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Sufficient water supply is required by paddy plants at all growth stages for high
yields. Although Malaysia receives an annual rainfall of about 3,000
millimeters, which is above the global average, climate change such as EI-Nino
can influence the amount of rainfall leading to prolong drought. The uncertainty
of climate patterns and the high dependency of the country on surface water
resources have worsened the water supply situation. Paddy cultivation around
the district of Kerian which obtains irrigation sources from Bukit Merah Dam
was severely affected during the phenomenon. Surface water that is easily
affected by climate change causes water supply crisis and inability to supply
the irrigation source. Therefore, an alternative source of groundwater that could
be extracted needs to be studied to have sustainable supply of water for
agricultural purposes. The main objective of this study was to evaluate the
sustainable groundwater extraction for agriculture use in Bukit Merah,
Semanggol, Perak. The groundwater model was developed using Visual
MODFLOW to simulate sustainable groundwater extraction without
environmental effect. The lithological formation of the study area was
constructed using wells information and assisted with resistivity survey using
pole-dipole arrangement. The electrical resistivity tomography (ERT) profile
was interpreted with reference to geological map to determine the types of
rocks that underlie the area. A 4-layer model was developed to represent the
lithological formation of the study area; unconsolidated deposit, sedimentary,
metamorphic, and granite layer. Then, the conceptual model was built using
geological and hydrogeological data of the study area. The model was
calibrated to acceptable limits for head observation and chloride
concentration. The simulation was done under different pumpings for both
normal and extreme-low groundwater recharges. The impact of groundwater
extraction on the river and lake system during normal and dry season was
assessed. The groundwater flow pattern, groundwater balance and saltwater
interface were determined by simulating in-steady state of groundwater flow.



This study has revealed that the sustainable groundwater extraction during
normal groundwater recharge is 80,000 m%/day and 50,000 m%day during
extreme-low groundwater recharge respectively without any negative impacts
on groundwater resource and surrounding ecosystem. In conclusion,
throughout the development of groundwater resources in the area, it could be
utilized by the farmers around the Kerian area for irrigation purposes especially
during droughts.
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Bekalan air yang mencukupi diperlukan oleh tumbuhan padi pada seluruh
peringkat pertumbuhan untuk pengeluaran hasil yang tinggi. Walaupun
Malaysia mempunyai hujan tahunan yang banyak sekitar 3,000 milimeter, iaitu
melebihi purata global, namun, perubahan iklim seperti EI Nino telah memberi
kesan kepada jumlah hujan yang membawa kepada musim kemarau
berpanjangan. Pola iklim yang tidak menentu dan kebergantungan yang tinggi
oleh negara terhadap sumber air permukaan telah memburukkan lagi situasi
bekalan air. Penanaman padi di sekitar daerah Kerian yang memperolehi
sumber pengairan daripada Empangan Bukit Merah telah terjejas teruk ketika
fenomena tersebut. Air permukaan yang mudah terjejas dengan perubahan
iklim menyebabkan berlaku krisis bekalan air dan sumber pengairan padi tidak
dapat dibekalkan. Lantaran itu, satu sumber alternatif iaitu air bawah tanah
yang boleh diekstrak perlu dikaji dengan tujuan membekalkan air secara
mampan untuk tujuan pertanian. Objektif utama kajian ini adalah untuk menilai
pengekstrakan air bawah tanah secara mampan untuk tujuan pertanian di Bukit
Merah, Semanggol, Perak.Model air bawah tanah telah dibina menggunakan
perisian Visual MODFLOW untuk membuat simulasi pengekstrakan air bawah
tanah tanpa memberi kesan kepada alam sekitar. Formasi litologi di kawasan
kajian telah dibangunkan dengan menggunakan maklumat telaga di kawasan
kajian dan dibantu dengan kajian keberintangan menggunakan susunan pole-
dipole. Profil keberintangan elektrik tomografi (ERT) telah ditafsirkan dengan
merujuk peta geologi untuk menentukan jenis batuan yang mendasari kawasan
tersebut. 4 lapisan model telah dibangunkan mewakili formasi lithology di
kawasan kajian; lapisan tidak padu, lapisan batuan endapan, lapisan batuan
metamorf, dan lapisan batuan igneus. Kemudian, model konseptual telah
dibina dengan menggunakan data geologi dan hidrogeologi di kawasan kajian.
Simulasi telah menggunakan kadar pengepaman yang berbeza-beza bagi
kedua-dua keadaan aliran masuk air bawah tanah yang normal dan terlampau



rendah. Impak daripada pengekstrakan air bawah tanah kepada sistem sungai
dan tasik semasa keadaan normal dan kering telah dinilai. Pergerakan air
bawah, bajet air bawah tanah dan antara muka air masin telah ditentukan
melalui simulasi menggunakan keadaan statik dalam aliran air bawah tanah.
Hasil kajian mendapati kadar pengepaman yang mampan untuk aliran masuk
air bawah tanah pada keadaan normal dan pada keadaan yang terlampau
rendah adalah masing-masing sebanyak 80,000 m3hari dan 50,000 m3/hari
tanpa memberikan kesan negatif kepada sumber air bawah tanah dan
ekosistem. Melalui pembangunan sumber air bawah tanah di kawasan
tersebut, ia dapat dimanfaatkan oleh pesawah padi di sekitar daerah Kerian
untuk tujuan pengairan terutama ketika kemarau.



ACKNOWLEDGEMENTS

First of all, | would like to take this opportunity to express my profound gratitude
and deep regards to my supervisor, Mr. Mohamed Azwan bin Mohamed Zawawi
for his exemplary guidance, monitoring and constant encouragement throughout
the course of this research work. The blessing, help and guidance given by him
from time to time shall carry me a long way in the journey of life upon which | am
about to embark.

| also take this opportunity to express a deep sense of gratitude to Prof. Madya
Dr. Ahmad Fikri Abdullah and Dr Aimrun Wayayok for their co-supervision,
valuable information and guidance, which helped me in completing this task
through the various stages. | am indebted to the staff members of the
Department of Biological and Agricultural Engineering, for the valuable
information provided by them in their respective fields. | am grateful for their
cooperation during the period of my assignment.

Lastly, | would like to thank my parents, Mr. Makzin Marof and Mrs. Yang Chik
Dolah, family and fellow friends for their constant encouragement.



This thesis was submitted to the Senate of Universiti Putra Malaysia and has
been accepted as fulfilment of the requirement for the degree of Master of
Science. The members of the Supervisory Committee were as follows:

Mohamed Azwan bin Mohamed Zawawi
Senior Lecturer

Faculty of Engineering

Universiti Putra Malaysia

(Chairman)

Aimrun Wayayok, PhD
Senior Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Member)

Ahmad Fikri bin Abdullah, PhD
Associate Professor

Faculty of Engineering

Universiti Putra Malaysia
(Member)

ZALILAH MOHD SHARIFF, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:08 July 2021

Vii



Declaration by graduate student

| hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced,;

this thesis has not been submitted previously or concurrently for any other
degree at any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned
by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

written permission must be obtained from supervisor and the office of
Deputy Vice-Chancellor (Research and Innovation) before thesis is
published (in the form of written, printed or in electronic form) including
books, journals, modules, proceedings, popular writings, seminar papers,
manuscripts, posters, reports, lecture notes, learning modules or any other
materials as stated in the Universiti Putra Malaysia (Research) Rules
2012;

there is no plagiarism or data falsification/fabrication in the thesis, and
scholarly integrity is upheld as according to the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti
Putra Malaysia (Research) Rules 2012. The thesis has undergone
plagiarism detection software.

