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EARTHING MAT DESIGN FOR 33 KV BAY EXTENSION AT 132/33 KV SISHUGRAM SS
As per ANSI/IEEE Std 80-1986 code

1st 2nd
rho ohm-m 20 Grid Parameters
LT Total Length buried grid (m) 245.00           L 25.0 0.0
A Area (sq.m.) 500 W 20.0 0.0
h Depth of grid (m) 0.6 spacing 5 0.0

Length 245.00                  -             
First Term 0.0041                           Area 500 0
Second term 0.0100                           
3rd term denominator 1.1200                           L/R Ratio 1.25 #DIV/0!

No of Parallel grid Conductors in Columns = 6.00                         
Rg -- Prilim ohm 0.4602                           No of Parallel grid Conductors in rows = 5.00                         
Schwarz Equations

Where

rho soil Resistivity ( Ohm -meter) 20 GI Flat L (mm) 65
Lc Length of buried earthing electrode 245.00                      B (mm) 12

is sqrt(r 2h) for conductors of 
radius r buried at depth h --- r for 
conductors on surface

0.138 Grid conductor size (mm2) 780

h Conductors Buried at depth  ( m) 0.6 Effective Radius (mm) 15.8
r Cross Sectional radius of earth conductor (m) 0.016 Effective radius (m) 0.016         
A Total Area Covered By Earth Conductor ( Sq mts) 500
Lr Length of each earthing Electrode ( Mts) 3 Required Grid Conductor Size(Sq mm) 204.0047
nr Number of Earthing Electrodes  in Area 9
b Cross Sectional radius of earthing Electrode (m) 0.02
K1 Constant Cofficienct Depending on Grid 1.1375 sqrt(A)/10 2.24

For h = 0 k1 = -0.04L/R + 1.41 1.36 sqrt(A)/6 3.73
For h = sqrt(A)/10 k1 = -0.05L/R + 1.2 1.1375
For h = sqrt(A)/6 k1 = -0.05L/R + 1.13 1.0675

k2 Constant Cofficienct Depending on Grid 4.805
For h = 0 k2 = 5.5 + 0.15L/R 5.6875
For h = sqrt(A)/10 k2 = 4.68 + .10 L/R 4.805
For h = sqrt(A)/6 k2 = 4.4 + 0.05L/R 4.4625

R1 is earth grid resistance (ohm)
R2 is earth rod resistanace (ohm)
Rm is mutual earth resistance (ohm)

Ω
1st Term 2nd Term 3rd Term 4th Term 5th Term

R1 0.026                                                         8.178                 12.463                           4.805-                         0.412       
R2 0.118                                                         6.397                 1.000-                             0.305                         4.000             0.780       
Rm 0.026                                                         2.590                 12.463                           3.805-                         0.292       

Nr Dr
Rg 0.236                             0.607                         0.388

rho is soil resistivity (ohm-m) 20
rho-s is resitivity of surface layer material (ohm-m) 3000
hs is thickness of surface layer (m) 0.18

Cs is surface layer derating factor 0.801
Numerator Denominator

0.0894 0.45

Fault Clearing time Ts 0.15
First Term 2nd Term

Etouch,50 4,606                 0.299510712 1,379.5       
Etouch,70 4,606                 0.405372257 1,867.1       
Maximum Fault Current  ( Amps ) 25000

Current Division Factor  ( Sf ) 0.52
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1.00 As per IEEE Std 80

symmetrical grid current ( Amps ) If x Sf x Df 13082
As per IEEE Std 80 ( 1 transmission line , 1 feeders )

GPR 5077.1 Sf 0.91+j0.485 As per Table C.1

If GPR > Etouch then detailed verification is required Nr 1.0311765
Dr 1.9706154

Mesh Voltage Calculation :
Sf 0.523

The mesh voltage is the maximum touch voltage within a mesh of an earthing grid and is derived from IEEE Std 80 Equation 80:

Em ( v ) 715.29                      

rho-s soil Resistivity ( Ohm -meter) 20
IG  is the maximum grid current found earlier in Step 4 (A) 13081.9
Km geometric spacing factor 0.508

Ki Irregularity Factor 1.561

LM effective buried length of the grid 289.937

Geometric Spacing Factor 
1st term 2nd term

D spacing between parallel grid conductors (m) 5 5.000 5.000
h depth of buried grid conductors (m) 0.600
d cross-sectional diameter of a grid conductor (m) 0.032
Kh weighting factor for depth of burial 1.265
Kii weighting factor for earth electrodes /rods on the corner mesh 1.000

Kii=1for grids with earth electrodes along the grid perimeter or corners

for grids with no earth electrodes on the corners or on the perimeter

1st term 2st term 3st term 4st term 5st term
82.63545 1.602 -4.76 0.79 -1.497606455

