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Abstract :

Substation grounding is a critical part of the overall electric power system. It is designed not
only to provide a path to dissipate electric currents into the earth without exceeding the
operating limits of the equipment, but also to provide a safe environment for any people that
are within the surrounding area. The aim of this study is to design and develop a proper
grounding system for Barbar Substation 220/33 KV based on necessary calculation to ensure
a safe design. An adequate grounding grid has been designed and developed using concepts
outlined in IEEE Standard 80-200. The developed grounding mesh consisted of 46 earthing
rods (copper) driven to a depth of 1 meter and spaced 8 meters a part on 900 m? substation
area. Simulations were carried out using ETAP Software for verification of the developed
grounding grid design. The obtained results for tolerable touch and step voltage were 1666.6V
and 5767.9V, respectively. The ground potential rise (GPR) was 4.652 kV. The grid
resistance (Rg) was 0.749 Q which is within the range of international standards (< 1 Q ).The
total mesh and touch voltage were 188.5V and 479V, respectively, all these values are within
the limits . Using ETAP simulation the output results of tolerable touch and step voltage were
1621.4 V and 5586.9V, respectively. The GPR and Rg were 5040.3 V and 0.74 ohm,
respectively while the total mesh and Step voltage were 786V and 304.4 V, respectively. Both
the measured and simulated results values were within the limits. The minor differences
between calculated and simulated results do not affect the main design objective. Since these
values are within the safe range, it is concluded that the parameters measured for the
developed design are with the safe range recommended by international bodies.
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9.6x1200 nHReADED) 96 ? mi,'& h
9.8 1800 [UN-THREADED) 86 - 12 2000 |
JRoAD e 514 RCTL
{  DIA'S 14018m 7 « ENEA
14 2000 12 14 ol
1% 2400 12 14 14 2600 )
DR s d o 1amm 200 14,¢ S .
AE «Benlomme 1800 142 a8 ¥ 120K
§Yxbolemmx1800 142 B8 TR
WE 8ot 1dmm x 2400 14,2 oy o
S 10 16mm x 000 142 & [} 2000 3|
!':F['F;d’m'lfnnlu i 1':"fm '|f}| .!';-Tr' o
NE e Ko ldmmx 1500 14 5 b S00(iofy
T xbolommx1800 18 &% T 300
83 HFx o 19mmx 1200 172 it ol
g.head  wr o go9mmels00 1722 W TR Y]
% Dia T Y« dolPmm1800 172 A/ L.
i WA B 19mme 2400 172 A Ib =‘E';-H[5'*-
10 19mm x 4000 17.2 afir 1 3000 (I0f)
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= DANMENS ION ROD DIA. mENM 9 osroos | DIMENSION ROD DI
16x 1200 15mm 1200 mm £ 16x 1200 15mm
[="4 (=4 3 (=13
16x 4 ft 4 ft - mod 16x4
20x 1200 20mm 1200 mm o 20 x 1200 20 mm
o = =1
20x 4 # 4 20x 4 ft
-
| ===
=
=
g:t - D i

SEE ITEM
18mm Drtving Hexad
20mm Driving Hexad

18mm Coupling Dow ell

20mm Coupling Dow ell

15mm Driving Tip
DrivingTip Coupling Dawel DrivingHead) 20 mm Driving Tip

Slikall (ay )l il g 5l (8-3) Jsad

Plate Electrode : ua i ¢ o 3-7-3

tlles o

g s (9-3) Q&) IS8 (LS aLe 6,35 o J Y ey sl paal) e (Jama L
.26 0.186 0= J8 Y o) cang s 4 il da jrall aalidl sle) je

e
/f‘ v?’i }4,

SEE (A x B x )
SO0 xS00 < 1.5
S00x 00 x< 3
SO0x &S00 < &
S00x &S00 x<x 3
S00x 500 x &
POO0Ox QOO0 x 3
PO00x200x<x &
1000« TOOOx 3

QsBal) ) (a (dra £ 81 (9-3) Jsal
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o LS Lt Lad oS JS ada g pa g ale 3 tlany Al Lol 830 (e () 5S0e (Haxe ladia 2
. (10-3) Jsl

SIZE (AxB % C)

&00x 600x 3
Q00x 200x 3
500x 500x 3

ia adia (10-3) Js

- Connection Parts &l < g4 4-7-3

o gall drimall Balall i (o 55 O a5 Gyl Caady Dl gall day 5 oy 1)l ol aaaiios
(11-3) @by ISl 8 LS g il cadadl

