
 

 

INTEGRATION OF GEOINFORMATION WITH GEOLOGICAL AND 

GEOPHYSICAL APPROACHES FOR POTENTIAL GROUNDWATER 

EXPLORATION 

 

 

 

 

 

 

 

 

 

 

 

MUHAMAD ASYRAF BIN ZAMARI 

 

 

 

 

 

 

 

 

 

 

UNIVERSITI TEKNOLOGI MALAYSIA



 

INTEGRATION OF GEOINFORMATION WITH GEOLOGICAL AND 

GEOPHYSICAL APPROACHES FOR POTENTIAL GROUNDWATER 

EXPLORATION 

 

 

 

 

 

 

 

 

MUHAMAD ASYRAF BIN ZAMARI 

 

 

 

 

 

 

 

A thesis submitted in fulfilment of the  

requirements for the award of the degree of 

Master of Philosophy  

 

 

      

Faculty of Built Environment and Survey 

Universiti Teknologi Malaysia 

 

 

 

 

 

 

MARCH 2022 



iv 

DEDICATION 

 

 

 

 

 

 

This research is dedicated to all those who help essentially: 

Special to Ayah and Ibu and not to forget to Arwah Ibu 

I REALLY MISS THEM 

And 

, 

Nur Shahkilah Binti Madom…. 

  



v 

ACKNOWLEDGEMENT 

First of all, I would like to thank my supervisor, Assoc Prof Sr Dr Tajul Ariffin 

Musa and Prof Dr Edy Tonnizam Mohamad, for their continued support and 

encouragement in completing the study. Without them, I might not have completed 

this thesis on time. In addition, I would also like to thank the lecturers and staff of 

Geoinformation, Dr Ivin Amri Musliman, Dr Wan Anom Wan Aris, Assoc Prof Dr 

Muhammad Zulkarnain Abdul Rahman, Assoc Prof Dr Zulkarnaini Mat Amin, Sr Dr. 

Tan Liat Choon and Mr Khairunizam Md Ribut for helping me in this research. 

I would also like to thank my research team (GnG) and all my friends, 

Muhammad Farid, Muhamad Hanif Hamden, Nazrin Afiq Abdul Rahman, 

Muhammad Syazwan, Muhamad Hanifah, Siti Syukriah, Nur Jehan, Muhamad Fahmi, 

Amirul Hakim, Ikmal and Izzudin for always advising, motivating and helping me 

complete this study. Finally, I would like to thank my beloved family members and 

my future wife for their unceasing support and prayers. 

  



vi 

ABSTRACT 

Groundwater is one of the most important water source alternatives to meet 

daily needs especially for a clean drinking water supply. However, the major concern 

in groundwater exploration is to determine the precise location of the groundwater 

source zone. This study aimed to integrate the geoinformation approaches into the 

potential area of groundwater exploration area at Universiti Teknologi Malaysia 

(UTM), Johor. Aerial images were captured using a photogrammetry approach 

incorporated with precise Global Positioning System (GPS) ground control points to 

generate topographic map for the study area, which form as the primary data source. 

It was found that the positional accuracy of the horizontal and vertical components for 

this topographic information was 9.1 cm and 10.3 cm respectively, at 95% confidence 

level. Meanwhile, the secondary data source consists of geological and geophysical 

data. Existing geological maps were extracted, and the rock samples were collected 

through field geological investigations. After that, two types of geophysical data 

collection were implemented in the study area, namely resistivity and seismic 

refraction with four resistivity lines (R1-R4) and one seismic line (S1). Then, the 

subsurface geological information such as lithology and geological structure were 

combined together to evaluate the subsurface profile. The subsurface profile model 

indicated that the zone of low resistivity with a value <300 Ohm m was identified on 

the resistivity lines R2 and R3, and it was interpreted as a saturated zone that has 

potential as a source of groundwater. The geospatial database was developed with the 

used of Geographic Information System (GIS) software. A map of the potential 

groundwater zone was generated and two potential locations of groundwater resources, 

namely A1 and A2, have been identified based on the line of resistivity R2 with 

coordinate location is -52364.90 m E, 7748.82 m N and -52376.90 m E, 7806.70 m N, 

respectively. Finally, locations of these groundwater resources were marked on the 

ground by using the GPS real-time kinematic (RTK) method. The drilling process has 

discovered the groundwater source in gabbro rock aquifers with a final depth of 158 

m and preliminary estimate of the groundwater rate was found more than 0.5 million 

of litres per day. Based on the success of the discovery of groundwater resources in 

the study area, it has been proven that integrating geoinformation approaches has a 

significant impact on groundwater exploration work. 
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ABSTRAK 

Air bawah tanah merupakan salah satu alternatif sumber air terpenting bagi 

memenuhi keperluan harian terutamanya untuk bekalan air minuman yang bersih. 

