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- ABSTRACT:
Now a days, there are many software design packages that can do all necessary Over Head Lines calculations.
However, it is required to appreciate the engineering behind any software, as it is important to understand what
is happening and feed in the engineering knowledge. This paper is being able to propose the application of a
standard design as the earth system of each wood pole cable termination towers, which allow a 132kV cable to
connect two sections of wood pole construction 132kV overhead line between two 132kV Substations.The
Lightning affects conductors in specific discrete event. There is no condition information as such on which to
base conductor lifetime.
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l. INTRODUCTION:

Originally, wood poles were designed as per the 1947 Electricity Commissioners” Regulations, which
stipulated they had to have a factor of safety of 3.5 with a wind pressure of 8Ib/ft2 (380N/m?) and 3/8 in
(9.5mm) radial ice on the conductors ate 22°F (-5.6°C). Todays, under the 1988 Electricity Supply regulations,
the criterion is that the pole must be fit for purpose. This gives the design engineer much more latitude in his
pole design and has led to environmental approach details in ENATS 43-40(www.energynetworks.org,
2020)(Wareing, 2002).

This paper is be able to propose the application of a standard design as the earth system of each wood
pole cable termination towers (wood poles), which allow a 132kV cable to connect two sections of wood pole
construction 132kV overhead line between two 132kV Substations. Changes or extensions to the earth system
may be necessary to allow the line to be put into service without delays, these should be proposed.
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The methodology design procedure in BS EN 50522 9 (Earthing of power installations exceeding 1 kV
a.c.)(BSI, 2012), Figure NA.7 may be considered in this paper but it may not be in details, figure 1.

Obtain basic data: substation plan, earth fault current, fault
duration

|  Select earthing conductor size to withstand max. short circuit current and longest clearance |

Design earthing system to meet minimum Or apply type
functional requirements design

Global
earthing
system?

Yes

No or uncertain
——— | Construct or modify basic earthing system model |

Construct soil model: soil characteristics, e.g.
specific soil resistivity (records or measurement},
single value or multi-layer
¥
Calculate earthing system resistance or impedance: grids,
roda, horizontal electrodes, and contribution of extended eartha

1

| Calculate earth return component of current (see ENA S34) |

t
| Calculate earthing potential rise (see ENA S34) |

| Identify applicable permissible touch voltage (see NA.1) |

EPR
< 2x permissible
touch voltage?

Yes

EPR
< 4x permissible
touch voltage?

Yes

Calculate touch voltages (ENA S34 or computer
simulation) or measure if existing system

Implement
—» Modify design szecmc
V; < permissible V' measures
Carry out risk “M”

Yes

assessment (see
NA.B for details)

Finalize/approve detailed design for
installation/confirm existing design (see NA.B)

Does risk
exceed ALARP
level?

Yes

Figure 1: Design methodology in BSEN 50522, Figure NA 7
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1. LITERATURE REVIEW:
Lightening can affect overhead lines, either by:
* Direct strike, causing the lightning strike current to travel along the conductors until a route to earth is found.
* An indirect strike where a voltage surge is induced in the line by the magnetic field associated with a strike to
an objector ground near the line(McCombe, J. and HAIGH, F. R., 1966).

Neither a direct nor indirect strike to a line will cause conductor damage directly, except in extremely
rate rare occasions in the case of a direct strike with a high strike current (>100 kA), where localised heating at
the struck point may be sufficient to cause strand failure. This has sufficiently low probability not to be as part
of a condition assessment(Goven, 1988).

2.1 The Standard (Basic) Earth System with Practicable Extensions:

Earth Electrode impedances:

The final earth system impedance for each termination TPA and TPB (Terminal Pole) must not exceed 10 Q for
lightning protection because of the presence of SPD (spectral power distribution) the lightning condition will
apply.

