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ABSTRACT

Earthing of Distribution Transformer is very important in the sense of safety and
protection of human beings, livestock and equipment. The construction personals have
faced critical issues on earthing when they engage in Installations of Electrical
equipment due to high values of earth resistance. The research was carried out to find
solutions for two objectives. One of objectives is to design an earthing system for high
resistive soil. The other objective is to find solution for earthing in restricted area.

It was found that high resistive soil exists in sandy soils in coastal areas as well as hard
rocky areas in central part of the Island. There are some rocks located in coastal area too.
The soil resistivity plays vital role in earthing of electrical installations. Thus the
research was done by using soil enhancement materials such as Charcoal, Lime and
Sand of the same location. The mixture of above materials improves the electrolytic
property of soil to bring down soil resistivity.

The research was done in the field and at laboratory by varying the ratios of Charcoal,
Lime and Sand. The test results showed that resistivity becomes minimum value, when

the ratio becomes 1:1:3.0f Charcoal: Lime and Sand respectively. The usage of optimum
land area for earthina of distribution transformers were achieved hy using the base of

poles of transf struc rnatjve e A new des or earth mesh for
po|e bas ifmmp Ias introdtced as a' result of the'research™ An e« mic ana|y3is was
carried outi&shihd tHe lberfefits af Udimgs seilenharxemdat mats: nstead of cement
block earth$:88 a result-of eliminating cam financial gain of
18.39%.

The case studies were carried in Chilaw area for two different soil types by mixing soil
enhancement materials. In this study moisture content of the soil was measured to
identify the effect of presence of moisture in soil. The results of the research indicated
that the earth resistance drastically reduces due to the presence of moisture content and
the organic substances of the soil in addition to the soil enhancement material.

Finally, the Ansys-Maxwell software was used for simulate the earthing system in
homogeneous medium. The results of simulation were shown that major portion of the
energy absorbed by the narrow region, very close to the earth rod. Therefore, the
diameter of the earth pit can be reduced to minimize the area of land required for
earthing of distribution transformers. It shows the voltage distribution and energy
dissipation in the critical cylinder very clearly.

In this research a new conceptual design was carried out to reduce earth resistance in
newly designed earthing system and in existing transformers by increasing the moisture
content around the earth rods of earth pits. An external water container is introduced to



provide water drops to earth pit to keep it at wet condition in dry season to improve the
efficiency and effectiveness of the earthing system.
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CHAPTER 1

INTRODUCTION

1.1  Background survey and Previous Work

In power systems, Generating stations, Transmission network and Distribution network
are involved. To distribute electrical energy for electricity consumers, Distribution
Transformers and Low Voltage Distribution Network are used. Earthing of Distribution
Transformers plays vital role for the safety of electricity consumers as well as general

public.

In Sri Lanka TT System is used for earthing in Electrical Installations. In the TT System,
both source and loads are earthed at their neutral and common earthing points
respectively &0 earthi Jmass=fd]i+The kadhing systemris| annkssential part of power
networks at 6&1 highrand Tow valtdge develscdt regedred fiar protection of buildings and
Electrical In»staliatlons againstlightning, - for safety of human beings and livestock by
limiting touch and siep potentials 0 saie values. Earih resistance of the soil is main
important factor in earthing of Electrical Installations [2][3]. The Electrical properties of
the soil are characterized by the earth resistivity of the soil (p).The Soil map of Sri

Lanka shows the different types of soils available in the country (See Appendix A).

Therefore, determining soil resistivity in different locations is complicated due to

following reasons.

1. The ground (earth) does not have homogeneous structure. It has
stratified (layers) structure of different soil types [4].
2. The Soil resistivity of a given type of ground varies with the moisture

content of the soil [5].



3. The soil resistivity depends on the dissolved salts with the water at the

particular location [6].

1.1.1 Soil Resistivity

The soil resistivity is defined as specific soil resistance [6]. The relationship between
Soil Resistance (R) ,Soil resistivity (p), Length of the earth rod (1) and the cross sectional

area of the rod (A) is given by following equation.

Figure 1: Hllustration of Physical sense of Soil resistivity.

Source: Application Note: Earthing Systems

R=pK

In Figure 1, I=1m, A=1m x 1m
“R=p

Figure 1 Illustrate the physical sense of soil resistivity. According to the diagram, the
soil resistivity is the resistance between opposite sides of a cube having dimension of

im.



Resistance ‘R’ can be determined by varying the current passing through opposite sides

of the cube and measuring the respective voltage drop across two sides.

R=-
I

The soil resistivity is determined by the quantity of moisture in soil and the dissolved
conductive salts within the soil. When the soils become dry the soil becomes
nonconductive and resistivity becomes high [5].

1.1.2 Factors that affect soil resistivity.

Type of Soil

Salts dissolved in contained water
Moisture content of soil
Temperature

Grain Size

o M 0N E=oE

Cleseness'ofipackingland pressure

Following soittypes have low soil resistance

e Soil with humus and moisture
e Alluvial Soils

e Clay Soils

However, following soil types have high soil resistance

e Rock
e Mountain tops — generally salt depleted and rocky
e Coarse sand and gravel

e Sand near sandy beaches — since moisture tends to drain from sand



1.1.2 Seasonal behavior of soil resistivity

It is observed that soil resistivity varies with seasons. In wetter months the soil resistivity
will be low and in drier months it will be higher [6]. Figure 2 indicates the variation of
soil resistivity with moisture content of soil. Adequate earthing system should be
installed to ensure required earth resistance in wetter seasons and also in drier seasons.
However, in areas having poor soil conductivity, or high soil resistivity due to soil
composition or seasonal variation, further attention is needed to design good and

effective earthing system.

100
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[©Qm]

50

pma\trix

40
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101

0 .
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Soil Water Content [m3m‘3]

Figure 2: Variation of soil resistivity with moisture content of soil.
Source :Designing for a low resistance Earth interface[3]

The potential distribution on the earth surface is very important factor in assessing the
degree of protection against electric shock because it determines the touch and step

potentials.



During earth faults, large fault currents may flow via the earth mass on route to the
neutral point of the source transformer. The impedance of any earthed metalwork such
as transformer tanks, switchgear enclosures, earth grids with respect to the ‘true’ or
‘reference’ earth can lead to rise in potential. It may lead to hazardous situations to

people, livestock and equipment.
The design of the earthing system ensures that:

1. All metalwork and equipment can be touched by a person standing on the ground
up to 2.4m above the ground are earthed.

2. Hazardous touch, step and transfer voltages are mitigated during fault conditions.

3. Alow impedance path is available for lightning, switching surges and 50Hz earth
fault currents to limit thermal and mechanical damage of plant and to ensure
operations of protective devices such as protection relays, fuses and surge
arresters.

Earthing electrodes, joints and earth conductors should be designed to:

é. E%E‘Jre earth Fauliclrrents are conductetito-garthl mass without damage to the
e'é?t'hing comMponents.

b. Minimize the possibiiity of mechanical damage

c. Avoid inadvertent interference

d. Minimized chemical deterioration

It is very important to ensure three phase loads are balanced to minimize the
unbalance current flow in the neutral which flows to the earth mass [6].
Harmonic currents may also cause an increase in neutral current flow to earth

mass.

1.1.3 Types of Earthing Electrodes
There are different types of earth electrodes used. Following earth electrodes are

commonly used.



1. Rod type electrodes

2. Plate type electrodes

3. Pipe type electrodes
In order to achieve low values of earth resistance the current density flowing from the
earth electrode metal to the earth mass should be low. Therefore, the volume of earth

through which the current flows should be as large as possible.

Current density (J) is defined as current per unit area.
_ [
=2
It was identified by previous researches [2], rods, pipes and wire electrodes have a much
lower dissipation resistance than plate electrodes with the same surface area. The low
current density extends life of earth electrodes. Exact theoretical equations of earth

resistance are usually used only for simple structures of earth electrode. For extended

and mesh typge.earth electrodes, .approximations of earth resistance are used [1].

a7
According t(%v%ﬁe code‘of-practice for'earthiny BS 7430'{'1}“approximated calculations

are used as p’éf the geometry of earth rods connected in parallel.

Rod type earths are used in restricted areas having limited land space [2]. The moisture
content in the deep layers of the soil is higher and stable than shallow layers. Therefore,

deep rods are driven to the soil to obtain lower values of earth resistance.

However, it is not possible to drive rod type electrodes to the preferred depth always due

to geological reasons such as on rocks or on bedrock.

1.1.4 Properties of Earth at high impulse currents

At lightning impulse currents have high magnitudes in the range up to few hundred of
KA. The rise time of the lightning impale is very short in the range of microseconds (ls).
Thus, the typical lightning strike reaches a few hundreds of kA/us. The current density

of the soil near the earth rod becomes very high value. As a result of that, the electric



field strength increases up to values which causes electrical dischargers in small gaseous
voids in the soil resulting ionization of soil around earth electrode, decreasing the
ground resistivity and earth resistance [2]. This phenomenon occurs mainly near earth
electrode. The intensity of this phenomenon is very high when the soil is dry or high

resistive.

The inductance of the metal parts of earth electrode is usually neglected when
considering earth impedance at network frequency of 50Hz. However, the inductance
becomes an important parameter when the current flow rate is high in the range of
kA/ps.

During Lightning strikes inductive voltage drop, L% reaches very high value and it lead

to reduce the flow of surge current to the earth mass. The earth resistance for lightning
surges increases in comparison with it's resistance for static conditions. Thus increasing

the Iengfh of earth electrode over the critical lenoth does not cause anv reduction of earth

impendence gt ents
During | huﬁ"g; st ' ph enon exists | ‘ actions. The high
earth current de impedance. The

overall effect of the impedance is depends on the magnitude of the dominating effect

during the lightning.

