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Abstract

Water resource management is important for human well-being, ecosystems development and protection of existing water bodies from
pollution and exploitation. Water resource management and sedimentation are carried out in Terengganu River Basin, Terengganu. The
main objective is to study water resources management on sediment problems in the Terengganu River Basin. The Gravimetric method
was used to analysis the TSS measured in mg/L. 250 ml water sample was needed for each study area (each station). Based on the cross
section trend and the average downstream and middle section of the Sungai Terengganu system, the average TSS level is higher than the
upper section. The minimum width allocation of river reserves to control development near the river is based on the Department of Irri-
gation and Drainage (DID). Finally, there are a few recommendations of sedimentation management around Terengganu River Basin that

will improve the river water quality, especially in Malaysia.
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1. Introduction

The increase in human population densities and the development
of industries along the river and coastal areas have increased the
pollutant inputs and deteriorated the water quality of the surround-
ing area [1-3]. Rivers are the major water source for life on the
globe and plays an important role in the development of human
civilization [4]. Water resource management is the planning, dis-
tributing, developing and managing activity the optimum and
effective use of water resources which needs to be practiced. Wa-
ter management not only refer to the absolute amount of water
available for ecosystem but to the spatial-temporal distribution of
quantity and quality of water flows that are importance to maintain
the integrity of riverine ecosystems and preserve their ability to
provide services valuable to humans [5-7]. The study of the rivers
is to create a discipline of knowledge such as on flood, erosion,
sedimentation, water quality, and other studies of streams which
are found often being meticulously studied today [8]. However,
these studies are much more focused and specific to a sedimenta-
tion management such as river sand mining activities, flood con-
trol and erosion.

Sedimentation is defined as the process of deposition of particles
that have been generated during the process of erosion into rivers,
lakes or ponds [9-11]. Sediment is a source of nature, environmen-
tal and geomorphological resource. Sediment consists of rocks,
mud, minerals and the remains of plants and animals [12-13]. The
process of deposition or sedimentation could occur in different

places such as on land, sea or river ecosystems. The process of
sedimentation also causes rivers to become shallow resulting in
the flood in the estuary of a drainage. Loads of sediment load
policy is between 0.2 mm to 2 mm diameter, depending on the
basic structure of the rocks and soil around the area [14-15]. The
sediment is materials generated during the process of weathering
and erosion of rock which is usually transported by wind, water,
and ice as well as deposited in layered [16]. In general, Sediment
has an important role in the nutrient cycle of aquatic environments.
In some cases, sediment is responsible for the transport of essen-
tial nutrients as well as pollutants. Most surficial sediments in
water originate from surface erosion and contain mineral bedrock
erosion and organic components during the process of soil for-
mation [17]. The existence of sedimentary material will causing
disruption to the process of photosynthesis in the air [18]. Typical-
ly, most sedimentation problems stemmed from development un-
managed land use. Besides, land use is considered a man-made
land surface adjustment and has an important role in ecosystem
function and aquatic life. Therefore, the main objective is to study
water resources management on sediment problems in the Tereng-
ganu River Basin.

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Methodology

2.1. Study area of research

Kuala Terengganu is located at the estuary of Terengganu River
Basin and across borders other districts to Hulu Terengganu and
Hulu Nerus. Terengganu city center is situated at the mouth of the
Terengganu River, overseeing the South China City in the east,
and also bounded by sandy and gently sloping shoreline [19]. The
river is a very important route for transportation and trade. Ter-
engganu River Basin is covered of Kuala Terengganu, Kuala Ne-
rus, and Hulu Terengganu. Therefore, groundwater sources are
from the East Coast Ranges [20]. There are several bridges like
the Manir Bridge and the Sekati Island Bridge crossing the river.
The width of the Terengganu River area is 4,595,996 km? which
are the largest in the state of Terengganu. The problem of flooding
often plagued the residents in Hulu Terengganu [21] and the fac-
tors to occur flood stage are river water flow capacity as a result of
the deposition of sediment.