A standard minimum earth system for TPA and TPB is shown below:

An earth system will be pole top bonding conductors connected by earth conductors to an arrangement
of buried earth conductor that encompasses all 4 poles of the terminal structure by at least 1 metre to ensure that
step voltage and any touch potential are reasonably controlled. Four rods of length 2.4m are added at the corners
to take the advantage of any better ground below the surface level, improving the high frequency performance
for SPD and withstand periodic dry conditions. The outline dimensions will be of the order 5m x 5m. The grid is
divided into symmetrical 2.5m square meshes, as in figure 2.

S~ ~.
— ]

Figure 2: The Symmetrichl_ Square meshes of the earth grid

Average effectiveresistivityat electrodedepth forTPA =45 Q-m
Average effectiveresistivityat electrodedepth forTPB=55 Q-m
Becauseofthesimilarvaluesasasimplificationtheaveragevaluemaybeusedfor allelectrodescalculations.

Area 5%5
r= = =282m
s s
(Theradiusofasolidcircularplatehavingthesame areaas the earthgrid)
Ro_P P
C T ar L

Where “ p “is the soil resistivityin (Q.m), and Lis thelength of thetotal buried conductors ofthegrid in (m).
L=(5x%x6)+(4x24)=396m

R, = 5 +45 =5125Q
A_4><525.82 39.6

55
Ry=——— +—— =6265Q
8= 1x282 396

- Calculation of zero impedance fault at TPA:
EF current component from direction A = 3.8 A

(132 x 103)/
V3
gy =————7— = 20. Q
54 3.8 x 103 0.055
EF current component from direction B = 6.7 A
(132 x 103)/
V3
“logp=—————F>—=11375Q
sB 6.7 x 103

Combine the two impedances as parallel impedance for a combined source impedanceZ;:
Zsy X Zgg  20.055x11.375 7958 O

T = =
ST Zea +Zsy ~ 20.055 4+ 11.375
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(132 ><103)/
As a check total EF current Iger = ———— V3 = 10499.8 = 10.5 KA

The earth resistance at terminal “A” Ry = 5.125 Q, and that at terminal “B” R = 6.265 Q
The combined earth resistance:

o 5125 X 6.265 _ 28190
ET — 5125 +6.265

The corrected total earth fault current:

(132 x 10%)
/\/3

Iypp = ——————— = 7562.79 = 7.563 KA
EFT = "2819 + 7.258

Neglecting cable effects, the present day EPR of the cable will be:

EPR = 7.563 x 2.819 = 21.32 KV

Applying 1.2 factor for the future network:

Future EPR = 1.2 x 1.1 X 21.32 = 28.1424 KV

The EPR will obviously need to be reduced to a credible value and since the 132KV cable has not been
installed, horizontal electrode could be considered to adjust earth fault current.

Minimum possible earth grid resistances are:

45
RA(minimum )y = m = 3.9894 Q
RA(minimum )y = m =4.876 Q

Even it a very extensive (fine mesh) earth grid is installed, the EPR will be high because of high resistance of
the electrodes R, and Rg. Thus a horizontal electrode will be considered.

At this moment, cable ducts are installed from terminal pole TPB up to point 50m from TPA. Thus
connecting a horizontal electrode to the earth grid of TPA is suitable to reduce the earthing resistance and EPR.
The cable terminal TPA will be extended with 50m horizontal electrode buried with cable ducts with cable ducts
without suffering time delay. At the same time, the grids at both terminals TPA and TPB will be divided into
symmetrical 1 m? meshes.

- Calculation of Earthing Conductors Cross-section:
For fault currents which are interrupted in time (t) less than 5 seconds the cross-section (A) of the earthing
conductors or earth electrodes shall be calculated from the following formula (from 60949:1988):

Where: | is the required current rating, 6; is the initial temperature in C°, & is the final temperature in C* and
the values of K and g are constants depending on the conductor material.

BS 7430 recommends the maximum temperature rise of types of joints bolted, brazed or welded. The maximum
recommended conductor temperature for a bolted connection is 250 C°. Using copper conductors to carry fault
current of 25kA for 3sec and the initial temperature 30 C°.

For copper, K = 226 A/mm? and § = 234.5C*

25000 x 0.7 3
A=

226 250+ 2345
(3052345

(The cross-section of copper electrodes and conductors in earthing system).