In communication tower grounding, insulated down conductors were used due to lack of
soil near the tower legs on the solid rocks. Therefore, down conductor has been extended
for about 20m-60m below the tower foot level [10]. The down conductors were inserted
into a bore drilled in the rock and the bore hole has been filled with cement like material.
When calculating voltage drops along the resistance and inductance of the down
conductor, it shows high voltage in the range of Mega volts experience due to
inductance of the down conductor, but the voltage drop due to the resistance shows the

value is about 1 Kilo volt for the lightning strike of 50 kA/us. Potential at given height

with respect to the ground was considering as V = IR+L%, Where ‘R’ is the



resistance of ground conductor, ‘L’ is the inductance and ‘I’ is the current due to

lightning strike.

In the case of communication towers additional water tanks were used to provide water
to the earthing system to maintain wet environment around the earthing system even in
dry weather. The researchers have found that the presence of moisture in high resistive
soils lead to reduce earth resistance to required value. As a result of that, they were able

to eliminate the risk of occurring lightning hazards to communication towers.

1.2 Scope of Present Work

The scope of the research is to design suitable earthing system for installation of
distribution transformers. In this research it was planned to utilize soil enhancement
materials such as Charcoal powder, Lime and soil for earthing instead of concrete block
earthing system. At the initial stage, selection of suitable sites having high resistive soil
was the maigstargety ;Therefare, earth, resistance measurements to be taken and the
calculated vaﬁés of eanthreststivity to betahelated 4a.statisticaldnanner to identify high

resistive locatighs amang sitdsofidats. callékted.

The objectives of the research encouraged to collect soil samples in various locations of
MV network in NWP (See Appendix B), having different soil types and different
moisture contents. Wenner method is comparatively easy to use with the help of field
staff. Therefore, Wenner method is to be used to measure earth resistances of sites.
Using the collected soil resistance data, soil resistivity (p) can be calculated using the
formula given under Wenner method, p =2zLLR [12].Where ‘L’ is the separation
between probes in meters (m) and ‘R’ is the measured value of earth resistance in Ohms
Q).



CHAPTER 2
OBJECTIVES

2.1 Objective Statements

Main objective of the research is Designing Earthing system for Distribution
Transformers in restricted area having high resistive soil. To analyze this issue widely, it

can be divided into two objectives as follows.

» Designing Earthing system for soils having high resistivity.

» Designing Earthing Systems for restricted areas.

2.1.1 Designing Earthing system for soils having high resistivity.

Designing oféﬁrthing systems, for-Substations and. Ristrihution. Transformers are very
essential and :-_'tfnportant inssdfétyramd protéction of people, animals and equipment are
concerned. It is a vast field to study. There are various types of Substations available in

Sri Lanka depending upon the requirement of the National Grid.

In Electrical Power Generating Stations, the substations are named as Generating
Substations. At Generating Substations, the generating voltage of power generated from
the power plant, varies from 10kV to 13.5kV depend upon the design of the power
station. The generating voltage of power, step up to higher values such as 132kV or
220kV, by Power Transformers to transmit to distant locations where load centers are
exists. To design earthing systems for substations, Fault level at particular substation
should be calculated by fault analysis. Earthing design is to be carried out after finding
the fault current and the soil resistivity of the proposed location of the substation.



In Sri Lanka, Transmission network consists of tower lines having voltages of 132kV
and 220kV.The substations at the Load Centers are named as Grid Substations. At Grid
Substations the step down Power Transformers are used to reduce Transmission voltages
to Medium voltage of 33kV. At Grid substations, MV distribution network starts and
runs through the country to feed distribution transformers installed in towns, villages,
factories and shops etc.to provide Electricity to consumers. Electricity consumers
consume power at various voltage levels. To design suitable earthing systems for
Transmission lines and Grid substations, fault analysis to be carried out to identify the
maximum fault levels at such locations to design earthing systems for transmission lines

and Grid substations.

Domestic consumers use single phase power at 230V. Industrial and Business type
consumers and few domestic consumers use three phase power at 400V. Bulk supply
consumers use 400V three phase power supplies if the contract demand is less than
1MVA 1f thn ~AAantrant Aarmand iec hinhar than 1AM/ A  thav, ~Ant nAanr at 33kV or 11kV
level. tia mersvassito step\dowmi138kY Yao'1Ulkvikate named as Primary

Transformers.

In NWP Itag of Wennappuwa
area, Chilaw area, Puttalam area and Kurunegala town. Distribution transformers are
fed from 33kV and 11kV MV network. To ensure the safety and protection against
hazardous voltages the Distribution transformers must earth at their neutral point and the
lightning arrester with tank of the transformer to the earth mass. The earth mass has non
homogeneous characteristics. As a result of that, the earth resistance varies considerably
when location varies. The earth resistance is mainly depends on soil resistivity. For
designing earthing systems, apparent soil resistivity value to be calculated. There are
number of accepted methods available to calculate this feature of soil. In addition to that

fault level of the distribution transformer to be identified.

In Sri Lanka there are some locations where the soil resistivity is more than 1000Qm,

2000Qm and etc. There are very few locations have the soil resistivity more than 4000

10



Qm. Therefore, new earthing system to be developed to solve the earthing issues of high
resistive soils to install distribution transformers. When fault occurs in distribution
network, fault current flows to the ground through neutral earth. To ensure the healthy
operations of protective devices, the earth resistance must be kept at it’s minimum value.
Fault analysis to be carried out for MV network also for better earthing design for high

resistive soil.

2.1.2 Designing Earthing Systems for restricted areas

Restricted areas can be defined as lands having very small area to carry out construction
work related to any new installation or any expansion of existing installation. When the
Power System, Road network, Communication network, Railway network expands as
per the development projects of the country, it is a duty of Engineers in any discipline to
find optimum solutions by minimizing cost of projects. In electrical installations the cost
can be ng payment of

compensations e

abd

\

Due to thedrbanizationyilahdh becdme: dda g of distribution
transformers, sufficient land area Is needed to install both neutral earth and lightning
arrester earths. Due to the scarcity of land and restrictions imposed by land owners and
various authorities, it is required to design earthing system using minimum land area for
distribution transformers. The minimization of land can be done by minimizing the
number of parallel earths or introducing deep rods for the installation. There is another

method available to be used to improve the soil resistivity of soil enhancing material.

The other option is to design an earthing pit by minimizing the land space required for
earthing. This can be done by using two bases of two poles of the transformer structure.

A special earth mesh to be designed to be used for pole bases of transformer structure.

11



CHAPTER 3

PROBLEM STATEMENT

3.1 Preliminaries

The North Western Province (NWP) is one of nine provinces in Sri Lanka. The Soil
Map of Sri Lanka clearly shows the type of soils available in the province (See
Appendix A). It’s boundaries are Kala-oya in North direction, Ma-oya in South and
South-East directions, Indian Ocean in the West direction and chain of mountains of

Matale region in East direction. Figure 3 shows the soil types available in NWP.
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i dflectionicyh
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Figure 3: Soil Map of North Western Province

Source: Survey Department of Sri Lanka
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North western province is developing rapidly in various sectors such as Industrialization,
Tourism, Businesses, Poultry farming, Prawn farming and Agriculture etc. The
government of Sri Lanka has allocated required funds for developing infrastructure
facilities such as roads, electricity to the people. Rural electrification projects are
planned to implement in the country to provide electricity supply for all potential
customers through 100% Electrification Project. According to the experience gained on
the transformer installations, it was found that the earth resistivity values of some
locations were affecting on earthing of distribution transformers resulting high earth

resistance.
3.2 Problem identification

3.2.1 Existing earthing system

The present carthing system used in Ceylon electricity board is based on “Guideline for
Distribution System Eanthing {part d)”"Mowasissued 5n110981by) Distribution Planning
branch in C%bo. Inlthatiguideline lit was fécommendetl tolse concrete earth blocks
method for the soils*having‘resistivity-1ess than 200Qm. Installation of distribution
transformers were done according to the above guideiine. Before commissioning the
transformers, commissioning tests are carried out by responsible ES of the site and the
results are recorded in Commissioning Test Report (See Appendix C). By analyzing
earth resistance values of neutral earth and lightning arrester earth measured during
commissioning tests, it was found that some transformer locations have very high earth
resistances than the recommended value of 10Q. The list of locations having high earth

resistances are given in Table 2.
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Table 1: Earth Resistance Values in Different Transformer Locations.

S. Name of RE Earth Resistance((2) Area
No. Scheme of i :
Transformer Neutral nghtr"ng
Location earth Arrester
earth
01. | Mahamaeliya 10 12 Chilaw
02. | Koshena 12 10 Kuliyapitiya
03. | Pinnagolla Watta | 15 10 Maho
04. | Minuwanpola 12 10 Wariyapola
05. | Karawitagara 11 13 Chilaw
Dambakele
06. | Hirigollayaya 16 12 Chilaw
07. | Tonigala Watta 34 27 Anamaduwa
08. | Mahigala 20 14 Puttalam
Colakey
09. | Hewanpellessa 18 i Wariyapola
10. | Thammitagama 22 9.5 Rajanganaya
Damsopura
11. | Pallekote 19.5 14.2 Maho
12. | Kongahayaya 30 29 Chilaw
Colony
13. | Ottukulama 20 22 Wariyapola
14. | Nirmalapura 28 20 Puttalam
15. | Mahamewnawa 20 18 Narammala
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3.2.2 Enact laws against Sand mining and transportation

There was a problem faced by engineers and construction staff due to the new law
imposed by Environment Authority of Wayamba Provincial Council of North Western
Province regarding sand mining from sand deposits in rivers, clay mining from clay
deposits and transportation of sand and clay within the province. There was a big issue
in using sand for concrete earth pits. The contractors of construction units have refused
to undertake construction works to install earth pits due to the above difficulties, faced
by them. To solve that issue, Engineers of Construction branch of CEB in NWP
assigned construction jobs related to high voltage lines, transformers, low voltage lines
except earth pits to the contractors. As a result of that, the transformer earthing
installations were assigned to construction gangs which have permanent staff of CEB.
However, the police had not granted permission to CEB gangs to transport sand from
sand mines or from hardware shops in the market to the locations of construction sites. It
was not an gas q 10, GEB.gangs to\ install earthing .system ifoy h and every new
transformér: ﬁ:ﬁw WVince

Therefore, the author has carried out a separate research to find the possibility of using
ABC (metal with quarry dust) to replace the usage of sand for concrete block earths. In
that research cement and ABC mixed properly according to the ratio of 1:8 respectively
with water and used for earth pits. The research was successful and results of research
forwarded to DGM (NWP). Permission was granted to use ABC for concrete mixtures
for earth pits when installing transformers. This issue also exited the mind of the author
to find new solution for using locally available soil or sand with soil enhancement

material such as charcoal and lime to minimize the cost incurred.
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3.2.3 High Earth resistance during dry season

There is another issue on transformer earthing which was identified from Chilaw area.
Such transformers were located close to the sea. The Area Engineer (Chilaw) informed
about the issue to find solution to improve earthing system of existing transformers. The
reason is increase of earth resistance more than 10Q due to dryness of sand in coastal
area because of lack of rain. Therefore earth resistance measurements were taken in
Chilaw Area to find a solution. The data collected from existing transformer earth are

given below.

