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Abstract

This project aims to Upgrading of Earthing SystemKilo-x Substation,

Components starting from the current transformesfiage transformers, power

transformers, lightning arresters, circuit breakerd bus-bar arrangement.

The project also provides ground grid system byqu&TAP software program
because it is easy to Upgrading and calculate tBp potential, the touch
potential, the total length of Earthing mat condust the size of Earthing mat
conductors and the total number of Earthing rodoider to reach the best
possible Upgrading of Earthing System for Kilo-xbStation. Kilo-X substation

was implemented as the study case, from simulaBeults obtained, there is a
difference between the existing ground design sehamd that obtained with
ETAP.
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CHAPTER ONE

INTRODUCTION

1.1 Background

Electrical power has become one of the strongeass an the process of
evolution and development especially in the modengineering. Advanced
countries have excellent electric power utilizai@nd consumptions, mainly in

the areas of agriculture, leadership, communicaimh social services, etc...

The electric power substation, whether generatiagos or transmission and
distribution, remains one of the most challenging axciting fields of electric
power engineering. Recent technological developsdmatve had tremendous

impact on all aspects of substation design andabiper

1.2 Objectives

(1) Upgrading grid system of kilo-x substation.

(2) To investigate electrical distribution subsiati

1.3 Statement of problem

Power system has many problems such as the sobstatilts on the system.
These abnormal conditions can cause over voltdgesriay result in equipment
flashover or insulation failure. And also designangroper substation grounding
system is quite complicating. Many parameters afftc design. The system
design of Sudanese Electricity Transmission Compéamyited (Kilo-X)



substation is very old, upgrading this system iseseary in order to reach the

best possible design for electrical distributiobstation.
1.4 Methodology/Approach

In this project the analysis and upgrading of satiiet grounding in electrical
distribution substation would be studied using E¥3d® ware program because
it is make the upgrading of (Kilo-x) substationieagsnd more accurate and also
calculating the Step Potential, the touch Potentid total Length of Earthling
Mat Conductor, the Size of Earthling Mat Conducand the total Number of
Earthing Rods.

1.5 Layout

This project consists of five chapters:

» Chapter one presents the general introductionecetéctrical distribution
substations.

* Chapter Two presents the literature review
* Chapter three presents Design and investigatiok#ak substation.

* Chapter four represents the Simulation of kilo-Xbosation Earthing
design and protection methods in general.

e Chapter Five Conclusion and Recommendation.



CHAPTER TWO

LITERATURE REVIEW

2.1 Background

This chapter gives a brief overview of relationsbipsubstation to overall
power system, the importance of adequate substpteoming and the types of
substation. An electrical substation is a part aof electricity generation,
transmission and distribution system where voltaggansformed from high to
low or in reverse using transformers. It also seras a point of connection
between various power systems elements such assntisgion lines,
transformers generators and loads. It also receives electnmaker from
generating substation via incoming transmissiordirand delivers electrical
power via the outgoing transmission lines. To alfowflexibility in connecting

the elements, circuit breakers are used as higlepswitches.

Electric power may flow through several substatibesveen generating plant
and consumer, and may be changed in voltage inraesteps. There are
different kinds of substation such as transmissgubstation, distribution
substation, collector substation, switching sulmtaand some other types of

substation. The general functions of a substatiap imclude:
(1) Voltage transformation.
(2) Connection point for transmission lines.
(3) Switchyard for network configuration.
(4) Monitoring point for control center.

(5) Protection of power lines and apparatus.



(6) Communication with other substations and regli@ontrol center.

Before attempting to study the electrical powetrthation system for a building,
we must understand the basic elements that makehepoverall power
distribution system. The overall layout of majorngmnents of a power
distribution system is often the first step in thesign process. At the beginning
stage we have to develop a general idea about aheenof the distribution
system. For example, in this early stage we wibaibly establish the location of
the service entrance; inquire as to the servicdtage (s) available from the local
utility company, determine the location of eledticlosets and vaults, determine
approximate locations for distribution panel boaedwl switchboards, and so
forth.

2.2 Relationship of Substation to Overall Power Sysm

A substation is part of a system and not an emtityself. Normally, a power
system is designed so that the effects of an ouiemesed by the failure of a
single component such as a transformer, transmigsie, or distribution line)
will result in minimal interruption of service amaffect the fewest customers
possible. Failure of one component in a systenmdfieces a greater than normal

load to be carried by other components of the ayste

When evaluating the switching arrangement for estiion, an engineer needs
to be aware of the system configuration of which slubstation will be a part.
System contingency arrangements need to permiutege of components in a

substation for maintenance and unscheduled outages.

