CHARACTERISTICS AND DYNAMICS OF
SEDIMENT AT MARUDU BAY, SABAH,
MALAYSIA

PERPUSTAKAAN
UNIVERSITI MALAYSIA SABAH

MUHAMMAD RASHID BIN ABDUL RAHIM

BORNEO MARINE RESEARCH INSTITUTE
UNIVERSITI MALAYSIA SABAH

5 UMS

UNIVERSITI MALAYSIA SABAH



CHARACTERISTICS AND DYNAMICS OF
SEDIMENT AT MARUDU BAY, SABAH,
MALAYSIA

MUHAMMAD RASHID BIN ABDUL RAHIM

PERPUSTAKAAN
UNIVERSITI MALAYSIA SABAH

THESIS SUBMITTED IN FULFILLMENT FOR
THE DEGREE OF MASTER OF SCIENCE

BORNEO MARINE RESEARCH INSTITUTE
UNIVERSITI MALAYSIA SABAH
2019

5 UMS

UNIVERSITI MALAYSIA SABAH



UNIVERISITI MALAYSIA SABAH
BORANG PENGESAHAN STATUS TESIS

JUDUL: CHARACTERISTICS AND DYNAMICS OF SEDIMENT AT
MARUDU BAY, SABAH, MALAYSIA

DAZAH: IJAZAH SARJANA SAINS (SAINS MARIN)
Saya MUHAMMAD RASHID BIN ABDUL RAHIM, Sesi 2014-2019 mengaku

membenarkan tesis Ijazah Sarjana ini disimpan di Perpustakaan Univerisiti Malaysia
Sabah dengan syarat-syarat kegunaan seperti berikut:

1 Tesis ini adalah hak milik Universiti Malaysia Sabah.

2. Perpustakaan Universiti Malaysia Sabah dibenarkan membuat salinan untuk
tujuan pengajian sahaja.

8. Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran
antara institusi pengajian tinggi.

4, Sila tandakan ( / ):

SULIT (Mengandungi maklumat yang berdarjah keselamatan atau
kepentingan Malaysia seperti yang termaktub di dalam AKTA
RAHSIA 1972)

TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan oleh
organisasi/badan di mana penyelidikan dijalankan)

/| TIDAK TERHAD

ikﬁhkan oleh,

NORAZLYANE NOHOTTHAN @ 4 NNE
PUSTAKAWAN
MJHAMMAD RASHID BIN ABDUL RAHIM (TaDd@tasgamRUSTRSARAHN)

MY1421031T

LN

Tarikh : 18 January 2019

UNIVERSITI MALAYSIA SABAH

oLuiCia aaN



DECLARATION

I affirmed that this dissertation is the result of my own work, except for quotations

and summaries, each of which has been fully acknowledged.

18 January 2019 % ]

Muhammad Rashid Bin Abdul Rahim
MY1421031T

UNIVERSITI MALAYSIA SABAH




NAME

MATRIC NO.

TITLE

DEGREE

VIVA DATE

CERTIFICATION

: MUHAMMAD RASHID BIN ABDUL RAHIM

: MY1421031T

: CHARACTERISTICS AND DYNAMICS OF SEDIMENT AT

MARUDU BAY, SABAH, MALAYSIA

: MASTER OF SCIENCE (MARINE SCIENCE)

: 19 SEPTEMBER 2018

CERTIFIED BY

Signature

1. MAIN SUPERVISOR

Assoc. Prof. Dr. Ejria Saleh

2. CO-SUPERVISOR <

Dr. Sujjat Al-Azad

UNIVERSITI MALAYSIA SABAH




ACKNOWLEDGEMENT

This thesis becomes a reality with the kind support and help of many individuals. I

would like to extend my sincere thanks to all of them.

I would like to express my special gratitude to my beloved supervisor,
Assoc. Prof. Dr. Ejria Saleh for imparting her knowledge and expertise in this study.
To my co-supervisor, Dr. Sujjat Al-Azad thanks for the motivations and comments
for me, that more the less change the way i think and write during this dissertation
writing process. Besides, thousand thanks to all Borneo Marine Resarch Institute

(BMRI) lectures and staff that helps me during my laboratory and analysis.

Not to forget, this study was partially supported by the Niche Research
Grant Scheme (NRGS0003) from the Ministry of Higher Education Malaysia and
Grant Luar (GL00132) from Asian Development Bank (ADB).

