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1. Introduction

The Earth Resistivity Test of soil for Lamahi Substation was carried out to determine an average value of electrical
resistivity of soil for design of safe earthing system

Resistance of an earth electrode is heavily influenced by the resistivity of the soil in which it is driven and as such, soil
resistivity measurement is an important parameter when designing earthing installations. Knowledge of the soil
resistivity at the intended site, and how this varies with parameters such as moisture content, temperature and depth,
provides a valuable insight into how the desired earth resistance value can be achieved.

Soil resistivity is a measure of how much the soil resists the flow of electricity. An understanding of the soil resistivity
and how it varies with depth in soil is a necessary to design the grounding system in an electrical tower or for lighting
conductor. It is needed for design of earthing system for tower.

Soil resistivity testing is the process of measuring a volume of soil to determine the conductivity of the soil. The
resulting soil resistivity is expressed in ohm-meter or ohm-centimeter.

2. Methodology

The method adopted to calculate the ground resistivity is Wenner Four-Pin Method which was developed by Dr. Frank
Wenner US Bureau of Standards in 1915, (this study also follows IS 3043:1987 Code of Practice for Earthing). In this
method four electrode are used, two electrodes C1 and C2 for current injection into the ground and other two
electrodes P1 and P2 for voltage measurements respectively. While calculating the data on the field, the four
electrodes are embedded into the ground in the straight line and two outer electrodes are used as current electrode
and used to inject the current into the ground and two inner electrodes are used as potential electrode and help to
measure the voltage drop due to resistance of soil path when current passes between the outer electrodes. The
schematic diagram of the Wenner Four Pin Configurations can be shown in Figure 2.1.

The resistivity can be calculated from the measured resistance value by using the following formula
p=2maR
Where, p = Resistivity in ohm-m
a = Spacing between two adjacent electrodes/spikes
R = Resistance measured in ohm

It should be noted that measurements made in this manner indicate average resistivity over a depth of soil
corresponding to the spacing between adjacent electrodes.

During the measurement on the field, we have considered the following steps.

+«+ Find the center point of the site so that measurement can cover the whole site and take the coordinates of
the center point. This test is better to perform in flat location; it gives the depth of one third of total length of
cable layout.

¢+ Prepare the eight straight path directions for cable layout by using the geological compass from the center
point of the site.

+ Take the soil resistivity measuring on the center point of the site and connect all the electrode cable with the
soil resistivity measuring instrument and embedded the electrode in equal spacing as mention in above
Wenner Four Pin Configuration Methods.

«» Energize the electrode with the external power supply from soil resistance measurement instrument and
make sure that no one touches the electrode when the electrode is energized.

«»+ Save automatically or note manually the resistivity value shown in the display of the instrument. Repeat same
process for next spacing on the same path direction. In this manner we can get the resistivity value of different
distance at different depth of one particular path direction.
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¢ Repeat the same process for next path direction. In this way we can calculate the resistivity value of whole
site at different spacing of the electrode.

+« In the similar way, repeat the same process for the next spacing of the electrode, and we get the average
resistivity of the site for next spacing of the electrode. In this way we get the average resistivity of the site at
different spacing of the electrode.

21.  Spacing of the Electrode

Spacing of Electrodes used in one direction were 1.0, 2.0, 3.0, 5.0, 7.0, 10.0, 15.0 and 20.0 m respectively in TL
alignment and up to 50 m in Substation case. However, mentioned spacing between electrodes will depend upon the
site condition of proposed tower area. The spacing of the electrode is directly dependent on geography of site, terrain
complexity, nature of landscape, geological conditions etc. Since most of the tower locations were situated at hilly
terrain the available space is limited. Therefore, considering this fact, the spacing of the electrodes during testing at
site is maintained to be maximum as far as possible.