32



: AN i 3 \ i o~
Rod to Tape

Clamp

S

U Bolt - Rod Clamp

4

A
U Bolt - Rod to Cable Clamp

Tower Bond Clamp

-

Q

Rain Water Pipe Bond ..\ main bond

Brass Cable Clip

o bl qudaly g gall Jay ) <l 93 (11-3) Jsid)
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s ol Ca ga B 0904 7 gamall (b Sl Ll 8-3

w&&?\hm}@w\z)@i d&}hMMuqJU\ dmyd%c)}ﬂ@ug)\,ﬁﬂj&
LS G, e gl 8 Lalasiasd ST Lagh o1 a gt 5al¥1 5 Gulail) Jom o alafins (3,05 Cogas g

. (4-3) pf Jsaall B

o ) Juaga VA W g e 7 amnall il Ll ad (4-3) J gl

40 DA 7 samal) Ball) Al | (Usal) Ay gha Baal 7 ganeall Ll Jua ga pdaia
(el Baal g 2ale ol )
0.9 gal bl psisall olad

------ 2500 ——-m-- 150 16
2700 4000 160 200 25
3700 5500 200 280 35
5300 8000 250 280 50
7400 11500 240 590 70
10500 11600 430 780 95
18300 27500 620 1050 150
21000 32500 760 1380 185
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& e
ubgj:d\MM
s ol Al aaa 1-4
Aol 3ty adgall ale bahada Qi ddasall cpe Glilall (any 55 3 aseail) diee ey Jd
LM\JL@A&MU.A)M\cume\MdLaJ}ﬁéﬁju&s‘)\:u@aa\cw\

2o sliall Gad A8 e 5 il A il Lo gliall Ao A8 pa A i) 5,0 s da ¢ Jlaall Jaadl
A il e 33U ULl zeaia sy (1-4) Jsaall 5 3 e dilinal) dualand] diakall e il

RSkl
o ) ASudh asanatt da U ciliball (1-4) Jgaad

147.23 Q.m 4 il de gl Ao glaall Jaw gl
9.895 KA Jhaell s
4200 Q.m Joaaid) Al G gl A 5laal)
0.1m dpadal) dadal) ela
50 kg Saladl o) Jaiiall oy 59
20 % Alaad) Jabas
0.15 sec Shanlly Gulal) (e )
0.5 sec Jaall Jaad (1)
100*90 m ddasall daliee
Cplis i <
Im R PN C W]
45T sl 3 ) jall da o Lo i
8 Ol gall G ddludl)
0.6 division factor

36



s asasalill &) ghad 2.4
s 4y il A gil) da glial) il 1-2-4
DA (e A pll A sl A el lea a3 ¢ Weinner four-pin 4 b aladiuly

o =2raR

Q.M Yol e il A gidl : p
(m )&_’u‘w cmadldl r g
(Q) Ll deslia: R
Dot 4yl dpe gill e glaall o gia
p =147.23 Q.m

: Surface Layer Derating Factor <bwa 2-2-4
A i i o Jal e il e Lo gil) A gl st ans 10 Gy ranl) o dids iyl
ddls ol dah ) oo a4 Al A8kl 03¢ 4 i) dajsall 5 sTouch and Step Voltage
Ll 5 ariional) 50l g g3 oo Alal) 03¢ e gl o gliall 2y 50085 o8 lany (2-4) Jsanll
LS

dadad) A8 dall 4o 531 da glial) (2-4) J g2l

Ref. IEEE Std, 80, Table 7. Copyright ©2000. IEEE. All rights Reserved

Number | Description of surface material Resistivity of sample Q-m
(U.S. State where found) Dry Wet

1 Crusher run granite with fines 140 x 10° 1 300( ground
(IN.C.) water. 45 £2-1)

2 1.5 in(0.04m) crusher run granite | 4000 1200(rain water.
(Ga.) with fines 100W)

3 0.75-1 in(0.02-0.025 m) granite - 6513(10 min afrer
(Calif.) with fines 45 Q-m water

drained)

4 #4 (1-2in) (0.025-0.05 m) 1.5x 10%° to 4.5 x 10° 5000 (rain water,
washed granite (Ga.) 100 €2-1m1)