Thanks to my friends that always support and accompany beside, Gwen,
Michael, Kai Ching, Fazlina, Russel, Mell, and all my BMRI’s friends. Thanks for the

memories, food, laugh and all the crazy things that had we done.

Last but not least, to my beloved family my mom, Puziyah bt Sha'ari my
dad, Abdul Rahim bin Mohd Isa, my brother, Muhammad Faiz and Muhammad
Hazim and my sister, Safiyah Hazwani, thank you very much for financing and

emotional support.

" Twenty years from now you Will be more disappointed by the things that you
didn't do than by the ones you did do, so throw off the bowlines, sail away from
safe harbor, catch the trade winds in your sails. Explore, Dream, Discover.”

-Mark Twain-

Muhammad Rashid Bin Abdul Rahim
18 January 2019

UNIVERSITI MALAYSIA SABAH




ABSTRACT

Marudu Bay lies between the geographical coordinates of 6.9511°N - 7.0373°N and
116.7420 °E — 117.0339 °E where some part of the Bay is under the Tun Mustapha
Park (TMP) area that has been gazetted as Malaysia’s largest marine protected
area. Rapid coastal development and land clearing for aquaculture activities leads
to high sediment discharges that may affect the Bay by damaging its marine
resources. Hydrodynamic factor plays an important role in the movement of the
sediment within the Bay, and it is affected by river discharge, geomorphology of
the bay, bathymetry and tidal constituent. The current study aimed to identify the
grain size, distribution, and characteristic of surface sediment at the seabed in inner
and outer part of Marudu Bay during northeast, inter-, and southwest monsoon.
These data then were simulated for hydrodynamic and sediment dynamic during
northeast monsoon via Delft3D simulation model. The model set-up of Delft3D
simulation was calibrated and verified using field measurements of data, such as
water level, current speed and current direction. The field data for current
verification were measured using Acoustic Wave and Current profiler deployed on
12 - 25 March 2015 in the middle of the Bay. The surface sediment and water
samples were collected at specific date from 45 stations within the Bay using Ponar
grab and horizontal water sampler. Subsequently, the sediment and water samples
were then analysed using the LISST-Portable Laser Diffraction Size Analyser and
standard method in determination of Total Suspended Sediment (TSS),
respectively. The composition of silt and sandy silt (7.92 — 68.18 pm) content in the
surface sediment samples from entire Marudu Bay (n=38) was dominant with
about 90 % and 40 %, respectively. Sand and silty sand (94.94 — 250 pm)
composition present only at the certain area (n=7) with 98 % and 80 %,
respectively. Highest TSS value was found at ST26 with 14.1 mg/L which located
near Telaga river. Overall from 45 sediment samples obtained at Marudu Bay, for
sorting characteristic group; (i) 43 samples were poorly sorted and 2 were well
sorted, (ii) 33 samples were under coarse skewed and another 12 under fine
skewed, and (iii) 38 samples under mesokurtic and 7 under leptokurtic. The
hydraulic movement during the ebb and flood tide were uniforms where the water
enters and out from the Bay through Cape of Simpang Mengayau. During spring
ebb tide (-0.58 m) the surface sediments from inner and outer part of the Marudu
Bay were transported out at the rate of 0.1x10° to 0.2x10° m*/s/m and 0.2x10° to
0.4x10° m*/s/m with a mean current speed of 0.13 m/s. While during spring flood
tide (0.28 m), the surface sediments were transported into the Bay at the rate of
0.4x10° to 1.8x10° m?/s/m with a mean current speed of 0.09 m/s. Usage of silt
curtain need to be implemented as mitigation measure to minimize the
sedimentation. Findings of this present study provide baseline information on
sediment transport and hydrodynamic pattern within the Marudu Bay to decision-
makers in developing sustainable aquaculture activities.—
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ABSTRAK