An example of an outage consideration for a suiostatvould include a
transmission switching station that operates wisingple main bus. An outage of
the bus results in a complete interruption of potWmeough the substation. The



engineer will need to consider other equipmentha substation, such as a
transfer bus or different multi-bus arrangement.e Téngineer should also
evaluate the adjacent system to determine if thd tan be diverted around the
substation for outages to minimize the equipmeait ihinstalled in a substation,

Figure (2.1) below shows substations relationshipvierall power system.

| Color Key: Substation
Black Generation Step Down Subbransmission
Blug. Transmissian Transformer 1 Customer
Green: Distibution el i d —
| Green: Distributior TrarsmEslondlines 4}_{:& 33 KV
110 KVI220 KV
f ? LI I -
- r .'I b
Generaling Station / [ L= Primany Customer
| 1
% é M é —
Generating  T1Smission Customer ¢ @ u || Secondary Customer
"M 41 KVI33 KV =1l R
Step Up
Transformer

Figure 2.1: shows substations relationship to oveligpower system
2.3 Importance of Adequate Substation Planning

Substation planning considers the location, sin#tage, sources, loads, and
ultimate function of a substation. If adequate plag is not followed, a

substation may require unnecessary and costly matidn.

The engineer’s detailed work requires use of vaiiduirements and criteria,
appropriate guidelines, and engineer's own experirs order to provide
construction drawings and associated documentoppate for needed system
improvements. The engineer’'s ability to meld theedse constraints into an

acceptable design is essential.

During the design phase, the engineer should gwerdonal preferences in
solving technical problems that diverge from the wf nationally accepted



standards, Rural Utilities Service (RUS) standards,the concept of the
cooperative’s standard designs. Adequate desigrvide® direction for
construction, procurement of material and equipmant future maintenance
requirements while taking into account environmknsafety, and reliability

considerations.
2.4 Types of Substations

A typical substation may include the following eguent's: transformers,
circuit breakers, disconnecting switches, statiosels and insulators, reactors,
capacitors, current and potential transformers,umggong system, lightning

arrestors and spark gaps, wave traps, protectiags;estation batteries, etc.

A substation or switching station functions as amaxtion and switching points
for transmission lines, sub transmission feedersnegating units, and
transformers. Depending upon the purpose, theaidrs may be classified into

seven categories:
(a)Generating substations or step-up substations

Normally the generating voltages are limited andb® stepped up to the
transmission voltage so that large amount of powan be transmitted
economically over long. Each generating unit is nemed to generating

transformers to increase the secondary voltage tqamsmission voltage levels.
(b) Grid substations

These substations are located in the intermedigitggpbetween the generating
stations and load centers. The main purposes eéthebstations are to provide

connection of low-voltage lines, some compensatienjces, etc.



(c) Secondary substation

These substations are connected with the main gyrimbtation with help of
secondary transmission lines. The voltage at teebstations is stepped down to
the sub transmission voltage (primary distributiaitage). Some large power

consumers are also connected to these substations.
(d) Distribution substation

These are made where the sub transmission vokaigehe stepped down to
the supply voltage. These substations feed powretactual consumers through

distributors and service lines.
(e) Pecial purpose substations

Some special substation for bulk power and somesimdl loads are set up.
The examples of these are Traction substationsnainthg substations. Some
mobile substations are also used for constructiopgses, which are temporary

as mobile.
(f) Switching substations

This switching substation is a combination oftsthving and controlling
equipment arranged to provide circuit protectiond agystem switching

flexibility.
(g)Transmission substations

This transmission substation function as bulk powdistribution centers and
their importance in the system often justifies bod switching arrangements that
are much more elaborate than distribution substatiddepending upon the

physical features, the substations can also cjaisdd four types:



e Outdoor type Normally outdoor substations are used 33-kv veltagd
above for cost and safety reason. The air cleasarezpiired are large. All
equipment lie open in the air however control ammhitoring is performed
inside the control rooms.

* Indoor type The equipment of these substations lies in a r@wen|ocated
in big cities. The operating voltages are norma09 V and 11 kV.

* Pole mounted or open kiosk typelrhese substations are mounted on the
poles. These substations are very simple and chsapo buildings for
housing the equipment are required. However, teabstations are of low
capacity usually having up to 500-KVA transformer.

* Underground type These are used when the space is not availablele/Wh
substation is made underground.

In the substation, there may be several transfarraad several incoming and
outgoing lines. The highest voltage rating of tfarmeer and transmission lines
are the rating of a substation. The substatiorgdesmims to achieve a high degree
of continuity, maximum reliability and flexibilityto meet these objectives with
the highest possible economy.

2.5 Bus-Bar Arrangement

Substation bus-bars are the most important pattie@substation structure since
they carry high amount of energy in a confined spacd their failure would
have very drastic repercussion on the power sugmiyinuity. Therefore the bus
system must be built to be electrically flexibledareliable enough to give
continuous service. It must have adequate capszitarry all loads and robust

construction to withstand foreseeable abnormatmleuechanical forces.



2.6 Substation Bus Schemes

The choice of the bus schemes or arrangements depam the relative
importance assigned to such items as safety, wl&agel, simplicity of relaying,
flexibility of operation, least cost, ease of maimnce, available ground area,

location of connecting lines, ease of rearrangepraaT provision of expansion.
2.6.1 Single Bus Scheme

It is commonly used scheme for a voltage of 33 kNower and has a simple
design. It is used in small outdoor substationsrtpxelatively a few outgoing or
incoming feeders and lines. The main advantagengfesbus scheme is its low

cost. Figure 2.2 shows a typical single bus scheme.

