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Te/Ref : CC-ENGG-TB202407-1002453-SS3540-EARTHMAT-LAYOUT Date : 30/05/2025
From: Anurag To: Bharat Heavy Electricals Limited
Senior DGM Plot No.-7, Sector-142 Noida 201305
201305

Cc: MANDSAUR

Subject: 765kV AIS Substation Package SS43T for (a) Establishment of 765/400/ 220kV Mandsaur S/s including
400KV, 2x125MVAr (3- Ph) Reactor b) Extn. of 765kV Indore(PG) for termination of Mandsaur PS -
Indore(PG) 765 kV D/c Line associated with “Transmission system for evacuation of power from
Rajasthan REZ Ph-IV (Part-2: 5.5GW) (Jaisalmer/Barmer Complex) Part-C” through Tariff Based
Competitive Bidding (TBCB) route

LOA Ref: CC/T/W-AIS/DOM/A06/23/11955/NOA-1/24-108670/01 & NOA-2/24-108670/02 Dated 09/07/2024

Please find enclosed following drawings/ documents for necessary action at your end.

Vendor Drg. No. :

Orgn. Drg. No. : TB202407-1002453-SS3540-EARTHMAT-LAYOUT
RevisionNo. : 00
Drg. Title : 765/400/220kV MANDSAUR SS-EARTHMAT LAYOUT
App. Category : CAT-l
Release Date : 30/05/2025
Scan to verfiy
Comments :  Comments marked on the document

3rgAifaa Avft/App. Category:
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Approved/released for fabrication/construction.
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Approved/released for fabrication/ construction subject to incorporation of comments and modification as noted. Revised
drawing required for approval.
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To be resubmitted for approval after incorporating the comments.
V. e vd Reprs 2q)|

For information and record.

CATREL/  fiwfor &g 511

REL-CON  peleased for construction.

A¢/Note:

1. Approval/Comments conveyed herein neither relieve the contractor of his contractual obligations and his responsibilities, weights,
quantities, design details assemble fits, performance particulars and conformity of the supplies with the Indian Statutory Laws as
may be applicable, nor does it limits the purchaser's right under the contract.

2. The approval conveyed vide this letter does not cover the approval of make for sub-vendor items.

B Braferd: e, wic TR 2, FaeR -29, TSAH -122001, (ERATUM) ,GIHTY: 0124-2571700-719
Corporate Office: “Saudamini“, Plot No. 2, Sector-29, Gurugram-122001, (Haryana) Tel.: 0124-2571700-719
Usfigpd Brafer: st -9, pae SiegRiAeT TRAT, dedTRAT WA, 78 faew! -110016. GRUTS: 011-26560112, 26560121, 26564812, 26564892, HIHTETH: L40101DL1989GOI038121

Registered Office: B-9, Qutab Institutional Area, Katwaria Sarai, New Delhi-110016. Tel: 011-26560112, 26560121, 26564812, 26564892, CIN : L40101DL1989G0I1038121
Website: www.powergridindia.com
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1.Earthing conductor shall be buried 2000 mm outside the switchyard fence. All the
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= z 2z g &8 B £ &z & o & B & & ez g B 3 g g B =z B & & 3 e s zz = B B = B 3 5 5 5 5 e g9 geE o Be B B L B &3 5 4. THIS DRAWING IS ONLY SYMBOLIC REPRESENTATION OF EARTHING CONDUCTOR LAYOUT. AT SITE, THE CONNECTION SHALL BE DONE IN SUCH A MANNER SO THAT IT DOES NOT FOUL WITH ANY FOUNDATION,
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£4000 + oo - A———oFTGf GATE - . DISTANCE. IN ADDITION ALL EQUIPMENT & STRUCTURE EARTHING SHALL BE DONE AS PER TYPICAL EARTHING DETAIL.
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ELECTRODE QTY CALCULATION