Typically company standards for 132KV plant for 25KA, 3 seconds rating is 40mm x 6mm strip as a
single conductor will be used in earth grids in TPA and TPB and in the horizontal electrode in TPA. Figure 3
illustrate the earth electrode at TPA.

= 172.4 mm?
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Horizontal Electrode

Figure 3: Infill Electrode

The resistance of horizontal electrode can be calculated using the following formula:
p 2L
Ry = 7L (In 7)
Where is “p” the average soil resistivity in (Q.m), L is the length of earth strip in meters and d is half of
the width of a strip conductor in meters. Because of the short cable route, average effective ground resistivity of

the cable route may be assumed the average of TPA and TPB measurements.
45+ 55

Lp= =500.m

_ 50 le70 = 20130
EH = %70 "0.04/2 -~
In this case, will:
L=(6X5+6x5)+(4x%x24)=69.6m

Ry = i + 5 _ 4.63 0
A6 74 %282 69.6
Rge = 55 + S _ 5.67
BC T4 %282 69.6
_ Rug X Rgy  463x2013 _ 140
A7 Ry +Rgy  4.63+2.013
RB = RBG = 567.0
__ RgxRp _ 14x5.67

The combine earth resistance Rgr = RTR, T Tamser = 11230

The corrected total Earth Fault Current ( Iggr):
132 x 103 /

I = Vph = \/3

EFT = Zer + Rgr ~ 7.258 4+ 1.123

=9.093 KA

With neglecting cable effects, the present EPR of the cable will be:
EPR = Ipgpr X Rpr = 9.093 X 1.123 = 10.211 KV

- Applying 1.2 factor for future current:

EPR =1.2x1.1x10.211 = 13.4785 KV

Adjust Earth Fault Current sources:

future total earth fault current = 1.2 X 10.5 = 12.6 KA

132x103/
-~ Future total sources Zgz = Ww‘f =6.050

- Future source terminal A and B:

Zsp
ZSAZ = ZSAI X—=—= 20055 X

=16.717 0
Zor 7.258
Zens = Zons x 258 = 11375 x 092 _ 94820
SB2 sB1 Zsr : 7258 .

For checking future source total impedance:
Zspp X Zspy 16717 x9.482 .05 0

Zspp = = =
ST2 7 Zonn + Zsg, 16717 +9.482
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1- Cable calculation:

The type of 132KV cable circuit will have a major impact on the design of the associated cable terminal earth
systems. The circuit cables laid for 500m in 200 ducts between TPA and TPB. The ducts are laid in trefoil in
trench 2m deep as in figure 4.

For cable installation later the single core 132kV
cables will be installed in 200mm diameter ducts

@ arranged as shown. The result of this 1s to
: increased separation distances between cables
Y compared to normal trefoil arrangements when
@ @ directly buried in ground.

Figure 4: Cable Details

The calculation method is based on procedure in ENA S34. First, we need to calculate self-impedance
of the cable sheath for an average effective ground resistivity of the cable route( p).The average ( p) of TPA and
TPB resistivity is measure, because of short cable route.

45 + 55
ap= =50 Q/m
Self-impedance of the three cable sheaths Zgg :

S
Zess = Res + [Snz + (j20m x lnd—e] x 1073 Q/Km
m

When S, is earth return distance in ground = 9.32,/p(Q.m) = 9.32v/50 = 659 Q. m
“d,,” Geometrical mean radius of the three cable sheaths (GMR).