CIRI-CIRI DAN DINAMIK SEDIMEN DI TELUK MARUDU, SABAH,
MALAYSIA

Teluk Marudu terletak diantara koordinat geografi 6.9511°N - 7.0373°N dan
116.7420 °E — 117.0339 °E di mana sebahagian daripada kawasan teluk tersebut
berada di bawah Taman Tun Mustapha yang telah diwartakan sebagai kawasan
perfindungan marin terbesar di Malaysia. Aktiviti pembangunan dan pembukaan
tanah yang pesat untuk aktiviti akuakultur menyebabkan pelepasan sedimen yang
tinggi ke kawasan teluk dimana ianya akan menyumbang kepada kerosakkan
sumber marin. Faktor hidrodinamik memainkan peranan yang penting dalam
pergerakan sedimen di Teluk Marudu dan ianya dipengaruhi oleh faktor pasang
surut, aliran sungai, geomorfologi dan kedalaman air. Kajian ini bertujuan untuk
menentukan saiz butiran, taburan dan ciri-ciri permukaan sedimen di kawasan
dalam dan luar Teluk Marudu semasa monsun timur laut, peralihan dan barat daya.
Kesemua data yang diperoleh disimulasikan untuk simulasi hidrodinamik dan
dinamik sedimen semasa monsun timur laut dengan perisian simulasi model
Delft3D. Persediaan simulasi model Delft3D dikalibrasi dan disahkan dengan
menggunakan data paras air laut, kelajuan dan arah arus yang telah diukur di
lapangan. Data arus di lapangan diukur dengan menggunakan Acoustic Wave and
Current profiler’ yang dijpasang pada 12 — 25 Mac 2015 di kawasan tengah Teluk
Marudu. Sampel permukaan sedimen di dasar dan sampel air diambil pada tarikh
tertentu dari 45 stesen di seluruh kawasan Teluk Marudu dengan menggunakan
alat pencekau tanah Ponar dan sampler air mendatar. Sampel sedimen dan air
dianalisis menggunakan 'LISST-Portable Laser Diffraction Size Analyser’ dan kaedah
piawai dalam menentukan Jumlah Sedimen Terampai (TSS). Komposisi lumpur dan
lumpur berpasir (7.92 — 68.18 pm) dalam sampel permukaan sedimen dari seluruh
Teluk Marudu (n=38) adalah dominan dengan 90 % dan 40 %. Pasir dan pasir
berlumpur (94.94 — 250 pm) masing-masing hanya terdapat di kawasan tertentu
(n=7) dengan 98 % dan 80 %. Nilai TSS paling tinggi didapati di ST26 dengan 14.1
mg/L yang terletak berhampiran Sungai Telaga. Keseluruhan dari 45 sampel
sedimen yang diperolehi di Teluk Marudu, bagi kumpulan “sorting”; (i) 43 sampel
dalam kalangan ‘poorly sorted” dan 2 dalam “well sorted”, (ii) 33 sampel berada
dalam kalangan “coarse skewed” dan 12 yang lain dalam kalangan “fine skewed”,
dan (ifi) 38 sampel dalam kalangan ‘mesokurtic” dan 7 dalam ‘“leptokurtic”.
Pergerakkan hidraulik semasa air pasang dan surut pula menunjukkan
keseragaman dimana air masuk dan keluar dari Teluk Marudu melalu kawasan
Tanjung Simpang Mengayau. Semasa air surut besar (-0.58 m) sedimen di
permukaan bagi kawasan dalam dan luar Teluk Marudu telah dibawa keluar pada
kadar masing-masing, 0.1x1(F — 0.2x10° nr’/s/m dan 0.2x1(F — 0.4x10° nT’/s/m
dengan min kelajuan arus 0.13 my/s. Semasa air- pasang. besar (0. ) pu
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sediment dipermukaan telah dibawa masuk ke dalam Teluk Marudu pada kadar
0.4x10P - 1.8x1CPF m’/s/m dengan min kelajuan arus 0.09 m/s. Penemuan daripada
kajian ini menyediakan satu maklumat asas mengenai pergerakan sedimen dan
corak hidrodinamik di Teluk Marudu kepada pembuat keputusan dalam
membangunkan aktiviti akuakultur yang lebih mapan.

