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Abstract— AC substation is the very important part for the
whole power system. In substation mostly electrical
equipments and devices are live part (carrying full load
current) such as circuit breakers, primary of CTs and PTs
and transformer etc, thus within substation safety of
expensive equipments and human must be needed and
required more attention. Actually substation is heart of
power system therefore safety of substation is very
important like as human heart. In this paper we discussed
about earthing system designing and calculate their
parameters for AC substation according to Indian soil
characteristics, seasonal variations and Indian standard.
Major difference between India and others countries for
earthing system designing is standard size of M.S. flats are
used as earth conductors in India while in others countries
calculate the conductor size by standard equation.
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. INTRODUCTION

Main purpose of earthing system is providing safety against
earth fault, lightening and equipment malfunction. Earthing
system provides the low resistance path for fault current
therefore when designing earthing system it is advisable to
locate the area with lowest soil resistivity in order to achieve
the economical and effective earthing system. For high soil
resistivity area to attain low earth resistance may be some
difficult and not economically. Under fault conditions non-
current carrying parts of electrical installation such as
frames, supports, transformer tank, CTs and PTs body and
fencing etc may attain high potential with respect to ground
so that any person and animal touching these and
approaching there will be subjected to potential difference
which may result in flow of a current through the body of
the person and animal such a value as may prove fatal and
harmful. To overcome this harmful effect by the earthing
system and is to ensure safety of operating personnel,
human and animal bodies by discharging of electrical
energy to earth. This is done by connecting non-current
carrying metallic part (such as transformer tank, circuit
breaker operating box and pole structure etc.) and neutral
point of the supply system (such as neutral of star connected
transformer) to general earth grid (mat).

Earthing system is system which comprises
electrical connection of earth conductor (M.S. flats) which
placed horizontally, is called earth grid (mat) and earth
electrodes which placed vertically in contact with soil with
some distance below ground level.

Required data collected from the 220 KV
substation, Rampur, Jabalpur (MP), India. Various standard
equations and methodologies are used according to IEEE
std. 80-2000, “IEEE guide for safety in AC substation
grounding” and IS: 3043 “Code of practice of earthing”.

Il. PURPOSE OF EARTHING SYSTEM

Following purpose of the earthing system:-

— Earthing system provides uniform potential within and
around substation, under all switching condition.

— Earthing system provides to control the system over
voltages during fault conditions and aid the operation of
protective relay and lightning arrestor.

— Earthing system provides to limits the potential rise
above true earth potential with in acceptable limits
during fault conditions.

— Earthing system provides safety to personnel be
limiting the step and touch potential within tolerable
limits.

— Earthing system provides grounded connections for
grounded neutral system (star connected transformer.)

— Earthing system also provides a reference and ground
potential ~ for  electronic, communication and
instrumentation system. Also used for reduction of
noise.

That means all the objective of earthing system is
very important not only the protection of personnel and
equipments but also for optimal operation of whole power
system (control, protective and communication system.)

I1l. TERMS AND DEFINITIONS
Standard terms are very important for understanding of
earthing system designing-
A. Earth [2]
The general (conductive) mass of soil, whose electric
potential is conventionally taken as zero.
B. Earthing [2]

Earthing is achieved by electrically connecting of earth
electrodes and earthing conductor which placed in intimate
contact with the soil and some distance below ground level.

C. Earthing electrodes [2]

A conductor which vertically placed inside the earth and
contact with a soil, is called earthing electrode. It is used for
collecting fault current from faulty circuit and dissipates
ground current into earth.

D. Earthing conductor [2]

Earthing conductor which horizontally placed inside the
earth and intimate contact with soil and electrically
connected to each other in a manner to form a grid, is called
earthing conductor. It is main part of the earthing system.

E. Earth grid [2]

A system in which earthing electrodes placed vertically and
earthing conductor placed horizontally below ground level
and interconnected to each other in a pattern over specified

All rights reserved by www.ijsrd.com 662



Earthing System Designing For AC Substation: An Indian Aspect

area to provide common ground for electrical devices and
structure.

F. Earth connectors [2]

Earth grid and non-current carrying part of equipments are
connected by means of earth connectors.

G. Earthing system [2]

Whole assembly of earthing, earth connectors and earth grid
is called earthing system.