Name and Matric No.: Norfaezah binti Makzin (GS47358)

viii



Declaration by Members of Supervisory Committee

This is to confirm that:

e the research conducted and the writing of this thesis was under our

supervision;

e  supervision responsibilities as stated in the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature:

Name of Chairman
of Supervisory
Committee:

Signature:

Name of Member of
Supervisory
Committee:

Signature:

Name of Member of
Supervisory
Committee:

Mohamed Azwan bin Mohamed Zawawi

Dr. Aimrun Wayayok

Prof. Madya Dr. Ahmad Fikri bin Abdullah




ABSTRACT
ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVAL

DECLARATION

LIST OF TABLES
LIST OF FIGURES
LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION

1.1
1.2
1.3
1.4
15
1.6

Background Study
Problem Statement
Objectives

Scope of Study
Limitations
Significance of Study

2 LITERATURE REVIEW

2.1

2.2

2.3

2.4

Geological Framework
2.1.1 Lithological Formation
2.1.2 Lithological Formation of Kerian
District, Perak
2.1.3 Geophysical Methods
2.1.3.1 Electrical Resistivity
Hydrogeological Framework
2.2.1 Groundwater Recharge, R
2.2.2 Aquifer Properties
2.2.2.1 Hydraulic Conductivity
2.2.2.2 Specific Yield
2.2.2.3 Specific Storage
2.2.2.4 Effective Porosity
2.2.3 Boundary Conditions
Groundwater Flow Model
2.3.1 Groundwater Software
2.3.1.1 MODFLOW Software
2.3.2 Conceptual Model
2.3.3 Model Calibration
Model Application for Sustainable
Groundwater Extraction
2.4.1 Groundwater Sustainability
2.4.2 Sustainability of Groundwater
Extraction
2.4.3 Groundwater Hydraulic Head

Page

Vi
viii
Xiii
XV

XViii

A DD WOWWNRERPRF

o1 o1 01



Indicator
2.4.4 Groundwater Balance Indicator
2.4.5 Saltwater Interface Indicator
2.5 Summary

METHODOLOGY
3.1 Procedure of Study
3.2 Study Area
3.2.1 Hydrological of Study Area
3.2.2 Geological of Study Area
3.3 Preparation of Lithological Formation
3.3.1 Wells Information
3.3.2 Resistivity Survey
3.3.3 Estimation of Subsurface
Patterns
3.3.4 Specified Model Layer and
Thickness
3.4 Preparation of Conceptual Model
3.4.1 Assignation of Boundary
Conditions
3.4.1.1 River Boundary
3.4.1.2 Constant Head
Boundary
3.4.1.3 Impermeable Boundary
3.4.2 Assignation of  Groundwater

Recharge

3.4.3 Assignation of |Initial Aquifer
Properties

3.4.4 Assignation of Initial Head

3.4.5 Assignation of Initial

Concentration
3.4.6 Model Calibration
3.5 Model Application for Sustainable
Groundwater Extraction
3.5.1 Groundwater Hydraulic Head
3.5.2 Groundwater Balance
3.5.3 Saltwater Interface

RESULT AND DISCUSSION
4.1 Preparation of Lithological Formation
4.1.1 ERT Profile Interpretation of
Resistivity Survey
4.1.2 Subsurface Patterns
4.1.3 Model Layer and Thickness
4.2 Preparation of Conceptual Model
4.2.1 Boundary Conditions
4.2.2 Groundwater Recharge
4.2.3 Model Calibration
4.3 Model Application for Sustainable
Groundwater Extraction
4.3.1 Simulation  during Natural

Xi

22
23
24
25

26
26
26
27
30
32
32
33

35

37
40

42
42

43
43

43

44
45

46
46

a7
48
48
48

50
50

50
54
59
62
62
63
64

66



4.3.2

4.3.3

Condition for Scenario 1 and

Scenario 2

4.3.1.1  Groundwater Hydraulic
Head

4.3.1.2 Groundwater Balance

4.3.1.3 Saltwater Interface

Simulation  during  Pumping

Activities for Scenario 3 and

Scenario 4

4.3.2.1  Groundwater Hydraulic
Head

4.3.2.2 Groundwater Balance

4.3.2.3 Saltwater Interface

Sustainable Groundwater

Extraction

5 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
5.2 Recommendations

REFERENCES
APPENDICES

BIODATA OF STUDENT

PUBLICATION

Xii

66

66
68
69

70

71
76
77

81

82
82
83

84
98
107
108



Table

2.1

2.2

2.3

24

2.5

2.6

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.1

4.2

4.3

4.4

4.5

LIST OF TABLES

Resistivity values of some common rocks
Resistivity values of alluvium and groundwater
Values of the specific yield of geologic materials

Values of specific storage for various geologic
materials

Studies related to groundwater modeling around
the world

Advantages and disadvantages of MODFLOW
Wells information in the study area

Well lithology with the elevation for each layer
Data input river boundary of Kurau River

Data input constant head boundary of BML
Annual rainfall from the year 2006 to 2016

The initial values of aquifer properties in the study
area

Data of initial head in the study area
Groundwater quality information in the study area

Scenarios characterize the groundwater conditions
in the study area

The classification of lithological unit in the study
area

Estimation of normal groundwater recharge in the
study area using empirical relationship

Estimation of extreme-low groundwater recharge in
the study area

The final calibrated of parameters in the study area
Summary of the calculated water balance for

xiii

Page

12

13

16
18
32
38
42
43

44

45
45

46

a7

58

64

64

65



4.6

4.7

4.8

4.9

Scenario 1 and 2

Summary of the calculated water balance for
Scenario 3

Summary of the calculated water balance for
Scenario 4

Classification of pumping rate through this research

Sustainable pumping rate for each groundwater
recharge conditions

Xiv

68

76

77

81

81



Figure
2.1

2.2

3.1

3.2

3.3
3.4

3.5

3.6
3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14
4.1

4.2

4.3

LIST OF FIGURES

Hydraulic conductivity of selected rocks

Variations in porosity of unconsolidated materials
and rocks

The flowchart of research methodology

Location of the study area in Bukit Merah,
Semanggol, Perak, Malaysia

The surface water bodies in the study area
Layout of Kerian Irrigation Scheme

Close up of the hydrogeological map of the study
area

Geology map of the study area
Well distribution in the study area

Equipment and accessories used in the resistivity
survey

Location of resistivity survey in the study area

Borehole lithology of well at Kg. Teluk Gerdu,
Bagan Serai

Wells arrangement from west to east

Elevation profile of line created on Google Earth
Image

Five cross-section of model region across the
study area

Model region of the study area
The ERT profile in Kg Teluk Gerdu, Bagan Serai

The ERT profile in SK Tebuk Panchur, Bukit
Merah

Well distribution in the geologic map

XV

Page

11

14

26

27
28

29

30
31

33

34

34

36

36

37

39
41

51

53

55



4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

412

4.13

414

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

Subsurface pattern in study area

The completed subsoil pattern based on the
estimation

Lithological formation along cross section of A-A’
Lithological formation along cross section of B-B’
Lithological formation along cross section of C-C’
Lithological formation along cross section of D-D’
Lithological formation along cross section of E-E’
Boundary conditions of model in the study area
Model calibration graph of (a) calculated heads vs
observed heads and (b) calculated concentration
versus observed concentration of chloride
Simulated groundwater head and flow direction in
normal groundwater recharge condition (Scenario
1)

Simulated groundwater head and flow direction in
extreme low groundwater recharge condition

(Scenario 2)

