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1. Introduction
Dams are constructed on the river course to harness

water for so many purposes, i.e., water supply, power 
generation, and irrigation. The barriers help to preserve 
and store water for future purposes so that during the 
period of need the water in the reservoir is utilized, in so 
doing the natural flow of the river is regulated[1]. Rivers 
transport sediment, as well as water to reservoirs and dam 
intensely, hampers the outflow of water and sediment 
downstream thereby creating river reach characterized by 
meager flow rates and sediment[2]. Sediment is a product 
of erosion or wearing away of the land surface by the 
action of rains, ice and gravity and human activities, the 
process of this gradual movement of the topsoil by heavy 
rain droplet and other vices are referred to as sediment 
transport[3]. 

Sediment transport occurs when there is an interface 
between a moving fluid and an erodible boundary. The 
activity at this interface is multifaceted (since two 
materials are involved) and the flow is no longer a simple 

fluid flow once sediment is being transported. Sediment 
transport can be considered as occurring in two forms, 
bedload sediments and suspended sediments depending on 
the size of the particles and the flow conditions. The 
bedload is the lager material particles that are transported 
along or near the river channel bed. While the suspended 
sediments (may contain some wash load) involves 
movements of smaller particles in the water column within 
the river channel, not governed by bed material properties 
and composition but, by upstream supply rate. As water 
movement increases, the particles may go in suspension 
and remain thus due to the turbulent fluctuations and get 
carried downstream by stream flow [4-6]. 

Nilsson et al. [7] confirm that dam constructions and 
water diversion structures for energy and water needs have 
consistently altered river systems. Human activities have 
simultaneously increase river sediment through soil 
erosion and decreasing it through sediment accumulation 
in reservoirs[8]. Estimates of fluvial sediments deposited 
into the oceans amount to over 20 billion tones per year 
(Bt/y), it is projected that the worlds over 45,000 large 

Abstract: Dams construction globally on rivers have generated a significant adjustment to stream hydrology and 
sediment dynamics. The impoundment of rivers by dam reservoirs will trap the sediments following freely 
downstream the river channel. Kahang dam is constructed to impound Sungai Kahang (Kahang River) for water 
supply purposes; this may have adverse effects downstream the dam by starving the river its natural sediments and 
changing the river flow. This study evaluates the bedload sediments and river discharge downstream the dam by 
taking field measurements, using the area-velocity and single increment method at three selected gauging locations 
(St0, St1, St2). The results obtained between January and July 2017 show the highest bedload discharge for all the 
gauging Stations to be 0.0736 tones/day at St0 and 0.0077 tones/day at St2 while the river flow remains relatively 
steady between 0.528 m3/s to 2.534 m3/s. The high bedload discharge recorded can be attributed to the anthropogenic 
activities going on during external construction works going on, as lower bedload concentration values followed 
immediately after the external construction work was completed. 
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reservoirs can adequately trap as much as 4 – 5 Bt/y. Study 
of the river bed sediments (bedload) is a valuable tool to 
verify the changes to the natural river sediment pattern 
caused by reservoir impoundment[9]. For example, the 
Three Gorges Dam does not substantially modify the 
stream flow, but the loss of sediment from the channel 
system has a substantial impact on bed mobility[10]. 

Bedload sediment direct measurement in open 
channels is problematic, the introduction of suitable 
sampler into the fluid is not devoid of technical issues. 
Furthermore, the few number of measurements available 
indicates a periodicity of bedload discharge that 
complicates further the spatial pattern of sediment 
transport already established as characteristics of the 
stream bed. In conclusion, previous research shows that 
bedload contributes between 6 and 24 percent of total 
sediment yield for different rivers yet, the importance of 
bedload determining the pattern of channel sediment rates 
and bringing about changes in channel cross-sectional 
geometry exceeds its proportional contribution to total 
catchment sediment yield. Bedload discharge 
comprehensive measurement is of immense value to the 
understanding of the general river hydraulics[11]–[13]. 

 
2. Methodologies 

2.1 Study Area 
Kluang is a district in the Malaysian state of Johor 

located on coordinate 2.0301oN, 103.3185oE (Figure 1). 
The location of the study area is Kahang Dam which is 
situated near Felda Kahang Timur with a raw water storage 
capacity of 21 million cubic meters and the total area of 
about 860 hectares. Kahang Dam is built to impound 
Sungai Kahang (Kahang River) and other smaller 
tributaries. There are three gauging stations where the 
sampling is carried out, and they are identified based on 
their distance from the dam stilling basin. Sto is 100 m 
away from the stilling basin while St1 and St2 are 175 m 
and 500 m respectively. 