Flood control efforts and conduct the deposition of sentiment is
done through integrating water resources and flood management
projects. Terengganu River Basin indeed in critical and need for a
comprehensive study in order to manipulate the water resources
management and assess the characteristic for sustainable sedimen-
tation management. Overall, the population density is concentrat-
ed at the Kuala Terengganu, Kuala Nerus and Kuala Berang [22].
The water sample were collected from 29 different predetermined
sampling stations from downstream to upstream area along Ter-
engganu River Basin. The research location that has been deter-
mined using DGPS which covered from downstream to upstream
along Sungai Terengganu Catchment representing the length of
the Terengganu River Basin (Table 1).

Table 1: Location of Sampling Station at the Terengganu River Basin,
Terengganu, Malaysia

water samples were obtained from each station and were kept in
the 500 ml bottles to find the Total Suspended Solid (TSS) con-
centration. Sediment samples were collected using sediment
scoops and sediment grab to classify the sediment properties. The
samples collected were analyzed in the laboratory. The Gravimet-
ric method was used to analysis the TSS measured in mg/L. 250
ml water sample was needed for each study area (each station)
[24]. Firstly, weighing the membrane filters using electronic
weighing. Then, a membrane filter was placed onto a filtration
apparatus connected to a vacuum pump and clipped in place. The
250 ml water sample lowly poured into the filtration jar. The
membrane filter was removed and allowed to dry in the drying jar.
Next, the membrane filter was weighing. Readings were taken and
calculated using the following formula:

TSS = {(weight of filter paper + dry residue)-weight of
membrane filter}(mg) x 1000

volume of filtered water (mL)

= mg/L/1000/1000/1000
= tan/L 1)

3. Results and discussion

3.1. Total Suspended Sediment (TSS)

TSS is usually due to the introduction of external factors brought
about by rainwater that can help increase the density parameters
[25-27]. Contribution from natural phenomenon such as tidal ef-
fects [28] and anthropogenic activity such as municipal, industrial,
agricultural and aquaculture have also been reported in TSS con-
centrations [29, 3]. In [30] indicates the higher density recorded by
TSS may be due to the disposal of waste from municipal, agricul-
tural and aquaculture activities. The construction activity on the
banks of the river caused the river bank to become loose and easi-
ly eroded. This is partly due to the impact of discharge from the
sea as it is located near the waterfront.

Table 2 shows the value of TSS in mg / L in Sungai Terengganu.
The maximum value of the TSS rate was 97.7 mg / L at Station 7
(mid-section) whereas the TSS rate was lowest at 0.4 mg / L Sta-
tion 19 (upstream section). Based on the cross section trend and
the average downstream and middle section of the Sungai Tereng-
ganu system, the average TSS level is higher than the upper part
(Fig. 1). This is because land use activities and their development
are denser in the downstream areas than in the upstream areas.
These activities have increased the level of sedimentation and
deposition of sediments and also cause sedimentation problems
[31-33, 24, 11].

Table 2: The average of Total Suspended Solid (TSS) (mg/L) at Sungai
Terengganu, Terengganu

Sampling Stations Latitude Longitude
Station 1 103° 8'21.92"E 5°20'23.93"N
Station 2 103° 6'20.14"E 5°19'26.55"N
Station 3 103° 5'56.80"E 5°19'40.59"N
Station 4 103° 5'12.22"E 5°18'48.53"N
Station 5 103° 5'12.42"E 5°18'32.74"N
Station 6 103° 5'50.67"E 5°17'7.75"N
Station 7 103° 3'3.64"E 5°16'14.99"N
Station 8 103° 1'32.70"E 5°13'9.00"N
Station 9 103° 1'40.09"E 5°12'42.04"N
Station 10 103° 2'9.46"E 5° 7'37.61"N
Station 11 103° 0'31.30"E 5°4'8.14"N
Station 12 102°58'43.16"E 5°3'22.80"N
Station 13 102°57'58.26"E 5°4'39.67"N
Station 14 102°56'41.24"E 5°4'37.96"N

Station 15 102°56'10.96"E 5°3'48.46"N
Station 16 102°55'46.47"E 5°2'26.86"N
Station 17 102°55'37.24"E 5°1'55.10"N
Station 18 102°56'28.08"E 5°3'54.70"N
Station 19 102°57'4.74"E 5° 4'37.88"N
Station 20 102°58'16.48"E 5°3'43.35"N
Station 21 103° 0'8.50"E 5°4'8.88"N

