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Abstract

This research aimed to develop the resistivity equipment for a groundwater investigation using 2D electrical resistivity technique. 2D
electrical resistivity measurement was carried out at one profile with 90 meters long at Soi Dao district in Chantaburi Province, Thailand,
where most of the areas are quite mountainous and longan plantation. Wenner electrode array was selected for 2D electrical resistivity
measurement. The results showed that the instrument could be used to measure subsoil resistivity by using less capital cost with more
convenient by weight and size and higher efficiency in depth measurement due to the higher voltage.
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1. Introduction

Geophysics is the study of subsurface investigation; the sequence
and physical positions of lithological units, groundwater, and soil
and rock strength parameters. Civil engineering mainly uses drill-
ing method to determine average soil and rock strength and use
the samples to represent the whole construction area which is cost-
ly and may not the accuracy representative. The resistivity method
was developed to determine underlying geologic structure for less
cost and time and was widely used to determine soil type and
thickness, old tunnel, cavity, pipe and cable line, groundwater
level, slippage. The goals of this paper are (1) to develop resistivi-
ty equipment for subsoil investigation with less cost and higher
efficiency (2) to develop the prototype of equipment and software
(3) to investigate groundwater for farmers at Soi Dao district in
Chantaburi Province, Thailand.

2. Basic Principles of the Resistivity Method

A. Basic principle of the electrical resistivity
The relationships between the electrical resistivity, current and the
electrical potential are governed by Ohm’s law, which can be used
to calculate the potential in a continuous medium.
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Where, p is the resistivity. pa is the apparent resistivity. | is the
current through the conductor in units of amperes, V is the voltage
measured across the conductor in units of volts, R is the resistance
of the conductor in units of ohms, L is the length in units of meter
and A is the cross-sectional area in units of square meter.

The purpose of the resistivity method is to calculate the electrical
resistivity of the subsoil, which is an unknown quantity. The basic
data from a resistivity survey are the positions of the current and
potential electrodes, the current, I, injected into the ground and the
resulting voltage difference, V, between the potential electrodes.
The current and voltage measurements are converted into an ap-
parent resistivity, pa, value show in Figure 1.
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Where, k is the geometric factor that depends on the configuration
of the current and potential electrodes.

B. Electrode Array
An electrode array is a configuration of electrodes used for meas-
uring either an electric current or voltage. Some electrode arrays
can use to provide a stimulating pattern of electric current or volt-
age. In Civil engineering using ASTM D6431-99 standard, which
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Fig. 1: Basic Principle of the Electrical Resistance Investigation.
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Where + to ++++ mean the poor sensitivity to high sensitivity.

3. The Model

A. Design and quality control of the equipment

1. Electronic circuit design: process equipment design with soft-
ware controller and interpretation programme shown in Figure 2.

Fig. 2: Project Design Procedure
2. 2. CRU-Resistivity Meter design: overall portable equipment
3. design shown in Figure 3.
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Fig. 5: Data transmission flowchart

Fig. 3: CRU-Resistivity Meter diagram

3. Interface design: design interface programming between
equipment and interpretation programme shown in Figure 4.
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Fig. 4: Programming flowchart
4. Data Transmission: microcontroller processing using 4x4 metric
via mouse and keyboard with LCD monitoring shown Figure 5.

5. Programming: microcontroller process receive command set via
software controller as multi-logic to control electronic circuits

shown in Figure 6.
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Fig. 6: Software controller flowchart

B. Field equipment
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1. CRU-Resistivity Meter: built in A. Design and quality control  Fig. 8: Copper rod
of the equipment shown in Figure 7.

4. Data Analysis and Result

The project was carried out with total spread of 90 meters long at
Soi Dao district in Chantaburi, Thailand using Wenner array, as
shown in Figure 9.
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Fig. 9: Wenner Array

The result showed that the groundwater resistivity (15-90 ohms-meter) was lay at depth below 15 meter and good at below 23.4 meter, as
shown in Figure 10.

CRU-Resistivity Image
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Fig. 10: Geophysics pseudo cross section obtained using CRU-Resistivity image program

One (1) well was planned at 13.1173 N, 102.28189 E at 132.2 meter above mean sea level with target depth of 25 meter below ground
level shown in Figure 11. After drilling shown in Figure 12 and 13, the groundwater showed at 22.5 meter below ground level which
corresponding to the CRU-Resistivity program.
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Fig. 13: Groundwater well

5. Conclusion

The CRU-Resistivity meter developed in this project was in-
tended to develop the quality of life for the people in drought
area to have more effective groundwater drilling well with
fewer budgets. The result shows the good efficiency in both
measurement and interpretation. The cost effectively reduced
with more convenient by weight and the equipment can be
replaced the commercial equipment in groundwater investiga-
tion size shown in Table 2.
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3.11733 102.28189

Site: 1
Condu:

y: 1
Altitude: 242

Table 2: Equipment Capability

Property Developed CRU Available in the
Resistivity Meter market
Price 6,000 USD 180,000 USD
Voltage 300 Volt 220 Volt
Size 200 x 280 x 140 mm | 300 x 325 x 105 mm
Weight 3.2kg 5.2 kg
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