4.375472 -1.1839619

Km 0.5079

Geometric Factor  ( n )
6.193

Na 2Lc/Lp 7.00
Nb 1 for Sqaure, Sqrt(Lp/4*Sqrt(A)) 0.88
Nc 1 for Sqaure and Rectangular Grid 1.0
Nd 1 for Sqaure and Rectangular Grid 1

total length of horizontal grid conductors (m) Lc 245
length of grid conductors on the perimeter (m) Lp 70
maximum length of the grids in the x direction (m) Lx 25
maximum length of the grids in the y direction (m) Ly 20
Maximum Distance b/w any two points Dm 7.071

Irregularity Factor

The irregularity factor is calculated from IEEE Std 80 Equation 89:

Ki 0.644+0.148n 1.560508039

Effective Buried Length (Lm)
For grids with few or no earthing electrodes (and none on corners or along the perimeter):

LM Lc+LR 272
Where 
LC total length of horizontal grid conductors (m) 245
LR the total length of earthing electrodes / rods (m) 27

For grids with earthing electrodes on the corners and along the perimeter:

LM 289.9 1st term 2nd term
1.22 0.09

Step Voltage Calculation
The maximum allowable step voltage is calculated from IEEE Std 80 Equation 92:

Es 755.106

IG  is the maximum grid current found earlier in Step 4 (A)

Ks geometric spacing factor

Geometric Spacing Factor 
The geometric spacing factor based on IEEE Std 80 Equation 81 is applicable for burial depths between 0.25m and 2.5m:

 

Ks 0.3823 1st term 2nd term 3rd term 4rd term
0.318309886 0.833333333 0.17857143 0.18906

Decrement Factor for 30 Cycles i.e. 0.5 Sec As per IEEE 
Stad 80 Clause 15.10



Effective Buried Length
The effective buried length Ls for all cases can be calculated by IEEE Std 80 Equation 93:

Ls 0.75 LC + 0.85 LR 206.7

 

1st term 2nd term
Estep,50 4619.65 0.299510712 0.40537226
Estep,70 6252.46

Results

Allowable Touch Voltage Limit ( Etouch,50) - V 1379.55
Allowable Touch Voltage Limit ( Etouch,70 ) - V 1867.14
Allowbale Step Voltage Limit ( EStep,50) - V 4619.65
Allowable Step Voltage Limit ( EStep,70 ) - V 6252.46
Tolerable Touch Voltage (Em) 715.287 A
Tolerable Step Voltage (Es) 755.106 C

A < B
C < D

Allowable Step Voltage (Estep), 50 kg 1379.55 B
Allowable Touch Voltage (Etouch), 50 kg 4619.65 D

then the earthing grid design is safe.

For Step 
For Touch

Mrityunjoy Buragohain
NESTECH ENTERPRISE

Hence Earthing Design is Safe

Prepared and Submitted by:



T1

T1T1

T1

T1

T1

50 x 6 MM
RISER

50 x 6 MM
RISER

VCB

50 x 6 MM
RISER

 ISOLATOR LA

GL GL

500

COVER PLATE

65X12MM
G.I STRIP

50X6MM FLAT CLAMP
WITH 16MM BOLTS, NUTS
& WASHER

A MOHOGENOUS LAYER OF COCK OR CHARCOAL &
SALT IN ALTERNATE LAYERS OF 300MM

40MM DIA. G.I PIPE

P.C.C

FUNNEL FOR
WATER INLET

PE
EARTH ELECTRODE IN
TREATED EARTH PIT( 3M
LONG, 50 mm DIA GI PIPE)

60
0

30
00

  NES/EARTHING/AEGCL/22-23/02

N.T.S

SHEET NO.
DRN. BY

DRG. NO. :
      APPVD. BY
     CHKD. BY    A3 DRG. TITLE :

CONSULTANT :      NAME SIGNATURE     DATE SCALE

M. BURAGOHAIN     1 OF 1

SHEET SIZE

ALL DIMENSIONS ARE
             IN MM.

NESTECH ENTERPRISE , GUWAHATI, ASSAM
PH 9678869331

CLIENT : ASSAM ELECTRICAL GRID CORPORATION LTD

EARTHING LAYOUT OF 132/33KV SISHUGRAM GSS

50 x 6 MM GI RISER

SL. NO. CODE DESCRIPTION

1

2

65X12 MM G.I. STRIP

3 EARTH ELECTRODE 50 MM
DIA, 3000 MM LONG GI PIPE

PE

QTY

250 Meter

80 Meter

9 Nos

4 1500MM X 1500 MM
SATELITE EARTH MAT FOR
ISO(GI FLAT 65MM X 12MM)

4 Nos

GENERAL NOTE:
1.33KV LA will have separate earth pit.
2.All ground connection shall be made by electric arc
welding.All welded joints shall be made cool down
gradually to atmospheric temperature before putting
any load on it.
3. The earth mat design shall be as per IS 3045 and
IEEE-Std 80 Latest versions
4.Grid resistance value shall be marked with date of
testing on earth pit cover.
5.Test value of grid resistance and pit resistance shall
be marked on top of the earth pit covers.
6. Metering panel and 2 pole structure shall be made
separately earthed.
7. Aux. mat shall be connected to the main mat from at
least two side.
8. Armour of HT cable shall be earthed.
9. All the equipments and structures shall be
connected to the main mat by two redundant points.
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