Station 22 103° 0'25.47"E 5°4'31.96"N
Station 23 103° 2'21.33"E 5°82.35"N

Station 24 103° 2'35.85"E 5°11'2.74"N
Station 25 103° 1'50.56"E 5°12'36.82"N
Station 26 103° 2'21.83"E 5°13'26.72"N
Station 27 103° 4'38.05"E 5°16'37.05"N
Station 28 103° 5'29.09"E 5°17'37.90"N
Station 29 103° 5'27.17"E 5°18'57.56"N

2.2. Research methodology

According to [23], the high daily suspended sediment load value is
due to the high yield value. Increased water levels occur during
the rainy season made the cliffs are soft and easily eroded, thereby
contributing to the production of suspended sediments and ulti-
mately to the deposition of sedimentary in the river basin. The

Sampling Stations Average (mg/L)
Station 1 52.4
Station 2 42.8
Station 3 39.2
Station 4 49.2
Station 5 49.2
Station 6 64.3
Station 7 97.7
Station 8 51.4
Station 9 63.8
Station 10 15.0
Station 11 4.8
Station 12 10.0
Station 13 4.8
Station 14 10.6
Station 15 1.4
Station 16 3.0
Station 17 5.0
Station 18 20.2
Station 19 0.4
Station 20 12.8
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Station 21 1.2
Station 22 17.2
Station 23 14.0
Station 24 3.0
Station 25 3.0
Station 26 5.0
Station 27 6.6
Station 28 14.4
Station 29 7.0
Maximum 97.7
Minimum 04

Fig. 1 shows the distribution of TSS in the study area at the up-
stream, middle and downstream of the Terengganu River Basin
using interpolation mapping methods. In addition, through obser-
vations, most of the land use activities involving development
were conducted in the downstream and middle areas of Sungai
Terengganu such as Kuala Terengganu, Manir and Telemong
areas [34-35].

Theoretically, the production of TSS in a river basin coincides
with the previous research conducted by [36], a study on the sedi-
mentation process at Telom River, Cameron Highlands, Pahang.
The study states that when the flow of water in a basin increases,
the TSS concentration will increase. In addition, according to [37],
TSS concentrations are higher in wet seasons than in dry seasons
and prove soil erosion that causes suspended solids and long-term
investigations to be used to see the change in MS amount. The
theory also states that the rapid flow of rainy days has the energy
to transport TSS in larger quantities than when the slower flow
due to surface runoff during rain has a high corrosion rate and
resulting in a strong cliff erosion rate and will contribute to the
production of TSS [16, 31, 24, 11, 33].

However, this theory may have an effect on the existence of other
external factors such as non-natural factors, local climate change
and river plan changes. Based on the study conducted by [11] has
proven that not only the exact hydrological theory affects the sed-
imentation problem that occurs in the river basin but external fac-
tors such as anthropogenic factors, climate change and unexpected
natural phenomena is also a major factor in the sedimentation
problem [38-39, 32]. Climate change, such as the El Nino phe-
nomenon, causes winds blowing westwards through low pressure
through the tropics that form high surface water temperatures
resulting in lack of rain intensity and loss of moisture from river
basin or evaporation, shrinkage of river and dam and river flow
abnormal slow [40-41].
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Fig. 1: Distribution of Total Suspended Solid (TSS) along sampling loca-
tions at Sungai Terengganu, Terengganu

3.2. Land use

Land use is considered a man-made land surface adjustment and
has an important role in ecosystem function and aquatic life [42].
Fig. 2 shows the distribution of land use around the Terengganu
River Basin in 2010 and 2016 [43]. In 2010 showed forest areas
that did not carry out activities and there was change in the year
2016 showing agricultural activities. The type and factors of land
use are to determine the impact of corrosion and sediment
transport by the river as it affects vegetative cover from the
catchment. Land use activities trigger land erosion rates and in-

creased sediment yields associated with steep hill planting due to
the reduction of agricultural land during war or other historical
events [44]. In recent years, attention has been paid to how land
use changes can affect hydrological responses. Increasing popula-
tion and urbanization can contribute to development such as resi-
dential, agricultural and industrial areas in the floodplain. Hence, a
strong need to simulate future floods affected by changing land
use and climate change. Water pollution sources in the Terengga-
nu River Basin are waste from development activities such as sand
mining activities and will cause disrupted ecosystem and the de-
struction of aquatic habitats by channel degradation, lower water
levels and bed degradation [45, 22].
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Fig. 2: Map of land use at Terengganu River Basin, Terengganu on 2010
and 2016