5 #3 (2-4 in) (0.05-0.1 m) washed 2.6x 10°to 3 x 10° 10 000 (rain water.
granite (Ga.) 100 €2-1m1)

6 Size unknown. washed limestone 7 x 10° 2000-3000
(Mich.) (ground water. 45

£2-1m1)

7 Washed granite. similar to 0.75 2x 10° 10 000
in (0.02m) gravel

8 Washed granite. similar to pea 40 x 10° 5000
gravel

9 #57 (0.75 om) (0.02 m) washed 190 x 10° 8000 (ground
granite (N.C.) water., 45 £2-m)

10 Asphalt 2x 10°to 30 x 10° 10 000 to 6 x 10°

11 Concrete 1x 10°to 1 x 1077 21 to 100
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aliie e Lgalan s Asan - Al o3 5 (ot a5 e oali Ll (a5 Falall o3 s
e gl Jls5 8 Adukall o2 alg 5 ¢ Ay il o da glie A maaall CS graaal Jalee s iy
4 il e i) A gl e atad (a8 65 Al Cs Jalbaal) 138 (g glud dnuty lld g Chaa g o)) (ayY)

s 3l Aaleal) 8 WS Ladaid) Akl elas ¢ 4ulaYl

0.09[1— p]
C, =1— £

2h, +0.09

»

At
zaaill Jalas : Cs
(Q-m) Adliaall dsdall dae 4ill 4 glidl) : pg
(Q-m) 4,ill e gill dagiall : p
(M) Aéloasl) ddal) dlaws :hg
(6 g il Jalae Ao
Cs=0.7005

p o bl Al ey ) dad Gl 3-2-4
& LS all of Ja¥l s Short Circuit ) llea (e adde Joass Jhae )i il 40
cdhall i ded Ay ETAP gbin alasiul &5 5 3-phase short circuit current 2
s Jhe L sl () 225

ls= 9.895 KA
: (projection factor) 4les A0S 942() 48l &3

l1-11.874 KA
: (decrement factor) . ( projection factor) i) ey I¢ Ll dad dad @ i

2tf

a

Ta
a)R

T,-0.04774
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Df=1.1479
. =1, D,
I--13.630 KA

s 39S adaia dabiws Gilea 4-2-4
Dkl syl o dad e bl (il 635 Gy 5N Cla g S (e 05 5iS)) JST anliall alaiall dablina
Jaad o L gie sl il Lgleat as0n 6S5 5 dalal) COUSH (€e e a5 ¢ oandall
3 Y Gl S ¢ lgnai) Al iang G 8 el (g 28301 el 3 ) jall da el lal)
A Eany GF O Lme 3 50 jall duit Joa gl Jond sa adY) a5 (s ¢ Lele Jle
G e (81 ¢ Ay sia da 52 1000 ) 58 Y A sall iany (B 51 all A s Juai By |l
Dl ol il gy o dadh A 53 800 5 500 die Jaasall s sy (85S5 Clasaiaill aliee
@LAAJ\EJ@ALMJEJ\T}J\\AAJJJAL@EMG:\J\&:\MJ\DM\GJL Jia gall dlaaty pad
¢ Aalaal) aladiuly 3 g SV adaie Galise s ol

Acmii = | 'Kf\/E

_ A<cmil -1000

A
mm 1973.52

(kemil) diasall (a je pdaia s Ay
(Mm% 25 5 adaie dabisa : Ay,
(KA) »aill s |

(sec) Jarll Juad (1) : £,

Q)\.AAJAHMM\ J\}AMMBJ\P&;JJJM‘SJ‘)&A\Q\%JJ&Qmﬂ”qu:Kf

39



KY)

$all il 55 a3 (3-4) Jgadl

Material Conduectivity (%) T, 2 (°C) E;
Copper, annealed soft-drawn 100.0 1083 7.00
Copper, commercial hard-drawn 970 1084 7.06
Copper, commercial hard-drawn 970 250 11.78
Copper-clad steel wire 400 1084 10.45
Copper-clad steel wire 30.0 1084 12.06
Copper-clad steel rod 200 1084 14 64
Aluminum EC Grade 61.0 657 12.12
Aluminum 5005 Alloy 535 652 12.41
Aluminum 6201 Alloy 52.5 654 12.47
Aluminum-clad steel wire 203 657 17.20
Steel 1020 10.8 1510 1595
Stamnless clad steel rod 08 1400 14.72
Zinc-coated steel rod 8.0 419 28.96
Stainless steel 304 24 1400 30.05