UNIVERSITI MALAYSIA SABAH




LIST OF CONTENTS

Page
TITLE i
DECLARATION ii
CERTIFICATION iii
ACKNOWLEDGEMENT iv
ABSTRACT v
ABSTRAK Vi
LIST OF CONTENTS viii
LIST OF TABLE Xi
LIST OF FIGURES Xii
LIST OF FORMULAE Xiv
LIST OF ABBREVIATIONS XV
LIST OF SYMBOLS Xix
LIST OF UNITS XX
LIST OF APPENDICES XXii
CHAPTER 1: INTRODUCTION 1
1.1 Sediment and It Importance 1
j ) Hydrodynamic Simulation Model 2
1.3 Current Issues in Marudu Bay 4
1.4 Scope and Objective of Study 6
k) Significance of Study 6
CHAPTER 2: LITERATURE REVIEW 8
2.1 Importance of Marudu Bay as Part of Gazzetted Marine Protected Area 8
2.2 Past Studies Carried Out at Marudu Bay 11
2.3 Factors Contributed to Sediment Grain Size Distribution and Its 12
Implication on Marine Ecosystem
2.3.1 Geomorphological Condition 13
2.3.2 Physical Processes 16
2.4 Determination of Sediment Characteristics 18
2.5 Influence of Hydrodynamic Simulation Model on 25

viii

UNIVERSITI MALAYSIA SABAH



Sediment Distribution

2.6 Hydrodynamic Simulation Model and Its Application 26
2] Delft3D Hydrodynamic and Sediment Transport Simulation Model 31
Analysis
CHAPTER 3: METODOLOGY 32
2.5 Study Area 82
3.2 Sampling Design 34
8.3 Sediment Sampling 36
3.3.1 Surface Sedimet on the Seabed Sampling 36
3.3.2 Water Sampling 36
3.4 Analytical Parameters 37
3.4.1 Types and Grain Size of Seabed Samples 37
3.4.2 Total Suspended Sediment (TSS) 39
3.5 Physical Oceanographic Parameters 39
3.5.1 Current Speed and Direction 39
3.5.2 Tidal Constituent 40
3.6 Delft3D Model Set-Up 40
3.6.1  Preprocessing Model Set-Up 41
a. Working Directory Folder 42
b. Land Boundary 42
c. Grid Generation 42
d. Generate Bathymetry 43
e. Generate Initial and Boundary Condition 43
3.6.2  Calibration and Validation Process 44
a. Water Level Calibration 45
b. Current Speed and Direction Calibration 47
3.6.3  Delft3D Data Input Set-Up 49
3.6.4 Post Model Set-Up 49
3.7 Statistical Analysis 50
CHAPTER 4: RESULTS 51
4.1 Types of Surface Sediment on the Seabed at Marudu Bay 51
4.2 Grain Sizes of Surface Sediment and Its Distribution 54
4.3 Surface Sediment Characteristics N
ix - "1 |

UNIVERSITI MALAYSIA SABAH




4.4 The Total Suspended Sediment (TSS) at Each Sampling Stations 59

4.5 Current Pattern and Sediment Transport at Different Tidal Cycles 61
4.5.1 Neap Ebb Tide 61
4.5.2 Neap Flood Tide 61
4.5.3 Spring Ebb Tide 65
4.5.4 Spring Flodd Tide 65
CHAPTER 5: DISCUSSION 68
5.1 Surface Sediment Characteristics 68
5.2 Hydrodynamic Effect on Sediment and TSS Distribution 70
5.3 Relationship of Hydrodynamics With Sediment Characteristics 72
5.4 Current Pattern and Sediment Transport 74
CHAPTER 6: CONCLUSION AND RECOMMENDATION 75
REFERENCES 77
APPENDICES as

UNIVERSITI MALAYSIA SABAH




Table 2.1:
Table 2.2:
Table 2.3:
Table 2.4:
Table 2.5:
Table 2.6:
Table 3.1:
Table 3.2:

Table 3.3:

Table 3.4:

LIST OF TABLES

Page
Studies conducted at Marudu Bay from 2012 to 2017 11
The ranged of Mg value in yum and its description 21
The ranged of gg value in pm and its description 22
The ranged of Skg value in um and its description 23
The ranged of Kg value in ym and its description 24

Advantages and limitation of the hydrodynamic simulation model 29

Summary of preprocessing model set-up 41
Comparison of the upper limit for water level RMSE set by 45
DID guideline with the water level at Kudat and Tigabu Island

tidal stations

Comparison of the upper limit for current speed and direction 47
RMSE set by DID guideline with measured current data

The general model set-up of Delft-3D for hydrodynamic 49

and sediment transport simulation model

xi

UNIVERSITI MALAYSIA SABAH



LIST OF FIGURES

Page

Figure 2.1:  Marudu Bay within the Tun Mustapha Park Area 10

Figure 2.2:  The forces act on the sediment laying on the seabed, 16
where C is the centre of gravity of the sediment grain