Fig. 3 shown, sand mining activities around Terengganu River
Basin certainly alters the river regimen, and impacts environment
adversely such as river pollution which causes a natural erosion
pattern as well that occurs. The processes associated with channel
degradation such as large-scale removal of river sediments, dig-
ging below the existing riverbed and changing the channel bed
form and shape [46]. All of these causes soil erosion and sedimen-
tation problems in the water bodies, which reduce water quality
level. Impacts of sand mining can be broadly classified into three
categories such as physical, water quality and ecological. The
physical aspect gives some effects such as channel and bank chan-
nel erosion, channel slope improvement, and channel morphology
changes. These impacts can cause the sloping and collapse of the
riverbed, loss of land or adjacent structures, upstream erosion due
to increased channel slope and flow velocity changes, downstream
erosion caused by increased power flow, downstream changes in
sedimentation patterns, and changes in channel ducts and habitat
types. Besides that, the ecological aspect is the mining which leads
to the removal of the channel substrate, resuspension of streambed
sediment, clearance of vegetation, and stockpiling on the
streambed, will have ecological impacts. Moreover, these impacts
may have an effect on the direct loss of stream reserve habitat,
disturbances of species attached to streambed deposits, reduced
light penetration, reduced primary production and reduced feeding
opportunities.
L

Fig. 3: River sand mining activities along the Terengganu River Basin,
Terengganu
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3.3. Sedimentation Management

Sediment management approaches are not widely used by dam
operators and builders as they may not be aware of the various
potential and effective management approaches. Generally, we
lose the opportunity to minimize the impact of downstream sedi-
ment hungry and maintain reservoir function in the future. Addi-
tionally, with a large number of new dams designed for Asia, Af-
rica, and South America is that lessons learned from successful
reservoir sediment management have been used to inform the
design and design of new dams and establish standards and design
standards for shapes sustainable design and reservoir management
[47]. In this study, we show the sedimentation management in
some countries like Malaysia, Taiwan, and Japan.

Environmental Impact Assessment (EIA) was implemented in
Malaysia in 1987 and the objective is to identify, evaluate, esti-
mate and propose environmental control measures in implement-
ing a project [48]. Implementation of the EIA enhancement pack-
age in terms of soil erosion control and sedimentation is an appro-
priate step to control erosion and transmission. This is due to the
implementation of Pre-EIA and Post EIA levels which demon-
strate high commitment by enforcement agencies to enhance the
effectiveness of EIA implementation in Malaysia at every stage
project. EIA is the most effective method of predicting sediment
and soil erosion, thus reducing the sediment effect to the river [7,
46].

Previous studies showed that the rate of soil erosion due to devel-
opment projects in Malaysia is very high caused that sediment
transported to the air, rivers, lakes, and ponds can affect water
quality. The government through the Department of Irrigation and
Drainage (DID) had to spend millions of ringgit for river mainte-
nance work in Malaysia. According [50-52], showed that there are
weaknesses in the capacity of enforcement authorities, developers
and consultants within implement EIA. The weaknesses in EIA
implementation in Malaysia have also been discussed by [53] state,
that the EIA was less emphasized than with pre-EIA mainly by
government agencies. This show that the EIA enhancement pack-
age has not been effective yet and needs to be identified and ad-
dressed urgently to ensure that the goal of this improvement can
be achieved and at the same time enhancing EIA effectiveness in
Malaysia.