“GMR?” of the three single core cable sheaths ’ / GMR; x GMD,*

GMR; Average screen radius = 46.1 mm = 0.0461 m
GM D, Of the three single core cable sheaths 2{/Dl_2 X Dy_3XDi_3=D=200mm = 0.2m

GMR = 3/0.0461 x 0.22 = 0.1226 m
" 7z —00218+[52+ 207 X | 659]><10-3
" osess =T m A (20m X nGao s

Zss = 0.0218 + [5m% + (539.697] x 1073

Zss = 0.0218 + [541.9488(84.78°] x 103 = 0.544(82.49° Q/Km
Z¢ss = 0.544(82.49° x 0.5 = 0.272]82.49° = 0.0356 + j0.2697 Q
Also the mutual impedance between phase and cable sheathsZp_cg):

S
Zp_csy = [51’[2 + (_]207'[ X lnd—e] x 1073 Q/Km
m

Where d,,, = geometrical mean distance between a phase conductor and the three cable sheaths (GMD).
GMD Of the three single core cable sheaths 3(/Dl_2 X Dy_3XDi_3=D=200mm = 0.2m

659
Zp_com = [5n2 + (j207 x lnﬁ)] x 1073 = 0.511|84.46° = 0.04935 + j0.5089 Q/Km

o Zp_csy = 0.511]84.46° x 0.5 = 0.02467 + j0.2543 = 0.256[84.46 ° Q

The TPA and TPB (Ra and Rg) earth system will be connected via three single core cable sheaths as
illustrate in figure 5. An earth fault can occur in the cable section, in the terminal tower TPA or TPB and
external on the line at other earthed points near source A or B.
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Zey IFT B IFA * |FB Loy _@

A IFA_DTPA s «+—> TPB<}_ e |B
lbe «—> )—
oy IGA _—l'_ _—l‘_ IGB =3
e ler = gy e

Figure 5: The Circuit connection between the two stations A and B

The total fault current I is calculated with components from source “A” Iz, and source “B” Ipp.
Depending on where an earth fault (EF) occurs, components of the total fault current I will flow in a phase
conductor Ip., cable sheaths I.¢ and ground I;4 and I;5 in electrodes in R, and Rg and there will be different
levels of EPR.

In fact, a fault on TPA or TPB will produce the most onerous EPR conditions and a lower EPR effect
can be produced by an internal cable fault. An external earth fault will generally produce a lower fault current in
one of

the cable phases and a lower EPR caused by induced current flowing in the cable sheath.

The diagram (Figure 6) describe below the equivalent three cable sheaths with electrode at each terminal pole
coupled to the particular phase conductor that may carry earth fault current with a self-impedance and a mutual
impedance.

Source A TPA TPB Source B
I ]
Zoa : I ?;igure6 ] ‘ Zeg
Zess
R, Rg
Figure 6

Fault current distribution can be analysed by treating the A and B source of fault current independently.
For a fault at one end of the cable such as TPB, the ground current in the electrode Rg can be treated as two
superimposed currents (using superposition theorem). One current will be the ground current from source “A”
Izacp In electrode Rg with source “B” replaced by its source impedance as in figure 7.
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@_ Z 132kV EF
SA
ETPA TPB

ha - =)
chAs | 'ZP-cs_M i
l Rg 1IFAG8 Zeg
|
|
RA e ZP-CS.M
= — —— —

Figure 7: The source A in electrode at TPB

The other current will be the ground current from source “B” Ip45 in Rg with source “A”
replaced by its source impedance as in figure 8. Currents in Rg from source “A” and source “B” can be added to
provide the total fault ground current through the electrode Rg and then EPR at TPB can be calculated. In the
similar way, the total fault ground current in electrode R can be calculated and then EPR at TPA can be

calculated.
Z
132kV EF S2 —@
-
TPB |

TPA
£\ FB
/ \
ZCS,S
ZSA RA 'FBGA RB l lFBGB

Figure 8: The source B in electrode at TPA

1) The fault at TPA:
A fault at TPA with Source “B” fault current will pass source “B” current via the cable phase to the
remote end fault with mutual impedance to cable sheaths. The fault impedance from TPA to ground has three

parallel branches as describe below.
1 1 1

Zr_gp 14 * 0.0356 + j0.2697 — 0.02467 — j0.2534 + 5.67 * 16.717
= 1.0525 +j0.0006 = 1.0525 Q

= 0.95 —j0.0005 mQ

Zr-68 =395 — j0.0005
The total fault current from source:
v 132 % 103/\/
Ph 3
lrp = Zsp +Zp_gp  9.482 +1.0525 7.234 KA
EPR,1(TPA) = Ipg X Zp_gp = 7.234 x 1.0525 = 7.614 KV
Current from source B in electrode Ry:

. _EPRn 7614
FAL= R, 14 — T

A fault at TPA with Source “A” fault current will not pass source “A” current via the cable phase to the
fault end and there is no mutual impedance coupling to cable sheaths. The fault impedance from TPA to ground

has three parallel branches as shown below.
1 1 1

Zr—oan 14 ' 0.0356 +0.2697 + 5.67  9.482

= 0.995 —0.0083 mQ
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1
T oy =
F=64 ™ 0.995 — j0.0083
The total fault current from source:

132 X 103/
Vpp, V3

Ira = Zsa+ Zp_ga 16717 + 1.005
EPR,5(TPA) = Ipg X Zp_gp = 4.3 X 1.005 = 4.3215 KV
Current from source B in electrode R,:

EPR,, 4.3215

R, 14

= 1.005 + j0.008355 = 1.005 Q

=43 KA

= 3.0868 KA

Ippp =

2) The fault at TPB:
A fault at TPB with Source “A” fault current will pass source “A” current via the cable phase to the
fault end and there is mutual impedance coupling to cable sheaths. The fault impedance from TPA to ground

Zp_¢4 has three parallel branches as describe blow.
1 1 1

Zr_cB - 5.67 + 0.0356 + j0.2697 — 0.02467 — j0.2543 + 1.4 + 9.482
1
Zp_cg =———————=1.009 4+;0.0079 = 1.009 Q
F=GB =0.971 — j0.0077 J
Total fault current from source “A”:

132 x 103
Vpn V3

lrp = Zsa+ Zp_ga  16.717 + 1.009
EPRp{(TPB) = Ipy X Zp_ga = 4.299 % 1.009 = 4.34 KV
Current from source A in electrode Rp:
EPRp; 4.34

LS TR =567 0.765 KA

A fault at TPB with Source B fault current will not pass source B current via the cable phase to the
fault end and there is no mutual impedance coupling to cable sheaths. The fault impedance from TPB to ground
has three parallel branches as illustrate below.

1 1 1

Zr_gB - 5.67 + 0.0356 +j0.2697 + 1.4 + 16.717
1
Zp_op =————=1.0794+j0.15 = 1.079 Q
F=65 = 0,909 — j0.126 t
Total fault current from source “B”:

132 x 103
Ven V3

lra = Zsp +Zp_gp  9.482+1.079 7.216 KA
EPRpy(TPB) = Ipg X Zp_gs = 7.216 x 1.079 = 7.786 KV
Current from source B in electrode Rp:

EPRg, 7.786
lrs> = Rz  5.67
~ Total currentin R, is:
Ipar = Ipaq + Ipypy = 5.44 + 3.0868 = 8.5268 KA
~ Total current in Ry is:

Irgr = Ipgy + Irgy, = 0.765 + 1.373 = 2.138 KA

= 0.971 —j0.0077 mQ

= 4299 KA

= 0.909 —j0.126 Q

=1373 KA

- The EPR at (TPA) and EPR at (TPB):
= EPR at (TPA) = Ipur X R, = 8.5268 x 1.4 = 9.9268 KV
EPR at (TPB) = Iygr X Ry = 2.138 X 5.67 = 12.12246 KV

2- ldentification of permissible touch voltage:

The permissible touch voltage can be identified from figure NA.2. The permissible touch voltage, with
additional resistance 21509 and protection will not exceeding 200msec to operate and disconnect the fault point
from source, is 1570V.

According to the design methodology in BSEN 50522 (Figure NA.7), the earthing system design can
be finalized when EPR permissible touch voltage. But I could not achieve that with an earth grid of dimensions
5m x 5m. Also running of parallel horizontal conductors in cable ducts can be considered, but these would be
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close together then there would be the problem of overlapping in addition of minor effect on the resistance and
then on the EPR. Parallel horizontal electrodes normally have significant overlap of resistance area and not
effective to reduce resistance. Ideally to be effective to reduce resistance parallel electrodes should be separated
by their parallel lengths.