Lime

E]]
| Isolator

Figl2.2: Single bus schemes.

In single bus-bar with bus sectionalized scheme bils bar is normally divided

in two sections with help of a breaker and isokts shown in Figure 2.3.



1 1“=|:|—-f’—

To transformers

Figure 2.Berminal station schemes
The incoming or outgoing circuits are distributecty on the sections. When
double feed is provided to any single load, itnsferred to have one circuit from
each section where each section behaves as a teejaisa bar. Differential
protection can be used for tripping the faulty mectFigure 2.4 shows as single
bus-bar with bus sectionalized scheme.

Line |

| | 1 1

Figure 2.4: single bus scheme with bus sectionalize

2.6.2 Double Bus with Double Breaker

It is useful for most of the purposes where thel$oand continuity of supply

justify additional costs. Figure 2.5 shows as Deukilis with Double Breaker.
| I

i oo o

Buas 2

Figure 2.5: double bus double breaker scheme.



The main drawbacks of this scheme are that it istregpensive, and it may lose

half the circuits for breaker failure if circuitseanot connected to both buses.
2.6.3 Double Bus with Single Breaker

This scheme uses two main buses and connectedtwathdisconnecting
switches, as shown in Figure 2.6. In this schemaystie-circuit breaker (also
called bus coupler) is used as it enables a loathgsh over from one bus to

another.

Bus 1

I ] Iilusi
Ajagags

Tie
breaker

Figure 2.6: Double bus single breaker schemes.

2.6.4 Main and Transfer Bus

The main and transfer bus is used for mostly itridigtion substations. The
transfer bus is a standby for emergency use. Is $skheme several circuit
breakers are saved, however one extra breakeoisded to tie the main and
transfer bus together when the need arises. The amsantages of this scheme
are its low initial and ultimate cost. The main amdnsfer bus as shown in
Figure 2.7.



Transfer bus

JEBE

I
Figure 2.7: Main and transfer bus.

Main bus

2.6.5 Ring Bus

This scheme is also known as mesh scheffngure 2.8 shows a ring bus
scheme. It requires only one circuit breaker peaudi. Moreover, each outgoing

circuit has two source of supply.

N N NS

R L, W

Figure 2.8: Ring bus or mesh scheme.

2.6.6 Breaker-and-a-Half with two Main Buses

Breaker-and-a-haBcheme is an improvement of double-bus double-lereak
scheme to save the cost of breakers. In this schinee breakers are used in



series between the main buses, as shown in Figaur&@der normal operating

condition, all breakers are closed and the maire$ase energized.

Lines Bus 1

;

Tie
breaker

o
o

NS
il

™
[]
-
la
)| Bus 2 )| ‘

Figure 2.9: Breaker-and-a-half schemes.
2.6.7 Double Bus-bar with Bypass Isolators

This is a scheme similar to main and transfer bngre transfer bus is also a
main bus. The transfer from bus-1 to bus-2 is ditmeugh the isolators. As
shown in Figure 2.10 any bus can act as main bdsacond bus as transfer bus.
The main advantage of this scheme is that any brazn be taken out of service
without interrupting the supply of any feeder. Thsheme is very simple and

economical.

Bus 1

I I | Bus 2

= o

breaker

Figure 2.10: Dowbbuses with bypass isolators.



2.7 Site Considerations

The most critical factors in the design of a sulimtaare its location and
sitting.

2.8 Substation Location

Location of distribution substation depends on $kegeral technical factors
such as voltage levels, voltage regulation conatd®rs, sub transmission cost,
substation costs, and the cost of primary feederains and distribution
transformers. The availability of land, public d&de, etc., is also important
factor of non-technical. The most economical positf the substation is at the
center of gravity of the loads to be supplied. A&s &s the industrial and

commercial substations are concerned.

To select an idea location for a distribution sabeh, following rules should be

observed:
(1) Locate the substation as much as close totedenter of it services area.

(2) Locate the substation such that proper voltaggilation can be obtained

without taking extensive measures.

(3) Select the substation location such that ivioles proper access for incoming
sub transmission line and outgoing primary feedsd also capable to handle

the future expansion.

(4) Select location should be in accordance wighelectricity rule and land use

regulation.

(5) The selected substation should help minimize ribmbers affected by any

service discontinuity.



2.9 Reliability Considerations

A prime objective in the operation of an electrmyer system is to provide
reliable service within acceptable voltage limiSooperatives that design
substations to operate within the voltage levekcded in this ANSI Standard

should have reasonably reliable substations.
2.10 Operating Considerations

A substation may occasionally experience emergapsrating conditions
requiring equipment to perform under abnormal situs. Depending on the
length of time, the provision of unusual currentrgimg capacity of some
equipment or connections should always be considened appropriately

accounted for in the design.
2.11 Safety Considerations

It is paramount that substations be safe for threeige public and for operating

and maintenance personnel. Practical approacloésgdenthe employment and

training of qualified personnel, appropriate workiules and procedures, proper
design, and correct construction. The safe gugrdinequipment also needs to
be considered in substation design.