Saltwater interface in normal groundwater
condition for Scenario 1

Saltwater interface in extreme-low groundwater
condition for Scenario 2

Details of pumping well (PW1) in model simulation
for Scenario 3 and Scenario 4

Simulated head distribution and flow direction for
Scenario 3a

Simulated head distribution and flow direction for
Scenario 3b

Simulated head distribution and flow direction for
Scenario 3¢

Simulated head distribution and flow direction for
Scenario 4a

Simulated head distribution and flow direction for

XVi

56

58

59

59

60

61

61

63

65

67

67

69

70

71

72

72

73

74



4.23

4.24

4.25

4.26

4.27

4.28

4.29

Scenario 4b

Simulated head distribution and flow direction for
Scenario 4c

Simulated saltwater interface for Scenario 3a
Simulated saltwater interface for Scenario 3b
Simulated saltwater interface for Scenario 3c
Simulated saltwater interface for Scenario 4a
Simulated saltwater interface for Scenario 4b

Simulated saltwater interface for Scenario 4c

xvii

74

75

78

78

79

79

80

80



amsl|

BML

DID

SPAN

MMD

JMG

JUPEM

CcC

NRMS

LIST OF ABBREVIATIONS

Above mean sea level

Bukit Merah Lake

Department of Irrigation and Drainage
Suruhanjaya Perkhidmatan Air Negara
Malaysia Meteorological Department
Department of Mineral and Geoscience Malaysia
Department of Survey and Mapping Malaysia
Hydraulic Conductivity

Specific Storage

Specific Yield

Effective Porosity

Total Porosity

Correlation coefficient

Normalized root mean squared

xviii



CHAPTER 1

INTRODUCTION

1.1 Background Study

Water is the most important element needed on earth for survival of human
population, plants, and animals. The role of water is extremely important in
most daily activities and human economic activities including agriculture,
livestock, industry, and others (Griffiths et al., 2010). Facts indicate that the
existence of freshwater resources around the world is only 3% where they are
distributed in various forms such as icecap, glaciers, groundwater, and surface
water (Perlman, 2006).

The main source of fresh water supply in Malaysia depends on surface water
such as river, lake, and dam, but in fact, this source has reached the maximum
level. Statistic has shown that about two-third of hundreds of river basins in the
country have been severely polluted as a result of human activities and thus
incurs a high cost of treatment (Ahmad, 2013). Therefore, the groundwater
source is the best alternative to replace most of the rivers that are no longer
capable of providing fresh water.

At the same time, the demand for water is increasing from various sectors
which are mainly affected by population growth, urbanization, industrialization,
food, energy security policy and macro-economic processes (Patry, 2011 and
UNESCO, 2015). Up to now, the agricultural sector is the largest water user in
Malaysia which accounts for about 70% of all freshwater withdrawals
(Doungmanee, 2016).

An invariability of rainfall caused by climate change, especially during the
drought leads to water supply crisis. Surface water which is easily affected by
extreme weather conditions might worsen the situation as the country is too
dependent on surface water. In 2015/2016, the El Nino phenomenon hit the
country causing an increase in temperature along with reduction of
precipitation. The continuous hot and dry weather resulted in desiccation of
river flow (Patry, 2011). As a consequence, several states, especially in Perlis,
Perak, and Johor had experienced water supply crisis.

According to Ahmad (2013), the total estimated groundwater storage in
Malaysia is about 5,000 billion m® with additional 64 billion m® of rainfall that
seep into the soil and replenish the groundwater naturally. However, only 3% of
these groundwater reserves is used in this country (Ahmad, 2013). This

1



indicates that the abundant potentials of groundwater resources in Malaysia
have been neglected. Hence, the exploration on the use of groundwater is an
alternative to replace the contaminated surface water and at the same time
addressing the water crisis.

Therefore, a conceptual model that represents a groundwater flow system
covering the geological, hydrogeological and hydrological aspects needs to be
built to allow the understanding of groundwater movement. A three-dimensional
finite-difference groundwater model, MODFLOW is able to simulate the
recharge and discharge area of the groundwater system to perform water
management strategy (Batelaan et al., 2003). The identification of lithology of
an area is able to determine the location of an aquifer and the volume of
groundwater that can be pumped out from aquifer based on hydrogeological
properties (Huey, 2017). The development of hydrogeological framework with
the emphasis on estimating the flow rate and water balance components is one
of the fundamental steps to determine the sustainable use of groundwater on a
large scale (Khodapanah et al., 2011).

1.2 Problem Statement

The EI Nino phenomenon faced by Malaysia in 2015/2016 has affected water
supplies in several states including the state of Perak. This phenomenon has
resulted in the depletion of raw water sources either in rivers, lakes or dams
due to the lack of rainfall and high evaporation rates in surface water (SPAN,
2016). High dependency on surface water resources in Malaysia has worsened
this situation as the surface water properties are easily affected by extreme
weather conditions (Ying, 2014).

Bukit Merah Dam, which is an important dam in Perak, had been seriously
affected by these phenomena (SPAN, 2016). This dam is the main water
source for paddy cultivation in Kerian district known as Kerian Agriculture
Scheme. Paddy cultivation experiences two seasons in a year where irrigation
water supply is required around 100 days for a season with the total water
discharge requirement of 28 m3/s for 24,000 hectares of rice field (Department
of Irrigation and Drainage Kerian, 2010).

As a result of the hot weather, the water level at Bukit Merah Dam had
decreased substantially until it reached a critical level of 6.16 meters above the
sea level (SPAN, 2016). The existing water level during the phenomenon was
no longer able to be channelled to the rice fields. Therefore, the water
discharge to the rice fields in Selinsing and Semanggol were temporarily
suspended by DID Perak during that time (SPAN, 2016). As a result, an area of
8,097 hectares of paddy fields has been affected involving 3,175 farmers in
Kerian district with a loss of rice yields estimated at approximately RM 56
million to be borne by them (Pauzi, 2016).



In order to solve this problem, a comprehensive study on groundwater as an
alternative source for agricultural purposes needs to be done immediately
(Ayuni, 2015). Tube wells with water extraction from underground is the best
way to drain water into the rice fields during dry season (Mamat, 2016).
Extraction of groundwater should be initiated with groundwater modelling to
ensure sustainable use of water in the study area. Aquifer modelling using the
Visual MODFLOW software in Bukit Merah, Semanggol was set up to develop
an understanding of groundwater system in the area.

1.3 Objectives

The main objective of this study was to determine the safe yield of groundwater
extraction during the EI- Nino phenomenon at Bukit Merah Semanggol aquifer.
The specific objectives are:

1) To delineate the lithological formation of the aquifer for groundwater
abstraction.

2) To develop the groundwater model using Visual MODFLOW software
for simulation of the pumping rate.

3) To analyse the potential environmental impacts on groundwater due to
the abstraction at different pumping rates.

1.4 Scope of Study

This study focused on the simulation of groundwater flow in the aquifer located
in Bukit Merah, Semanggol, Perak using Visual MODFLOW software. All the
data for this study were collected to build a hydrogeological framework
representing the groundwater system for the study area which included
geological studies (well log, topographic), hydrological studies (rainfall data,
water level, evapotranspiration) and aquifer properties (hydraulic conductivity,
porosity, effective yield, specific storage). The lithology of the study area
comprising the aquifer layers and thicknesses was prepared based on the well
log data and resistivity survey. Then, the hydrogeological framework was
developed. A model was calibrated with groundwater level data for steady-state
conditions only to represent the natural groundwater flow. The model was
applied to four different scenarios of the groundwater recharge rate. The
effects of groundwater pumping on groundwater hydraulic head, groundwater
balance and saltwater interface were observed. The results obtained were
analyzed to determine the groundwater discharge at sustainable use for the
study area.



1.5 Limitations

1) This project was carried out without any funding supports. The input
data used to develop the groundwater model relied solely on the
secondary data obtained from the government agencies and the data
were quantitatively limited. To produce a good groundwater model
requires a lot of data points, however, it was a big limitation in this
study.

