removal of a defect, the area shall be cleaned and welding 
performed in accordance with a qualified welding procedure.  Completed repairs 
shall be re-examined by the method originally used for detection of the defect. 

d)    Treatment of imperfections believed non-relevant: 

Any indication of an imperfection which is believed to be non-relevant shall be 
regarded as a defect unless, on re-evaluation, it is shown by re-examination by the 
same method or by the use of other non-destructive methods and/or by surface 
conditioning that no unacceptable defect is present. 
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e)    Examination of areas from which defects have been removed:

After a defect is thought to have been removed and prior to making weld repairs, 
the area shall be examined by suitable methods to ensure the defect has been 
eliminated. 

f)     Re-examination of repaired area: 

After repairs are made, the repaired areas shall be blended. 

B. RADIOAGRAPHIC EXAMINATION OF WELDED JOINTS  

Radiographic examination shall cover minimum 10% of weld seam and acceptance 
standard for visual examination and Radiography shall be as follows: 

Any of the following imperfections shall not be acceptable:  

i)     Cracks 

ii) Zone of incomplete fusion or penetration, which exceed 10% of the weld length of 
the joint.  In longitudinal or transverse butt weld, where full penetration is intended 
by the weld procedure, some lack of penetration is acceptable.  The total length of 
weld with lack of penetration shall not exceed 10% of the overall weld length.  At no 
place, shall weld penetration be less than 90% of the thickness of the material.  
Continuous occurrence of lack of penetration is permitted, but shall not exceed 
50mm in any 500mm length of weld. 

iii) Inadequate weld dimensions, Root Cavity (shrinkage) and incompletely filled 
groove greater than 10% effective throat thickness.   

iv) Excess penetration shall be permitted provided it does not exceed 25% of the wall 
thickness or 4mm whichever is smaller. 

v)     Weld reinforcement: 

  Build up in excess of 25% of the effective throat thickness shall be dressed.  Any 
reinforcement shall be substantially symmetrical about the centreline of the weld 
and shall be of smooth contour blending smoothly at the toes with the parent 
material. 

vi) Undercutting and overlapping greater than 10% effective throat thickness. 

vii) Elongated cavities and/or worm holes exceeding 3mm dia or equivalent area in 
length provided the limitations on porosity are met with. 
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viii) Copper, tungsten or oxide inclusions greater than t/4 or 3mm dia or its equivalent 
area, whichever is smaller. 

 ix)   Crater pipes exceeding 25% effective throat thickness or 3mm whichever is smaller. 

  x) Porosity: 

Scattered porosity not exceeding 0.5% by volume is acceptable.  In general, the 
size of the pores shall not exceed 0.8mm dia, but occasional 1.6mm dia pores may 
be acceptable, provided the following limits are not exceeded:    

Where pore size is 0.4mm or less, upto 150t pores may be permitted in 1000mm 
sq. area or radiograph. 

Where pore size is 0.8 mm dia or less, upto 19t pores may be permitted in 
1000mm sq. area or radiograph. 

Where pore sizes are generally 0.8mm dia or less, but occasional 1.6mm dia pores 
are present, upto 9t of 0.8mm dia may be permitted in 1000mm sq. area of 
radiograph, provided the number of pores upto 1.6mm in dia does not exceed it. 

However, visible surface porosity > 1mm dia is not acceptable. 

Note: 

In all cases, t = thickness of the thinnest section of the weld under examination. 

Unacceptable weld defects shall be repaired in accordance with the original 
welding procedure.  All repairs shall be 100% inspected in accordance with original 
testing procedure. 
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Erection Drawings to be submitted by the Contractor

1.            Single line diagram 

2.            Switchyard layout (Plan & Section) 

3.            Equipment & Foundation Cable trench layout 

4.            Structural Arrangement Drawing 

5.            Earthmat Layout 

6.            Composite G.A. Drawing 

7.            Clearance Diagram 

8.            Cable Trench Section  

9.            Equipment Earthing details 

10.          Welding Details 

11.          All Design Calculations 

12.          G.A. of Clamps and Connectors Drawings

13.          G.A. and Part Drawing of Insulator String and Hardware 

14.          G.A. and Schematics of all Marshalling Kiosks and cabinets 

       15.           Data Sheets and Drawings of all Other Miscellaneous Items 
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