2.12 Maintenance Considerations

Substation design needs to allow maintenance t@adsemplished with a
minimum impact on a substation’s operation. Allowa of adequate working
space is necessary. In selecting equipment, canglie service intervals
recommended by the manufacturers and past experi@nasing a particular

manufacturer’s equipment.



CHAPTER THREE

DESIGN AND INVESTIGATION OF KILO-X
SUBSTATION

3.1 Backgrounds

Kilo-X located at east Khartoum was completed l®/yhar 1978 under BBC;
it is one of the largest power substations in #agian of Soba and the eastern

Khartoum in Sudan.

This substation has capacity of 220 KV and can dtepn to 110 KV using two

input lines through the transmission line.
The input feeders of the transmission lines areatyam
(1) Giad (double circuit, 220 KV)
(2) Eid Babiker (double circuit, 220 KV)
All these feeders come into the substation with R2Q(300 MVA).

The substation has another bus bar substation astdd 0 KV and the capacity
of it is 135 MVA. This substation was completedthg year 2008 under Setco
company the purpose of this substation was to dbeyn the 220 KV/110KV to

direct distribution to the 110 KV/33 KV/11 KV. Tha&ibstation divided into four

different areas namely:
(i) Farouk double circuit,
(i) Bagar one circuit,

(iii) Local Market two circuit and



(iv) Kuku double circuit
These outgoing feeders' transmission lines ar& e\ line.

The figure 3.1 below shows General view of Kilo-MiStation.
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Figure 3.1: General view of KileX Substation

The plant  can be  divided in itself into two  parts:
3.1.1Inner section Indoor

the interior section includes all the equipment g@ndtection devices that are
inside the station or the building and containgResting control devices, battery,
and telecommunication device, in the control roamd also there is a section
includes special distribution operations (11KV).

3.1.2 Outer section Outdoor Switchyard
This includes equipment that is located insidenedesubstation:
() Three Bus bar

(i) Five Transformers (3 TR 220/110/11KV rated M@A, 2 TR 110/33/11KV
rated 100MVA).



(iif) Bus post insulator and string insulators

(iv) Substation Equipment such as Circuit-breakis@ators, Earthing Switches,

Surge Arresters, CTs, VTs, Neutral Grounding eqeipim

(v) The substation has an Earthing system compgrigmund mat, risers,

auxiliary mat, Earthing strips, Earthing spikes &té electrodes.

(vi) Overhead ground wire shielding against ligimgnstrokes. Galvanized steel

structures for towers, gantries, equipment supports

(vii) The PLCC equipment including line trap, tugiminit, coupling capacitor,
etc.

(viii) Control cables for protection and control
(ix) Power cables and Roads, Railway track, cakleches and
(x) Station illumination system.

3.2 Preliminary Arrangementsfor the Distribution Electric al Substation
3.2.1 Select the substation site

The space of transformers substations differearfone station to another,
because of the space on the tension and the nuofbl@res and associated
equipment assembly rod and also have a relationsitipequipment assistance
vehicle in an area of the station and also withn@gknto account the costs and
workingconditions.

3.2.2 The Conditions that satisfied the Selectioof Kilo-X Substation

() Topographic and geological conditions reducestdipads and increase

settlement and concrete work rules.



(i) The value of the quality of the soil resistanas possible is not greater than

the station grounding resistors.

(i) Provide the availability of water discharger the station.
(iv) The air pollution is less as possible.

(v) Itis far away from the main and branch roaadd eailways.
(vi) It is far away from the phone lines.

(vii) The possibility of expanding the plant in theure.

(Viii) Placed on land where there is no naturabrgses utilized.
(ix) No damage to agricultural land.

(x) Station located in an open area to facilithie éntry and exit of overhead

lines to and from the station.

3.3 Earthing Calculation

From a proper design, safe substation groundingesysvarious safety
parameters must be found such as the touch andvsiégme levels. Each
grounding system must be uniquely designed in amé&ave the mesh and step
voltages below the tolerable touch and step vo#tarjehe personnel that might
be working at the site when a fault occurs.

Step 1: Soil Resistivity

The soil resistivity around the site was measuréith @ Wenner four-pin
probe and found to be approximately 3@R@n.



Step 2: Surface Layer Materials

A thin 100mm layer of blue metal (3,00Dm) is proposed to be installed on the

site. The surface layer derating factor is:
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Step 3: Earthing Grid Resistance
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Figure 3.2: shows earthing grid resistance desigria®




A rectangular Earthing grid (see figure 3.2) whi following parameters are

actual value:
Length of 2000m and a width of 500m.

Using the simplified equation, the resistance efEHarthing grid with respect to

remote earth is:

_ 1 1 1
R,=p [LT + Nor (1 - —1+wm)] ........................ 3.2

_ 1 1 1
Ry =300 Lﬂﬂn + 204500 (1 T 1+D.5,¥I2DI45D0)] 29580

Step 4: Maximum Grid Current

The maximum single phase to earth fault at the Hvimg of the transformer is
13.77 kA and that the current division factor i@ll the fault current flows back

to remote earth).