2) The scope of research was to propose sustainable groundwater
extraction only. Therefore, the research was limited to calibration part.
The validation of model to verify the simulation result in this research
was unable to be done as there was none of monitoring wells available
in the study area.

3) Herein, groundwater sustainability was assessed environmentally
instead of the economic and social aspects. The assessment was
particularly focused on surface water depletion and saltwater intrusion
which are most likely to happen in the study area. Only dominant
surface water within the study area namely Bukit Merah Lake and
Kurau River was considered. Small rivers in the study area were not
considered due to the impact on groundwater system that is expected
to be minimal and unavailability of data.

1.6 Significance of Study

Conducting in-depth hydrogeological investigation at the site usually requires
drilling a large number of exploratory wells, pumping test, conducting multiple
geophysical surveys and a series of long-term experiments, which are
expensive and time-consuming. Computer simulation modelling is one of the
alternative methods that can help the responsible parties to view the behaviour
of groundwater system in a quicker way and more cost effective. The model
can be used to assess the groundwater flow pattern of an aquifer which can
provide adequate information for groundwater management.

Unpredictable climate change such as the EI-Nino phenomenon has led to
water supply crisis. Therefore, the use of groundwater for agricultural purposes
is the best alternative to solve these problems. Pumping wells must be
constructed to provide water to the paddy fields for irrigation purposes in Kerian
area especially during EI-Nino. This study can help farmers to cope with the
huge loss of paddy yields due to the lack of water supply.

Although it is anticipated that this area will have many groundwater sources for
use, optimized pumping must be applied to avoid any negative implications for
groundwater and ecosystems especially to the river and lake systems of the
area.



REFERENCES

Abdullahi, M. G., Kamarudin, M. K. A., Toriman, M. E., Gasim, M. B., Endut, A.,
& Garba, I. (2016). Assessment of natural groundwater recharge in
Terengganu, Malaysia. International Journal on Advanced Science,
Engineering and Information Technology, 6(5), 781-786.

Abdullahi, M. G., & Garba, I. (2015). Effect of rainfall on groundwater level
fluctuation in Terengganu, Malaysia. Journal of Geophysics & Remote
Sensing, 4(2), 142-146.

Adeleke, O. O., Makinde, V., Eruola, A. O., Dada, O. F., Ojo, A. O., & Aluko, T.
J. (2015). Estimation of groundwater recharges in Odeda local
government area, Ogun state, Nigeria using empirical
formulae. Challenges, 6(2), 271-281.

Ahmad, M. (2013, May). Air bawah tanah penyelesaian tangani krisis. Berita
Harian. Retrieved from
https://umexpert.um.edu.my/file/publication/00004094 97178.pdf.

Alley, W. M., Reilly, T. E., & Franke, O. L. (1999). Sustainability of ground-
water resources: US Geological Survey Circular 1186. United State.

Alley, W. M., & Leake, S. A. (2004). The journey from safe yield to
sustainability. Groundwater, 42(1), 12-16.

Al-Amoush, H. R., Rajab, J. A., Al-Tarazi, E., Alshabeeb, A. R. R., Al-Adamat,
R., & Al_Fugara, A. (2017). Electrical resistivity tomography modeling
of vertical lithological contact using different electrode configurations.
Jordan Journal of Earth and Environmental Sciences, 8(1), 27-34.

Anderman, E. R., & Hill, M. C. (2003). Modflow-2000, The U.S. Geological
Survey Modular Ground-Water Model—Documentation of Effective-
Porosity Parameters In The Advective-Transport Observation (Adv2)
Package. US Geological Survey.

Anderson, M. P., & Woessner, W. W. (1992). Applied Groundwater Modeling—
Simulation of Flow and Advective Transport. Academic Press, Inc.,
San Diego, CA, 381 p.

Ashraf, M. A. M., Yusoh, R., Sazalil, M. A., & Abidin, M. H. Z. (2018). Aquifer
characterization and groundwater potential evaluation in sedimentary
rock formation. In Journal of Physics: Conference Series (Vol. 995, No.
1, p. 012106). IOP Publishing.

Atta, M., Yaacob, W. Z. W., & Jaafar, O. (2015). Steady state groundwater flow

modeling of an ex-landfill site in Kuala Lumpur, Malaysia. American
Journal of Environmental Sciences, 11(5), 348-357.

84



Ayuni, F. (2015). Investigation of groundwater potential aquifer using
geophysical technigue at Sawah Sempadan, Malaysia (master’s
thesis). Universiti Putra Malaysia.

Baalousha, H., Mckay, G., Haik, Y., Siddique, A., Ko¢, M., Francis, L., ... & Al-
Adwan, A. (2008). Fundamentals of groundwater modelling. Jordan
Journal of Applied Science, 15(15), 347-360.

Batelaan, O., De Smedt, F., & Triest, L. (2003). Regional groundwater
discharge: phreatophyte mapping, groundwater modelling and impact
analysis of land-use change. Journal of Hydrology, 275(1-2), 86—-108,
doi:10.1016/S0022-1694(03)00018-0.

Balek, J. (1988). Groundwater recharge concepts. In Estimation of natural
groundwater recharge (pp. 3-9). Springer, Dordrecht.

Barnett, B., Townley, L. R., Post, V., Evans, R. E., Hunt, R. J., Peeters, L., ... &
Boronkay, A. (2012).  Australian  groundwater = modelling
guidelines. National Water Commission, Canberra.

Barlow, P. M. (2003). Ground water in freshwater-saltwater environments of the
Atlantic coast. Virginia: United State Geological Survey.

Berehanu, B., Ayenew, T., & Azagegn, T. (2017). Challenges of groundwater
flow model calibration using MODFLOW in Ethiopia: with particular
emphasis to the Upper Awash River Basin. Journal of Geoscience and
Environment Protection, 5(3), 50-66.

Bernard, J. (2003). Short note on the principles of geophysical methods for
groundwater investigations. Terraplus.com.

Boonstra, J., & de Ridder, N. A. (1981). Numerical modelling of groundwater
basins: a user-oriented manual (No. 29). ILRI.

Bouwer, H. (2002). Artificial recharge of groundwater: hydrogeology and
engineering. Hydrogeology Journal, 10, 121-142.

Brandt, J. T., & Sneed, M. (2017). Land subsidence in the southwestern
Mojave Desert, California, 1992—2009 (No. 2017-3053). US Geological
Survey.

Brunner, P., Simmons, C. T., Cook, P. G., & Therrien, R. (2010). Modeling
surface water-groundwater interaction with MODFLOW: some
considerations. Groundwater, 48(2), 174-180. doi: 10.1007/s10040-
001-0182-4.

Buddemeier, R. W., & Schloss, J. A. (2000). An Atlas of the Kansas High

Plains Aquifer: groundwater storage and flow. Kansas Geological
Survey.

85



California Department of Water Resources. (2016). Draft water budget best
management practice. Retrieved from
https://water.ca.gov/LegacyFiles/groundwater/sgm/pdfs/BMP_Water B
udget_Draft_2016-10-28.pdf.

Canadian Council of Ministers of the Environment. (2017). Groundwater
Sustainability Assessment Approach: Guidance For Application. (PN
1568).

Chong, F. S., & Tan, D. N. (1986). Hydrogeological activities in Peninsular
Malaysia and Sarawak. GEOSEA V Proceedings. Vol. I, Geological
Society Malaysia, Bulletin 20, 827—842.

Council, G. W. (1997). Simulating lake-groundwater interaction with
MODFLOW. Proceedings of the 1997 Georgia Water Resources
Conference, held 20-22 March, at The University of Georgia. Editor:
K.J. Hatcher.