Table 2: Soil Resistance Values during Dry Season in Chilaw Area

Location Earth Weather Moisture content
Resistance(Q) condition (%)

' Ambaka il | ]

Thoduwawa 40 Dry 10

Mahawewa 43 Dry 15

The Table 2 shows the earth resistance of distribution transformers during dry weather
conditions. All values are above 25Q. It is required to find solution to keep the earth

resistance below the required value (10Q2) even in the dry season
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3.2.4 Non homogeneous Nature of Soil.

The soils in very few locations have homogeneous characteristics. However, it shows
non -homogeneous characteristics in most part of the country. The Figure 4 shows earth
has stratified nature. In actual situation soil has different layers such as Humus, Loam,
Sand, Gravel and rock.

Figure 4: Stratified Nature of the soil

3.2.4 Lack of Know How.

The field staff of construction gangs or electrical superintendents have no idea about the
resistivity of the soil when they going to install a transformer. They don’t have any
knowledge or experience for measuring soil resistivity value of the site beforehand.

Therefore, they use the same method used in low resistive soil for high resistive soil too.
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However, the guideline clearly indicated to carry out further studies for high resistive
soil to obtain another earthing method for such soils. But no one has taken that challenge
to find alternative earthing system for high resistive soils since 1998 after publishing the
present guideline. Therefore, the author has taken that challenge to find solution for
earthing in high resistive soils and decided to narrow down the study within NWP, due

to limited resources available such as man power, vehicles and measuring equipment.
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CHAPTER 4

DESIGN CRITERIA

To design, an earthing system, the designer should have an idea about the fault level of
the site and the fault current that can be flow to the ground at faulty conditions. Different

types of faults can be occurred in the electrical network due to various reasons.

4.1 Types of earth faults
Faults could be identified as Balance faults and Unbalanced faults

4.1.1 Hazardous Voltages

While Earth potential Rise (EPR) exists on an earthing system, during any fault
condition, hazardous voltages exists in the form of Touch , Step and Transfer
potentials [3]]6]. Figure 5 indicates the presence of Step potential and Touch potential

during fault éandition.

)

Potential giadient
without control |-

Reference earth

Without With
potential grading potential grading

Figure 5: Step Potential & touch potential

Source: Application Note-Earthing System [2]
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4.1.1.1 Touch Potential

The difference between EPR of earthing system and the ground surface potential at a
distance of 1.0m is defined as Touch potential. This is the potential difference between a
person’s hand touching an energized object and their feet which in typically assumed to

be 1.0m out from the energized object.

4.1.1.2 Step Potential
The difference in ground surface potential experienced by a person bridging a distance

of 1.0m with the feet without contacting any ground objects is defined as Step potential

[7]1.

4.1.1.3 Transfer Potential
The potential difference that may exist between the local earthing system and a metallic
object such as fences, pipes bonded to a distant location that may be at a different

potential is defined as Transfer voltage.

4.2 Env me tactors thatyincreaseresistivit)
=)
H|gh re: f\7e=e wereYfotind Lat hidiv- ‘a¢ ocated. In North

western province the eastern boundary 1S covered by chain of Matale Mountains.
Therefore the cross section of the North Western province consists of sea beaches, loam
soils, clayey soil, gravel, and rocks. The reasons for the high resistive soil at mountains
are washing out the organic substances for longer period due to rain and the composition
of the rock. Therefore research to be conducted to find ways to reduce the earth

resistance when installing transformers in hilly areas.
4.3 Public protests against installation of transformers
It was noticed that huge public protest aroused when implementing construction work of

transformers, high voltage lines, medium voltage and low voltage lines when poles or

transformer structure is planted very close proximity to premises of land owners or
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people closed to the site identified for electrical installations. In recent past there were
lots of protesters have filed cases in courts and got injunction orders to stop the proposed
construction work, rural electrification schemes and bulk supplies. In addition to that
people protest to release required lands for installation of transformer earth pits. Even
today some court cases are exists stopping the construction work related to very
important projects. To minimize the utilization of land area required for earth pits and
transformer structure a new earthing system is needed. To fulfill that need a research to
be done to find alternative methods.

4.4 High isokeraunic level at mountains.

In Sri Lanka the mountains are located at the central part of the country. Under this
research, soil samples are collected, to find the soil resistivity in rocky areas too. A lot of
communication towers are located at mountain peaks. To provide the power supply for
such locations distribution transformers are to be installed at mountains where the
isokeraunic jg;gels are'nigh* when“'compared “t6" tower" etévations. Therefore special
attention musT"f)e given when designing earthing systems for distribution transformers in

mountains.

The factors given above are considered in designing earthing system.
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CHAPTER 5

THEORITICAL DEVOLOPMENT

5.1. Rationale

The research has to be done to find out new earthing system for distribution transformers
to be located in high resistive soils. In addition to that, possible ways to be found to
minimize the land area required for installation of transformers and earth pits. The main
reason is the scarcity of lands in urban areas. The outcome of this research will be
beneficial for personal who engage in electrical installations in the field of electrical

engineering.

To achieve this target the research should be focused on high resistive soils and digging
earth pits in congested areas such as busy towns, populated area and public parks etc.
During the Ilteratme reviewcars this eesearch itiwas foundl eardienaasearchers have done a
lot of experfments to-Brng down the'earth desistance iy high' resistive grounds. They
have used techmques to" improve the “etectrolytic properties of soil, close to the earth
electrode. They have considered the critical cylinder of the soil to enhance it. In this
research a conceptual framework has been developed to find the earth resistivity of

different combinations of soil enhancement material by doing laboratory tests.

In achieving objectives there are two main problems came across. One problem was the
very high soil resistivity found in sand close to coastal areas. The other problem faced
was non availability of enough land space to install parallel earth pits, to bring down the

required earth resistance of 10€2.

To handle those two issues, an optimum ratio of soil enhancement material should be
identified. A research has been done to get optimum ratio mathematically. This ratio of
soil enhancement material can be used for the particular soil to bring down the earth

resistance.
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To minimize the land area required for earthing, two pole pits of the transformer
structure can be used as alternative earths. In literature review it was found that some
researches have done this method [6] to bring down the earth resistance in special
locations such as play grounds, populated areas and water recreation areas. The
combination of above two earthing techniques may lead to reduce the number of parallel

earths required to obtain the required earth resistance

5.2 Mathematical derivations

5.2.1 Earth Resistance of the Earth Rod in Homogeneous Soil

Figure 6: Earth Resistance of the Earth Rod in Homogeneous Soil

A uniform soil model can be utilized if the apparent soil resistivity value varies
moderately. In homogeneous soil this type of variation can be obtained. But in practice it
is very difficult to find homogeneous soils. If the apparent soil resistivity has larger
variations, the uniform soil model cannot be utilized for analysis purposes. For this kind

of soil types, two-layer model can be used
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[o9)

R — ] dx
B PomxL + 2mx?
0,2

By solving above equation,

R — p 2L
H= om0,

5.2.2 Earth Resistance of Earth Rod in Concrete Block

ffersity of Maratuwa, Sri Lanka.

le@ronic Theses & Disscrtations
www.lib.mrt.ac 1k

.
v
\
b ¢
-
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Figure 7: Concrete Block Earth Pit

d, < 2L
dR., = dR, + dRy,

dc/2 )

R - f dx 4 f dx
eq Peomxl + 2nx? Pomxl + 27mx?

do dc/2
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R [ z (1+2L)+( )l (1+2L)]
eq 2 L pcn do :0 pC n dC

According to the code practice for earthing the equation given for vertical earth

electrode surrounded by infill material is given by:

=gaz [0 =20 (n(5) = 1) +0: (in(Z) - 1)

5.2.3 The potential at distant point from set of charges

The potential distribution at distant point can be derived in following manner. If surge
absorbed by’ n” number of earth rods, It can be simulated as a set of charges having ‘n’

numbers.

Let’s considégprigin O andpointp atfaldistandeplace havihgposttion vector r. If the
position vec&f I charga G s 6. Thereforethe potentiahiatpican be determined by the

equation, =i

Assume r>>>>rij
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Figure8: Potential at distant point
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According to the derived formula the potential at point ‘P’ is inversely proportional to

the distance from the origin [13].

For homogeneous soil for rod type earth electrode, the earth resistance is,
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This shows the soil resistance is directly related with resistivity of the medium and
inversely proportional to the length of the earth rod. Therefore the soil enhancement

material could be used to reduce the resistivity of the medium.

5.2.3 Non homogeneous two-layer model.

In this model two layer of soil having different soil resistivity are concerned. It consists
of an upper layer of finite depth with different resistivity than the lower layer of the
infinite depth. Analysis of two layer method can be done by Sunde’s graphical method
[7]. The abrupt change in resistivity at the boundaries of each soil layer can be described

by means of reflection factor ‘k’.