K 4ad O 2a 5 (3-4) Js2all e s < copper — clad steel wire g sl (s Cbla se aladiv o

. 10.45 o s
P g5 Jaasall )l pailall Aol
Aycmit =100.715 kemil
D st Jaa sall ahata dalise dasd
Ann’=51.033mm®

P Al YA e Jiasall phal Canny

d=8.061mm
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28 015 34l nd 08 el i 5l 5

: ouadll 3 (1
s Aol (e gy (ealll agad el aal)

E e = (1000+15.C, - p,) 210

i
Etouch =1621.2V
: Sshdll s (2
s dalaal) (e sy 3 ghadl) agal (V) aal)

0.116

N

E,., = (1000+6-C, - p,)

Evep = 5586.6 V
s lgada g Al pla JLIA) 9 il g S aae Gl 6-2-4

JSOsSis. sie 8 e un Y alia Jshy ey e S5 o 4881 CBlia e (e 5S84
Lul ) @l sl Ll Cipaaly Ly @ jie ] GBams oY) o Cad A3 iae COLasall o3
,(1_4)M\‘;usw\‘;s¢£&ﬂ\k&m) 3ol Y gne Jen e 3 Jshas

o)

] B
DS L]

O C l'e C

Cila g SN a3 98 9 ABEY) Cdla gall (1-4) JSA)
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s eball J o

LAY Sl sall IS Ll
L=bL-L+bL,

L.-100*11+90*13

=2270m
Al 3l sall KU J ghal)
Lr-46*3
=138 m
DAl 48y b sall KU Jshall
L =L +L,
L+-2408 m

D e Y A da gl ilea 7-2-4

Eba gall J)shal Mea) e i g 1 g Alall 8 shaall A Lgansy o Al oaa )Y) 4S5 A lie
Aaliall ¢ caall Gae ¢ Al I Cla g IV ae  Jlaa) ¢ Cilay yal) 4805 8 deadiod) duaY)

P Alalaad) e a4 yill A i) e gliall 5 iy ) AS08s BUaal)

R, = i+ ! (1+ 1 j
9P L T 2080 1+hy20/ A

Dl

(Q) =¥ 4Ses Al Ry

(M) Ll 5 Ll ) 4 ol @la sall ) shal  Maa) s Ly
(M) =Y mhaudalus : A

(M) o2l 48l Gae - h

(Q-m) 4 ill dpe 53l dasladll 2 p
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Db oY) ASud da e ad
Rg =0.739Q

: GPR (o ¥ A8l 3¢ A8 gl Y Gl 8-2-4

DAl O e Gaund Jhae Cpan AT GPR (¥ 305 Lo gl 8 i )Y) e
GPR = Ig*Rg
lc = S#*D¢*l¢
lc=6.815 KA

(V )sa¥) 4803 e 8 ¢,y - GPR

(KA) oY) 38 DA e s sl @ Ig

(Q) ‘f'aﬂ\ls._u:h}&ﬁ :Rg

division factor : S¢

decrement factor : Ds

GPR =5036.3 V

: Omiiad) Guall) aga g 8 shdl) agad (G841 ilual) 9-2-4

O3 Ghas ¢ 41 O gall G 2ol ¢ Jaall L dad Hlae W) 8 2aY) 21y 5 shall ol b
JI sl & sana liagl s Ll (2, Y1 cand 45 saaall cBla sall JIgdal & sana ¢ Al 1 cila 5 K0y

e A RPN

ST RVEN |
: Aalaall (e s (Mesh Voltage) sl salll g da

E — p ) IG : Km i Ki
m LM
geometric factor :
n:na'nb'nc'nd
equivalents of the factors :
L 2L
| L
P



n,=11.94736

L

p

n =
" \4-JA

np,=1.000693

n=1

nd=1

n =11.9556

irregularity factor :

K, =0.644+0.148-n
Ki=2.41342

effective buried length :

L, =L+ 1.55+1.22[ er ?_J Lq
ﬂ/LX+Ly

Lv=2271.86
corrective weighting factor :

Kii = 1 2
(2-n)n

Kii=0.588
K, = /1+£
hO
Kh=1.4142

geometrical spacing factor for the mesh voltage :
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1 D> (D+2-h) h | K, 8
K. =—— In + SRNLLI i I 1 R
2.7 | |16-h-d  8D-d 4d| K, |x(2n-1)