5000
Curve 1 (No adaional Impedances)
Voltage (V) Curyve 2 (R, = 2150 ohrms)
Curve 3 (R, = 2500 ohms)
4000 Curve 4 (R, = 3000 ohms) 4
3500 = C"_"’L =
3000 j——urvd3 i SRl
L Curve 2 T+ - .
2500 R - -
THA ™~ N
2000 -~
-~ R .| \
1500 b T
el SR
N N
1000 A
i N
Cureve 1 23
500 S S S = — >
B e o a‘—"“"-'-.‘m.....
0 - =
10 msec 100 msec 1sec Time

Figure 9: Figure NA.2 UK Permissible Touch voltages with Additional Resistances

Also from figure NA.5: the permissible step voltage, with additional resistance of 8600Q and protection will not
exceed 200msec, is 130kV.

Voltage (V) x 10°
4 T ' z
I Curve 1 (No additional impedances) ‘
as t 1 t Curve 2 (R, = 8600 ohms) |
Curvels l [ Curve 3 (R, = 10000 ohms) {
4 mareeiet R | Curve 4 (R, » 12000 ohms)
_ful‘vugl '\u | J ‘ || l t | [ |
25 s ——— TN,
2 —-c—‘ﬁi““; i N
ALV L R a
\\\ RS ,\
\\ \ Y,
1.5 SN
| R}
NN
1 + \\\
\\:\
0.5 g | \\\\
Culvol! v
0 | | | Ll : : - —
10 msec 100 msec 1sec Time

Figure 10: Figure NA.5 UK Permissible Step voltages with Additional Resistances

a) Calculation of touch voltages:
UK practice uses the following formula to calculate the touch voltage ( Vi):

pV h 1 1 1—0.5"2
r=arc|\ ™ Ja +<E+D+h+ D ) Ki
Where: p effective ground resistivity (Q.m)
V = EPR
R = Earth grid resistance (Q)
L = total length of buried conductor (m)
D = spacing between buried parallel conductors (m)
d = diameter of buried conductors or equivalent (d = width/x) (m)
h = depth of the earth grid (m)
n = number of paralleled buried conductors
K; = (0.15n + 0.7 = 1.6) (UK practice)
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40
n=6andd =—=12.7mm

Y
L = the total length of electrode in the grid, excluding rods. (The rods are included inkK;)
L=(6x5)+(6%x5)=60m

- Touch voltage at TPA and TPB:

Lo _4sx968x10°|( o6 \ (1 1 a-esyl oo o
TA T T X 4.63 X 60 " 10.0127 2%06 1406 1 ©= /o Vo

Lo _ssxiatzzaex0t|( f o6 \ 11 1-oshyo
B T X567 X 60 " 10.0127 2%x06 1406 1 ©= 4o vo

b) Calculation of Step Voltage:
The calculation of step voltage V; is based on the definition that this is the voltage over 1m of surface diagonally
outwards from a corner of a grid. The expression used in BS7354 is:
. pV 1 1 1-5m72
e TR F L B

The parameters of this expression are the same as that for the touch voltage.
- Step voltage at TPA and TPB:

45 X 9.9268 x 103 ( 1 1 1-0.5*

Vsa = X263 %60 2x06 1106 1

) X 1.6 = 1.962 KV

BT T X 5.67 X 60 2x06 1+06 1
- Calculation of the “hot zone™:
Hemispherical formula will be used to calculate the hot zone contour around an earth grid.
For the 132kV system, the hot zone is defined by a 1700V ground contour (V; = 1700 V) at a distance X from
the footprint of the earth grid.

r

Vx = ¢ EPR
That Vy Is the voltage on the ground surface outside the electrode at a point X from the centre of the electrode.

Vy = 1700V For the 132kV hot zone contour calculations.

r = radius of hemispherical electrode.