5.2.5 Two Layer Model

A two layer soil model is shown in Figure 9. It can be represented by an upper layer soil
of a finite depth above a lower layer of infinite depth. This nature can be occurred due to

the stratified fature of the seil
f ’Sif/h\\" i

(

Top Laver

Figure 9: Two layer model of soil

At the boundary of two soil types there is an abrupt change in resistivity. The resistivity
of two soil types has considerable difference. This can be described by a reflection
factor, K where,
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=P2_101
p1t+p2

where , p1— The soil resistivity of the upper layer, in Qm.

and p2— The soil resistivity of the lower layer, in Qm.

To find the average value of apparent resistivity, Sunde’s graphical method was used
[5]. According to the Sunde’s graphical method shown in Figure 10, the apparent
resistivity was obtained as 1000 Qm and the depth of the top soil layer was found to be
0.5m.
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Figurel0: Sunde’s Graphical Method

Source: IEEE Std. 80-2000 [7]
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5.2.6 Theory of Graphical method for resistivity derivation.

The current passing through the sample of the mixture of soil enhancement material can

be measure by varying the voltage. The graph can be drawn as given in Figure 11.

1.8 -
16 - Current Vs Voltage
1.4
1.2
1 .
0.8 -
0.6 -
0.4 -
0.2 -
0 . . . . . . .
0 10 20 30 40 50 60 70
Voltage (V)

y =0.0249x + 0.0794
R?=0.9882

Current(A)

Figure 11: ke graph gf Curkent Vs Moltage
The gradierif"*ici"ifi{he gtaph,.. M= 11/
The resistance across the sample can be calculated from the relationship

R_V
T

s p=21
m

l

But R = pz

Let the dimensions of the soil sample be | X w X h

__pl
T wXh

p = whRll
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CHAPTER 6

DATA COLLECTION: MEASUREMENT OF SOIL RESISTIVITY

North Western province is selected for data collection and it shows good cross section of
soil types such as sand, loam, clay, marshy lands, gravel, rocks and mixtures of these
soil types. Soil resistance samples were taken from 32 locations by Wenner method.
This method is also called 4 pole method. Figure 12 shows Four Pole Earth Megger. It
was used in data collection within the province.

(1)
P
Pl P2 1 Cz Ground Level

[+
Y/ 777777077777 7777 7777777

o™ Wenner4 Pin Method

Universit/i@
Elegiiioni i
wwww 1ih (i

Figure 12: Four pole earth Megger Figure 13: Circuit diagram of Wenner method
Source : IEEE Std 80-2000

Figure 14: Earth resistance Measurement at Field
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6.1 Different characteristics of soil at different locations

Earth resistance measurements were taken by using Wenner method as per the Figure
13. Different types of characteristics of soil resistivity observed in different locations.

Such variations are given in Figure 15,16,17,18,19,21,23 and Figure 24.

1. Alawwa- Walakumbura
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Figure 15: C]ay 'iayer Under Gravel

Alawwa - Walakumbura is located in Kurunegala District, close to Ma-Oya, one of

boundaries of North Western Province. The area is fairly rocky with clayey nature. The

Figure 15 shows the variation of soil resistivity. The top layer soil has high resistivity

due to rocky nature and lower layer shows low resistivity due to high moisture condition

of the soil due to the water level of the Ma-oya. It shows the 2 layer of soil.
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3. Alawwa - Hapugahagedara
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Figure 16: Stratified Clayey Soil

Alawwa — Hapugahagedara is located in Kurunegala District, at clayey rocky village
area. The Flgure 16 shows the variation of soil reS|st|V|ty at top Iayer is higher than the

A -agaln mcreases due 103 Iayers of the SOI|

7. Ibba-gar‘n‘uwa.-' Be.thalagoga
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Figure 17: Clayey Soil near the Bathalagoda Lake.
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Ibbagamuwa — Bathalagoda is located in Kurunegala District, close to Bathalagoda tank.
It’s East side has covered by the ring of Matale mountains, one of boundary of NWP.
The soil is clayey nature. Figure 17 shows the variation of soil resistivity with separation
of probes. It shows two layer nature of soil.

20. Kurunegala
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Figure 18: Loam and Rock

Kurunegala is the city of North Western Province. The huge rock called Ethugala is
located at Kurunegala town. Figure 18 indicate the variation of soil resistivity with
separation of probes. It shows the top layer has very low value of resistivity due to
deposit of organic substances depleted from the top of the mountain. It gradually
increases due to rocky nature of the bottom layer of the soil. It shows 2 layer nature of
soil.
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23. Thoduwawa
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Figure 19: Sudden variation of soil resistivity in Sandy soil.

Thoduwawa i is Iocated in Puttlam dlstrlct close to the sea, West boundary of the NWP,

The soil |s C:)} ‘ very high soil resistivity
value at to ¢ ,fr due to_non retentlon of the water. This occurs due to the granular

nature of sand >part|cles The bottom Iayer of the soil has high moisture content due to

and dry atrtOp Iayer The flgure 19'5hov

the sea water level. Thus, the resistivity becomes very low as a result of high moisture

content and high dissolved salts. This characteristics show two soil layers.

‘v

Figure 20: Sudden elevation change in Sandy soil-Thoduwawa Beach.
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Physical nature of Thoduwawa beach shows in Figure 20. The mean sea level is located
about 3 m below the top surface of the soil. Thus, top surface of the soil shows very high
resistivity. It shows very low soil resistivity due to presence of salts and moisture at the
bottom layer of the soil.

34. Ambakandawila
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Figure 21: Rock Bed under Sandy Soil

Ambakandawila is located in Puttlam district, towards the west boundary of NWP which
is sea. In this area the bed rock is lying under the sand layer forming a reef which
reduces sea erosion. Figure 21 shows the variation of soil resistivity of this soil profile.

At the top layer the soil resistivity increases and remains fairly constant value due to the
bed rock. Then it reduces the resistivity at bottom layers due to high moisture content

and salt concentration. This shows 3 layer soil characteristics.
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Figure 22 : Ambakandawila beach-Rock Bed under Sandy Soil.

Ambakandawila in Chilaw area has a reef in the sea about 30 m away from the land. The

Figure 22 indicates t&e part of reef land the bed roc& Iocated] around Sri Lanka. Soil

& niversity of Moratuwa. Sri Lanka. o

Wﬁves IS mint (J\V te o presénce oh‘he F’eef and bedrock in this
lectronic Theses & Dissertations
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area.

29. Kammala
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Figure 23: Pure Clayey Soil

36



Kammala is located about 2km away from the sea towards the land side. Ma oya, south
boundary of the province is located about 1km. This area is very rich in tile
manufacturing and brick making due to the clayey nature of the soil. Due to the presence
of high water content of the area, the soil tends to be clayey. Clay minerals are very rich
in cations of magnesium and aluminum. Thus it’s electrolytic properties are very high.
Figure 23 shows a constant variation for more than 10m of probe separation which
implies homogeneous nature of the clayey soil layer which is thicker than 10m below
the surface.
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19. Elibichchiya

1400 /V‘\ /
1200 \/

£
<
ﬁ /\//
S 1000
= /
52]
(%]
i 800 4
|_
Z 600 -- - - ~- - ~ - -
% 400 - 2
200 ==
0 ! T T T T T T T 1
0 2 4 6 8 10 12 14 16

SEPARATION OF PROBES (m)

Figure 24: Hard rock under the Gravel layer

Elibichiya is located in Kurunegala district. There are lots of hard rocks available in this
area. Due to the presence of hard rocks metal crushing industries are very popular in this
area. Figure 24 shows the continuous increase of the resistivity with the depth of the soil.

This variation shows a two layer soil profile.
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6.2 High soil resistivity found in sandy soil.

When analyzing the soil data collected from locations very close to the sea, it was found

that the soil resistivity is very high more than 2000Q2m. The reason for that issue is due

to poor interaction among sand grains and leaching off organic substances and salts to

lower layers of sandy soil. As a result of that water retention is very poor at top surface

of the sand layers. When the water comes due to rain, the water particles drain directly

to the bottom layers through sand particles. That is the main reason for getting high

resistivity in the sandy soil very close to sea beaches. This phenomenon leads to do the

research focused on sandy soil to find solution for earthing of distribution transformers

in the coastal region.

Table 3: List of locations measured soil resistance & Soil resistivity.

S.No. | Area CS.C Transformer Resistivity (2m) Soil Type Average
Site Resistivity
Min | Max |: Average Classification
1 | Chilaw gm%, Chilaw, AmbaRandawila 0108 40 687 Sand High
2 | Chilaw _-v Chijlaw Munneshwaram 5 14 9 | Sandy Loam Very Low
3 | Chilaw Chilaw Bingiriya 37 223 150 | Gravel Low
4 | Narammala Giriulla Walakumbura 67 282 238 | Gravel Medium
5 | Narammala Giriulla Hapugedara 95 142 139 | Gravel/Clay Low
6 | Narammala Giriulla Meepitigedara 112 254 192 | Sandy Rock Low
7 | Narammala Giriulla Alawwa 70 217 89 | Gravel Clay Very Low
8 | Narammala Narammala Narammala 5] 79.8 7 | Sandy Rock Very Low
9 | Narammala Narammala Kalugamuwa 40 115 48 | Sandy Rock Very Low
10 | Kurunegala Pothuhera Bandawa 21 180 33 | Gravel Very Low
11 | Kurunegala Mallawapitiya | Mawathagama 49 168 163 | Clay Low
12 | Kurunegala Rideegama Rideegama 51 137 62 | Sandy Loam | Very Low
13 | Kurunegala Gokarella Bathalagoda 28 102 30 | Clay Very Low
14 | Kurunegala Mallawapitiya | Mallawapitiya 252 486 327 | Sand High
15 | Kurunegala Kurunegala Malkaduwawa 56 | 1352 761 | Sandy Rock High
16 | Kurunegala Kurunegala Kurunegala 31 118 41 | Loam Rock Very Low
17 | Kuliyapitiya Pan.Nuwara Bowatta 14 54 26 | Gravel Very Low
18 | Kuliyapitiya Pannala Bopitiya 37 482 169 | Clay Very High
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19 | Kuliyapitiya Pannala Elibichchiya 321 | 1442 877 | Rock/Gravel | High