22. Equipment used in the Field Study

In the survey works the field data acquisition was made using GD-10 multifunction digital DC Electrical Resistivity &
Induced Polarization Meter (Geomative, China). The equipment has the following special technical features:
The equipment has following technical features:
e Capable of conducting DC Electrical Resistivity, Induced Polarization & Spontaneous Potential data acquisition
in normal mode.
o Capable of conducting Electrical Resistivity and Induced Polarization Tomography (Imaging). Any survey length
can be covered using roll along technique.
o Capable of mass data storage of over 100,000 number of data in equipment memory.
e Capable of multiple functions, high accuracy, fast operation, high, reliability etc. (It takes only 15 minutes t¢
complete one multi electrode survey (Electrical Resistivity Tomography) with 60 electrodes, 552 data points)
¢ Data acquisition can be started from any electrode position
o Input Impedance over 50 Mega Ohm.
o Voltage 1100 V DC (2200 V Peak to peak).
e Maximum current output 6A.
o  Transmitting Power 6600 Watt.
o All data acquisition operations are microcomputer controlled and user-friendly menu driven.
e High anti-interference performance and precision, integrated with multistage wave filtration and signa
enhancement technology.
e Automatic cancellation of Self Potential, drift and electrode polarization.
e Can perform with 18 different electrode configurations. However, virtually any electrode configuration can bg
used.
o Stored field data can be downloaded to the Personal Computer easily using RS 232 port. The data download
can also be in RES2DINV recognizable format.

2.3.  Electrical Resistivity Principle of Soil and Rockmass

According to the Wenner 4-Pole Method, apply AC current "I" between the "E" (earth electrode) and *H (C) (current
electrode) to find out the potential difference "V" between the two potential electrodes *S (p) and "ES".

To obtain the earth resistance "R (ohm)", divide the potential difference "V" by AC current "I", where the distance

between electrodes is "a" (m).

Then use this formula: p =2 x ™ x a x R (ohm m)
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Figure 2.1: Schematic Diagram of Wenner Four Pin Configurations

The electrical resistivity for geophysical properties of soil and rocks is by far the most variable. Values ranging as
much as 10 orders of magnitude may be encountered and even individual soil and rock types can vary by several
orders of magnitude.

24. Measurement Method for Earth Resistivity

(Connection of Auxiliary Earth Spikes and Test Leads)

Stick the four Auxiliary Earth Spikes into the ground deeply. They should be aligned at an interval of 1-30 m (a). The
depth should be 5% or less of the interval between the spikes.
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Figure 2.2: Earth Resistivity Measurement Display

Note: A lower range of Resistance (<5 Ohm) in few of the Tower locations is not likely to occur which might have
been obtained due to influencing environmental parameters.
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2.5. Classification of Soil and Rock Types

In general, Resistivity values of different soil and rock types are listed below:

Resistivity (Qm)
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: l l l l |
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Figure 2.3: Representative Chart (adapted from Palacky, 1987)

Based on the chart presented above soil type found at each proposed tower locations have been classified and
enclosed in Annex-I: Abstract of this report.
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3. Results

1. Electrical Resistivity Test (ERT) at the Lamahi substation site was carried out in six different locations.

2. The average measured soil resistivity values of the proposed Lamahi substation are measured at 36.026,
44 856, 33.101, 34.863, 44.461, and 34.572 Ohm-m and is shown in the abstract in the annexes.

3. The measured soil resistivity data sheets of the proposed substation site are attached in the annexes.

4. Conclusions

ERT was carried out in six different points of proposed substations. The testing was carried out in four perpendicular
radial direction at each testing points. The average resistivity value of different substation locations has been tabulated
in Table 4.1. The average resistivity has been compared with Palacky (1987) which has been included in Annex-l:
abstract of this report. The average resistivity has been compared with Palacky (1987) which has been included in
Annex: abstract of this report. The design of the transmission tower and protection system will be made based on the
average resistivity value obtained at individual tower locations. Also, the result displayed the presence of different
types deposits of soil and rock materials which provides varied geological information. The result showed the presence
deposit of silty soil, clayey soil, gravel to boulders, sand, silt, etc. So, during the construction of transmission tower
structures geological conditions, groundwater table, and lithological materials need to be considered.

Table 4.1: Average Resistivity Value at Different Locations of Lamahi SS

SN. ERT Point No. A"e"’(%ehﬁf;:“"ity
1 ERT Point No. 1 36.026
2 ERT Point No. 2 44.856
3 ERT Point No. 3 33.101
4 ERT Point No. 4 34.863
5 ERT Point No. 5 44.460
6 ERT Point No. 6 34.570
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