A ROD ELECTRODE WITH TEST PIT/LINK
S$S43T-Mandsaur (New)
ELECTRODE PER No. of TOTAL NO. OF
SN |EQUIPMENT/FACILITY 0.0
EQUIPMENT | EQUIPMENT | ELECTRODES
i) |765kvV TOWER WITH PEAK 1 42 42
i) |765kV CVT 1 12 12
i) 624KV LA 1 29 29
iv fior Main bus towers with shield wire on beam 1 16 ]
i) |400kV TOWER WITh PEAK 1 18 18
i) |400kV CVT 1 6 6
i) 336KV LA 1 31 31
i) [220kv TOWER WITh PEAK 1 @6
i) |220kV CVT 1 33
i) 216KV LA 1 36
269
B ROD ELECTRODE WITHOUT TEST PIT
SS06T
ELECTRODE PER No. of TOTAL NO. OF
SN |EQUIPMENT/FACILITY CTRO 0.0 OTALNO. 0
EQUIPMENT | EQUIPMENT | ELECTRODES
) |EARTHMAT CORNER 1 12 12
i) |CONTROL ROOM BUILDING CORNER 5 1 5
17
C  PIPE ELECTRODE
SS06T
ELECTRODE PER No. of TOTAL NO. OF
SN |EQUIPMENT/FACILITY CTRO 0.0 OTALNO. 0
EQUIPMENT | EQUIPMENT | ELECTRODES
i) |765/400kV ICT-3ph BANK 2 3 6
i) |765kV LINE REACTOR-3ph BANK 2 2 4
i) |765kV BUS REACTOR-3ph BANK 2 2 4
iv) |400/220kV ICT, 3ph 2 5 10
v) |400kV BUS REACTOR, 3ph 2 2 4
vi) |LT TRANSFORMER, 3ph 2 2 4
vii) |DG SET 2 1 2
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PROJECT 765/400/220KV PGCIL KOPPAL Il S/S
[~ SYSTEM DATA
System fault current I kA
Fault Duration % [ 05]sec
Ambient Temperature T, [ 50]c
[~ FIELD DATA
Average earth resistivity in Q-meter p 85.51|Q-m
Surface Layer of switchyard Gravel | 1
Surface layer resistivity in Q-meter Ps 3000(Q-m
Surface layer thickness in meter h, m
b
d=0&a=g;
2 c a m
L= b for rectangular
o or square grid b [ 570|m
d % 120]m
d 420{m
a-c
y Grid spacing D m
e —
X L=b+d
[~ EARTHMAT DESIGN PARAMETERS
Duration of shock t
Fault Current Division Factor S
Decrement Factor for entire duration of fault Ds
No. of ground MS rods ng I:'
Length of ground MS rods in m lg
[~ GROUND CONDUCTOR DATA
Type of Conductor Mild Steel Rod | 1
Thermal Coefficient of resistivity a, 0.00423|/°C
Resistivity of Ground Conductor or uQ/cm|
Thermal Capacity Factor Teap 3.749|J/cm?
Maximum Allowable Temperature T °C
Kpat 0°C & [ o

TB202407-1002453-SS3540-EARTHMAT-LAYOUT/00/CAT-II/Page: 3 of 8

EARTHMAT SIZING CALCULATION BASED ON IEEE-80 : 2000

Rev-1

[~ RESULTS

Minimum diameter of grid conductor 26.26|mm
Ground grid conductor diameter chosen 40.00mm
Grid resistance Rg 0.083]Q
Ground Potential Rise GPR 3662 |V
Grid spacing chosen D 30.00|m
Tolerable touch voltage Etouchso Vv
Tolerable step voltage Estepso 2455V
Calculated touch voltage En v
Calculated step voltage & V

% Margin Available In Touch Potentials 12.40 %
% Margin Available in Step Potential 89.10 %

[~ CONCLUSION

Grid Resistance is less than 1 Q.

Selected Diameter of Grid conductor is adequate.

Calculated Touch & Step Voltages are Less then Tolerable Touch & Step Voltages, Hence

Ground grid Design is Safe.

Grid Spacing chosen is =

30 m

Page 1 of 1
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EARTHMAT SIZING CALCULATION AS PER IEEE-80

Iy rms symmetrical grid current in kKA = 1 X Ss = 44.10 kA
g Maximum grid currentin kKA =14 x Dy = 44.10 kA
L Total length of all ground MS rods in meter (14 xny) = 18.0 m
D Maximum distance between any two point on the grid

= JL2+ L% =J(b+d)*+a? = 1032.2 m

hg Grid reference depth = 1.0m

As per equation no. (83) of cl. no. 16.5 n
= 1+ —
Kh / s

= 1.264911064
As per cl. no. 14.2
Total effective length of grounding system conductor
T including grid and ground MS rod, m
:{(1+ajb+[1+b)a}+{(1+dj(a—c)+(1+a_c)d}+ng xly = 17212 m
D D D D
As per cl. no. 14.3
Lc Total length of the conductor in horizontal grid in meters
= {[1+ a}b+(1+ bja}+{[1+ d](a—c)+(l+ a_C)d} = 16774 m
D D D D
As per cl. no. 16.5
Lp Peripheral length of the grid = 2(a+b+d) = 2564 m
As per cl. no. 14.2
AR Area covered by ground grid conductorinm?2=_L x B = 238680 m?
As per equation no. (27) of cl. no. 7.4
Cs Surface layer resistivity derating factor = 0.8
0.09 x (1 s J
_1_ P
2h, + 0.09
As per equation no. (85) of cl. no. 16.5 oL
n =—= = 13.08
a LP
As per equation no. (86) of cl. no. 16.5 L,
Ny T4 x JAy = 1145447022