20 | Kuliyapitiya Pannala Makandura 613 | 3507 1622 | Sandy Clay Very High
21 | Kuliyapitiya Pannala Pannala 35 619 117 | Gravel/Clay Low

22 | Kuliyapitiya Pannala Pannala 31 160 75 | Clay Very Low
23 | Wennappuwa | Bolawatta Kammala 8 833 745 | Sandy Loam High

24 | Wennappuwa | Bolawatta Kammala Beach | 109 | 4273 3614 | Sand Very High
25 | Wennappuwa | Bolawatta Kammala 8 12 11 | Clay Very High
26 | Wennappuwa | Bolawatta Morukkuliya 202 626 610 | Gravel/Clay High

27 | Wennappuwa | Bolawatta Matikotuwa 311 | 1320 896 | Gravel High

28 | Wariyapola Nikawetiya Kumbkwewa 51 104 56 | Clay/Gravel Very Low
29 | Wariyapola Nikawetiya Subasethagama 21 113 29 | Clay Very Low
30 | Chilaw Madampe Madampe 8 230 123 | Sand/ Gravel | Low

31 | Chilaw Madampe Mahawewa 60 | 1213 182 | Gravel Low

32 | Chilaw Madampe Thoduwawa 13 | 4233 214 | Sand Medium

Thus new ways are to be found to bring down the earth resistance to the required level
by improving soil and the moisture content around the proposed earth of such

transformers

Table 4 sh%% he apparent resistivityvaluesiat focations where data collected and the
Figure 25 SHOWs theé' statistical'data“fepresentation of number of locations of data

collected against the range of soil resistivity.
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Figure 25: Statistical representation of number of locations Vs Range of soil resistivity
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CHAPTER 7

DATA ANALYSIS
7.1 Mathematical Analysis

7.1.1 Case Study for Sandy Soil
The research was carried out for high resistive sandy soil in Thoduwawa area. The

variation of resistivity against the separation of rods is shown in Figure 26.
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Figure26: Variation of resistivity in sandy soil near sea

The figure 26 shows the apparent resistivity at top layer is around 4000Qm. In practice,
the earth rods having length of 1.2m are used for earthing of distribution transformers.
According to the values in Figure 26, the resistivity of the soil layer of 1.2m depth is
about 3700 Qm. The resistivity value drastically reduced to 213 Qm at the depth of

2.5m. These values show the two layers of soil exist at this location.

The research was done at Thoduwawa transformer, close to the beach, during the

construction of transformer and earth pits. Charcoal and Lime were mixed with sand of
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the site. The earth resistance was measured by changing the proportions of the soil

enhancement material as in Table 5.

Table 4: Tests results on effect of Soil Enhancement.

Apparent Earth Rod Diameter of | Ratio of Ratio Ratio No. Earth
resistivity(Qm) length Earth pit(m) | Charcoal of of Soil | of Resistance(Q2)
(m) Lime rods

1000 1.2 0.85 1 1 10 1 46.8

1000 1.2 0.85 2 2 10 1 19.0

1000 1.2 0.85 3 3 10 1 10.4

1000 1.2 0.85 4 4 10 1 7.4

1000 1.2 0.85 5 5 10 1 24

The composition of soil enhancement materials changed as per Table 5, Ratio of sand,
Earth rod length and diameter of earth pit remains unchanged. The earth resistance

reduced Cor}?iiggably with the increase of ratig of Charcoal and Lime as Figure 27

__50
e
2 0 N\
g N\
s 30
o N
o 20
£ \
£ 10
©
ks \
0 T T T T T 1
0 1 2Charcoal &3Lime Ratio4 > 6

Figure 27: Variation of earth resistivity with Soil Enhancement

The variation shows nonlinear characteristics of the curve. Therefore analysis was done

by adopting nonlinear regression analysis.
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7.1.2 Derivation of Mathematical expression by Non Linear Regression Analysis

» Assume the function of the curve as Exponential
y=ab*
log y=1loga+ log b*
logy=loga+ xlogh
logy= A +xB

where A=log a

B=log b
ALY %
n n
nyxy-3x¥)

By substitiing values.to {3, a1y, tojabove equations, values of ‘A’ and ‘B’ are

calculated.
A=1.9398
B=-0.2989
Derived equation By Non Linear regression Analysis is given below.
y=87.0662x0.5024*

Equation of the Best fit curve derived by computer software analysis (Microsoft Excel
2013)

y=87.09x0.5066"
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The Best fit curve derived by MS Excel program is approximately equal to the derived

formula

7.2 Finding the soil resistivity of mixture of soil enhancement materials.

The earth resistance is directly depends on the soil resistivity. When the soil
enhancement material is prepared to apply to the earth pit the required resistivity of the
mixture should be identified beforehand and the required ratio of charcoal, lime and
sand should be identified to get the required value (10Q) as the ultimate result of

earthing.

In this research a laboratory test was conducted for sand samples collected from
Thoduwawa beach to find the soil resistivity of the mixtures of soil enhancement
materials. Five (5) samples were taken by changing the ratios of charcoal, lime and sand

as per Table 6.

Table 5: Ratio of Soil enhancement material

Sample num?eg Ratig of Soil enghancemgnt material
s Charcoal Lime Sand
1 ) 1 1 1
2 1 1 2
3 1 1 10
4 1 1 12
5 1 1 3

7.2.1 Test Procedure

A wooden box of 0.2mx0.2mx0.2m having cubical shape was made and inner walls of
two opposite sides were covered with aluminum foils to ensure proper electrical contact

with soil samples. Then they were filled with soil samples. And a variable voltage was
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applied to the two metal sheets and measured the corresponding voltage and current

using voltmeter and ammeter.

Figure 28: The Wooden Box Figure 29: The Sample under Test

7.2.1.1 Preparation of Mixture of Soil Enhancement material.

When mixing soil enhancing materials the performance changes according to such
ingredients. To obtain the optimum ratio of soil enhancement materials, different ratios
of charcoal lile.and Sat 5 iked Witklwageriwva., Sri Lanka.

(= Electronic Theses & Dissertations
SV TT0 TTIT

Figure 30: Soil Enhancement materials and Mixture
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Figure 31: Mixing of charcoal, lime and sand
7.2.3 Laboratory testing procedure

The main idea of this laboratory test is to find the soil resistivity of samples of soil

enhancement material. The voltage ?cross the soil sampl Wai varied by a Variac and
& Iniversity ol Moratuwa, Sri1 Lanka.

U 5O RV B LB AR The i agram of

this test is n Figure.321apd thetest.results were tabulated.
I
~ &

AC Supply|

Figure 32: Circuit Diagram

When mixing soil enhancing materials, it was required to get the actual values of soil
resistivity of such mixtures. To find that values a laboratory test was done. The cubic
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shape wooden boxes were fabricated and filled with samples of five different ratios of
charcoal, lime and sand. The AC test was carried out by changing the voltage by using
Variac the current passes through the samples were measured by Ammeter. From this
laboratory test, the resistance of sample was calculated graphically.

The voltage and current data were tabulated and graphs were drawn for the 5 samples.
The observations and the graphs of Current Vs voltage are shown in Table 7, 8,9,10 and
Table 11 and Figure 33, 34, 35, 36 and Figure 37 respectively.

Table 6: Sample 1:- Ratio 1:1:1-(Charcoal:Lime:Sand)

Voltage(V) Current(A)
10 0.3
21 0.6
325 0.9
40.3 1.1
50, Vi
e 175
1.8 -
1.6 -
1.4 -
g 1.2 -
e 17 y =0.0249x + 0.0794
208 - R? = 0.9882
3 06 -
0.4 -
0.2 -
0 T T T T T T 1
0 10 20 30 40 50 60 70
Voltage (V)

Figure 33: Current Vs Voltage of Sample 1
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Table 7: Sample 2: Ratio 1:1:2 -(charcoal:lime:sand)

Voltage(V) Current(A)
10.5 0.2
20.3 0.3

30 0.5
40 0.6
50.2 0.7
62 0.9

0134x + 0.0561
R*=0.9892

0 10 20 30 40 50 60
Voltage (V)

70

Figure 34 : Current Vs Voltage of Sample 2
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Table 8: Sample 3: Ratio 1:1:10 -(charcoal:lime:sand)

Voltage(V) Current(A)
12 0.1
22 0.3
31 0.4
40.1 0.5
50 0.6
60.2 0.7
0.8
0.7 &
0.6

o
n

Current(A)
o
D

0.3 y = 0.012x + 0.0039
R?=0.9793
0.2
0.1
0 T T T T T T T 1
0 10 20 30 40 50 60 70

Voltage (V)

Figure 35: Current Vs Voltage of Sample 3
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Table 9: Sample 4: Ratiol:1:12 -(Charcoal:Lime:Sand)

Voltage(V) Current(A)
10.5 0.1
20.2 0.2

30 0.4
40.2 0.5
51 0.6
63.1 0.8
70.2 0.8

y =0.0123x - 0.0144

Voltage (V)

R?=0.9825
0.2
0.1
O T T T T 1
0 20 40 60

80

Figure 36: Current Vs Voltage of Sample 4
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Table 10: Sample5: Ratio 1:1:3-(Charcoal:Lime:Sand)

Voltage(V) Current(A)

11 0.3

20 0.5

30 0.8

0.8 ~ y =0.0264x - 0.0031
R?=0.9929

10 15 20 25 30 35
Voltage (V)

Figure 37: Current Vs Voltage of Sample 5

The gradient of the graph, m = é . But the resistance R across the sample can be
calculated from the relationship R = %

Therefore R = =

m
1
But Rzpz

In the soil sample length 1=0.2m and
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Area A=0.2m x 0.2m

Therefore R = =
0.2

p=0.2R
Using this equation resistivity of the sample is calculated.