H. Earth resistance[5]

The resistance offered by the earthing system to flow of
current into the ground is known as earth resistance. Earth
resistance is the resistance offered by earth electrode, grid or
system and remote earth (having zero potential). Earth
resistance should be as low as possible and should not
exceed the following limits which shown in table | [5].

Particulars Permissible resistance
Large substations 0.5Q
Major substations 1.0 Q
Small substations 2.0Q

Tower foot Q
Table 1: Permissible Earth Resistance Value

I. Soil resistivity [2]

Soil resistivity is the property of soil which shows the
resistance of soil at particular distance. Soil that resists the
flow of electric current through soil is called soil resistivity.

J. Surface material [4]

The material which spread in surface of soil of substation is
called surface material. Commonly black gravels are used in
India. Resistivity of gravel is 2500 to 3500 Q-m. It is used
to increase the contact resistance between soil and human
feet, thus low current flow through human body.

K. Step potential

Step potential is the potential difference between the feet of
a person standing or spacing between one step on the floor
of substation, during the flow of fault current in earthing
system.

L. Touch potential [5]

Touch potential is a potential difference between the hand
touching the faulted structure and feet of person standing on
substation floor.

Step and touch potential shown in fig. 1.

M. Ground potential rise [5]

The maximum ground potential within substation earthing
may attain relative to away ground point (assumed to be at
the potential of remote earth), is called ground potential rise.

N. Mesh potential [5]

The maximum touch potential within substation is called
mesh potential

(1JSRD/Vol. 4/1ssue 10/2016/163)
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Fig. 1: Step and touch potential

IV. SOIL CHARACTERISTICS
Mainly two sections in electrical characteristics of soil-

A. Soil Model Investigation [1]

Detailed investigation of soil resistivity is essential for
design of earthing system. Boring test samples and other
geological investigations are used for the resistivity
investigation of substation site for determining the general
soil composition and degree of homogeneity. These
investigations provide useful information such as presence
of various layers and nature of soil material and range of
resistivity at substation site.
First investigate the model of soil. Basically two types of
soil model-

—  Uniform soil model.

— Non-uniform soil model.

— Non-uniform soil model also classified in two

types-

—  Two layer soil model.

—  Multi-layer soil model.

Soil model investigation is the most difficult part to
obtained apparent resistivity. Main objective of soil model is
a good approximation of the actual soil. Soil resistivity
varies horizontally and vertically, depending on the soil
stratification. Seasonal variations may occur in soil
resistivity due to varying weather conditions (as high
resistivity in summer season and low resistivity in rainy
season).

B. Soil Resistivity Measurements [1]

Several techniques are available for measuring soil
resistivity. The wenner four pin method is most commonly
used technique. In wenner four pin method four probes are
used therefore it is called four pin method. Four probes are
buried into the earth with depth ‘b’ at equal distances ‘a’
apart along a straight line as shown in fig.2
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Fig. 2: Wenner four pin method

Outer probes used for flowing known current while
inner two probes used for measured voltage and divide the
value voltage and current then get the value of resistance
‘R’. By means of four pin earth tester can measured direct
value of resistance ‘R’ then get the value of apparent
resistivity by this equation —

[+] ) a

4aR
Pa = L% a (4.1
Jaz+ab?  JaZ+b2

Where
pa isthe apparent resistivity of soil in Q-m
R is the reading of earth tester in Q
a is the probe spacing in m
b is the depth of buried probe in m
If ‘b’ is small compared to ‘@’, then equation can be reduced
to
Pa = 2maR (4.2)
The approximate uniform soil resistivity may be obtained by
taking an arithmetic average of the measured apparent
resistivity data as shown in Equation (4.3)
Pa1 t Paz t Paz t Pas T *** Pan
n

Palav) = (4-3)

Where

pal, Paz, Pa3, Pat ... Pan is the measured apparent soil
resistivity for different probe spacing.

N is the number of measurements.