The X/R ratio at the fault is approximately 15, theximum fault duration
150ms and the system nominal frequency is 50Hz.O®d¢ime offset is

therefore:

Th e e e, 3.3

R Imf

=15 x—— = 0.04774

2m50

The decrement factor is then:



0.15

- J 1+ 224774 (4 e"r—) = 1.1479

Finally, the maximum grid current is:

=13.77 X 1.147 = 15.79419 KA

Step 5: Touch and Step Potential Criteria

Based on the average weight of the workers oniteeasbody weight of 70kg is
assumed for the maximum touch and step potentiedaRimum fault clearing
time of 150ms is also assumed.

The maximum allowable touch potential is:

Eiouch7o = (1000 + 1.6, ,) &; .......................................... 3.6
J

5

From equation (1) given value Qf = 0.727

(£000 + 1.5 x 0.727 X 30% =537.9V

The maximum allowable step potential is:



Eeouch7o = (1000 + € ,) % ................................................ 3.7

From equation (1) we find value 6f = 0.727

= (1000 + 6 x 0.7207 X 30§§1:T =931.3V

Step 6: Ground Potential Rise (GPR)

The maximum ground potential rise is:

From equation (5) we find value @f then
GPR=15.79419 KA x 0.062 = 979.24 V

The GPR far exceeds the maximum allowable touchsteqa potentials, and

further analysis of mesh and step voltages nebéé fgerformed.
Step 7: Earthing Grid Design Verification
Mesh Voltage Calculation

The components of the geometric faetgrn;, n.andn;for the rectangular grid

are:



=222 - 1022
4+/4500

C=MNg =1

Therefore the geometric factor n is:

T P (T G 3.10

=6.357 x 1.022 x 1x6.4939

The average spacing between parallel grid condsi@as:

D :i(ﬁ + I'—5') :i(”“ + 1“““) =26.84......... 3.11

2 \np—1 Ne_y 2\50-1 24-1

Wherelt, and L are the width and length of the grid respectivelg(500m and
1000m)

n,. And n_is the number of parallel rows and columns respelgti

The geometric spacing factat,, is:

Kmo = (n[2—+ &2 ) K2 ]) 312

27 16hxd 8D xd 4d Kp n(2n-1)

K =i(1n[ 26.84% +{25.9¢+2*u.u5]3_ 0.5 ]"’1;1“[ 2 )

16=0.5=0.01236 8+26.84=0.01236 4+0.01236 m(2+6.4939-1)

= 0.9964



The irregularity factoi; is:

K;=0.644 + 0.148n = 0.644 + 0.148 x 6.4939 = 1.605...... 3.13

The effective buried length,, is:

Ly

Ly =L+ 155+ 122 [ == | Ly v 3.14
-\,Il ¥ +HLE
890 +[1.55 + 1.22(——=_)|66 = 997.05m
A 1000<+500

Finally, the maximum mesh voltage is:

E Ps K;
_ 1 Ig
m=———
Lng

From equation (5) we find value df thenE,,.

300x0.9964x1.605x15.79419
= — =7.5999 V

337.05

Step Voltage Calculation

The geometric spacing factit is:

1 1

1L, 1 1 o ogno
K= 2 [+ =+ 2 0-05"2)] i 3.16

From equation (11) we find value of D then:



K, ==

=

[+ 2+ (1-05592)] =0.288

T L2=0.6 26.84+0.6 26.84

The effective buried length, is:

Le Z0.75, + 08Ty wovvveeeeeeee e 3.17

=0.75x890+0.85x66 =723.6m

Finally, the maximum allowable step voltage is:

Pg Kz .

o 3.18

5 LS

From equation (5) and (17) we find valuelgf _ then:

300x0.288x1.605x3559
= —= =682V
723.6

3.4 Investigate of Kilo-x substation

3.4.1 Elements of Kilo-x substation
3.4.1.2 Voltage transformer (VT) and Current trandormer (CT)

Voltage transformers are used to step down thagelfor measurement,
protection and control. Current transformers aeglier Stepping down current

for measurement, protection and control, as showviigi(3.3).



Figure 3.3: Voltage transformer and Current transfamer
3.4.2 Circuit Breaker

Circuit Breaker is used for Switching during nornaald abnormal operating

conditions. It is used to interrupt the short citcurrents, as shown in fig (3.4).
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Figure 3.4: The Circuit Breaker
3.4.3 Lighting Arrestor

Lightning Arresters discharge the over voltage ssrigp ground and protect

the equipment insulation from switching surges lagtttning surges.

Surge arresters are generally connected betweee glaductor and ground.

The figure 3.5 below shows the Lightning Arresters.



Figure 3.5: Light Arrestor

3.4.4 Isolator Switch

Isolators are provided for isolation from live marfor the purpose of
maintenance and disconnecting under no-load comditr safetyas shown in
fig (3.6).