Table 11: Soil Resistivity Variation of Enhanced Samples

Sample Gradient=m | Resistance=1/m | Resistivity=0.2xRes:
1 0.0249 40.16 8.03
2 0.0134 74.62 14.97
3 0.0120 83.33 16.66
4 0.0123 81.30 16.26
5 0.0264 37.87 7.57

According t({zﬁ;é Talte d2(rthel soill resistivity changes vith teschange of ratios of the
soil enhancérﬁ“ent material.- ‘Thel'sample '5. shows the lowest value of resistivity of
7.57Qm. in the sample 5 the ratio of Charcoal: Liimie: Sand is 1:1:3. it clearly shows that
when the Charcoal and Lime ratio increases with respect to sand, the electrolytic

property increases resulting lower the soil resistivity value of the mixture.

This method can be used for any type of soil to get optimum ratio of soil enhancing
material. A set of curves can be drawn on graph to find the most suitable ratios of such
materials to get required earth resistance value of 10 Q using standard copper clad steel
earth rod having length of 1.2m and the diameter of 19mm .By using this method

number of parallel earths can be reduced to minimum level by minimizing the land area.
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CHAPTER 8

ANALYSIS USING ANSYS MAXWELL SOFTWARE

8.1 Ansys Maxwell Software

The Ansys Maxwell software is widely used in designing and optimizing electrostatic,
electromagnetic and eddy current problems. It is based on finite element method. In this
method minimization of potential energy is considered. Therefore 3D model is used. In
IEEE model also used rod type electrode in similar manner. In this software solution is
done by dividing the volume within the critical cylinder into number of tetrahedrons and
start to analyses the potential distribution in various elements attached with previous set
of elements. Thus continuous solution can be obtained within the specified boundaries of
the critical cylinder.

Um\ ersity of Moratuwa. Sri Lanka.
Elcotromc Theses & Dissertations

v B) v 0 & v Pagev Sofetyv Tookv @v

s Computer | Protected Mode: Off v e
- =

Figure 38: Design Details
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Figure 39: Model

To simulate the earth electrode the core and the pit should be modeled in 3-D plane with
real dimensions of earth pits. Also a simulation region should be defined to perform

eterah DIORELIES 1%L 95T ARG e current i applied

simulations.

i Favorites | 9% ] Suggested Sites v @] Web Slice Gallery v
& MaxwelBDDesignl.
T

4 Computer | Protected Mode: Off

Figure 40: Field Overlays
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In this section all the field simulations done in the project are appeared as a summery. In
the simulated example it shows the variation of VVoltage, Energy and the Mesh which is

used in simulation by FEM.

8.2.2 Discussion of simulation results

Energy[J_per_m3

1.1058e+082
1.0363e+002

B 9.6685e+001
"~ 5.9738e+001

8.2791e+001
7.5844e+001
6.8897e+001
| 6.1950e+201
5.5003e+001
4. 8956e+001
4. 1109e+001
3. 4162e+001

2.7215e+001
2.0267e+001
1.3320e+001
6.3734e+000
-5.7367e-001

Figure 41: Energy variation in the XZ Plane

As per thegréégvlgts of "Ansys Maxwell simulation Software, it Was found that the inner
cylinder Cld_ éthe earth rod absorbed more energy and the stresses around it increases.
This can be used to simulate the earth resistance by getting the simulation results on

power loss inside the earth pit.

Yoltage[Y]

J!
! 5. 6250e+003
4. 9219e+003

1.1250e+004
1.0547e+004
9.8438e+003
9. 1496e+003
8. 4375e+003
7.7344e+003
7.0313e+003
6.3281e+003

4, 2188e+003
3.5156e+003
2.8125¢+003
2.1094£+003
1.4863e+003
7.0313e+002
0., 0000 +000

Figure 42: Voltage Variation in XZ plane
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Figure 47 shows the voltage variation around the earth electrode inside the critical
cylinder, which shows maximum voltage at very close proximity of the earth rod and
gradually reduce when the distance increases along the radius if the pit. In Ansys
Maxwell modeling, the scale and the legend is given. Geometrical planes (XY, YZ, ZX)

could be selected according to the requirement of the modeling.

Yoltage[V¥]

1.1250e+804
. 1.0547e+004
| 9.8438e+003

' 9.1406e+003
8.4375e+003
7.7344e+003
7.8313e+003
6.3281e+003

{ ‘ 5.6250e+003
4. 9219e+003
Y4, 2188e+003
3.5156e+003

. 2.8125e+00@3
2.1094e+003
1.4963e+003
7.9313e+002
0. 0000e+000

Figure 43: Vﬁi%ige Variationdm2xZ plane

The analysis of the grounding rod has been carried out with first order triangular finite
element method in the 3cm 15¢cm and 200cm from the rod, since 25%, 50% and 90% of

the rod resistance is within the region [14].

The Ansys Maxwell simulations are carried out with real values in a practical scenario.
To validate the results of this computer simulation, a comparison is done around the 3cm

region of the core.
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For the 3 cm region.

Applied voltage to the rod =11250V

Therefore total potential Drop=11250V

Potential within 3cm region= 8437V

Therefore potential drop within the 3cm region= 11250V-8550V

=2700V

2700
11250

Voltage drop as a percentage = X100 = 24%

For the 15 cm region.

Applied voltage to the rod =11250V

Therefore toﬁi'agotential Drop=11250).

Potential vvltth 15cm region= 5710V

Therefore potential drop within the 15cm region= 11250V-5710V

=5540V

5540

11250 X100 = 49.24%

Voltage drop as a percentage =

For the 200 cm region.
Applied voltage to the rod =11250V
Therefore total potential Drop=11250V

Potential within 200cm region= 703.13V
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Therefore potential drop within the 200 cm region= 11250V-703.13V

Voltage drop as a percentage =

10546
11250

=10546.87V

X100 = 93.7%

In the computer model a current of 10kA is applied, therefore the potential is

proportional to the Earth resistance.

Table 13: Comparison of Results

Distance | Percentage Percentage Percentage | Difference | Percentage
from the Voltage Drop | Resistance Drop of Error (%)
center of | Of Computer | Drop of resistance

the simulation (%) | Computer as per [15]

core(cm) simulation (%)

3 24 24 1125 A 4.00

15 &ab; h29.2 501 ios 1.52

200 93 tigss £ -4.30

According to the Table 13, the error percentage is considerably low. Therefore the
results of the computer simulations carried out by Ansys Maxwell software have similar

trends of the of the research work [14]. Therefore the simulated model can be validated.

The above results of Ansys Maxwell simulation shows that more energy dissipates very
close to the earth rod. To minimize the use of land for earth pits in restricted areas,
diameter of earth pit can be further reduced than the standard diameter of 850 cm. It will
reduce the cost of excavation of earth pits, volume of soil to be excavated, required
volume of soil enhancement materials and the total cost incurred for earth pits. It is

required to carry out research in future to identify the optimum diameter of earth pits.
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By reducing the diameter of earth pits, public protests and objections can be minimized
to increase the efficiency and effectiveness of construction works related to distribution

transformers in restricted areas.

: ¢§ z
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CHAPTER 9

PROPOSED SOLUTION

9.1 Conceiving features of a relevant solution

To design a new earthing system, previous studies done by researchers were studied
during literature review. It was found that many researches have done researches all over
the world on this matter using their own thinking and ideas extracted from previous

researches.

The research has been done to implement the new idea conceived in mind of author to
find suitable solution in earthing of distribution transformers. There are two objectives to
find solutions for earthing. One is to find solution for areas having high soil resistivity.
The other one is to find optimum ways of earthing in restricted areas. Those are burning
issues in povier distributionssector inlthelinstaliation, af powen distribution transformers.

The area ha\ﬁng' sandy-soHsiand hard rockshave highresistivity.

Before comnﬁghce the soil resistance measurement of proposed sites, the list of proposed
sites for implementing rural electrical schemes, bulk supply transformers and
transformers required to augment the power network was taken from construction
branch of North Western Province of CEB. Field measurements were commenced after
giving proper training on using Wenner method (Four pole method) to electrical
superintendents attached to Construction branch and Distribution Maintenance branch.

Soil resistance measurements were taken from 32 locations where the new transformers
are proposed, Soil resistance measurements were taken at every half a meter as per the
data sheet prepared by the author, soil resistivity values were calculated and graphs were
drawn to get clear idea about the geography and the soil condition of each potential sites.
It was found that locations such as Kammala (Figure 23) have clayey soil and it shows

homogeneous characteristics, however sandy soil close to sea such as Thoduwawa
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(Figure 19), Ambakandwila (Figure 21) and Mahawewa and soil at hilly areas such as
Alawwa (Figure 15), and Elibichchiya (Figure 24) in Bopitiya area indicated non

homogeneous characteristics.

9.1.1 Earthing of distribution transformers in high resistive soil

The aim of the research is to find a suitable solution for earthing of distribution
transformers having high soil resistivity and restricted areas due to various constraints
such as objections of land owners, objections by various authorities and physical

constraints such as valuable ancient buildings, trees utilized for religious activities etc.

During the literature review it was found that the interference of earthing resistance
varies with the separation of electrodes. The separation should me more than twice the

length of the earth rod. It was noted to maintain the separation as indicated in Figure 44.

Figure 44: Separation of earth rods.

Source: Energex Distribution earthing manual [6]
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If the separation of the two earth rods is less than twice the length of earth rod, overlap

between two critical cylinders are take place.

‘ | / Pig
)i\\ /’
INTERFACING -
* . HEMISPHERE EARH
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Figure 45: Overlapping of Critical Cylinders
Source: Energex Distribution earthing manual[6]

Due to thé@lappmg of. criticalicylinders the.earth, sesistance of one earth rod
influences the ot other earifh-todl

g %l 24’&1”“
ol -
I

Figure 44: Effect of resistance of one rod on the rod due to overlapping

Source: Energex Distribution earthing manual[6]
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At the beginning, earth resistance measurements were taken on existing transformers
and it was noticed that the earth resistance at coastal area and hilly area shows high
resistance values. The reason is non -availability of moisture in concrete block earths. It
is required to find ways to be replaced concrete block earthing system by using some

other materials or mixtures having good hygroscopic quality.