EPR = Earth Potential Rise

For an electrode of resistance (resistance of the earth grid)Ry:

55 % 12.12246 x 103 1 1 1-0.5%
X X 1.6 = 2.396 KV

r= d
27TRE
1- AtTPA:
= 45 = 1.5469
T_ernx4-.63_ ' m
Vy = —EPR
¢

7
1700 = X 9.9268 x 103

7
= X 9. X 3 = .
X 1700 9.9268 x 10 9.03m

The radius of hot zone contour from the centre of TPA earth grid.
The hot zone of the earth grid at TPA will not reach the roadway or buildings because they are a distance 150m
from TPA.

2- At TPB:

= 55 = 1.5433
T_ernx5.67_ ' m
Vy = —=EPR

¢

1.5433
1700 = X 12.12246 x 103
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.5433
= x 12. x 103 =
X 1700 12.12246 x 10 11m

The radius of hot zone contour from the centre of TPB earth grid.

The hot zone of earth electrode at TPB will not arrive the building in industrial area A because TPB is
60m from the nearest building. Also the hot zone of TPB will not reach the industrial area B because it is at 18m
from the security metal fence of this area.

3- Potential gradients above and near buried Horizontal Electrode:
There is formula in BS7430 cover "n" horizontal electrodes for appropriate calculations and for a single
conductor this formula becomes:

2ln(v; + (w2 + 1)
EP = LZ
ln(m)

L
2(h%2+12)

When v =

Where:

Ep is the potential rise of the ground surface at a point “P” as per unit value of electrode potential rise
EPR, “L” is the length of horizontal electrode (in m), “r” is the distance from the ground surface vertically
above the conductor centre to point p on the ground surface (in m) at right angles to conductor, “d” is the
equivalent diameter of horizontal electrode (in m) = 2w/m, "w" is the width of strip conductor and “h” is the
depth of conductor from the ground surface vertically above it.
The horizontal electrode is used at TPA only.
Ep=EPR at TPA =16.265kV
The total length of the horizontal electrode is 70m and it consists from two parts as it is shown in figure 11.
For the part of 10m length:

L=10m
h=24+4+06=3m
w 2x0.04
d= 2;=7= 0.02456 m
r Is the centre point of TPA that a distance 150 m from the roadside.
L 10

= 0.033

v. = =
o2/ ¥rD) 2x./(3Z + 1502)
2in(v; + /W2 +1) 21In(0.033 +,/(0.0332 + 1)
N
"\nd "\3%0.02546
= The voltage at the road side = 0.0092 x 9.9268 x 103 = 91.33 volt
And for the part of 40m length:
L=60m
The industrial area A is at a distance of 150m from the horizontal electrode (r = 150m).

L 60
]]l. = = = 019996
2 (h?2 +712) 2 x,/(32 +1502)
E = 2In(v; + ,/(vi2 +1) _ 2In(0.033 + 4/ (0.0332 + 1)

d 12 602
n (W) n (3 X 0.02_546)
~The voltage at the nearest building in the industrial area A

= 0.00613 x 9.9268 x 103 = 60.85 volt
The hot zone of the horizontal electrode will not reach the roadway or buildings in the industrial area.

= 0.0092 p.u.

=0.00613 p.u.
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Figure 11: The Hot Zone Contours at TPA

4. Special Considerations:

At both TPA and TPB locations, the stay wires are within the hot zone because the distance from the
earth electrode and the grounded terminals of the stay wires is 14m.

At TPA location, the centre point of the 4 poles of TPA is a distance 150m from nearest building in
industrial area A and 150m from roadside. Thus using hemispherical formula to calculate the voltage gradients
at these locations:

r
Vy = )—(EPR
From nearest building in industrial area A:

1.5469
Viso = g5 X 9:9268 X 103 = 102.37 volt
From roadside area A:
1.5469
and Visy = —g5— X 9:9268 X 103 = 102.37 wvolt

At TPB location, the centre point of the 4 poles of TPB is a distance 60m from nearest building in industrial area
A and 18m from the metal security fence of industrial area B.
From nearest building in industrial area A:

1.5469 5
Veo = —¢5— X 1212246 X 10° = 312.54 volt

From the metal security fence of industrial area B:

1.5469 ,
and Vg = ——o— x 1212246 X 10° = 1014.79 volt

Thus all these locations are out of hot zone of the earth grid.