Custodio, E. (2005). Coastal aquifers as important natural hydrogeological
structures. Groundwater and Human Development, CRC Press,
London, 15-38.

Davidson, P., & Wilson, S. (2011). Groundwaters of Marlborough. Marlborough
District Council, New Zealand.

Davis, S. N. (1969). Porosity and permeabiliy of natural materials. Flow
through porous media, ed. R.J.M. De Wiest, Academic Press, New
York, 54-89.

Department of Irrigation and Drainage Kerian. (2010). Bukit Merah Lake Brief
National Seminar on Managing Lakes and Their Basin for Sustainable
Use: Current Status of Selected Lake in Malaysia Content of
Presentation.  Retrieved from  http://rcse.edu.shiga-u.ac.jp/gov-
pro/plan/2009list/14arm_in_malaysia/malaysian_ws_presentations/01b
ukit_merah_lake_brief.pdf

Department of Irrigation and Drainage Kerian. (2008). Master Plan Study on
Flood Mitigation and River Management for the Kerian and Kurau River
Basins: Analysis of Saline Intrusion, 2, 1-5.

Department of Irrigation and Drainage. (2017). [Daily Rainfall Data in Perak
Stations]. Unpublished raw data.

Department of Irrigation and Drainage. (2017). [Survey Drawing of Rivers].
Unpublished raw data.

Department of Mineral and Geoscience Malaysia. Hydrogeological Map of
Perak. First Edition, (2008). [1:250,000]

86



Department of Mineral and Geoscience Malaysia. (2010). Kajian Hidrogeologi
Daerah Kerian, Selama dan Larut Matang, Perak (JMG.PRK (SAT)
01/2010).

Department of Survey and Mapping Malaysia. Topographic Map of Perak. First
Edition, (2017). [1:3000]

Dey, N. C., Saha, R., Parvez, M., Bala, S. K., Islam, A. S., Paul, J. K, &
Hossain, M. (2017). Sustainability of groundwater use for irrigation of
dry-season crops in northwest Bangladesh. Groundwater for
Sustainable Development, 4, 66-77.

Domenico, P. A., & Mifflin, M. D. (1965). Water from low-permeability
sediments and land subsidence. Water Resources Research, 1(4),
563-576.

Doungmanee, P. (2016). The nexus of agricultural water use and economic
development level. Kasetsart Journal of Social Sciences, 37(1), 38-45.

Dor, N., Syafalni, S., Abustan, I., Rahman, M. T. A., Nazri, M. A. A., Mostafa,
R., & Mejus, L. (2011). Verification of surface-groundwater connectivity
in an irrigation canal using geophysical, water balance and stable
isotope approaches. Water resources management, 25(11), 2837.

Earle, S. (2015). Physical Geology. British Columbia Ministry of Advanced
Education, Skills & Training.

Ebrahim, G. Y. (2013). Modelling groundwater systems: Understanding and
improving groundwater quantity and quality management [Doctoral
dissertation]. Delft Institute of Technology, Netherlands.

Ebrahim, M. N., Man, H. C., & Mohamed, M. A. (2019). Prediction of
Groundwater Contaminants from Cattle Farm using Visual MODFLOW.
Pertanika Journals Science & Technology, 27(4), 2265 — 2279.

El-Ashmawy, K. L. (2016). Investigation of the accuracy of google earth
elevation data. Artificial Satellites, 51(3), 89-97.

Fetter, C. W. (2001). Applied hydrogeology. Waveland Press.
Franke, O. L., Reilly, T. E., & Bennett, G. D. (1987). Definition of boundary and
initial conditions in the analysis of saturated ground-water flow

systems: an introduction (pp. 1-22). US Government Printing Office.

Freeze, R. A., & Cherry, J. A. (1979). Groundwater. New York, United State of
America: Prentice-Hall, Inc.

Freyberg, V. J., Moeck, C., & Schirmer, M. (2015). Estimation of groundwater

recharge and drought severity with varying model complexity. Journal
of Hydrology, 527, 844-857.

87



Gao, H. (2011). Groundwater modeling for flow systems with complex
geological and hydrogeological conditions. Procedia Earth and
Planetary Science, 3, 23-28.

Ghazali, M. F., Adlan, M. N., Shamsuddin, M. K. N., & Roslan, M. H. (2016).
Alluvial soil characteristics and properties for riverbank filtration at
Sungai Kerian, Lubuk Buntar, Kedah, Malaysia. International Journal of
Scientific Research in Knowledge, 4(16), 11-20.

Gibb, J. P., Barcelona, M. J., Ritchey, J. R., & Lefaivre, M. H. (1984). Effective
porosity of geologic materials first annual report (SWS Contract Report
351). lllinois Department of Energy and Natural Resources.

Google. (2017). [Google Earth of Kerian district Perak]. Retrieved September 2,
2017.

Griffiths, O., Henderson. H., & Simpson. M. (2010). Water supply: Water-its
importance and source. Australia: Autralian Government Department of
Health.

Hamidon, N., Harun, S., Malek, M. A., Ismail, T., & Alias, N. (2015). Prediction
of paddy irrigation requirements by using statistical downscaling and
cropwat models: A case study from the Kerian Irrigation Scheme in
Malaysia. Journal of Technology, 76(1), 281-288.

Hassan, N. H. A., Zawawi, M. A. M., & Jaeman, N. S. N. (2017). Development
of geological structure of Selangor basin using borehole lithology
information. Journal of Advanced Research in Applied Sciences and
Engineering Technology, (7)1, 32-42.

Heath, R. C. (1987). Basic ground-water hydrology (Vol. 2220). US Geological
Survey.

Hiscock, K. M., Rivett, M. O., & Davison, R. M. (2002). Sustainable
groundwater development. Geological Society, London, Special
Publications, 193(1), 1-14.

Horton, R., Thompson, M. L., & McBride, J. F. (1988). Determination of
effective porosity of soil materials (Agronomy Reports. 5). U.S
Department of Commerce.

Huey, L. V. (2017). Hydrogeological framework and simulation of groundwater
movement in Klang Valley complex hydrogeological. [Unpublished
degree dissertation]. Universiti Putra Malaysia.

Idris, A. N., Aris, A. Z., Narany, T. S., Mangala, S. P., Suratman, S., Tawnie, |.,
... & Sefie, A. (2017). Simulation of Saltwater Intrusion in Coastal
Aquifer of Kg. Salang, Tioman Island, Pahang, Malaysia. In MATEC
Web of Conferences (Vol. 103, p. 04024). EDP Sciences.

88



Ismail, W. M. Z. W., Yusoff, ., & Rahim, B. E. E. (2013). Simulation of
horizontal well performance using Visual MODFLOW. Environmental
earth sciences, 68(4), 1119-1126.

Institut Kefahaman Islam Malaysia, IKIM. (2016). Fenomena EI-Nino (Vol. 3, p.
13). Retrieved from http://www.ikim.gov.my/new-wp/wp-
content/uploads/2017/03/Buletin-IKIM-Mac-2016.pdf

Jasin, B., & Harun, Z. (2007). Stratigraphy and sedimentology of the chert unit
of the Semanggol Formation. Geological Society of Malaysia, Bulletin
53, pp. 103 — 109.

Jean, K. K., Patrice, J. J., Bachir, S. M., Kouakou, D. S., Tawa, A. A,, Yves, L.,
... & Jean, B. (2013). Modeling of groundwater flow and drawdown
evolution simulation of Abidjan aquifer (Céte d'lvoire). Journal of Asian
Scientific Research, 3(4), 344.