In Taiwan, Shihmen Dam or "Stone Gate Dam" is a major rockfill
dam across the Dahan River. It forms the Shihmen Reservoir,
Taiwan's third largest reservoir or artificial lake. Meanwhile, more
than three million people in northern Taiwan have been provided
the irrigation in Taoyuan, flood control for the Taipei Basin, and
hydroelectricity and domestic water supply. Therefore, Reservoir
Shihmen in the Dahan River will be renovated to the sedimentary
toll road, utilizing a sharp river dam in the reservoir [54-55].
Shihmen was Taiwan's first multi-purpose water project. The ad-
vantage is year-round water releases from the dam enabled addi-
tional rice harvests and doubled Taoyuan's annual agricultural
output. Meanwhile, the reservoir became a major tourist destina-
tion due to its scenic beauty and plentiful fisheries. Besides that,
the sediment-plagued Shihmen Reservoir on the Dahan River will
be retrofit with a sediment bypass, taking advantage of the sharp
river bend at the reservoir [54]. Although the cost of the tunnel of
sediment bypasses is expensive, but have many advantages in
passing sediment without entering the reservoir, and without inter-
fering with reservoir operation. In case of coarse sediment bypass-
ing, an anti-abrasion design for tunnel bottom surface is essential
for minimizing long-term operation costs, as described by [56, 10].
In Japan, sediment bypass tunnels of the Nunobiki Dam complet-
ed in 1908, while, in 1995 of the Asahi Dam has completed. It has
been successfully introduced to realize sustainable reservoir man-
agement and after that, there are three operating tunnels and two
are under construction. A previous study state, sediment bypasses
of the Miwa Dam, Koshibu Dam and Matsukawa Dam on the
Tenryu River are expected to be the next leading projects in Japan.
In 1995, Proceedings of the Ninth International Symposium has
completed and have been successfully introduced to realize sus-

tainable reservoir management. Meanwhile, sediment bypasses at
Miwa Dam have been almost completed, and ones at Matsukawa
Dam and Koshibu Dam are under construction and planning. For
the purpose of designing these bypass systems, hydraulic charac-
teristics of tunnel and diversion weir have been studied [57-59]. In
addition, the oldest suction tunnel in Japan was installed in the
Nunobiki dam of the municipal water reservoir and proved that the
scope of interception had succeeded in diverting abrasive sedi-
ments for more than 100 years [10]. At Miwa and Asahi, show
that the rivers are steep enough and the straight tunnels have suffi-
cient brightness to carry the bulk of the sediment load downstream
of the dam [10, 60]. Miwa Dam (on the Mibu River, Tenryu Riv-
er) was built in 1959 with a storage capacity of 30 million m3
(Mmd). The subsequent deposition of the 20Mm? sediments has
resulted in the sediment removal process becoming expensive. In
2005, 4.3 km of sediment and sediment bypass was built to ex-
pand the reservoir life. Based on the stated sedimentation man-
agement, we can conclude that there are many methods of sedi-
mentation management in the country and abroad. However, we
must choose the best and adaptive method to make an effective
impact as well as reduce the sedimentation problems experienced.

3.3. Recommendation of Sedimentation Management
around Terengganu River Basin

To handle the sediment problem, some recommendation of Sedi-
mentation Management around Terengganu River Basin has been
suggested such as; (a) Buffer zone state that river reserves and
plants are important for the overall health of the river; (b) River
Erosion Cliff can prevent more serious erosion and overcome
flood problems; (c) The Integrated River Basin Management Con-
cept (IRBM) is maximizing sustainable socio-economic benefits
and maintains and regulates the functioning of natural water.

3.3.1. Buffer zone

Among the proposed was to create a buffer zone (600 meters)
around the Bukit Jong quarry area and Kampung Bukit Wan quar-
ry according to District Local Plan Kuala Terengganu (2008-2020)
[61] the buffer zone is not allowed any new building construction
within the buffer area except those related to quarry activities. The
protected zones are a wise step to overcome sedimentation prob-
lems, which can reduce the sediment influx from direct surface
flows to rivers in the Terengganu River. Table 3 shows the mini-
mum allocation of river reserves to control development near the
river. River reserves and plants are important for the overall health
of the river such as preventing erosion, maintaining habitat, pro-
tecting quality air, and aesthetic and recreational value. The infra-
structure development to be built should take into account the
concept of river-facing development. Construction of buildings
and infrastructure should not protect the landscape of the rivers
such as low-rise buildings and high back buildings. In addition,
this buffer zone is not only environmental friendly but is capable
of reducing sedimentation problems around river basins especially
in active land use areas such as Kepong, Manir, Paloh, Kuala Ter-
engganu and Kuala Berang areas comprising Nerus River, Sekati
River, Kepong River, Tersat and Berang River and Sala River
(downstream).