  

 
Fig. 1 Location of study area 

 

2.2 Sampling Technique 
An essential part of completing this study is the 

collection of data. Three sampling locations were selected 
downstream of Kahang dam namely; station zero (St0), 
station one (St1) and station two (St2). These sites were 
chosen based on the preliminary survey carried out in the 
study area to identify cross sections where the river flow is 
relatively uniform and free from obstructions. The 
following data was collected from the three gauging 
stations between January to July 20017; flow rate, cross-
sectional area and bedload sediments. 
 
2.3 Discharge measurements 

River discharge measurement is defined as the 
measurement of water volume flowing through a cross-
section per unit time, expressed in cubic meter per second 
(m3/s), using the river flow rate and cross-sectional area of 
the river. The discharge measurements of the gauging 
stations were determined using the AEM 1-D electric, 
magnetic current and speed meter, a pair of the peg, 
measuring tape and a graduated line using the velocity-area 
method. 
 
2.3.1 Velocity – Area method 

The cross-section of the stream at the gauging site was 
divided into elemental strips of equal width b, mean depth 
(d) at the center of each strip was measured using a 
measuring tape. The current meter is now lowered to a 
depth of 0.6 d below the water surface in shallow depths 
(one-point method) and to a depth of 0.2d and 0.8d (two-
points method) in deep waters, at the center of each strip. 
The discharge is given by equation 1  

 
VAQ                                                                                (1)   

where; 
            Q = discharge 
             A = cross- sectional area 
             V = velocity 
 
The total discharge for a current meter measurement 

is the summation of the products of the partial areas of the 
stream cross section and their respective average velocity 
as given in equation (2). 
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where; 
Q = total discharge (m3/s), 
ai= cross sectional area (m2), for the ith segment of the 
n segments into which the cross- section    is divided. 
vi= mean velocity (m/s) of the flow normal to the ith 
segment. 

 
2.4 Bedload sediment measurement 

Bedload sediment transport rate and the flow rate of 
water close to the bed vary substantially concerning both 
space and time. Hence, any sample obtained at a given 
point may not be representative of the mean transport rate 
for a reasonable interval of time because the bed particles 
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move intermittently at a mean velocity much less than that 
of the water. The use of Helley-smith sampler was 
employed in this study. 
 
2.4.1 Helley – Smith bedload sampler 

The sampler consists of an expanding nozzle, sample 
bag, and frame enables collection of bedload particle 
moving close to the river channel bed.The sampler has a 3-
inch by 3-inch square entrance nozzle an area ratio (ratio 
of nozzle exit to entrance area) of 3.22. The total weight of 
the sampler design is 66 pounds, requiring the use of a 
cable-reel suspension system. Bedload samples are 
collected from the selected sampling sites (St0, St1 and St2), 
starting at one river bank and proceeding to the other. The 
river cross section was subdivided into four equal verticals, 
one sample collected at each vertical at a time along the 
cross-section and then return to the starting point. Samples 
were collected at the midpoint of the evenly spaced 
divisions at an equal time interval of ten minutes each. 
Trapped samples in the Helley- Smith sampler is emptied 
into the weighing dish and weighed (g). The total bedload 
discharge for the cross-section is computed by equation 
(3). 
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where; 
QB = bedload discharge (tones/day)       
WT = total width of stream from were samples are 
collected. 
tT =  total time the sampler was on the bed (secs) 
MT =  total mass of sample collected (g) 
K =  conversion factor {grams to tons/day (for a 3 – inch 
nozzle k = 0.381)} 

 
3.  Results and Discussion 
3.1  River discharge 

Kahang dam is built on kahang river, and its tributaries 
to systematically regulate the natural river flow by storing 
and preserving the water to be used for water supply 
purposes in Kluang town and environs. Observations on-
site show that the river flow has been quite slow, this was 
also confirmed by the stream gauging results of the three 
gauging stations (Table 1.).  

 
Table 1. Flow measurements (m3/s) for the gauging 
stations 

 
St./Month St0 St1 St2

Jan - 1.124 1.141
Feb 0.528 1.137 1.138

March 0.322 1.161 1.213
April 1.230 1.353 1.331
May 1.270 1.398 1.454
June 1.622 2.091 2.141
July 2.076 2.534 2.333

 
From the results for the three gauging stations, the 

discharge values are not far from each other from one 

gauging station to the other with 0.322 m3/s measured at 
St0  in March 2017 which is the lowest for the period in 
view and 2.534 m3/s the peak value recorded in July 2017 
at St2. Though the results show that there is a sharp upward 
change in the rate of the river discharge, these differences 
were observed at all the gauging stations as from June 
2017.  