Jiang, Y., Somers, G., & Mutch, J. (2004). Application of numerical modeling to
groundwater assessment and management in Prince Edward Island,
57t Canadian Geotechnical Conference, Prince Edward Island.

Juanah, M. S., lbrahim, S., Sulaiman, W. N. A, & Latif, P. A. (2013).
Groundwater resources assessment using integrated geophysical
techniques in the southwestern region of Peninsular Malaysia. Arabian
Journal of Geosciences, 6(11), 4129-4144.

Kalf, F. R., & Woolley, D. R. (2005). Applicability and methodology of
determining sustainable yield in groundwater systems. Hydrogeology
journal, 13(1), 295-312.

Kamaludin, B. H. (1990). A summary of the Quaternary geology investigations
in Seberang Prai, Pulau Pinang and Kuala Kurau. Geological Survey of
Malaysia, Bulletin 26, pp. 47 — 53.

Kareem, H. (2018). Study of water resources by using 3D groundwater
modelling in Al-Najaf region, Iraq[Doctoral dissertation]. Cardiff
University.

Kaviyarasan, R., Seshadri, H., & Sasidhar, P. (2013). Assessment of
groundwater flow model for an unconfined coastal aquifer. International
Journal of Innovative Research in Science, Engineering and
Technology, 2(1), 12-18.

Kearey, P., & Brooks, M. (1991). An Introduction to Geophysical Exploration,
second ed. Blackwell Scientific, Oxford Publishing House.

Khadri, S. F. R., & Pande, C. (2016). Groundwater flow modeling for calibrating

steady state using MODFLOW software: a case study of Mahesh River
basin, India. Modeling Earth Systems and Environment, 2(1), 39.

89



Khodapanah, L., Sulaiman, W. N. A, & Nassery, H. R. (2011). Hydrogeological
framework and groundwater balance of a Semi-Arid Aquifer, a case
study from Iran. Journal of Water Resource and Protection, 3, 513—
521. doi:10.4236/jwarp.2011.37061.

Khoo, T. T., & Tan, B. K. (1983). The palaeozoic sedimentary rocks of
Peninsular Malaysia- stratigraphy and correlation. Geological Survey of
Malaysia, pp. 253-290.

Kiptum, C., Mbaka, P., & Mwangi, J. (2018). Application of Groundwater Vistas
in  Modelling Groundwater Flow in Keiyo Highlands. Africa
Environmental Review Journal, 2(2), 33-45.

Klassen, J., Aleen, D. M., & Kirtse, D. (2014). Chemical indicators of saltwater
intrusion for the Gulf Islands, British Columbia. Final Report,
Department of Earth Sciences, Simon Rfaser University.

Konikow, L.F., & Bredehoeft, J. D. (1974). Modeling flow and chemical quality
changes in an irrigated stream-aquifer system, Water Resources
Research, 10(3), 546-562.

Kroger, J., & Hinsby, K. (2006). Groundwater Resources in Buried Valleys:
Geological models. Leibniz Institute for Applied Geosciences,
Germany.

Kumar, C. P., & Seethapathi, P. V. (2002). Assessment of natural groundwater
recharge in Upper Ganga Canal command area. Journal of Applied
Hydrology, 15(4), 13-20.

Kumar, C. P. (2004). Groundwater flow models. National Institute of Hydrology,
Uttaranchal India.

Kumar, C. P., Purandara, B. K., & Chachadi, A. G. (2017). Subsurface water
modelling using SWIM and FEFLOW. Asia Pacific Journal of
Research, 1(XLVII), 7-19.

Kumar, C. P. (2019). An overview of commonly used groundwater modelling
software. International Journal of Advanced Research in Science,
Engineering and Technology, 6(1), 7854-7865.

Liu, J., Cao, G., & Zheng, C. (2011). Sustainability of groundwater resources in
the North China Plain. In Sustaining groundwater resources (pp. 69-
87). Springer, Dordrecht.

Loke, M. H. (1999). Electrical imaging surveys for environmental and
engineering studies. Retrieved from
http://pages.mtu.edu/~ctyoung/LOKENOTE.PDF.

Luo, J., Monninkhoff, B., Schatzl, P., Seifert, S., Becker, P. D. J. K., Gmiinder,
C., & Jordan, P. D. P. (2013). Elaboration of groundwater models for

90



deep geological repository sites by using FEFLOW. In Conference
Proceedings, Maxwell, Hill, Zheng & Tonkin (p. 381-389).

Malik, V. K. (2012). Study of Groundwater Sustainability in Gurgaon District,
Haryana [Doctoral dissertation]. Universiti of Delhi, India.

Mamat, M. R. (March, 2016). Telaga tiub atasi masalah petani hadapi musim
kemarau. BH Online. Retrieved from
https://www.bharian.com.my/node/137781.

Mansor, M. Y., & Sokiman, M. S. (2015). Bukit Merah, Semanggol Formation:
new insights on an alternative tectono-stratigraphy perspective inferred
from recent field mapping, National Geoscience Conference 2015,
Kelantan, 2015. Malaysia: Department of Minerals and Geoscience
Malaysia.

Malaysian Meteorological Department. (2017). [Daily Rainfall Data in Perak
Stations]. Unpublished raw data.

Masterson, J. P., & Pope, J. P. (2016). Sustainability of groundwater supplies
in the Northern Atlantic Coastal Plain aquifer system (No. 2016-3046).
US Geological Survey.

May, R., & Mazlan, N. S. B. (2014). Numerical simulation of the effect of heavy
groundwater abstraction on groundwater—surface water interaction in
Langat Basin, Selangor, Malaysia. Environmental earth
sciences, 71(3), 1239-1248.

Meju, M. A. (2005). Simple relative space—time scaling of electrical and
electromagnetic depth sounding arrays: implications for electrical static
shift removal and joint DC-TEM data inversion with the most-squares
criterion. Geophysical Prospecting, 53 (4), 463—-479.

Middlemis, H. (2001). Murray-Darling Basin Commission groundwater flow
modelling guideline. Aquaterra Consulting Pty Ltd., Perth. Viewed 4
April 2013.

Morris, D.A. & A.l. Johnson, (1967). Summary of hydrologic and physical
properties of rock and soil materials as analyzed by the Hydrologic
Laboratory of the U.S. Geological Survey, U.S. Geological Survey
Water-Supply Paper 1839-D, 42p.

Mohamaden, M. I., & Ehab, D. (2017). Application of electrical resistivity for
groundwater exploration in Wadi Rahaba, Shalateen, Egypt. NRIAG
Journal of Astronomy and Geophysics, 6(1), 201-209.

Moeeni, S., & Ahsan, N. (2017). Ground Water Modelling Through

ModFlow. International Journal of Environmental Sciences & Natural
Resources, 3(1), 20-21.

91



Mridha, G. C., Hossain, M. M., Uddin, M. S., & Masud, M. (2019). Study on
availability of groundwater resources in Selangor state of Malaysia for
an efficient planning and management of water resources. Journal of
Water and Climate Change.

Muchingami, I., Hlatywayo, D. J., Nel, J. M., & Chuma, C. (2012). Electrical
resistivity survey for groundwater investigations and shallow
subsurface evaluation of the basaltic-greenstone formation of the
urban Bulawayo aquifer. Physics and Chemistry of the Earth, Parts
A/B/C, 50, 44-51.

Nazri, M. A. A., Abustan, |., Rahman, M. T. A., Zawawi, M. H., & Dor, N.
(2012). Authentication relation between surface-groundwater in kerian
irrigation canal system, perak using integrated geophysical, water
balance and isotope method. Procedia Engineering, 50, 284-296.