Typical soil resistivity for different types of soil shown in
table 11 [2]

Types of soil Probable value Range value
Light clay 5 Depends on areas
Clays 10 10t0 20
Marls 20 10 to 30
Porous limestone 50 30 to 100
Porous sandstone 100 30 to 300
Compact limestone 300 100 t01000
Clay slates 1000 300 to 3000
Granite 1000 300 to 3000
Rock 2000 1000 upwards

Table 2: Typical Resistivity For Different Types Of Soil

V. EARTHING SYSTEM DESIGNING
Earthing system designing consist mainly five steps-

A. Field Data Collection

Following data are investigated from field-
— Layout of substation
—  Soil model investigation.
— Soil resistivity test.
—  Surface material selection.
—  Surface material resistivity.

B. Substation Data Collection

Following data are collected from substation-
—  Maximum fault current.
—  Fault clearing time.

C. Parameters Calculations

Following data are calculated-
— Earth conductor size.
—  Touch potential criteria.
—  Step potential criteria.
—  Grid resistance.
—  Maximum grid current
— Ground potential rise (GPR).
— Actual touch potential.
— Actual step potential.

D. Verification

— It must be actual step and touch potential lower
than step and touch potential criteria.
—  Grid resistance must be lower than 1 Q.

E. Modification

Following modifications are used-

—  Decreasing ground grid spacing.

— Boring earthing pits.

— Using longer and more ground rod.

—  Decreasing fault clearing time [4].

—  Decreasing current division factor [4].

Using high resistivity surface material [4].

All steps shown in flowchart (Fig. 3 [6])

Field data
collection

r

Substation
data
collection

r

Parameters
calculations

1

Modifications

Verifications

Fig. 3: Flow chart of design procedure

VI. DETAILS OF EARTHING SYSTEM ITEMS
Two major things are very important for earthing system
designing-
A. Earth Pit

If resistance value is more than permissible value after the
use of whole metallic assembly then reducing the resistance
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by the way of drilling bore (earth pit) and installed the Gl
(galvanized iron) pipes. Earth pit bore filled with black
cotton soil (low resistivity soil) free from boulders and
harmful mixture. These Gl pipes are welded with M.S. flats
by making mesh frame and cutting of pipes as also making
holes in the pipe for water seepage which show in figure-4
clearly. The earth pit is to be connected with equipment and
earth mat at least two points with M.S. flats.
1) Earth Pit Dimensions

— Height- 3 meters

—  Length- 1.5 meters

—  Width- 1.5 meters, which shown in Fig. 4
2) Different Size of GI Pipes Can Used

— 4 numbers of 40 mm diameters

— 3 numbers of 75 mm diameters

— 1 0f 200 mm diameters
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Fig. 4: earth pit dimensions and details [3]

B. Metallic Items

Metallic items such as earth conductor, earth electrodes
(rod) and GI pipes details shown in table 111 [3]

Items Size Material
75x8 mm M.S.
flats
Main earthing (in 220 & 132
conductor kv yard) Mild steel
65x8 mm M.S.

flats
(in 33 kv yard)
Earthing of
equipment 50x6 mm flats Mild steel
(structure Raiser)
Earthing .
electrodes (rod 25 mmdia &3 c;\i/lp”gasl,tf;r:i(zzcc)jt)
type) m long
40 mm dia, 3 m
Gl pipes long & 4 mm Galvanized iron
thick

Table 3: Details of Metallic Items
Most of substations four numbers of 40 mm diameters Gl
pipes are used in India.

VIlI. MATHEMATICAL CALCULATION OF PARAMETERS
Various parameters are calculated-

A. Earth Conductor Size [1,6]

Mild steel (M.S.) flats of standard size (shown in table I1I)
are widely used in India therefore here not need to calculate
earth conductor size.

B. Touch Potential Criteria [1,6]

Touch potential at any place of the substation should not
exceed the touch potential criteria value which allowable
value defined as follows-

0.157
Etouch = (1000 + 1.5C; * ps)_

TG

(7.1)

C. Step Potential Criteria

Step potential at any place within substation should not
exceed the criteria value which tolerable value defined as
follows-

0.157
Egep = (1000 + 6C; * py) T (7.2)
S

Where
Estep is the step voltage in Volt
Etouch is the touch voltage in Volt
Cs is the derating factor of surface layer material
Ds is the resistivity of the surface material in Q-m
tg is the duration of shock current in second