Table 3: The minimum width allocation of river reserves to control devel-
opment near the river [62]

The Width of the Waterway Be- The Need for the Width of the

tween The Cliffs Reserves From Both Sides of the
Cliff Based on the Existing River
Area

More than 40 metres 50 metres

Between 20 and 40 metres 40 metres

Between 10 and 20 metres 20 metres

Between 5 and 10 metres 10 metres

Less than 5 metres 5 metres
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3.3.2.River Erosion Cliff

The construction of riverbank control structures is an alternative to
minimizing the erosion of the cliffs [63]. Construction Structures
like an obstacle in the area can prevent more serious erosion and
overcome flood problems. Among the arrangements in addressing
erosion problems surrounding the river basin is by erecting the
erosion control block. The commonly used wall is ‘gabion bank’
by using rocks as the barrier. Based on the results, Fig. 4(a) shows
the construction of erosion control cliffs using more natural mate-
rials ‘fiber roll’ is more suitable in Terengganu River. In addition,
the planting of erosion barrier trees and reserves is also intended
to address the erosion problems of the cliffs as well as being a
natural sediment filter for the river. Fig. 4(b) shows the method of
corrosion control structures and floods of the Rock Revetments
hedges that are used to protect the cliffs and the soil. Construction
of Rock Revetments in several areas of the Terengganu River
Basin can provide direct protection to the erosion of the cliffs and
improve the stability of the cliffs. In addition, Fig. 4(c) shows the
corrosion and flood control structures of the Flex Slabs ever built
in Pengkalan Kubor in Tumpat area in 1996. The function of the
Flex-Slab method that is applied in Terengganu River Basin which
has high water content. This Flex-Slab method can protect and
stabilize the cliffed and it needs to be properly used to keep up
with high speed in a long-term.
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Fig. 4: (a) Erosion Control Clay Using more natural materials "fiber roll"
(b) CIiff control method "rock revetments” (c) Cliff erosion control meth-
od Flex Slab

3.4. The Integrated River Basin Management Concept
(IRBM)

Integrated River Basin Management (IRBM) is a process of coor-
dination in the management, conservation, and development of
water resources, land and related resources such as river basin or
catchment aimed at maximizing sustainable socio-economic bene-
fits for water resources. At the same time, it maintains and regu-
lates the functioning of natural water ecosystems in the long-term.
In addition, IRBM seeks to create a coordination framework to
administrators and stakeholders involved in river basin planning
and management to collaborate in developing a set of policies and
strategies agreed with a balanced approach that is acceptable and
achievable to manage water resources and nature [64]. Therefore,
it is considered a good water resource planning to integrate water
quantity and quality management for both groundwater and sur-
face water. Meanwhile, to an understanding of how natural re-
sources and basin populations are affected by various of develop-
ment, using the new resources such as management and use the
land for consideration in water resource planning and management.

4. Conclusion

Balancing development pressures with long-term prosperity for
economic, social, environmental and health measures requires
integrated technical thinking and multi-party skills. Regeneration,
not just sustainability, is a new goal for water resource manage-
ment and planning in an increasingly uncertain world. Basically,
water resources management planning looks at all claims that are
competing for water and aim to allocate water fairly to meet all
uses and claims. Hence, managing, approaching and controlling
the project is done to correct problems such as sedimentation and
river sand mining activities. Management of water resources in the
Terengganu River Basin cannot be underestimated as it has a di-
rect impact on the treasures we have. In addition, we have pro-
posed water resource management measures in the Terengganu
Basin to ensure that the Terengganu River Basin is protected from
the pollution of major water resources and can provide clean and
quality water to the community.
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