Nazri, M. A. A., Tan, L. W., Kasmin, H., Syafalni, S., & Abustan, I. (2016).
Geophysical and hydrochemical characteristics of groundwater at
Kerian irrigation scheme. In IOP Conference Series: Materials Science
and Engineering (Vol. 136, No. 1, p. 012070). IOP Publishing.

Neuhaus, E. (2013). Evaluation of a water budget model for use in wetland
design (Master’s thesis), Virginia Polytechnic Institute and State
University.

Nettasana, T., Craig, J., & Tolson, B. (2012). Conceptual and numerical models
for sustainable groundwater management in the Thaphra area, Chi
River Basin, Thailand. Hydrogeology Journal, 20(7), 1355-1374.

Nichols, G. (2009). Sedimentology and stratigraphy. John Wiley & Sons.

Nusari, M. S., Soom, M. A., Mohammad, T. A., Ghazali, A. H., Wayayok, A., &
Zawawi, M. A. (2013, October). Assessment of seawater intrusion in
Langat basin, Malaysia. In Proceedings of the Institution of Civil
Engineers-Water Management (Vol. 166, No. 9, pp. 501-515). Thomas
Telford Ltd.

Patry, N. A. M. (June, 2011). Fakta keperluan air di Lembah Kelang.
MalaysiaKini. Retrieved from
https://www.malaysiakini.com/letters/166945.

Panagopoulos, G. (2012). Application of MODFLOW for simulating
groundwater flow in the Trifilia karst aquifer, Greece. Environmental
Earth Sciences, 67(7), 1877-1889.

Panjaitan, D., Tarigan, J., Rauf, A., & Nababan, E. S. (2018, November).
Determining sea water intrusion in shallow aquifer using Chloride
Bicarbonate Ratio Method. InIOP Conference Series: Earth and
Environmental Science (Vol. 205, No. 1, p. 012029). IOP Publishing.

92



Pauzi, S. S. A. (April, 2016). RM 56 juta kerugian hasil padi di Kerian akibat El
Nino. BH Online. Retrieved from
https://www.bharian.com.my/node/149060

Perlman, H. (2006). Where is Earth’s water located?. United State
Geographical Survey, USA. http:\\ga. water. usgs.
gov\edu\earthwherewater. html.

Post, V. E., & Von Asmuth, J. R. (2013). Hydraulic head measurements—new
technologies, classic pitfalls. Hydrogeology Journal, 21(4), 737-750.

Praveena, S. M., & Aris, A. Z. (2010). Groundwater resources assessment
using numerical model: A case study in low-lying coastal
area. International  Journal  of  Environmental Science &
Technology, 7(1), 135-146.

Praveena, S. M., Abdullah, M. H., Bidin, K., & Aris, A. Z. (2012). Sustainable
groundwater management on the small island of Manukan,
Malaysia. Environmental earth sciences, 66(3), 719-728.

Prince Edward Island Department of Environment, Labour and Justice. (2011).
Saltwater Intrusion and Climate Change. Retrieved from
http://www.gov .pe.ca/photos/original/cle. WAL.pdf

Qiu, S., Liang, X., Xiao, C., Huang, H., Fang, Z., & Lv, F. (2015). Numerical
simulation of groundwater flow in a river valley basin in Jilin urban
area, China. Water, 7(10), 5768-5787.

Raji, W. O. (2014). Review of electrical and gravity methods of near-surface
exploration for groundwater. Nigerian Journal of Technological
Development, 11(2), 31-38.

Rashid, H., Al-Shukri, H., & Mahdi, H. (2015). Optimal management of
groundwater pumping of the cache critical groundwater area,
Arkansas. Applied Water Science, 5(3), 209-219.
https://doi.org/10.1007/s13201-014-0173-y.

Rejani, R., Jha, M. K., Panda, S. N., & Mull, R. (2008). Simulation modeling for
efficient groundwater management in Balasore coastal basin,
India. Water Resources Management, 22(1), 23.
https://doi.org/10.1007/s11269-006-9142-z.

Riwayat, A. I, Nazri, M. A. A., & Abidin, M. H. Z. (2018). Application of
electrical resistivity method (ERM) in groundwater exploration.
In Journal of Physics: Conference Series (Vol. 995, No. 1, p. 012094).
IOP Publishing.

Rolia, E., & Sutjiningsih, D. (2018). Application of geoelectric method for
groundwater exploration from surface (A literature study). In AIP
Conference Proceedings (Vol. 1977, No. 1, p. 020018). AIP Publishing
LLC.

93



Rushton, K. R., & Weller, J. (1985). Response to pumping of a weathered-
fractured granite aquifer, Journal of Hydrology, 80 (3-4), 299-309.

Saad, R., Nawawi, M. N. M., & Mohamad, E. T. (2012). Groundwater detection
in alluvium using 2-D electrical resistivity tomography (ERT). Electronic
Journal of Geotechnical Engineering, 17, 369-376.

Safeeq, M., & Fares, A. (2012). Hydrologic response of a Hawaiian watershed
to future climate change scenarios. Hydrological processes, 26(18),
2745-2764.

Salha, S., Balasundram, S. K., & Shamshuddin, J. (2016). Spatial variability of
clay content and saturated hydraulic conductivity in a paddy soil.
Journal of Agricultural Science and Research, 3(2), 53-58.

Saghravani, R. S., Yuoff, I., Mustapha, S., & Saghravani, F. S. (2013).
Estimating groundwater recharge using empirical method: a case study
in the tropical zone. Sains Malaysiana, 42(5), 553-560.

Sapari, N., Azie, R. Z. R., & Jusoh, H. (2011). Quantity and quality of
groundwater in fractured metasedimentary rocks of the west coast of
Peninsular Malaysia. Sains Malaysiana, 40(6), 537-542.

Sarsak, R. F. S. (2011). Numerical simulation of seawater intrusion in response
to climate change impacts in North Gaza coastal aquifer using
SEAWAT [Doctoral dissertation]. An-Najah National University, Nablus,
Palestine.

Sheets, R. A., Dumouchelle, D. H., & Feinstein, D. T. (2005). Ground-Water
Modeling of Pumping Effects near Regional Ground- Water Divides
and River/Aquifer Systems in the Great Lakes Basin: Results and
Implications of Numerical Experiments. Scientific Investigations Report.
United States Geological Survey, 44.

Shah, A. (2016). Geological Cycle Rock Formation and Types of Rock
[PowerPoint slides]. Retrieved from
https://slideplayer.com/slide/8619255/.

Shamsuddin, M. K. N., Sulaiman, W. N. A., Ramli, M. F., Kusin, F. M., &
Samuding, K. (2018). Assessments of seasonal groundwater recharge
and discharge using environmental stable isotopes at Lower Muda
River Basin, Malaysia. Applied Water Science, 8(5), 120.

Shahid, S., Alamgir, M., Wang, X. J., & Eslamian, S. (2017). Climate change
impacts on and adaptation to groundwater. In Handbook of Drought
and Water Scarcity (pp. 107-124). CRC Press

Shu, Y., Li, H., & Lei, Y. (2018). Modelling groundwater flow with MIKE SHE
using conventional climate data and satellite data as model forcing in
Haihe Plain, China. Water, 10(10), 1295.

94



Singhal, V., & Goyal, R. (2011). GIS based methodology for groundwater flow
estimation across the boundary of the study area in groundwater flow
modeling. Journal of Water Resource and Protection, 3(11), 824.

Sneed, M., Ikehara, M. E., Stork, S. V., Amelung, F., & Galloway, D. L. (2003).
Detection and measurement of land subsidence using interferometric
synthetic aperture radar and global positioning system, San Bernardino
County, Mojave Desert, California. Water-Resources Investigations
Report, 3, 4015.