Figure 3.6: The Isolator Swit
3.4.5 Busbar Arangement

Various incoming and outgoing circuits are connét¢tebus bars. Bus bars
receive power from incoming circuits and deliverweo to outgoing circuits, as

shown in fig (3.7)



Figure 3.7: the Bus bars Arrangment
3.4.6 Grounding Wire

It used to discharge the voltage on dead lineatihgas shown in fig (3.8).

Figure 3.8: the grounding wire

3.4.7 Main Transformer

These are used in substation to step up or step the voltage, as shown
in fig (3.9).
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Figure 3.9: The Main Transformer 220/110/11KV



CHAPTER FOUR

SIMULATION OF KILO-X SUBSTATION EARTHING
DESIGN AND PROTECTION METHODS IN GENERAL

4.1 Substation Grounding Overview

Grounding is an important aspect of every substatithe function of a
grounding system is:
() To ensure the safety of personnel and the publi
(i) To minimize hazard from transferred potential
(iif) To protect equipment,
(iv) To provide a discharge path for lightning leits, and
(v) To provide a low resistance path to ground.
A good grounding system has a low resistance t@temmround to minimize the
ground potential rise (GPR) [2, 4].
In order for a grounding design to be safe, it sg¢edrovide a way to carry the
electric currents into the ground under both noramal faulted conditions. Also,
it must provide assurance that a person in theicivould not be endangered.
Because there is no simple relation between thstaese of the grounding
system and the maximum shock current a personxgarience, a complete
analysis must be done to consider many differgmécts such as the location of

the ground electrodes, soil characteristics, éic. [

4.2 Design of a Substation Grounding System
The substation ground grid design is based onuhstation layout plan. The
following points serve as guidelines to start augising grid design:



(a) The substation should surround the perimetdrtake up as much area as
possible to avoid high current concentrations. gsmore area also reduces the

resistance of the grounding grid.

(b) Typically conductors are laid in parallel liné#&/here it is practical, the
conductors are laid along the structures or rowsqufipment to provide short

ground connections.

(c) Ground rods may be installed at grid cornerd mmction points along the

perimeter.

(d) The grid should extend over the entire submtasind beyond the fence line
[1-3].

(e) The ratio of the sides of the grid meshes sl 1:1 to 1:3 [1, 4].

To get started on the preliminary design, the feitg steps can be taken:

() Draw the largest square, rectangular, triangulashaped, or L-shaped grid
that will fit on the layout drawing.

(i) Place grid conductors to produce square mesimgwoximately 6.1-12.2 m.
(iif) Set the grid height equal to 0.4572 m (18hes).

(iv) Set thickness of the surface material to 06LO1(4 inches).

(v) Place ground rods around the perimeter.
4.3 Ground Potential Rise (GPR)

The maximum voltage that a ground grid may attelative to a distant
grounding point assumed to be at the potentia¢wiate ground. The GPR is
equal to the product of the ground current ancetigvalent impedance of the

grounding system.



4.4 Mesh Voltage
The Mesh Voltage is maximum touch voltage withmesh of a ground grid.

4.5 Grid Connections

Typically different sized conductors are usedkilng the substation to the
grounding grid. Any above ground conductive matevisich could possibly
become energized such as a metal structures, neaithmes, and transformer
tanks or any metal parts that could have a diftgpetential from others should
be tied together by the grounding grid [4]. Thelgonnection is shown in
figure 4.1.

Usually the grid connections are securely weldgetiver to prevent any failure

during high fault current.
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Figure 4.1: Basic Shock Situations



4.6 Material Selection

Conductors can be of various materials includingpew, copper clad steel
and aluminum or steel. Each type of conductor dasrmtages and
disadvantages. Copper is the most commonly useeriadior grounding.
Copper has high conductivity. Also, it is resisteamiost underground corrosion
because it is cathodic with respect to most othetals [4]. It also has good

temperature characteristics and thermal capacity.

The disadvantage of copper is that it is expensngeoften stolen, leaving the

equipment ungrounded.
4.7 Soil Characteristics

The earth’s soil can be considered to be a puistaese and thus is the final
location that a fault current is dispersed. Saig&nce can contain a current up
to a critical amount which varies depending on #od and at this point,
electrical arcs can develop on the surface of thletllsat can electrify objects on
the surface such as a person [4].

Wet soil has much less resistance than that osdilyso ideally the grounding
grid and rods should be located in moist earth.iGally soil resistance quickly
increases when its moisture content is less théfn dabthe soil weight and the
resistance barely changes once the moisture castehteast 22% [4]. Table 5.1

shows a basic collection of soil resistivity depegcdn the moisture and type.
Table 4.1: the Basic Range of Soil Resistivity

Type of Earth Average Resistivity £2.m)
Wet Organic Soil 10

Moist Soil 102




Dry Soil 10°

Bedrock 104

4.8 Substation Fence Grounding

It is critical to ground the substation fence besgatine fence is generally
accessible to the public. The touch potential aih Isades of the fence needs to
be within the calculated tolerable touch poterimit. The substation fence
should be connected to the main ground grid. Aerogitid conductor should be
installed a minimum of 0.91 m outside the fence.

