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ABSTRACT

This study covered the hydrodynamics and sedimentary processes at the tidal inlet of
Salut-Mengkabong Lagoon, located in the west coast of Sabah, Malaysia. Field
measurements were conducted under different tidal conditions and monsoons aimed
at determining water current profiles, water flux, suspended sediment concentrations
and sediment flux across the main inlet as well as the entrance of Salut and
Mengkabong Lagoon. Morphodynamics of the main inlet are illustrated through
interpretations of profile measurements and field observation on adjacent coastline.
Field measurements for water current and suspended sediment concentration were
conducted in September 2005 (southwest monsoon) and February 2006 (northeast
monsoon) covering both the spring and neap tidal cycles. Water surface elevations
were measured using Tidalite at each transect for the complete tidal cycles during
which field data were taken. Velocity measurements were conducted using
Aquadopp profiler at three horizontal sampling points of each transects for complete
tidal cycles at two hours interval. Water samples for measuring the suspended
sediment concentration were collected at all sampling locations corresponding to
velocity measurements. Beach profile were measured, using TOPCON Series AT-
GB6, at six transects on the adjacent coastline during southwest, northeast and inter-
monsoon. The measured water currents revealed that the inlet of Salut-Mengkabong
Lagoon is ebb dominated. The time-averaged velocities during the spring tidal
measurements were found to be higher in the main inlet, followed by the
Mengkabong and Salut entrance. Neap tidal currents were found to be steady
compared to spring tidal currents. Suspended sediment concentrations were found to
be higher in February 2006 (northeast monsoon) compared to that in September
2005 (southwest monsoon). Sediment flux during spring tidal cycles were found
substantially higher compared to neap tidal cycles. Spring tidal measurements
revealed that, ebb tidal fluxes were higher than flood tidal fluxes, leading to large ebb
shoals. The February 2006 (northeast) neap tidal measurement showed higher
sediment flux during flood tide. Beach profile measurements at Karambunai revealed
net erosion in areas away from inlet. The net change of the profile close to the inlet
was found too small, indicating that deposited materials were mostly washed out by
littoral drift toward the inlet or by cross-shore transport. The profile at the throat of the
inlet showed net erosion. Substantial dune erosion was observed at Karambunai
beach especially in areas near the inlet. Dalit beach was found to be depositional due
sediment bypassing from the updrift Karambunai beach. Due to longshore drift and
ebb dominated tidal current, there were substantial depositions at the ocean side of
the main inlet. Two ebb shoals were found at locations offshoreward from the inlet
mouth, which developed due to the discharge of sediment by strong ebb currents,
and transport of sediment by longshore current flows around the ebb shoals.



ABSTRAK

Hidrodinamik dan Pengangkutan Sedimen di Muara Lagun Salut-Mengkabong,
Kota Kinabalu, Sabah.

Kajian ini meliputi proses hidrodinamik dan pengangkutan sedimen di muara Lagun
Salut-Mengkabong yang terletak di pantai barat Sabah, Malaysia. Kerja lapangan
telah dijalankan semasa air pasang dan surut pada kedua-dua monsun, untuk
menentukan profil arus air, aliran air, kepekatan sedimen terampai dan aliran
sedimen di bukaan utama muara Lagun Salut-Mengkabong dan kedua-dua Lagun
Salut dan Mengkabong. Morfodinamik telah diilustrasi dengan pengukuran profil
pantai dan pemerhatian di sepanjang pesisir pantai yang berhampiran dengan
kedua-dua bukaan Lagun Salut dan Mengkabong. Pengukuran arus air dan
kepekatan sedimen terampai dijalankan pada bulan September 2005 (monsun barat
daya) dan Februari 2006 (monsun timur laut), merangkumi kedua-dua kitaran air
pasang surut purnama dan air pasang surut anak. Ketinggian aras air juga diukur
menggunakan Tidalite bagi setiap transek pada satu kitaran pasang surut yang
lengkap. Semasa pengambilan data tersebut, halaju arus disukat bagi setiap dua jam
dengan menggunakan Aquadopp profiler pada tiga titik melintang yang berbeza di
kawasan kajian. Sampel air diambil untuk mengetahui kepekatan sedimen terampai
bagi setiap titik tersebut. Profil pantai telah diukur menggunakan TOPCON Series
AT-G6 pada enam transek di sepanjang pesisir pantai berhampiran muara utama
semasa monsun barat daya, monsun timur laut dan monsun peralihan. Pengukuran
arus air menunujukkan bahawa, kawasan bukaan muara Lagun Salut-Mengkabong
adalah didominasikan oleh air surut. Purata masa per halaju arus air semasa air
pasang adalah tinggi di kawasan muara utama diikuti dengan bukaan Lagun
Mengkabong dan Salut. Arus semasa pasang surut anak adalah konstan berbanding
dengan arus semasa pasang surut purnama. Kepekatan sedimen terampai adalah
tinggi pada bulan Februari 2006 berbanding pada bulan September 2005. Aliran
sedimen semasa kitaran air pasang surut purnama adalah lebih tinggi berbanding
semasa air pasang surut anak. Aliran air adalah tinggi ketika air surut berbanding
ketika aliran air pasang. Profil pantai Karambunai menunjukkan berlakunya
penghakisan jauh daripada bukaan muara utama.Manakala, pemendapan sedimen
berlaku berdekatan dengan bukaan muara utama dan pantai Dalit. Sedikit
pemendapan sedimen berlaku berhampiran dengan muara utama akibat daripada
arus bujuran pantai yang menuju ke muara utama dan aliran surut yang dominant.
Profil pantai di muara utama menunjukkan beriakunya penghakisan. Jauh di mulut
muara utama, terdapat dua beting pasir yang terbentuk disebabkan oleh sedimen
yang keluar akibat daripada aliran arus kuat semasa air surut dan pengangkutan
sedimen oleh aliran arus pantai di kawasan beting tersebut.
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CHAPTER 1