Walau bagaimanapun, kebimbangan utama dalam penerokaan air bawah tanah adalah 

untuk menentukan lokasi tepat zon sumber air bawah tanah. Kajian ini bertujuan untuk 

mengintegrasikan pendekatan geoinformasi ke dalam kawasan potensi kawasan 

penerokaan air bawah tanah di Universiti Teknologi Malaysia (UTM), Johor. Imej 

udara telah dirakam menggunakan pendekatan fotogrametri yang digabungkan dengan 

titik kawalan Sistem Penentududukan Global (GPS) yang berkejituan tinggi untuk 

menjana peta topografi bagi kawasan kajian yang menjadi sumber data utama. 

Didapati bahawa ketepatan kedudukan komponen mendatar dan menegak untuk 

maklumat topografi ini adalah masing-masing 9.1 cm dan 10.3 cm, pada tahap 

keyakinan 95%. Manakala sumber data sekunder pula terdiri daripada data geologi dan 

geofizik. Peta geologi sedia ada telah diekstrak, dan sampel batuan geologi telah 

dikumpulkan melalui penyiasatan geologi lapangan. Selepas itu, dua jenis 

pengumpulan data geofizik dilaksanakan di kawasan kajian iaitu kerintangan dan 

biasan seismik dengan empat garisan kerintangan (R1-R4) dan satu garisan seismik 

(S1). Kemudian, maklumat geologi bawah permukaan seperti litologi dan struktur 

geologi digabungkan bersama untuk menilai profil bawah permukaan. Model profil 

bawah permukaan menunjukkan bahawa zon kerintangan rendah dengan nilai <300 

Ohm m telah dikenal pasti pada garisan kerintangan R2 dan R3 dan ia ditafsirkan 

sebagai zon tepu yang berpotensi sebagai sumber air bawah tanah. Pangkalan data 

geospasial dibangunkan dengan penggunaan perisian Sistem Maklumat Geografi 

(GIS). Peta zon potensi air bawah tanah telah dijana dan dua lokasi potensi sumber air 

bawah tanah iaitu A1 dan A2 telah dikenal pasti berdasarkan garis rintangan R2 

dengan lokasi koordinat masing-masing adalah -52364.90 m E, 7748.82 m N dan -

52376.90 m E, 7806.70 m N. Akhirnya, lokasi sumber air bawah tanah ini ditanda di 

atas tanah dengan menggunakan kaedah Kinematik Masa Hakiki (RTK) GPS. Proses 

penggerudian telah menemui sumber air bawah tanah di akuifer batuan gabbro dengan 

kedalaman akhir 158 m dan anggaran awal kadar air bawah tanah didapati lebih 

daripada 0.5 juta liter sehari. Berdasarkan kejayaan penemuan sumber air bawah tanah 

di kawasan kajian, telah terbukti bahawa pengintegrasian pendekatan geoinformasi 

memberi keberkesanan yang penting dalam kerja - kerja penerokaan air bawah tanah. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Introduction 

Groundwater is a vital component of water resources in nature and is being 

used in various usage such as agricultural, industrial and especially for drinking water 

supply. Since the demand for groundwater resources has increased with population 

growth, it is necessary to explore them more intensively. The groundwater resources 

depend greatly on the capability of water flows and the capacity to store the water 

underground. In addition, it is also strongly reliant on the rock and soil type, geological 

structures, regional environment and geomorphology factor. Therefore, proper 

management of surface water resources and groundwater resources are needed in 

groundwater exploration through systematic inventory, conservation and proper 

planning is essential for of any country’s economic and social development. 

The best approach to identify subsurface layer thickness and provide the 

discreet location of groundwater resources is provided by using a drilling test. 