Sneed, M., Brandt, J.T., & Solt, M., (2018), Land subsidence along the
California Aqueduct in west-central San Joaquin Valley, California,
2003-10: U.S. Geological Survey Scientific Investigations Report
2018-5144, 67 p., https://doi.org/10.3133/sir20185144.

Sophocleous, M. (1997). Managing water resources systems: Why" safe yield"
is not sustainable. Ground Water, 35(4), 561.

Stek, P. E. (2008). Urban groundwater extraction in Kuala Lumpur,
Malaysia (master's thesis). International Islamic Universiti Malaya,
Malaysia.

Surinaidu, L., Rao, V. G., Rao, N. S., & Srinu, S. (2014). Hydrogeological and
groundwater modeling studies to estimate the groundwater inflows into
the coal Mines at different mine development stages using
MODFLOW, Andhra Pradesh, India. Water Resources and Industry, 7,
49-65.

Suruhanjaya Perkhidmatan Air Negara Malaysia SPAN. (2016). Fenomena El-
Nino dan Kemarau. Buletin SPAN 2016 (2), 1-20.

Suntharalingam, T. (1984). Quaternary stratigraphy and prospects for placer tin
in the Taiping-Lumut area, Perak. Geological Survey of Malaysia,
Bulletin 17, 9-32.

Sundaram, B., & Coram, J. (2009). Groundwater Quality in Australia and New
Zealand: a literature review. The Guidelines for Groundwater
Protection in Australia. Final Report. Geoscience Australia.

Sudaryanto & Naily, W. (2018, February). Ratio of Major lons in Groundwater
to Determine Saltwater Intrusion in Coastal Areas. In IOP Conference
Series: Earth and Environmental Science (Vol. 118, No. 1, p. 012021).
IOP Publishing.

Talib, Y. Y. A. (2016, January). Berdepan fenomena El Nino. Harian Metro.
Retrieved from https://www.hmetro.com.my/node/108140.

Telford, W. M., & Sheriff, R. F. (1984). Applied Geophysics. Cambridge
University Press.

95



Todd, D. K. (1980). Groundwater Hydrology Second Edition. John Wiley &
Sons, New York.

Todd, D. K., & Mays, L. W. (2005). Groundwater Hydrology Third Edition.
United States of America: John Wiley and Sons, Inc.

Toridi, N. M. (2018). A hydrogeological implication framework for sustainable
groundwater extraction. [Doctoral dissertation]. Universiti Putra
Malaysia.

Waterloo Hydrogeologic Inc. (2006). Visual MODFLOW v. 4.2. User’s Manual.
Canada: Waterloo Hydroleologic Inc.

Wernette, P., Houser, C., Weymer, B. A., Everett, M. E., Bishop, M. P., &
Reece, B. (2018). Influence of a spatially complex framework geology
on barrier island geomorphology. Marine Geology, 398, 151-162.

Wessel, G. R., & Greenberg, J. K. (Eds.). (2016). Geoscience for the Public
Good and Global Development: Toward a Sustainable Future (Vol.
520). Geological Society of America.

Wilopo, W., Putra, D. P. E., & Wibowo, D. A. (2018). Groundwater flow
modeling in the Wates Coastal Aquifer, Kulon Progo district,
Yogyakarta Special Province, Indonesia. International Journal of
GEOMATE, 14(41), 119-125.

United Nations Educational, Scientific and Cultural Organization, UNESCO.
(2015). The United Nations world water development report 2015:
water for a sustainable world. Paris: UNESCO.

Vandenbohede, A., Van Houtte, E., & Lebbe, L. (2009). Sustainable
groundwater extraction in coastal areas: a Belgian
example. Environmental geology, 57(4), 735-747.

Vandermolen, J. (2013, November 12). Case Study: MODFLOW-USG Yields
90% Reduction in Run Times for Regional Groundwater Model.
https://www.waterloohydrogeologic.com/2013/11/12/case-study-
modflow-usg-yields-90-reduction-in-run-times-for-regional-
groundwater-model-1/.

Yang, X., Steward, D. R., de Lange, W. J., Lauwo, S. Y., Chubb, R. M., &
Bernard, E. A. (2010). Data model for system conceptualization in
groundwater studies. International Journal of Geographical Information
Science, 24(5), 677-694.

Ying, L. C. (March, 2014). In Search of Water. The Star Online. Retrieved from

https://www.thestar.com.my/news/environment/2014/03/03/in-search-
of-water/

96



Y usoff,

I., Mohamad, I. C., Ghani, A. A, & Jamaluddin, T. A. (2004).
Groundwater Modelling of Nenasi, Pekan, Pahang. Geological Society
of Malaysia, Bulletin 48, 41-45.

Zawawi, M. H., Syafalni & Abustan, I. (2011). Detection of groundwater aquifer

Zhou,

using resistivity imaging profiing at Beriah Landfill Site, Perak,
Malaysia. In Advanced Materials Research (Vol. 250, pp. 1852-1855).
Trans Tech Publications.

Y., & Li, W. (2011). A review of regional groundwater flow
modeling. Geoscience frontiers, 2(2), 205-214. doi:
10.1016/j.9sf.2011.03.003.

Zhou, P., Li, M., & Lu, Y. (2017). Study on the groundwater sustainable

problem by numerical simulation in a multi-layered coastal aquifer
system of Zhanjiang, China. Journal of Earth System Science, 126(7),
102.

97



BIODATA OF STUDENT

The student, Norfaezah binti Makzin was born on February, 26, 1994 in
Petaling Jaya, Selangor. She received her primary education at Sekolah
Kebangsaan St Teresa (1) Kuala Lumpur. Her secondary education at Sekolah
Menengah Perempuan Methodist, Kuala Lumpur (Form 1-3) and MRSM
Pengkalan Hulu, Perak (Form 4-5). She did her foundation at Foundation
Studies for Agricultural Science, Universiti Putra Malaysia. Then, she furthered
her tertiary education at Universiti Putra Malaysia and graduated with a
Bachelor of Engineering (Agricultural and Biosystems) in 2016. She is currently
a postgraduate student for the Master of Science degree in Soil and Water
Engineering from Universiti Putra Malaysia.

107



PUBLICATION

Makzin, N., Zawawi, M. A. M., & Wayayok, A. (2021). Delineation of lithological
formation in Bukit Merah, Semanggol, Perak using groundwater
modeling. Journal of Agricultural and Food Engineering, 1, 0031.

108



UNIVERSITI PUTRA MALAYSIA

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND
COPYRIGHT

ACADEMIC SESSION: Second Semester 2020/2021

TITLE OF THESIS / PROJECT REPORT:

SUSTAINABLE GROUNDWATER EXTRACTION FOR AGRICULTURE USE
AT BUKIT MERAH AQUIFER IN SEMANGGOL, PERAK, MALAYSIA

NAME OF STUDENT: NORFAEZAH BINTI MAKZIN

| acknowledge that the copyright and other intellectual property in the
thesis/project report belonged to Universiti Putra Malaysia and | agree to allow
this thesis/project report to be placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for
educational purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this
thesis for academic exchange.

| declare that this thesis is classified as:
*Please tick ()

CONFIDENTIAL (Contain confidential information under Official
Secret Act 1972).

RESTRICTED (Contains restricted information as specified
by the organization/institution where research
was done).

OPEN ACCESS | agree that my thesis/project report to be

JU0

published as hard copy or online open access.



This thesis is submitted for:
@ PATENT Embargo from until
(Date) (Date)

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory
New IC No/ Passport No.: Committee) Name:
Date: Date:

[Note: If the thesis is CONFIDENTIAL or RESTRICTED, please attach with
the letter from the organization/institution with period and reasons for
confidentially or restricted.]