INTRODUCTION

11 Introduction

Located in the inter-tidal area of the west coast of Sabah, Malaysia, Salut-Mengkabong
Lagoon plays an important role in the coastal ecology as well as the socio-economic
development of the entire area (IKLIM, 2006). Of great importance are aquaculture
activities, mangrove forests and tourism industries. The lagoon system is characterised
by mangroves, some seagrasses, shallow coastal waters, tidal flushings and little flow
of water from inland areas (IKLIM, 2006). Mangrove forests play a significant role as
natural sediment traps and provide protection for fish larvae, juveniles, and

compositional support for mollusks and crustaceans (Gassner et al., 2004).

Immediately after the tidal inlet, the lagoon splits into two parts: Salut and
Mengkabong. The existence of two resorts in these two parts, Nexus Karambunai and
Shangri-La's Rasa Ria, makes this area as one of the eco-tourism destinations in Sabah.
In addition, another development project Nexus Resort Residence-Karambunai along
the coast of Salut division is on-going (IKLIM, 2006). This increase in the development
pressure adjacent to the lagoon gives rise to a number of issues: the erosion, accretion,
and morphodynamics behaviour along the coastline, water quality and nearshore marine

habitats.

Increasing pressure from aquaculture and eco-tourism activities in this area has

led to the depletion of mangrove forests and seagrass beds, with a consequence of



affecting the overall coastal environment. Development activities outside the lagoon due
to different construction and reclamation projects tend to increase soil erosion, which is
transported into the adjacent nearshore waters and the tributaries of the lagoon (IKLIM,
2006). The drainage of rainwater carries sediment from dynamic development areas
through the inlet by small streams or adjacent coast (IKLIM, 2006). On the other side,
longshore transport along the adjacent coastline deposits substantial sediments to the
inlet area, which enters to the lagoon with flood tide, and some are deposited at the
ocean side in front of the tidal inlet. Due to excess sediment accretion, the area is
becoming shallower and the tidal inlet is becoming narrower thereby affecting the
coastal ecology of the area (Saleh et al., 2005). Increasing suspended sediment
accumulation affects the valuable marine inhabitants on the seabed and the water

column (Saleh et al., 2005).

Although the Salut-Mengkabong Lagoon is an important component of the west
coast of Sabah's ecosystem as well as, socio-economically, the physical coastal
processes of the lagoon and inlet are yet to be documented. Understanding the
hydrodynamics and sedimentary processes of a tidal inlet are emphasised over other
studies of a lagoon ecosystem. Tidal inlet of a lagoon is the most dynamic area for water
circulation and suspended sediment transports (Bruun, 1969). The water exchange and
sediment flux through the inlet govern the spatio-temporal distribution of hydro-
geomorphologic characteristics and physico-chemical water properties, which are
important for the description of productivity and carrying capacity of a lagoon. The flow of
water current creates natural flushing to maintain good water circulation and for physical
water properties, such as the salinity, pH, temperatures, and dissolved oxygen.
Furthermore, the flow of water current also transports suspended sediments to the

specific area, which is important to sea life, as plenty of fishes migrate to this area to



breed. Knowledge in hydrodynamics and suspended sediment transport are important to
help determine the profile of an area. The major natural components that control the
factors of the tidal inlet evolution are mean sea levels, tides, wave climates and
sediments supply (Hayes, 1980). So, it is important to investigate the hydrodynamics

and sedimentary processes at the inlets of Salut-Mengkabong Lagoon.