However, this approach is too expensive and requires skilled manpower (Yang et. al., 

2018). Nowadays, the integration of geological and geophysical studies is commonly 

used in groundwater exploration. Usually, this approach is combined with 

geoinformation knowhow such as field survey and supported with existing 

topographic and thematic maps. Nevertheless, the advancement in geoinformation 

applications such as aerial photo mapping, precise global positioning system (GPS) 

surveying and geographical information system (GIS) data management could be 

utilized to augment the groundwater exploration (Savita et. al., 2018; Pandey et. al., 

2014; Sinha et. al., 2012; Rahman, 2008). Moreover, the applications of 

geoinformation approach such as GIS application can be cost effective and time 

efficient to assess and manage geospatial information of groundwater resources 

(Nampak et. al., 2014; Manap et. al., 2013). 
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Malaysia is a tropical country that experiences hot and humid summer 

throughout the year and receives an annual rainfall of 2500 mm to 3000 mm 

contributed to the country's water resource needs (Paterson et. al., 2015). In general, 

water resources in Malaysia can be divided into surface water resources and 

groundwater (shallow groundwater - deep rock aquifers). In addition, Malaysia has 

adequate surface water reserves based on the total number of rivers and lakes 

reservoirs available. In 2016, surface water consumption rate for Malaysia is 13330.6 

million litres per day (MLD) and 95% from the clean water supply is channelled from 

the rivers and existing dams (JMG, 2019). However, some problems aroused 

concerning these surface water resources especially in meeting the demands of clean 

water supply for the daily usage. Factors contributing to these problems was the level 

of water pollution is at an alarming state and also climate change. These factors 

resulted in the clean water treatments cost to be unreasonably increased and 

consequently declining the water levels in water catchment areas. 

Hence, there is an alternative to overcome this problem by fully utilized of 

groundwater resources. This resource has unlimited reserves and availability to 

continuously supply fresh water. Therefore, groundwater exploration in this country 

requires support and integration of the modern geoinformation approaches into the 

exploration works, which can produce high chances to identify groundwater resources 

potential zone 

1.2 Problem Background 

Water is the basic human need; however, many countries nowadays face a lack 

of adequate supply of freshwater to fulfill demand in several important sectors such as 

agriculture, industry and drinking water. According to a statement from the world 

water development report in 2015 (UNESCO, 2015), water demand will increase by 

55 per cent by 2030. However, existing reserves of water resources can only supply 

60 per cent of the world’s water needs. Moreover, Malaysia is also facing a problem 

meeting the demand for fresh water supply. This problem is due to nature environment 

and the human impact such as climate change and water pollution at the critical levels. 
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Consequently, there is an alternative of groundwater resources to fulfill the demand of 

water supply. This distinct groundwater or specifically rock aquifer usually has 

unlimited reserves of fresh water supply. 

Groundwater exploration studies are increasingly being implemented in 

several developed countries, which include Malaysia. Furthermore, the major 

challenge of this exploration is to identify the precise location and depth of the 

potential that exists in the deep rock aquifer which could provide a more sustainable 

water resource. The drilling approach is one of the best methods often used to identify 

the source location of this aquifer. However, this method is difficult to operate, 

expensive and time-consuming (Ahmed & Mansor, 2018; Manap et. al., 2014). 

Therefore, this exploration requires effective approaches and expertise to understand 

the criteria of subsurface geological systems (Tajuddin et. al., 2018). 

Several groundwater exploration studies are conducted with the integration of 

geological and geophysical approaches in Malaysia (Ilahi et. al., 2021; Zakaria et. al., 

2020; Aziman et. al., 2018; Nazaruddin et. al., 2017; and Saad et.al., 2012). However, 

there is a lack of researchers who have applied and integrated comprehensive 

geoinformation approaches in the exploration the lack of exposure and application of 

incorporation geoinformation approach along with geological and geophysical 

approach in groundwater exploration. The geoinformation approach focuses on the use 

of remote sensing and GIS analysis in groundwater exploration (Mogaji & Lim, 2017; 

Manap et. al., 2014; Nampak et. al., 2014; and Manap et. al., 2013).  

