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Electrical resistivity method is the most popular method among geophysical
technigues in groundwater exploration mainly in evaluating hydrogeological
properties of the subsurface. However, electrical resistivity method can only
identify the subsurface resistance specifically the subsurface structure, not the
groundwater potential zone. Other than that, different hydrogeological
formations have different groundwater yield potential. Thus, by using integrated
geophysical technique can give a better interpretation.

The main objective is to determine the potential groundwater zone in different
types of soil and rock categories. A study on 2D geo-electrical was conducted
at Taiping, Perak, Serdang and Jenderam Hilir, Selangor. The technique of
geophysics analysis was carried out by using two geo-electrical method of
electrical resistivity and induced polarization method for better interpretations in
the same area. Field works have been carried out using Terrameter SAS 4000,
Electric Selector ES1064 and LUND cable with electrode. Horizontal resistivity
lines were proposed with length of 400m each by using Wenner-Schlumberger
configuration. Electrical current was injected into the ground and two potential
electrodes are measured resulting in voltage difference for electrical resistivity
and transient decay for induced polarization.

The images of 2D profile have been produced using Res2Dinv software
through inversion method which provided detailed information of both the
laterally and vertically geological structures based on their part. The Cluster
Analysis of Hierarchical Agglomerative Clustering Analysis has been used to
differentiate different types of soil and rock characteristic. The data from the



electrical resistivity result in form of numerical value have been used in
XLSTAT-Pro software by using Ward Method. The characteristic of alluvium
can be classified to clay, silt, fine and medium sand, coarse sand, sand and
gravel, and gravel. Otherwise, rock characteristics can be differentiated based
on the stages of rock weathered. Induced polarization method resulted in the
value of chargeability that has potential to determine the freshwater of the
subsurface.

Thus, the integration of geophysical technique and statistical analysis can
identify the high potential of aquifer zone in different categories of formation.
Through this study, it can save you time and cost, where groundwater potential
can be determined without running the drilling process.
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Kaedah rintangan elektrik adalah kaedah yang paling popular di antara teknik
geofisik dalam penerokaan air bawah tanah terutamanya dalam menilai sifat
hidrogeologi subpermukaan. Walau bagaimanapun, kaedah rintangan elektrik
hanya boleh mengenal pasti rintangan bawah permukaan terutamanya struktur
bawah permukaan bukan zon potensi air bawah tanah. Selain itu,
pembentukan hidrogeologi yang berbeza mempunyai potensi hasil tanah air
yang berbeza. Oleh itu, dengan menggunakan teknik geofizik bersepadu dapat
memberikan tafsiran yang lebih baik.

Objektif utama kajian ini adalah menentukan zon air bawah tanah yang
berpotensi dalam kategori tanah dan batuan yang berlainan. Satu kajian geo-
elektrik 2D telah dijalankan di Taiping, Perak, Serdang dan Jenderam Hilir,
Selangor. Teknik analisis geofizik telah dijalankan dengan menggunakan
kaedah dua geo-elektrik rintangan elektrik dan kaedah polarisasi terinduksi
untuk tafsiran yang lebih baik di kawasan yang sama. Kerja-kerja lapangan
telah dijalankan menggunakan Terrameter SAS 4000, Selektor Elektrik
ES1064 dan kabel LUND dengan elektrod. Garis rintangan horizontal telah
dicadangkan dengan panjang 400m setiap satu dengan menggunakan
konfigurasi Wenner-Schlumberger arus elektrik disuntik ke dalam tanah dan
dua elektrod potensi diukur menyebabkan perbezaan voltan untuk kerintangan
elektrik dan waktu transien untuk polarisasi terinduksi.

Imej-imej profil 2D telah dihasilkan menggunakan perisian Res2Dinv melalui
kaedah penyongsangan yang menyediakan maklumat terperinci kedua-dua sisi
dan menegak struktur geologi berdasarkan peranan mereka. Analisis Kluster
Clustering Agregat Hierarki telah digunakan untuk membezakan pelbagai jenis



sifat tanah dan batuan. Data dari hasil kerintangan elektrik dalam bentuk nilai
berangka telah digunakan dalam analisis kluster menggunakan perisian
XLSTAT dalam Excel. Ciri aluvium telah dikelaskan kepada tanah liat, kelodak,
pasir halus dan sederhana, pasir kasar, pasir dan kerikil, dan kerikil. Manakala,
untuk ciri-ciri batu ia boleh dibeza berdasarkan pada tahap batuan yang
terluluhawa. Kaedah polarisasi terinduksi mengakibatkan nilai kebolehgunaan
yang berpotensi untuk menentukan air tawar bawah permukaan.