To prepare this mixture charcoal powder, calcium oxide (lime) and sand were mixed
properly with water and made a slurry and poured into the earth pit having 0.85m
diameter and rod length having 1.2m long. When examine characteristics of soil data, it
was found that the top layer soil in the coastal belt has high resistivity and low layer has
low resistivity. Thus extended earth rods were used and achieved required level of earth

resistance.

9.1.2 Installations of distribution substations in restricted area.

Urban areas are highly populated and congested. It is very difficult to find free spaces to
install transfgfg)ers and earth pits.. To find solytions for this issue a non-conventional
earthing system [3] has been designed, to minimize the required land area for earthing.
The special »e_af'th mesh was designed to implement the new concepts of such earth
(Figure 47). The procedure of installation of pole based earth is shown in Figure 45 and
Figure 46. In this design two pole pits were used to earth lightning arrester earth and

neutral earth.

In construction of distribution substations, bases of two poles are concreted to have
sound structure. In the new design those two pole pits were used as earths. By
immersing earth mesh around the butt of the pole and copper clad galvanized steel earth
rods were used to connecter the down conductor of both neutral and lightning arrester

earth. The newly conceived method can be identified as pole based earthing system.
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9.2 APPLICATION OF THE PROPOSED METHOD

The proposed method is mainly focused on sandy soil. It is a special segment of soil
having high soil resistivity. There are only few locations such as sea beach, in North
Western Province having these types of soil characteristics. According to the present
practicing method, it is not possible to have large number of parallel concrete blocks
carths in parallel to achieve 10Q earth resistance. If more land area required for earthing,
issues will arise due to some constraints such as non-availability of enough land area,
constraints due to the physical objections such as roads, drainage systems, buildings and
parapet walls etc. Therefore there was a high need of implementing this type of earthing

system to address this issue.

The new method of earthing is implemented in coastal areas such as Amabakandawila,
Thoduwawa and Chilaw and observed results. The results achieved are acceptable and

i 4hAa o111 vraliia A TN

those were wit

9.2.1 Implefieficatiop. of |

The pro rious researchers
and the authors. The earthing is very essential in installations of transformers to ensure
the safety and protection of human beings, livestock and equipment. To implement this
new method of earthing, the soil resistivity of the proposed site is to be measured using 4
pole earth tester according to the Wenner method. If the soil is homogeneous, the

apparent soil resistivity value can be taken for future steps of the earthing.

If the soil has stratified nature the sundae’s method for two layer soil models can be used
to get the apparent resistivity. The apparent resistivity can be used for designing earth
pits for high resistivity soils.

To implement this new earthing system, within the NWP, the people who are really

engaged in construction work to be trained properly by educating them regarding the
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theory behind the proposed system. The research was done for the sandy soil having soil
resistance more than 1000Q2m. Thus the research to be implemented for rocks in hilly
area too. In future, the soil resistance measurements are to be taken by selecting
locations from hilly area.

A training programs to be done to electrical superintendents and linesmen including
theoretical and practical sessions to educate them for future research. Through this

process better results can be achieved after giving proper training for them.

: ¢§ z
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Figure 45: Pole base of a pole based earthing system.
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In urbanized areas the lands are very expensive and it is very difficult to find locations
for transformers and earthing systems. To materialize the conceptual framework build
up to for earthing in urban areas, a special design for earth mesh was carried out by the
author for earthing at pole base. In construction field, pre- stressed poles are using for
mounting transformers. The measurements of pole bases are taken and designed the
earth mesh and construction of earth mesh was done with the help of earth mesh

suppliers of the province.

9.2.2 Advantages and disadvantages of pole based earthing system

Figure 46: pole based earthing system.
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The minimization of the land area required for earthing is the great advantage. In urban
areas land is very valuable and scares resource when installing transformers in
conventional manner. It is required to dig two pole pits for transformer structure, two
earth pits for lightning arrester earths and another two earth pits for neutral earth. Using
the pole based earthing system four earth pits could be eliminated if the earth resistance
of each earth gets the required value of 10Q. If the earth resistance of each earth greater
than 10Q then it is required to install maximum of another two earth pits, for lightning

arrester and neutral earth eliminating two earth pits.

In this earthing design, bases of two poles of the double pole structure should be filled
with concrete to maintain the stability and strength of the structure. For those two earth
pits using soil enhancement material is not advisable. But if required additional earth to

reduce the earth resistance soil enhancement material are recommended for those earths.

Depending ugon thel reguirersent onlyhoneddditional rearth icarm be installed only for
lightnin afmBsit) carth| GE the MeGtrhlNets résidtaeacisigiager 0Q but less than
QOQ'[ 1 Thret VNa svsterm can be-tised nsformers too. In

this case lightning arrester earth can be fixed to the poie based earth and neutral earth
can be fixed more than 3m apart from the lightning arrester earth. In this case the land

area utilization has been minimized.

In double pole structure of distribution transformers the length of the cross arms which
are used to mount the transformer, set of lightning arrester and set of DDLO switch is
2.2m long. The length of the earth rod is 1.2m long. The separation between adjacent
earth rods should be greater than twice the length of earth rod. That means the separation
between two earth rods mounted under the pole base is less than the required separation.
As a result of that 0.2m overlap will take place and there may be 10% interference of
potential from one earth rod to the other earth rod. It is a disadvantage.
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9.3 Methods and Techniques

It is required to find the solutions using available resources for earthing. It was found
that the earth resistances of several distribution transformers installed in coastal areas
such as Chilaw, Ambakandawila, Thoduwawa, and Wennappuwa have high earth
resistances in the range of 50Q to 100Q in dry weather conditions. Similarly the
transformers installed at hilly areas have earth resistance in the range of 40Q to 80Q.
Those values are very high in the earthing standards of distribution transformers are

concerned.

The Lanka Transformers (pvt) Ltd, a subsidiary of Ceylon Electricity board is the only
manufacturer of distribution transformers as well as primary transformers. According to
the guidelines for installations and maintenance of transformers, the recommended earth
resistance value of the lightning area earth should be less than 5Q. It has also given that
value should be between 5Q-20Q ranges [15]. However, to avoid possible electric

shocks the egidh) resistanteyshotiltybe as'viQeta asi lowerasipossible’

)

Y.

In communicﬁibn towers.the grounding resistance should be less than 10Q. The code of
practice forgdrthing has indicated that the site should be selected to manage the
moisture content in the soil is between 15% to 20% [10]. However, this type of soil
cannot be found in coastal areas or at peaks of mountains. It is a big issue faced when
designing the proposed earthing system for high resistive soil. The present guideline
used within Ceylon Electricity Board has recommended to maintain the earth resistance
of the lightning arrester earth below 10Q and the resistance of the neutral earth below
20Q. However, it is required to maintain earth resistance of lightning arrester earth in
distribution transformers below 10Q. That guideline is recommended that method for

soil having low resistivity below 200Qm.
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9.3.1 Procedure of Self Pole Earthing System

9.3.1. Construction of earth Mesh

Mild steel rods having 6mm diameter was used to construct earth mesh for self-pole
earthing system. There are different types poles used for installation of transformers.
The base sizes of all pole types are measured and different earth meshes are designed to

enable each type of pole to be inserted to the earth mesh.

Ulm el‘%ll\ of Momlmm Sri Lanka.
esh’ tiesigned ffor Self RoteEatthinge rtations

&> www.lib.mrt.ac.lk
The pole is embedded to the earth mesh through the pole placing hole. The dimensions

Figure 47: ;

of pole placing hole may vary from 600mmx300mm to 700mmx370mm. All the

intersection points of the earth mesh is welded properly to ensure proper mechanical

strength.

Figure 48: Earth mesh In Pole Pit
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During the pole installation stage, it is very important to handle the pole with extra care.
Since the pole should be inserted carefully without damaging the earth mesh or pole pit,

experienced crane operator with skilled helpers should be assigned for this process.

Figure 49: Planting Pole in Earth mesh

The copper clad steel earth rods must be inserted to earth pit to connect earth cables

coming from Lightning arrester earth and Neutral earth. To ensure the safety of the

transformer ture, the polebase must be filled with concréte of1:3:6 (Cement :Sand:

=)

Aggregate)?i’_h_“__ fn‘crete mixture using ABC.of 1:8 ratio.(Cement: ABC)

9.4 ECONOMIC ANALYSIS

According to the results obtained from laboratory tests, the optimum solution on soil
resistivity is received from the combination of soil enhancement material having ratio of
1:1:3 (Charcoal:Lime:Sand).To compare the cost involved to install one earth pit using
concrete block earthing system 1:3:6 (Cement:Sand:Metal) and the soil enhancement

material the following calculations were done.
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Table 13: Cost involved in one unit of cement block earth.

Material Quantity Units Rate(Rs) Cost(Rs)
Metal 28.8 Cubic ft. 55 1584
Sand 14.4 Cubic ft. 75 1080
Cement 3.2 Bags 980 3136
Labour 15 Labor Hrs. 414 6210
Transport 1 Unit 2500 2500
Earth mesh 1 Unit 1800 1800
Total Cost (Rs) 16310

Table 14: Cost involved in one unit of earth with soil enhancement material

Material Quantity Units Rate(Rs) Cost(Rs)
Charcoal 9.3 Cubic ft. 3125 2906.25
Lime 9.3 Cubic ft. 200 1860
Sand 18.4 Cubic ft. 0
Labour 15 Labor Hrs. 414 6210
Transport Unit 1000
Earth Mesh - 1 Unit 1800 1800
Total Cost(RS)3 13776.25
Cost Analysis :

Cost of concrete block earth =Rs.16310.00

Cost of earth with soil enhancement =Rs.13776.25

Cost Difference =Rs.2533.75

Percentage Saving =18.3%

The above cost comparison indicates the cost saving for one unit of earth block is
Rs.2533.75.  Normally four earth pits are used for installation of distribution
transformers. Therefore, the total cost saving is about Rs. 10,135.00. The percentage
saving is 18.39%
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CHAPTER 10
DISCUSSION

The research on designing earthing system for restricted area having high resistive soil
was done to find solution for earthing of distribution transformers. The main intension
was to solve the issues faced by Electrical Engineers and Electrical Superintendents of
Construction Branch in North Western province. In the present practicing guide line,
there is no any proposed method to reduce earth resistance in high resistive soil. The
earthing guideline has given only the concrete block earthing system for Distribution

Transformers.