EARTHMAT SIZING Page 1 of 4
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As per equation no. (87) of cl. no. 16.5 L .L OLTR
ne { X y} "7 = 111708763

As per equation no. (88) of cl. no. 16.5

n =—0 = 1
‘ N

As per equation no. (84) of cl. no. 16.5

n Geometric Factor =N, xN, xN, xnN, = 16.74

d Diameter of actual grid conductor selected = 0.040 m

As per equation no. (89) of cl. no. 16.5
Kj Correction factor for grid geometry = 0.644 + 0.148 x n = 3.1

As per equation no. (94) of cl. no. 16.5

1] 1 1 1 n-2
A s i2f-05 -
Ks ﬁ[Z'h D+h D( )} 0.3

As per equation no. (82) of cl. no. 16.5

Corrective weighting factor for grid with ground MS rods located
in the corner or on the perimeter

K i = 1.0

Kii

As per equation no. (81) of cl. no. 16.5
Kmn Spacing factor for mesh voltage = 0.9

1@{ D>  (D+2h) h

Ki 8
=—1In + +—1
2| |16xhxd 8xDxd 4xd} K, n{ﬂ@xn —l)H

As per equation no. (40) of cl. no. 11.3

A Cross Sectional Area of the ground grid conductor = 541.6 mm?

S« t, xa,xp, x10*
=1y

Tow x In( Tr::::)
DIA Theoritical diameter of grid conductor in case of round
conductor _ L ) \/4_7 ) 00263
1000 V4 '

EARTHMAT SIZING Page 2 of 4
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As per equation no. (52) of cl. no. 14.2
Ry Grid resistance = 0.083

1 1+ 1

1
= px|—+
L J20x Aq 1+hx 2%
R

As per equation no. (29) of cl. no. 8.3
E sepso  Tolerable step voltage for human with 50 kg body weight = 24549 V

=(lOOO+6szxpS)x%

Jt
As per equation no. (32) of cl. no. 8.3
Ewuicnso  Tolerable touch potential for human with 50 kg body weight = 736.8 V
0.116

NS
As per equation no. (32) of cl. no. 8.3
GPR  Ground Potential Rise = I; x Ry x 1000 = 3661.6 V

= (1000 +1.5xC, x p,) x

From equation no. (80) & (91) of cl. no. 16.5

Mesh voltage in volts at the centre of the corner mesh
En calculated value of maximum mesh voltage (Worst possible = 645.4 V
touch voltage) = calculated touch voltage

px 1y xK xK;x1000

L.+ 1.55+1.22(2LFZJ Ls
VL + L

From equation no. (92) & (93) of cl. no. 16.5

Step voltage in volts between a point above the outer corner
E, of the grid and a point 1 meter diagonally outside the grid ( = 267.6 V
Calculated value of maximum step voltage which can occur)

pxl, xK xK; x1000
~0.75L, +0.85L,

EARTHMAT SIZING Page 3 of 4
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RESULTS
MINIMUM DIAMETER OF GRID CONDUCTOR (dmin)

CORROSION EFFECT FOR A PLANT LIFE OF 40
YEARS (Xc)

HENCE GROUND GRID CONDUCTOR DIAMETER
(dmin + Xc*40)
GROUND GRID CONDUCTOR DIAMETER CHOSEN

GRID RESISTANCE
GRID SPACING CHOSEN
TOLERABLE TOUCH VOLTAGE

TOLERABLE STEP VOLTAGE
CALCULATED TOUCH VOLTAGE

CALCULATED STEP VOLTAGE

EARTHMAT SIZING

TB202407-1002453-SS3540-EARTHMAT-LAYOUT/00/CAT-II/Page: 7 of 8

26.3 mm

0.12 mm/yr

31.1 mm

40.0 mm
0.083 Ohms
30.00 M
736.8 V

24549 V
645.4 V

267.6 V

Page 4 of 4
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SOIL RESISTIVITY DATA

ERT No. Average Resistivity of Soil (Q.m)
1 64.27
2 126.48
3 76.88
4 103.39
5 78.04
6 88.87
7 88.72
8 73.32
9 93.62
10 77.93
11 81.04
12 81.82
13 74.81
14 98.97
15 81.77
16 73.88
17 80.15
18 89.87
19 70.06
20 99.92
21 73.19
22 98
23 92.27
24 85.07
25 80.15
26 81.45
27 86.44
28 73.23
29 85.06
30 90.91
31 79.88
32 77.09
33 71.61
34 84.2
35 76.42
36 80.06
37 87.83
38 85.98
39 83.37

40 73.99
41 79.08
42 97.37
43 79.9
44 78.33
45 83.55
46 91.57
47 85.35
48 84.12
49 90.8
50 102.7
51 77.31
52 80.89
53 80.99
54 122.86
55 90.48
56 113.68
57 85.10
AVERAGE= 85.51