D. Grid Resistance

Grid resistance or earth resistance should be as low as
possible and should not exceed the permissible value which
show in table I. Grid resistance defined as follows-

11 1
o =p [E MNGTY, <1 1 hJZO/A)] 73

Where

Rg is the substation ground resistance in Q

p is the soil resistivity in Q-m

A is the area occupied by the ground grid in m?
Lt is the total buried length of conductors in m
h is the depth of the grid in m

E. Maximum Grid Current [5]

Maximum fault current which flow through substation grid
is called maximum fault current. This is defined as follows-
Ig = Dp % S; * I (7.4)

Where
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le is the maximum grid current in A

Dt is the decrement factor

It is the rms value of ground fault current in A
St is the fault current division factor

F. Ground Potential Rise (GPR) [5]
GPR is calculated as follows-

GPR = Rg 1,
G. Actual Touch Potential [1,6]

The maximum touch potential attained by grid is called
mesh potential. It is calculated as follows-
Cp KKy x g

(7.5)

E, (7.6)
L
Where
Em is mesh potential in V
Km is spacing factor for mesh voltage
Ki is correction factor for grid geometry

Lm s effective buried length for mesh potential in m

H. Actual Step Potential [1,5,6]

Actual step potential calculated as follows-
px K x Ky * I

s L (7.7)
Where

Es is step voltage between point in V

Ks is spacing factor of step voltage

Ki is correction factor for grid geometry

Ls is effective buried conductor length for step potential
inm

VIIl. EXAMPLE

First of all soil of an area is tested and gets following result-
Here moderate change in apparent soil resistivity therefore
considered as uniform soil resistivity model.

Performed wenner 4-pin method and get apparent
soil resistivity curve (shown in Fig. 5) and average soil
resistivity is 445 Q-m.

900
L 800
700
600
500
400
300
200

100 ‘OJQAF

012345678 9101112131415

n-m

Apparent soil resistivity in ohi

[=]
L

Probe spacing in m

Fig. 5: Apparent soil resistivity curve [1]

Most commonly used surface material is black
gravel in India. Here also used the black gravel and its
resistivity is 3200 Q-m.

Now collect the substation data and get maximum
fault current (I5) is 30 KA and duration of shock current is
0.5 sec.

Now calculate all the designing parameters which shown in
table IV

Parameters Value Unit
Soil resistivity (p) 445 Q-m
Surface layer derating factor (Cs) 0.77 i
Division factor
0.18 -
(S
Grid resistance (Rg) 1.0135 Q
Maximum grid current (Ig) 5.4 kA
Ground potential rise (GPR) 5570.1 v
Tolerable step potential (Esep) 3504.54 V
Tolerable mesh potential (Eouch) 1042.66 V
Actual step potential (Es) 564.45 V
Actual mesh potential (Em) 332.57 v
Acceptable
Safety (notgood) |

Table 4: Parameters of Earthing System
After calculation now verified the parameters value for
confirmed the safety and designing. Get following things-

— Actual mesh potential (332.57 V) much lower than
tolerable mesh potential (1042.66 V).

— Actual step potential (564.45 V) much lower than
tolerable step potential (3504.54 V).

—  Grid resistance value slightly more than 1 Q which
is only acceptable but not good according to safety
purpose.

Above two criteria satisfied the conditions but third
criteria not satisfied the condition. We can manage with this
designing. If calculated value higher exceeds the criteria
value then required modification till less than criteria value.
Various types of modification methods can use but most
commonly used method is “boring earth pit” in India. Using
more numbers of earth pits can obtained any resistance
value.

IX. CONCLUSION

This paper presents the step by step approach for earthing
system designing of high voltage substation according to
Indian environment and Indian soil characteristics. Here
standard size mild steel flats are used for earth grid making.
In India not much impact of season on designing so ignores
this. Soil resistivity of different types of soil of India also
shows in this paper. Designing procedure flow chart is also
present in this paper. If earthing system is not well designed
then human body get electric shock due to step and touch
potential therefore required that both potential value must be
lower than permissible value. This paper present an example
with all complete procedure and all parameters of earthing
system. For reducing the grid resistance used the “boring of
earth pits” method and get desired value. The value of step
and touch potential are respectively 564.45 V and 332.57 V
which are within the permissible limit.
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