In addition, there are deficiencies in the management system of the study data. 

the constraints of systematic and effective management of groundwater survey data 

are a factor in the difficulty of the implementing the groundwater survey (Abdulazeez, 

2018). Moreover, this study of groundwater exploration still lacks in Johor, especially 

in the southern of Johor because the implementation of this exploration is focused on 

areas with problems in the lack of clean water supply such as in Kelantan and Perlis 

(Saifuddin et. al., 2021). 
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Therefore, the UTM Johor Bahru Campus area located in the southern Johor 

has been selected to study the potential of groundwater resources. In fact, 

geoinformation approaches are used and applied together with geological and 

geophysical approaches in order to identify and increase the chances of discovering 

groundwater resources in this study. There are three (3) geoinformation approaches 

applied in the study namely GPS measurement, photogrammetry measurement 

integrated with UAV technology and GIS approach. The study also focuses on the 

management of research data by using the GIS approach.Thus, these exploratory 

works can be enhanced by integrating modern approaches in geoinformation to 

develop potential groundwater zone renewal maps, geospatial data management 

reforms and precise spatial placement for groundwater exploration. Therefore, it is 

desirable to explore further the opportunities to apply the latest geoinformation 

approaches into groundwater exploration. 

 

1.3 Research Aim 

This study aims to integrate of geoinformation approaches into the potential of 

groundwater exploration. 

1.4 Research Objectives 

To achieve the aim of the study, the following objectives are specified: 

I. To develop a geospatial database for groundwater exploration,  

II. To analyse the potential of groundwater zones based on the geospatial 

database. 

III. To locate the potential location of groundwater resources in the study area. 
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1.5 Research Scope 

The scopes of this study are given as follows: 

I. The area for this study is in the Universiti Teknologi Malaysia (UTM) Johor 

Bahru campus, Johor as shown in Figure 1.1. The study area covered the whole 

campus about 2,816 acres (ac). 

  

Figure 1.1 Location of the study area. 

 

II. There are two types of data was used in this study, namely primary and 

secondary data. Primary data involving GPS observations data and digital 

aerial imagery. Meanwhile, secondary data involves geological and 

geophysical mapping information based on previous studies in the study area. 

III. Integration of geological, geophysical and topographic information in 

developing of geospatial databases to produce potential maps of groundwater 

resource zones using GIS environment. 
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IV. The implementation of GPS data observations only focuses on the utilized of 

satellite constellations from GPS satellites only. 

 

1.6 Significance of the Study 

The significance of this study can be summarized as follows: 

 

1. This study will help position potential exploration groundwater accurately and 

develop a database by integrating the geological and geophysical approach into 

geoinformation applications. 

2. This study will help better understand subsurface profile condition in order to 

identify the location potential zone of groundwater in this study. 

3. From this study, the potential zones of groundwater resources and suitable 

geospatial locations for potential exploration of groundwater shall be 

identified. 

 

1.7 Thesis Structure 

The thesis structures consist of five chapters. The descriptions for each chapter 

are as follows: 

Chapter 1: Introduction 

This chapter described the background, problem statement, objectives of study, 

scope and significance of the study.  
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Chapter 2: Literature Review 

This chapter has been focused on several topics such as exploration of the 

status of utilization of groundwater and its exploration groundwater in Malaysia are 

also discussed. This chapter also reviewed the integration of geoinformation approach 

in groundwater resources exploration and the interpretation of groundwater potential 

zone by using subsurface and geoinformation approach. 

Chapter 3: Research Methodology 

Describes the research methodology for this research. This proposal is divided 

into five different phases as mentioned in sub-chapter 1.7. The methodology is set out 

to achieve the objectives of the research. Besides, it explained about the method of 

data acquisition and pre-processing. 

Chapter 4: Result and Discussions 

This chapter discussed on the analysis of the accuracy assessments which were 

carried out on the final coordinate for GPS measurement data and aerial photo mapping 

used to produce information of topographic in the study area. Subsequently, the final 

results of these measurements have been utilized for geospatial database development 

for groundwater exploration in UTM by adopting the GIS approach. This geospatial 

database was used to generate several thematic maps related to topographic 

information and subsurface information. Next, the thematic map was used to analyses 

the potential of groundwater resource zones within the study area. Based on the 

potential map, the location marking of the potential of groundwater resources is carried 

out by using the GPS RTK measurement method in the field before drilling of 

groundwater resources in the study area. 
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Chapter 5: Conclusion and Recommendations  

This chapter summarizes the thesis and draws some conclusions. Several 

recommendations were suggested for further works in the future. 
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