K= 0.842497
. ( Mesh Voltage) (alll 3= 4

Em-898.011V
: Sghadll aga 2
s Adaleall (e a3 gladl) aga A8

E IO KS ) I‘<| IG
s =
LS

effective buried conductor length :

L, =0.75-L. +0.85- L

L,-1819.8

step factor :

Kszl{i+ 1 +i(1—0.5"‘2)}
712-h D+h D

Ks=0.23869
s bshall dga 4o
E.=317.618 V
: el aal) 10-2-4

 samall el o n 3898.011 V(5 sbony o gminal) Gualll dga (o 2n Al bl (e
Loz samsall Al (o (a2 317,618 V (55w sl o phadll aga 516212 V Le
Ll 5 LS iy A 51 5 2881 C0la gall e Y1 038 aladinly aranaidll i 223 5586.6 V

: ETAP gtz 11-2-4

: (1-4) Jsadl L3 5353 sal) Ll JI20) 3

45



+ ALl ikl 5 & il e il e ladl

§
Soil Editor 25 =

Soil Editor
Resistivity Depth
ohm-m Material m
Surface Material 4200 Cleanlimestone  »| 0.1
Top Layer |'I-ﬁ.23 Maist sail - ID.E
Lower Layer |147.23 Moist soil -
e Cancel |

Study Case I
— Study Case 1D —Options Method
IGHD'I Weight i BDkg {~ Finite Elerment
" Thkg = |EEE 80 - 2000
— Reports & Plots Ambient Temperature " |EEE 20 - 1986
v Auto Display Summary & Alert I 45 o ¢ |EEE BE5 - 1595
[ Repor Details
— Update
I # of Conductors and Rods {Optimization)
— Fault Durations
t 015 Sec tc I 05 Sec ts 015 Sec
—Ground Short-Circuit Cument Grid Cument Factors ——
i+ |ser Specified g | 5895 kA ¥R | 15 =3 | &0 %
" Short-Circuit Study Cp 100 =
— Remarks ?nd line
ﬂl [GRD1 =] jl Help | | Cancel |
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3§ ] | ==

Cnnduc:tnrsl Rods I

—Grid Size —# of Conductors — Materal Constants
lx [1o0 m X Direction Conductivity
S [ a0
Alpha Factor
0.00378
Ly Iﬂﬂ— m Y Dlirection

—Conductors
1084
Depth Size I—
I'I m A1 - | sq.mm Resistivity & 20C

Type ICﬂpper-dad steel wire 1 j

Conductors Fods I

— Rods — Material Constants

Conductivi
# of Rods [46 TILE S

Diameter (0.2 cm

s m 2

Amangement IH.ods along Grid Perimeter ;I IT
Type ICﬂpper—dad steel wire 1 Ll a0
Cost | 100 2/Rod IT

Help | Cancel |
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ol

| E
. S— A -
Summary and Alert I
— Result Summany
Calculated Tolerable
Wols “Wols
Touch | 786 | 16214
i Step | 3044 | 55869
GPR I 50403 Volts Rg .74 Ohm
— Alarm & Wamings
| |
ol A8l adle
Project: ETAP Page: 1
) 12.6.0H
Location: Date: 01-12-2021
Contract: SN:
Engineer: Study Case: GRD1 Filename: grounding
Revision:  Base
SUININALY
Re GPR . .
Ground Ground Touch Potential Step Potential
Resistance  Potential Rise Tolerable  Calculated  Calculated Tolerable Calculated  Caleulared
ohm Volts Volts Valts % Valts Volts %
0.740 50403 16214 7860 485 35869 3044 54
Total Fault Current: 9895 kA Reflection Factor (K): -0.932
Maximum Grid Current: 6815 kA Surface Layer Derating Factor (Cs): 0.701
Decrement Factor (Df): 1.148
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Jaly Jeaall o) 58Y AL Llen (38 7 yi8al) arasadll ¢ ( mesh voltage) el 2es 55 skl

 Adasal) JST el Jandit a5 Al 5eS) Aadiall jld (e ddasdll

: Slwagdl) 2-5

L oY) S A glie ulil 48 55 g lama aladiuly AUl Gand ) qany iy Ul
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1- guide for safety in AC Substation grounding -1EEE std 80-2000 .
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