Discharge measured in May and June at St0  are  
1.270 m3/s and 1.622 m3/s respectively, but in the same 
gauging station in July 2017, 2.076 m3/s was recorded this 
show there is an upward change in flow. Likewise, St1 have 
a considerably higher flow rate in July with 2.534 m3/s as 
compared to that of May and June with 1.398 m3/s and 
2.091 m3/s respectively. Gauging station two (St2) result 
pattern does not differ with the other locations as the flow 
rate for July 2017 is also a little higher than that recorded 
in prior months (May and June 2017) with 2.333 m3/s. It 
was observed that an additional outlet of the dam is opened 
to release water downstream the river channel where the 
gauging sites are located, which is the reason for the 
increased flow regime in June and July 2017.  

 
3.2.  Bedload sediment discharge 

The trend of bedload sediment discharge rate in the 
three gauging stations is shown in Figure 2. Bedload 
sediments in all locations have been unstable by series of 
noticeable upward and downward changes in 
concentration rates from January to July 2007. At St0 the 
lowest concentration 0.0305 tones/day was observed in 
July 2017 (Figure 2a) and at St1 it was about  
0.0145 tones/day in July (Figure 2b) also, at St2 the lowest 
bedload discharge measured is 0.0077 tones/day in January 
(Figure 2c). Similarly, the highest bedload discharge 
measurements were recorded at St0 0.0736 tones/day, St1 
0.0553 tones/day and 0.0138 tones/day in April, March, 
and July respectively. There was a sharp rise in bedload 
discharge towards the end of the dam external construction 
work starting April 0.0736 tones/day at St0, and then 
gradual decline was experienced from May when 
construction works ended in June and July with 0.0439 
tones/day and 0.0305 tones/day. 

The reduction in the amount of bedload discharge was 
not only peculiar to St0 but across all other gauging 
locations with 0.0313 and 0.0339 tones/day in June at St1 
and St2. Also, in June there was a further decline in bedload 
discharge 0.0148 and 0.018 tones/day for both gauging 
locations (St1 and St2). 

Figure 3 Shows a clustered representation of bedload 
discharge rate for all the gauging locations. It can be seen 
that St0 has the highest bedload discharge rate for the 
duration of measurements, this might be because station 
St0 is the nearest to the dam stilling basin about 100 m 
away. 

While St2 bedload discharge is the lowest with little 
amounts discharged in January, February, March and July 
2017 ( 0.0077, 0.0103, 0.0127 tones/day), this station’s 
location is also the farthest about 500 m downstream the 
dam. 
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Fig. 2  Bedload discharge for a. St0, b. St1 and c. St2  

 
 
  
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Clustered Bedload discharge for Sto, St1, and St2 
 

The results show that the higher amounts of sediment 
during the external construction work was primarily as a 
result of anthropogenic activities going on such as clearing 
and cutting of trees, movement of the workforce and heavy 
equipment, hauling and dumping of construction materials 

from one location to the other within the study area.It can 
also be observed from the results that immediately after the 
external works stopped in May, the sediment concentration 
starts reducing this shows that the higher concentration 
was not transported naturally by the river flow. But, the 
higher sediment measured was enhanced by the activities 
happening at that period.Similar studies by Kehui et al.[14] 
on Yangtze River reveals that the numerous amount of 
dams on the river have resulted in a severe change in 
sediment discharge while little impact is observed on water 
discharge. The authors also reported that the annual 
sediment discharge of Yangtze River after impoundment 
is estimated to have reduced by 60% because most of the 
sediments are trapped in the reservoir.The study on 
Yangtze River confirms that introduction of dam on 
natural rivers will tremendously decline the sediment 
meant to be naturally transported downstream the river 
channel.  

 
4.  Conclusion 

Dams regulate river flows and have storage reservoirs 
in the headwater region. The result is that the downstream 
river channel flow is controlled which can affect almost the 
entire river. Such a change will modify the riparian zone 
of the river, the flood peak and hence frequency of 
overbank flooding. Evaporation losses and increased water 
use due to water impoundment often reduce downstream 
discharge. Furthermore, dams change the process of 
sediment cycling by trapping large sediment masses 
previously transported downstream. The results obtained 
between January and July 2017 show the highest bedload 
discharge for all the gauging Stations to be 0.0736 
tones/day at St0 and 0.0077 tones/day at St2 while the river 
flow remains relatively steady between 0.528 m3/s to 
2.534 m3/s.The higher sediment discharge was during the 
external works, immediately afterward there was decline 
which shows that the dam is already starving the 
downstream sediment discharge and reduced flow rate. 
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