An important aspect of typical flood and ebb currents is that currents usually flow
toward the inlet near the shoreline. CERC (2003) reported that, along the up drift
shoreline, obliquely incident waves transport sediment alongshore and directed toward
the inlet. Across the inlet mouth, the waves breaking upon the ebb shoal transport
sediment both into the inlet and toward the down drift shoreline. Flood flow decelerates
and diverges beyond to the lagoon side of the inlet mouth, which causes sediment
deposition at the flood shoals. On the other side, the ebb flow carries sediment from the
flood shoals and inlet channel, which ultimately deposit as the ebb shoals beyond the
ocean mouth of the inlet. Due to the complex interactions between wave energy, tidal
current, wave-current interactions, tidal prism, sediment source, and suspended
sediment dynamics, tidal inlet may migrate or remain fixed in its location. The littoral
system is the principal sediment source that influences the stability of the inlets (Oertel,
1988). A study on shoreline and inlet changes on Salut-Mengkabong lagoon, (Saleh et
al., 2005) reported sediment deposition near the inlet and down drift locations. For
understanding the morphodynamic behaviour of the study area, it is necessary to study

the sediment transport across the inlet and beach profiles along the adjacent coast.

1.2  Objectives
To improve understanding of the complex interactions between currents, tidal flows,

sedimentation, and related phenomena that determine the hydrodynamics and sediment



transport behaviour of the tidal inlet and adjacent coastline of the Salut-Mengkabong

lagoon, the objectives of this research are:

1. To study water current and water flux at different tidal conditions during
two monsoons.

2. To study the suspended sediment concentration and sediment flux at
different tidal conditions during two monsoons.

3. To study the morphodynamics of the inlet and adjacent coastline.

1.3  Significance of the Study

This study provides baseline information on water currents, water exchange, suspended
sediment concentration, and sediment flux at the inlet and the morphodynamics of the
inlet and adjacent coastline. The findings of this study will be useful for more detailed

studies on inlet stability, and the impacts of sedimentation on the lagoon system.

Furthermore, findings of this research provides information suitable for
developing sustainable aquaculture projects, controlling environmental pollution, and

planning integrated coastal zone management programs in the area.



CHAPTER 2

LITERATURE REVIEW

21 Coastal Lagoon

Coastal lagoons are shallow aquatic ecosystem developed at the interface between
coastal terrestrial and marine ecosystem. The water mass of a lagoon is impounded by
sedimentary barriers (barrier islands) and connected to the open sea by one or several
openings (inlets) in the barrier. The tidal inlets are maintained due to action of tidal
currents against the effects of longshore current. Lagoons have a global implication to
continental shelf and oceanic processes because of the exchanges of water,
contaminants, and sediment between the lagoons and the coastal seas. They are the
route by which the sediment is transported by surface runoff or river flows from the
interior of the land masses. During transport through the lagoon, the sedimentary
processes change through continual deposition, re-erosion, and transport, and certain
fractions of input sediment become permanently trapped, while others are transported
into the sea. Consequently, the lagoon processes act as a filter on the sediment input.
Moreover, chemical alterations can occur within the lagoon that can cause the
mineralogical characteristics of some of the constituent particles to alter. The loss of
estuary wetlands or lagoon (including shallow inter- and sub-tidal areas) will lead to
serious hydraulic modification of tidal and river channels (Carter, 1988), and to a marked
effect on biological productivity as such areas often act as nurseries for fishes at the

adjacent coastal waters.



Lagoons are sensitive areas that play an important role among the coastal zone
ecosystem as they provide suitable breeding areas for many species. Fisheries and
aquaculture, tourism, urban, industrial and agricultural developments are typical uses
that are not only uncontrolled but also competing (Gonenc & Wolflin, 2005). As a result,
the existing quality and future ability to sustain the productivity of lagoon ecosystems is
being compromised. Understanding the unique system of lagoon processes is the
primary step to maintain the long-term health of both the ecological and economic

system of a lagoon and surrounding areas.

2.2 Tidal Inlet

A tidal inlet generally refers to a short, narrow waterway that connects a lagoon or bay
with a larger parent body of water (i.e., ocean or lake), and experiences the inflow and
outflow of water due to tidal flow (CERC, 2003). Tidal inlets are found at many places
along the world’s coasts. The long-term evolution of these inlets commands a growing
socio-economic and scientific interest. Man first started impacting these tidal inlet
systems more than a thousand years ago through reclaiming inter-tidal areas, dredging

channels, and closing basins (Stive, 2003).

Inlets are of environmental importance in exchanging water from restricted back
barrier areas and in keeping the dynamic equilibrium of the coastal system. They play an
important role in navigation, representing the only access to some harbours or coastal
populations. A great number of inlets have direct and indirect impact on regional
economy (i.e. navigation, aquaculture, tourism, conservation). Several works based on
inlet evolution monitoring are helpful in the planning of coastal management (Kana &
Mason, 1988; Cialone et al., 1999; Forbes & Solomon, 1999; Galgano & Leatherman,

1999).