Oleh itu, integrasi teknik geofizik dan analisis statistik dapat mengenal pasti
potensi tinggi zon akuifer dalam kategori pembentukan yang berbeza. Melalui
kajian ini, dapat menjimatkan masa dan kos, dimana potensi air bawah tanah
dapat ditentukan tanpa menjalankan proses pengerudian.
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CHAPTER 1

INTRODUCTION

1.1 General

Water has become very important nowadays especially in agriculture and
industrial sectors. The treatment for surface water is now rising in cost due to
the increase of pollution. Therefore, other alternatives have been used that is
by using groundwater. Groundwater can be found between the pore spaces
and rock aquifer. The potential of groundwater yield depends on the types of
the geological formation. Thus, the physical characterization of the geological
aquifer is important to be understood because it affects the discharge process
for optimum groundwater supply (Bashir et. al, 2014) and to make sure of high
productivity and promising well and yield (Moussa et. al, 2015).

Since 1920s, geophysical methods have been used with earliest uses primarily
in mineral, hydrocarbon and later in water exploration (Fowler and Ayubcha,
1986). This is because geophysical method is very simple, low cost and time
saving, compared to drilling method. Mostly all of the geophysical techniques
will identify the physical properties of subsurface to the flow of the current (Bery
et al, 2012). The technique can be beneficial in finding the boundaries and
structure between the different formations. In addition, by applying the
geophysical exploration, the elastic properties of different elements can be
identified and types of formation can be explored. Many geophysical methods
are available such as gravity, magnetic, self-potential, electrical resistivity,
induced polarization and etc. These methods have respective advantages and
disadvantages depending on the target study area and the type of the area
(Abdelwahab, 2013).

The integration of geophysical method has been widely used in determine the
geological, hydrological and environment solution (Goldman and Neubauer,
1994). The combination of different types of geophysical method can give a
more accurate and useful information of the hydrogeological information. The
understanding of the site geology is very important in order to obtain a
successful survey on groundwater exploration (Koening, 2008).

1.2 Problem Statement

In the past, drilling method that has been used to determine aquifer properties
faced serious problem in a large scale project which is related to the time and
cost (Hazreek et. al, 2014). The most direct method of obtaining subsurface
data is by drilling observation and water supply wells, but it is expensive, costly



and therefore often inefficient (Goldman and Neubauer, 1994). Usually, the
technique of drilling will be conducted in a way to get the site subsurface
characterization. However, drilling method will only cover the small area. So,
many boreholes are needed if the large area is needed to be covered, which
will increase the cost and time (Hazreek et al, 2015). Thus, instead of searching
for groundwater directly, other technique is needed to be apply for a better
understanding of the lithology (Goldman and Neubauer, 1993)

Other than that, geological formation needs to be characterized individually for
an appropriate assessment of its engineering behavior because different
geological formation has different groundwater yield potential (Akanmu and
Adewumi, 2016). However, there are some serious limitations in such
investigations as they fail to distinguish the formations of similar resistivity
(Mathiazhagan et. al, 2015). This is due to previous electrical resistivity value,
geomaterial reference charts and tables are not easily adaptable and always
exposed to the limitation due to its wide range of variation in the parametric
values and the overlapping values between different formations. The results of
electrical resistivity values were always subjected to a long discussion and
debate among the related parties (Hazreek et al, 2015).

However, electrical resistivity sometimes fails for resistive groundwater location,
(Robert, 2012) because electrical resistivity method allows only mapping
contrasts of electrical resistivity of the subsurface structure (Brian et. al, 2004)
of physical property of soils and rocks (Kiberu, 2002) but not subsurface
materials. However, this will make be a limiting factor and ambiguity in the
geological interpretation (Dahlin et al, 2002). For this reason, another
geophysical technique is needed to be conducted in the same area (Yadav,
2015).

1.3 Objectives

The main objective of this study is to identify the groundwater potential zone of
different types of geological formation by using integrated geophysical
techniques. The specific objectives of this study are:

1. To obtain the resistivity and chargeability value for different types of
geological formation using inverse polarization method with Wenner-
Sclumberger array.

2. To differentiate the weathering process classification of all geological
formation analysis by using cluster analysis

3. To evaluate the groundwater potential aquifer value of each geological
formation.



1.4 Focus of the Study

This study is more focus on to identify the good groundwater potential aquifer
that limit to quantity and quality (freshwater) through the geological formation.
The characteristic of the subsurface is very important to be identified because it
will affect the amount of water and groundwater behavior. The research has
been carrying out at the different types of rock types that are alluvium,
sedimentary rock (shale), igneous rock (granite) and metamorphic rock area
(quartzite). Integrated method has been applied to obtain more accurate result.
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