Connections to the outer grid conductor shouldhbde at all corners posts and
at line posts every 12.92-15.24 m. The gate pasildibe bonded securely to the
fence [1, 4].

4.9 Wenner’s Four-Pin Method

The Wenner’s four pin method is the most commorns tethod is also
called the Equally Spaced Four Pin method [5]hla technique, four probes are
driven into the ground in a straight line to a delpt at equal distances an apart.
The voltage between the two inner probes is medsanmd is divided by the
current of the two outer probes. This gives a valuine mutual resistance R.

The Wenner's four pin method is shown in Figurelgew.
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Figure 4.2: Wenner’s Four-Pin Method

4.10 Earth Resistance

Ground Resistance is the resistance offered bgrinend electrode to the
flow of current in to the ground; to provide a stintly low resistance path to
the ground to minimize the rise in ground potentidh respect to a remote
ground fault. Generally lower ground resistangereferable but for certain
applications following earth resistance are satisky.

(1) Large Power Statior5Q
(2) Major Power Station§-0Q
(3) Small Substatio2-0Q

(4) In all Other Case8:0Q)

4.11 Step Potential and Touch Potential

Grounding system in an electrical system is desigaechieve low earth
resistance and also to achieve safe 'Step PotemtdhlTouch potential'.



4.11.1 Step Potential

Step potential is the potential difference betwinenfeet of a person standing
on the floor of the substation, with 0.5 m spadmetyeen the feet (one step),

through the flow of ground fault current througle tirounding system.

4.11.2 Touch Potential

Touch potential is a potential difference betwdenftngers of raised hand
touching the faulted structure and the feet ofpseson standing on the
substation floor. The person should not get a slevek if the grounded structure
is carrying fault current, i.e. the touch potensiabuld be very small. The step

and touch potential are shown in Figure 4.3 below.
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Figure 4.3: Step Potential and Touch Potential

4.12 Types of Grounding

4.12.1 Ungrounded System

It is rarely used; the neutral is not connectethéoearth, also called as

insulated neutral system.



4.12.2 Solid grounding or Effective Grounding

The neutral is directly connected to the earth eatrany impedance between

neutral and ground.
4.12.3 Resistance Grounding

Resistance is connected between the neutral argidbed.

4.12.4 Reactance Grounding
Reactance is connected between the neutral argtdbad.
4.12.5 Resonant Grounding

An adjustable reactor of correctly selected vatuedmpensate the capacitive
ground current is connected between the neutrattandarth. The coil is called

Arc Suppression Coil or Ground Fault Neutralizer.
4.13 Different Grounding Equipment in Electrical Substation

(1) Grounding Electrodes
(2) Grounding Mat
(3) Riser and

(2) Overhead shielding wire (Grounded).



Table 4.2: Different Equipment's and Ground Connedbns

Apparatus

Parts to be Earthed

Method Of Connection

Power Transformer

Transformer tank

Connect thehlagtbolt on transformer
tank to station earth. Connect the neutrd

to Earthing system

High Voltage
Circuit Breakers

Operating

mechanism, frame

Connect the Earthing bolt on the frame
and the operating mechanism of Circuit

Breaker to Earthing system

|

Surge Arrester

Lower Earth Point

To be directlyroected to the earth mat

Support of bushing
insulators, lightning

arresters, fuse, etc..|

Device Flange or

Base Plate

Connect the Earthing bolt of the device {

the station Earthing system

(0]

Potential Potential transformer Connect the transformer Earthing bolt tg

Transformer tank, LV neutral. Earthing system Connect LV neutral of
phase lead to case with flexible copper
conductor

Isolator Isolator frame, Weld the isolator base frame, connects

operating

mechanism, bedplat

to the bolt on operating mechanism basg

eplate and station earth.

D

Current Transformer

Secondary winding

and metal case

) Connect secondary winding to Earthing
bolt on transformer case with a flexible

copper conductor.




4.14Design of Kilo-x electrical substationUsing Etap Software

Program

In this section we making design single line diagie Kilo-x substation, the
programs have been developed to make the substhgign easier, and more

accurate.

The following figures (4.4 - 4.9) explaining desiginsingle line diagram of

Kilo-x substation Using Etap-Software Program.
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Figure 4.4:single line diagram of Kilo-x substation using efgftware Program
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Figure 4.6: single line diagram side 110 Kv in kilo-x substati
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Figure 4.9:fault current of Kilo-x substation
4.15 Method of designing substation

In Etap Software Program the ground grid systengnanm utilizes the
following four methods of computation:

 FEM - Finite Element Method.
» |EEE 80— 1986
« |EEES80 - 2000
* |EEE 665 — 995

In this project used Finite Element Method (FEMEMFis based on a method of
images and assumes that the grounding systemeiguapotential structure, it

gives a curate result.



The structure of finite element methods:

Finite element methods are numerical methods fopragimating the
solutions of mathematical problems that are usualiynulated so as to precisely
state an idea of some aspect of physical reallB Rllows entire designs to be
constructed, refined, and optimized before thegiesi manufactured.

A finite element method is characterized by a \emma formulation a

discretization strategy, one or more solution atgors and post-processing
procedures.