5. Transferred voltage and current to Low Voltage equipment:

The SSB will have electrode which is used to earth 11kV equipment and the LV neutral. There are no
service or LV supply points are located near TPA while TPB is 100m from the nearest 11kV/LV distribution
substation SSB.

Assuming a reasonable maximum value for the remote electrode of 10Q at SSB which is used to earth the LV
neutral.

The following diagram Figure 12 shows two separated electrodes E; of TPB and E, of SSB with a
voltage V, . appearing on the LV neutral point earth electrodes as an open circuit voltage.
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Figure 12: Circuit of Separated Electrodes E_1 of TPB and E_2 of SSB

Earth Path

Using hemispherical formula to calculate the open circuit voltage V,, at the LV electrode E, because an earth
fault at TPB of an earth electrode Rj.

r
Vx = EPR
1.5469 5
Vaor = —5g~ X 12.12246 x 10° = 187.5 volt

The resulting voltage (Vo = 187.5 volt) will be impressed on the LV neutral point and on protective
conductors of the small isolated LV systems.
The resistance of the LV electrode E, = 10 Q:

r= p
27TRE
Radius of hemispherical electrode E;at TPA:

45
=——=1.54
" T x 463 >469m

Radius of hemispherical electrode E, at SSB:

Ty = >0 = 0.796
T oxmx10 0™
X;: Distance E; to overlap point X with E,:
S
Xl =
1+2
n
When S is the centre to centre separation distance between electrodes E; and E;:
100
Xl = HW = 66.025m
1.5469
X,: Distance E, to overlap point X with E;:
100
Xl = W =33.975m
0.796

Resistance between electrode E; and overlap point X:

R,y =R (1 rl)—567(1+1'5469)—589
ri-x = TE X, 66.025)

R, =R (1 rz)—1o (1+O'796>—10234Q
ra-x = Tk X,) 33.975)

The Total resistance between E; and E, :
Ryi_x + Ryp_x = 5.8+ 10.234 = 16.034 Q

IHl. CONCLUSIONS:
-Sufficient Earth Electrode for Ground Current Rating:
There is a formula in BS7340, BS 7354 and EA TS 41 — 24 to calculate the sufficient of the earth
electrode for current rating. This formula depends on calculating of the current density taking into consideration
resistivity of the ground and duration of current in the electrode. This formula as follows:
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] =103 |—
pt
Where: J= current density in the electrode (A/m?).
p = ground resistivity (Q.m)
t = duration of fault current in the electrode (seconds).
- AtTPA:

s | 577 ,
J=10° | .= = 65376 A/m

Total earth fault current at TPA:

Ipar = 8.5268 KA
The current in the horizontal electrode:

Iyg = 8.5268 X 1.63 = 5.94 KA
HE = & 463 +2013

The current in earth grid of electrode at TPA:
I =8.5268 —5.94 = 2.58KA
For 1 meter length of the electrode:
Iim, =1X2x(0.04+ 0.006) X 653.76 = 60.1459 A
The length of the buried conductors in the grid only:
L=(12x5)+ (4 x 2.4) = 69.6 m
[=69.6 x 60.1459 = 4186.15 A (Less than I;, ).
The horizontal electrode:
=70 x 60.1459 = 4211.76 A (Less than I ).

The result:

The size of 40mm x 6mm Earth Electrode at TPA is sufficient for ground current rating for the grid, however it
is required to increase the electrode size for the horizontal electrode.

- AtTPB:

The total earth fault current at TPB: 2.138 KA

55%x 3

The ground current for the electrode at TPB:

Igg = 69.6 X 2 % (0.04 4+ 0.006) x 591.352 = 3786.545 A(Bigger than earth fault current)
The result:

The size of Earth Electrode (40mm x 6mm) at TPB is adequate for ground current rating.

J =103 =591.352 A/m?
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