After collecting data, the resistivity values were calculated according to the formula
given under Wenner method. The graphs of resistivity values were plotted against the
separation ofggrobes. Accqrding to the Wenper method; the rod separation is equal to the
depth of soﬁ}yel'. The-auther~was, able: t6- demonstrate; thecsoil types available at
different Iocat'_ibns of NWRvandbtheiricharacteristics according to the calculated values of
apparent resistivity. The author has given instructions to the staff of Construction Branch
to take soil resistance measurement before starting the excavation works of pole pits and
earth pits to install a new transformer. This helped to identify the apparent resistivity of
the site and it leads to design proper earthing system. The construction staff of CEB of
NWP is still using present guideline [16] to carryout earthing of Distribution

Transformers.

According to the soil resistivity data, the high resistive area in the coastal belt was
selected and the research was totally confined to the sandy soil having soil resistivity
more than 1000Qm. In this research the usage of cement was replaced by soil

enhancement material such as Charcoal and Lime. The Lime (CaO) is purchased from

72



hardware shops which has building construction materials. Charcoal and Lime were

used to enhance the electrolytic properties of sand.

Even in the busy construction programs of Rural Electrification projects the ESS,
Linesmen and other workers have devoted their time and effort to give better service to
achieve targets of the research. They worked hard on taking earth resistance
measurements periodically. During dry season the soil resistivity increases and it leads
to increase the earth resistance of transformers. A conceptual design was done to
eliminate that issue. An external water container was introduced to provide water supply
as drops to earth pits to maintain the moisture content around the earth electrode and
earth pit. As a result of that even in dry season the earth resistance would maintain
below 10Q. A layer of wet form would laid on the top surface of the earth pit to retain
the moisture content as favorable level. It is a new concept conceived in the mind of

author to retain the moisture condition in the earth pits. The external water container can

be installed at the side of the concrete pole of the transformer structure about 2m above
the grou 2

fy‘;{
Earthing im@gsiricted area. is anather jssug i ion Transformers
and eart Ising exothermic

welding. This method used for both neutral and lightning arrester earths separately. The
minimum separation between lightning arrester earth and neutral earth should be twice
the length of earth rod. In practice, construction works are carried out keeping the
separation between two earths as 3m. However, in restricted locations, it is very difficult
to maintain such separation. Normally the earth rod used is 1.2m long. Therefore, the
minimum separation should be greater than or equal twice the length of the rod (i.e.
2.4m separation). But according to the construction standards of Distribution
Transformers, the separation between two poles of transformer structure is 2.2m. As a
result of that 0.2m overlap between two critical cylinders exists. Therefore, only 10% of
earth resistance will experience on the other earth pit. Comparatively this value is very

small. If the land is available enough to install earth pits, to avoid the interference of
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lightning arrester earth to neutral earth, separate earth pit should be installed having 3m

separation.

If the location is a restricted area there is no space to install separate earth for lightning
arrester earth and neutral earth. Therefore two separate earths can be installed using two
bases of poles of the transformer structure. If the earth resistance values are 10Q or
below, those two earth pits can be kept as it is. If earth resistance values are more than
10€2, those two earths can be connected in parallel to provide earth for lightning arrester
and another separate earth pit should be installed 2.4m apart for neutral earth of the

transformer. In this case Soil Enhancement materials are used to reduce earth resistance.

It was found that the earth resistance depends on the resistivity of soil enhancement
material. Therefore, earth resistance was calculated in graphical manner by doing a
laboratory test. In this case voltage measured between two opposite sides of a cube by
varying the voltage usimgacd\faniac andclnmentiwasimeasuted by ammeter. By changing
the ratios ofECF\arcoal el andl Sand) e ‘different values o irésistivity were obtained.
The graphs‘were drawn clirrent- atfainst-vetiage. The reciprocal of such gradients gave
the resistance of such sampies. By considering the resuits obtained, it was noticed that
the resistivity of such samples reduced when increase ratio of Charcoal, Lime and Sand
as 1:1:3.

The distribution of potential due to lightning surge was simulated by using Ansys
Maxwell software version 16. It was noticed that major part of the energy of lightning
surge absorbed within the region close to the earth rod. The total energy loss in the earth
pit was used to calculate the earth resistance of the earth rod. These values were
validated with the results of the formula given under earthing manual (BS7430) this
formula is called Dwite formula. This research is to be extended for other types of soils
having high resistivity. Therefore it is necessary do such research for hard soils or rocks

located on mountain peaks.
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10.1 Analyzing Results obtained by new Earthing Design.

According to the results obtained by the research, the new earthing design was
implemented for sandy soil in Chilaw area. In the implementation at Chilaw City Hotel,
soil enhancement materials such as Charcoal and Lime mixed with sand collected from
the site. The site is located about 80 m away from the sea. The mixture was prepared
having ratio of 1: 1:3 of Charcoal: Lime: sand. One of lightning arrester earth pit filled
with the mixture including Earth rod and Earth mesh. The moisture condition of the soil
was measured by moisture meter and it is recorded as 16% at the site of Chilaw City
Hotel. To compare the results of both methods, one of neutral earth pit was filled with
concrete mixture having ratio of 1:8 of Cement: ABC. The results obtained are indicated
in Table 16.

0 PR e B
vgratuwa, Sti Lanka. -

& Disscrtations - | S

Figure 50: Measurement of Moisture content of Soil

This research was carried out for another site situated very close to marshy land. In this
case, Charcoal and Lime mixed with the soil extracted from the marshy land. That soil is
very rich in organic substances. The color of the soil is black. The ratio of 1:1:3 of
Charcoal: Lime: organic soil was mixed properly and put into one of earth pit of
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lightning arrester earths with Earth mesh and Earth rod. For one of neutral earths cement
block earth was applied to compare both results. The soil at this site is wet and the

moisture content was recorded as 56%.The results were recorded in Table 16.

Table 16: Earth resistance measurement results in Chilaw area.

Location Soil Condition Method Earth resistance Earth
Implemented Q) resistance of
parallel
Soil Moisture Pit 1 Pit 2 combination
Type Content Q)
(%)
Chilaw City Sandy 16 Concrete earth | 48 50 26
Hotel pit
Charcoal, Lime | 25 30 13
Sand mixture

Cargills F | 5 | 18 10
City, Chilaw | Dpit | |

()

Sand mixture ‘ ‘ ‘

According to the results obtained from both case studies it clearly shows that moisture
content of the soil and the soil enhancement material plays vital role in reduction of
earth resistance of distribution transformers. When the results obtained from above
research is concerned, applying Charcoal and Lime gives better results than adding
Cement with ABC. The economic evaluation also indicated that use of soil enhancement
material give saving of 18.39%. Therefore, it is recommended to use mixture of soil
enhancement materials to earth distribution transformers in restricted areas having high

resistive soils.
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CHAPTER 11

CONCLUSION

The research was carries out to find solutions for two objectives. First one is to find out
a new solution for earthing of Distribution Transformers in high resistive soil. The
second objective is to find solution for earthing at restricted areas such as towns. As per
the results found from the research, it is recommended to use soil enhancement materials
such as Charcoal, Lime and Sand according to the ratios of 1:1:3 respectively. The
above proportion gives the lowest value of soil resistivity of the mixture. According to
the economic evaluation the use of above mixture give the saving of about 18.3%. It is

very economical to use soil enhancing material by eliminating use of cement.

The SO|| “mjyg‘ second: obiective Yis-the' use ‘of ~two ‘pole™nit i the transformer
structure to,aMAWhize theland usage. TFthe required earth Yesist: ot achieved from
this alternative | | of usi ' be installed with

the soil enhancement material. The final design of the earthing system is the

combination of both solutions found in the research.
11.1 Recommendations for future research.

11.1.1 A conceptual alteration to existing transformers to reduce soil resistivity

A conceptual design was done to improve the efficiency and effectiveness of the
earthing system of existing transformers as well as for proposed earthing systems. It is
needed to monitor these earthing systems periodically during dry season to top up the
water in water container if needed. However during rainy season the soil around the

earth electrode become wet and the soil resistivity of the earth pit become low value.
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Normally the North Western province receive rain from two inter monsoon seasons.
South -West inter monsoon acts during the months of March and April and North -East
inter monsoon during October and November. During the rainy season the water
container attached to the proposed earthing system automatically filled by rain water.
Thus during rainy season, the external water supply can be stopped by closing the gate

valve of the water system.

In dry season the ground water level goes down and the soil surrounding the earth
electrode become dry. In this period, the soil resistance goes up and the soil resistivity
also increased. Supervisory control is needed to act during this period to open the gate
value of the external water supply. It is also required to measure earth resistance of the

earth pit having soil enhancement material to cross check the value of earth resistance.

To streamline these supervisory activities, the items mentioned above should be
included on computer based maintenance program. A database can be used specially for
transformers to check the earth resistance and water level of external tank with proper
maintenancgéér%t_ivity sheet, Once the,work of,a particular transformer is completed, the
database ofgEa€omputer.to pe, updated tqget next maintenance activity sheet after the

specific time r;eriod.
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SUBSTATION EARTH IMPROVEMENT BY INCREASING MOISTURE
CONTENT OF THE EARTH PIT
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Figure 51: Water Droplet treatment for Earth Pit
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A drawing of the conceptual design is shown in Figure 50. It is required to do a research
on this design to enhance the efficiency and effectiveness of the earthing system. This
system can be adopted for existing transformers installed in sandy soil, on hard rocks in
dry weather conditions.
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Appendix B: MV Network in NWP and locations of measurement taken on soil

resistance
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Appendix C: Commissioning Test Report
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