Inlet circulation is governed by tidal range, bay geometry, inlet geometry,
presence and configuration of structures, bottom topography, and non-tidal forces such
as wind and river inflow. The rise and fall of the ocean tide is the primary force at the
inlet area. Representative circulation patterns and morphological features at inlets are
shown in Figure 2.1. Flood currents form channels on both sides of the inlet entrance. As
water passes through the inlet and enters the bay, the current is aligned with the inlet
and flows over the flood shoal where the velocity is reduced and material is deposited.
This process forms a flood ramp, which is the sloped front face of the flood shoal. During
ebb tide, the primary conduits of water are channels located between the flood shoal and
the barrier island. These ebb channels merge at the inlet forming a main ebb channel.
Strong ebb currents exiting the inlet form a jet (Joshi 1982; Joshi & Taylor, 1983; Mehta
& Joshi, 1988). As the jet exits the inlet, it expands and loses velocity, depositing

material onto the ebb shoal.
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Figure 2.1: Typical inlet flow patterns and morphological features (Hayes, 1975).



The pattern of flood and ebb circulation is common, but every inlet has a unique
pattern due to the local situation. For example, the main ebb channel may be in the
centre of the inlet or along one side. Factors that control the local circulation include inlet
geometry, tide range, bay-channel orientation, distribution of discharge through
channels, wave climate, number and configuration of jetties, and dredging activity

(Militello & Hugher, 2000)

2.3 Inlet Hydrodynamics

Understanding the inlet hydrodynamics is the key for understanding the sedimentary
processes, morphodynamic changes and other ecological effects of the lagoon system.
Water masses entering and leaving the lagoon determine the interaction of ecosystem
parameters in the lagoon and adjacent coastal waters. The exchange of water, including
various dissolved substances or suspended material, between the open ocean and
coastal areas has a pronounced impact on the entire oceanic system. This exchange is
quite vigorous in some areas characterised by complex bathymetry, and sometimes
controls the evolution of the bathymetry itself. Even more important is that the temporal
variability of the water exchange between the tidal basins and the open ocean is not

sufficiently understood (Emil et al., 2003).

The hydrodynamics at an inlet are mainly caused by simply an ebb-flood tidal
system, tide, wind stress, freshwater influx and wind waves (4 — 25 m/s periods), which
significantly forces the effects on the system (CERC, 2003). During flood tides, currents
are funneled toward the inlet mouth from the sea. In the absence of jetty, or other
controlling structure, the flood flow is typically most dominant along the ocean shoreline
of the adjacent barrier island. The flood flow converges and accelerates in the throat.

Upon its discharge, the flood flow diverges and decelerates beyond the inlet bayside



mouth. The reverse ebb flows, which are rarely symmetrical, discharges to the inlet
ocean mouth like a free jet and deposits sediment load in an ebb shoal. Flood and ebb
dominance is due to the asymmetry of the tidal currents, which means that the average
peak of flood or ebb currents is stronger than its opposing current. Tidal asymmetry is
common in the inlet area, where it is identified as flood dominant if flood is stronger than
ebb currents, and ebb dominant if ebb is stronger than flood currents. In an inlet and bay
system in which no tributary input or other significant non-tidal forcing is present, the net

discharge is zero through the inlet, even through there is asymmetry in the tidal current.

If the oceanic forces are purely sinusoidal, and there are no non-linear effects
such as over tide generation, but only an attenuation of the tidal constituents as the tide
propagates into the estuary, the response of the estuarine surface elevations must also
be sinusoidal. Purely sinusoidal oceanic forcing and estuarine response can only result
in symmetric tidal velocities even in the case of phase lags between the oceanic forcing
and estuarine tidal response. Asymmetric tidal velocities are of major importance to the
evolution of inlet hydrodynamics. Flood dominant systems supply sediment in the lagoon
while ebb-dominant systems flush sediment seaward (Boon & Byrne, 1981; Aubrey &
Speer, 1985). Thus, when the duration of the falling tide exceeds that of the rising tide,
leading to stronger flood currents, the system is defined as "Flood-dominant', and ‘Ebb
dominant' when the duration of the falling tide is smaller than that of the rising tide,
leading to stronger ebb currents (Speer & Aubrey, 1985; Speer et al, 1991). Tidal
velocity asymmetry in inlets is generally attributed to the generation of compound tidal
constituents and higher harmonics (also known as over tides) of the principal

astronomical tidal constituents (Aubrey & Speer, 1985; Friedrichs et al., 1992).