Figure 2.3:  The example of sediment sorting 22

Figure 2.4:  The sediment skewness graph 23

Figure 2.5:  The sediment kurtosis graph 24

Figure 3.1:  The study area and location of sampling stations 33
in Marudu Bay

Figure 3.2:  Flow chart for characteristics and dynamic of 35
sediment at Marudu Bay

Figure 3.3:  Sand, silt and clay trigon according to GRADISTAT 38
version 8.0 by Blott and Pye (2001)

Figure 3.4:  Comparison of measured and simulated water level at Kudat (i) 46
and Tigabu Island (ii) from 10 March to 26 March of 2015

Figure 3.5:  Comparison of measured and simulated current speed (i) 48
and current direction (ii) from 10 March to 26 March of 2015

Figure 4.1a: The type of surface sediment from the inner part of Marudu Bay 52

Figure 4.1b: The type of surface sediment from the outer part of Marudu Bay 53

Figure 4.2:  Distribution of sediment sizes on spefic dates during NE, 55
Inter-, and SW Monsoon

Figure 4.3a: The bivariate plot between mean and sorting value of 56
sediment samples

Figure 4.3b: The bivariate plot between skewness and kurtosis value of 57
sediment samples

Figure 4.3c: The bivariate plot between sorting and skewness value of 58
sediment samples

Figure 4.4:  The values of Total Suspended Sediment (TSS) at each 60

sampling station with the highest TSS value of 14.1 mg/L
located at ST26

UNIVERSITI MALAYSIA SABAH




Figure 4.5a:

Figure 4.5b:

Figure 4.5c:

Figure 4.5d:

Figure 5.1:

Figure 5.2:
Figure 6.1:

Figure 6.2:

Figure 6.3:

Figure 6.4:

Current pattern (i) and sediment transport (ii) during neap 63
ebb tide on 12 March 2015 at 7 pm

Current pattern (i) and sediment transport (ii) during neap 64
flood tide on 12 March 2015 at 11 am
Current pattern (i) and sediment transport (ii) during spring 66

ebb tide on 20 March 2015 at 2 am

Current pattern (i) and sediment transport (ii) during spring 67
flood tide on 20 March 2015 at 9 am

(a) The coarse sediment distribution and (b) coral reef localities 70
Reef areas are marked with red circles; 4, Mempakad; 5, Berraut;

6, Zebra; 10, Bak-Bak; 11, Pantai Bahagia

Near-shore wind data from 10th -26th March 2015 73
i) Land boundary tracing from Google Earth 103
ii) Land boundary in the .shp file

The coarse grid set-up for regional (1000 m) boundary and 105
the grid set-up for the area (100 m) boundaries generated

from Delft Dashboard.

The bathymetry of regional and study area after 108
correction to MSL

The grid generated with boundaries 110
(North, West, and East) for driving the hydrodynamic model

UNIVERSITI MALAYSIA SABAH




Formula 2.1:

Formula 2.2:

Formula 2.3:

Formula 2.4:

Formula 3.1:

LIST OF FORMULAE

Page
. InPy6 +InPsq +InP,
Mean SIZE, MG = exp 16 350 84 19
. InPyg — InP InPs — InP.
Sorting, o; = exp ( 16 B 566 95) 5
InPyg +inPgy —2(INnP, InPs +InPys —2(InP.
Skewness, Sk, = ——2* (nPso) 5 +InPgs ~2(InPso) 20
2(InPgq —InPy¢) 2(InP;y5 —InPg)
A InPs —InP
Kurtosis, K; = R0 20

2.44 (InPys —InPy5)

Total Suspended Sediment, % = %X 1000 39




°E

°N

iD

2D

3D

ADCIRC

AWAC

BMRI

CBP

CH3D-WES

DID

ECOMSED

FVCOM

ha

H,0;

HCI

IHO

LIST OF ABBREVIATIONS

degree east

degree north

ante meridien, before midday

post meridien, after midday

1-Dimensional

2-Dimensional

3- Dimensional

Advanced Circulation

Acoustic Wave and Current

Borneo Marine Research Institue

Chesapeake Bay Program

Curvilinear Hydrodynamic in 3D — Waterway Experiment Station
Department of Irrigation and Drainage Malaysia
Estuarine and Coastal Ocean Model