4.15.1 ETAP Ground Grid Design

— bl = kel

= Firmite E lermerit
- IEEE sa-ZO00
= T EEE 8019 s
I EEE sE5S-1995

After selecting the FEM study model the ground gydtem graphical user
window will be displayed.

4.15.2 FEM Editor Toolbar

The FEM editor toolbar appears when the fem studgiehis selected and when

in the ground grid system edit mode this toolbar th& following function keys:

E =1 /I Pointer I
/4 Caovarcirce toer I

Rod

\I FEMN Rectanzsular Slhhape I
\I FEMNM T-Shape I
\I FEMN IL.-Shaipae I
\I FEM Triamnsular Shapae I

bl




4.15.3 Ground grid study method toolbar

The Ground grid study method toolbar appears wherGGS study mode is
selected. This toolbar has the following functiay

| v __
-
%‘% Ground-Grid Calculation I
". Optimized Conductors |

Optimized Conductors and Rods I

Sumnumary and Warnings I

Plot Selection |

I Report ZvMianacer I

I Stop I

4.16 Simulation earthing desigrfor Kilo -X Substation

In this section simulating the grounding grid oé tbubstation, the programs
have been developed to make the substation grogirdisign easier, and more
accurate. The method of simulation described iraildetalso usingetap soft
ware, the following figures are showed:
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Figure 4.10: show ground grid short-circuit current
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Figure 4.11: show the rectangular earthing grid of Kilo-x ingtoft-ware using
FEM

4.16.1 Summary and warning

After running the ground grid system study clicktba summary and
warning button located on the ground grid systeotbtar, to open the GRD
analysis Alert view dialog box. If the Auto Display summary and warning box
located on the study case Editor dialog box is k&ecthis view will open
automatically after the ground grid systems caltuteare executed, as shown

below.




GRD Analysis Alert View for GRD1 | E2 |

Summarny and Alert |
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Close | Help |

Figure 4.12:show result summary of grounding grid calculation

4.16.2 Plot selection

Plots are used only with the FEM, and are avail&drébsolute/ step / touch
voltages.

To select a pot, open up the plot selection dialmgby clicking on the plot
selection button located on the ground grid sydtesibar,  as shown in fig
(4.112).
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Figure 4.13:show plot selection.

The following 3-D potential profiles are availalite analysis of GGS study case

result:
Absolute voltage:select to plot an Absolute potential profile.
Touch voltage:select to plot a touch potential profile.

Plot type: the following plot types are available for anatysf GGS study Case
result:

3- D: plot a 3- D potential profile for the Absoluteolich / step voltage.

Contour: plot a contour potential profile for the Absoldt®uch / step voltage.



4.16.3 Display over limit voltage

Show areas potential exceeding the tolerable lifait8-D touch / step
potential profile.

This function is disabled when the contour plotetyp selected. A select of
sample plot is shown in figures (4.14 — 4.15 - %1.16
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Figure 4.14: absolute potential profile
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Figure 4.15: touch potential profile
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Figure 4.16:show step potential profile

4.17 Securing and Protection devices

The substation contracted with ABB Company forgbpply and installation of

the systems and insurance with the following:

(1) Securing the main doors Access Control Door System
(2)By surveillance cameras (fixed and mobile) CCTVt8ys
(3)The outer wall is protected by red rays.

4.17.1 The Control Systems device

The systems are controlled via computers and dispiaages of cameras rooms
control stations, sub-rooms and security statiensell as via the
communications network that connects all stati@rslme controlled from the

Information Centre of the unit Kilo-X substation.
4.17.2 Protection system

Protection system in this substation used modethaus by digital relays and

Numerical Relays.



Figure 4.17: The Controlling Room

4.17.3 Protection of Transformers and Reactors
It consists of the transformers and reactors REThidrential protection,
Differential protection and RET316 differential pgotion for ground damage

Restricted ground Fault.
(1) Protection against over current (Over Curraotdtion)
(2) Protection against overload magnetic flux (ciex)

(3) Various mechanical protections.

4.17.4 Bus bar Protection

It protects the poles assembly by REB500 with d#ifé characteristics in

addition to the protection of Breaker Failure.



Chapter Five

Conclusion and Recommendation

5.1 Conclusion

In this project discussed the electrical substatiageneral and investigate

the substation in depth, taking into account the,sarea, etc...

The project also provides ground grid system bpau&TAP software program
because it is easy to Upgrade and calculate ¢pepsitential, the touch potential,
the total length of Earthing mat conductors, thze sif Earthing mat conductors
and the total number of Earthing rod in order tchethe best possible
Upgrading of Earthing System for Kilo-x Substati#ilo-X substation was
implemented as the study case, from simulationtesbtained, there is a
difference between the existing ground design sehama that obtained with
ETAP, the result of ground grid Upgrading almoshcales with the existing
grounding system.

5.2 Recommendations
From this project | can recommended the followiogftiture research:

(1) Design the digital automatic controllirmpm.

(2) Contactless Electrical Energy Transmis$Sgatem.
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