Finite Volume Coastal Ocean Model

hectares

Hydrogen Peroxide

Hydrochloric acid

International Hydrographic Organization

UNIVERSITI MALAYSIA SABAH




K

K2

M,

MECO

Mf

Mm

MN,

MPA

MS,

MSL

N

NagPsO1s

NAHRIM

0,

OCCAM

Py

PAST

PCA

PE

POM

lunisolar diurnal constituent

lunisolar semi-diurnal constituent

principal lunar semi-diurnal constituent

shalow water overtides of the principal lunar constituent
Model of Estuaries and Coastal Oceans

lunar fortnight constituent

lunar monthly constituent

lunarsolar synodic forthnight constituent and mean range
Marine Protected Area

shallow water quarter diurnal constituent

Mean Sea Level

larger lunar elliptic semi-diurnal constituent

sodium hexametaphosphate

National Hydraulic Research Institute Malaysia

lunar diurnal constituent

Global Ocean Model

rate of change mean longitude of solar perigee
PAleontological STatistical Software Package

Priority Conservation Area

PolyEthylene

Princeton Ocean Model

xvi & &

of tide

UNIVERSITI MALAYSIA SABAH



Q
RMSE
S

SP

ST
TMP
TPXO
TSS
USEPA
WSG84
.bca
.bnd
.dep
.enc
.grd
.kmz
Idb
.png
.shp
trih

Lrim

large lunar elliptic diurnal constituent
Root Mean Square Error

principal solar semi-diurnal constituent
Standard Port

Station

Tun Mustapha Park

TOPEX/Poseidon and Jason

Total Suspended Sediment

United Stated Environmental Protection Agency
World Geodetic System 84
astronomical boundary condition

open boundary

depth file

enclosure file

grid file

keyhole markup language zipped file
land boundary file

portable network graphics file
geographic feature file

history file

map file

xvii & @ |

UNIVERSITI MALAYSIA SABAH




.XyZ

chemical file format

UMS

UNIVERSITI MALAYSIA SABAH



LIST OF SYMBOLS

degree

dollar

greater than

greater than or equal to
less than

negative

percentage

plus minus

positive

UNIVERSITI MALAYSIA SABAH



°C

xI

Oc

Ske

m/s

mg/L
m/s
m’/s/m
kg/m?

d50

exp

mL

mm

LIST OF UNITS

degree celsius

phi

mean

mean size

sorting

skewness

kurtosis

metre per second
miligram per litre

meter per second square
metre cubic per second per metre
kilogram per metre square
mean diameter
exponential

gram

IOgexponential

metre

mililitre

milimetre

UNIVERSITI MALAYSIA SABAH



min

PPT

PSU

SD

pm

minute

Part Per Thousand
Practical Salinity Unit
standard deviation

micrometre




Appendix A:

Appendix B:
Appendix C:
Appendix D:
Appendix E:
Appendix F:
Appendix G:
Appendix H:

Appendix I:
Appendix J:

Appendix K:
Appendix L:

Appendix M:

Appendix N:

Appendix O:
Appendix P:

Appendix Q:

Appendix R:

Appendix S:

LIST OF APPENDICES

The detail description of each sampling stations

at Marudu Bay

Sediment grain size by using LISST portable

Sediment grain size by using sieve shaker

Total Suspended Sediment (TSS)

Working directory folder

Land boundary

Grid generation

Bathymetry generation (Through Delf Dashboard)

Bathymetry generation (Through C-map and Navigation Chart)
Initial and boundary condition

Boundary condition data

Measured water level at Kudat and Tigabu island

(Detail data log on 10 March to 26 March 2015)

Measured current speed and direction

(Detail data log on 12 March to 26 March 2015)

Detail data log on sediment characteristics analysis

From GRADISTAT

One-way ANOVA result

Current pattern and sediment transport during neap ebb tide
(Detail data log on 12 March 2015 at 7 pm)

Current pattern and sediment transport during neap flood tide
(Detail data log on 12 March 2015 at 11 am)

Current pattern and sediment transport during spring ebb tide
(Detail data log on 20 March 2015 at 2 am)

Current pattern and sediment transport during spring flood tide
(Detail data log on 20 March 2015 at 9 am)

Page
95

97

98

99
101
102
104
106
107
109
11150}
122

135

01245

152
153

154

155

156

UNIVERSITI MALAYSIA SABAH





