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ABSTRACT
Nowadays, the mining of sand resources from rivers areas especially in Perak
state is a common practice and may lead to destruction of public assets as well as
impacts or increase stress on commercial and noncommercial living resources that
utilize these areas. This study was carried out to determine possible river sand
removal capacity and their consequences towards Sungai Perak. Van Veen Grabber
and Helley Smith sediment sampler are used to collect bed soil samples and determine
sediment transport at the time of sampling. These two methods could estimate the
suitability of available sand material and the flux of sediment transport locally. By
conducting the surveys and analysing all the collected data, it showed positive results.
Almost 90% of the grab samples were good quality of sand. The minimum total
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quantity of minable sand in Sungai Perak at Bota Kanan is 713,073.1 tonnes
(269,084.2 m3 ) with the maximum replenishment period of 100 days. The recharge
sediment transport yield on average is in range 0.14 tonne/km2 /day to 0.53
ton/km2/day and it is in the range of reported sediment transport yield in several
Perak’s rivers (0.04 – 1.4 ton/km2 /day). By implementing this method, the negative
impact of sand mining activities can be reduced and the river will be sustained.
Key words: river sand mining, sungai perak, sediment transport, instream mining,
river sand.
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1. INTRODUCTION

River sand and gravel have long been used as aggregate for construction of roads and
building. Today, the demand for these sources has increased in a greater amount aligned with
the rapid growth of construction and building. The main activity to extract these sources is by
the activity of sand mining (Arbogast et al., 2010) [1]. Sand mining is the removal of sand
from their natural configuration. Rapid activity of sand mining could give impact to the
environmental and cause bad impact to the ecosystem. Environmental problems occur when
rate of extraction of sand, gravel and other material exceeds the rate at which natural
processes generate these materials. Excessive removal of sand may significantly distort the
natural equilibrium of a stream channel. The magnitude of the impact basically depends on
the magnitudes of the extraction relative to bed load sediment supply and transport through
the reach. Many Perak streams, rivers and their floodplains have abundant quantities of sand
and gravel that is mined conveniently and economically for a variety of uses. In recent years,
rapid development has led to an increased demand for river sand as a source of construction
material. This has resulted in a mushrooming of river sand mining activities which have given
rise to various problems that require urgent action by the authorities (Ashraf et al., 2010) [2].
However, unregulated and unmonitored sand mining has taken place without a clear
regulatory framework and this has aggravated environmental problems. In addition, sand
prices have increased several times over thanks to a ban imposed on traditional sources of
supply. Elevated sand prices have driven the exploitation of sand from fragile and remote
places, causing more damage to the road infrastructure due to heavy loads carried on weak
rural roads. This situation has been further complicated by politics. In addition, the needs of
the rural poor, who benefit from river sand mining, need to be considered (Butler and Davies,
2004) [3]. Therefore, there is an urgent need to identify appropriate policy guidelines that
guarantee environmental protection with minimum regulatory costs and high levels of public
cooperation (Byrnes and Hiland, 1995) [4]. This paper discusses and explain on the
appropriate method to handle the sand mining activity to recover and improve the quality of
Sungai Perak, Bota Kiri and highlighted the usage of Van Veen Grabber and Helley Smith
sediment sampler to determine the allowable amount of river sand that can be extracted based
on the data collection.

1.1. Sediment Transport in Rivers

The loose boundary (consisting of movable material) of an alluvial channel deforms under the
action of flowing water and the deformed bed with its changing roughness (bed forms)
interacts with the flow. A dynamic equilibrium state of the boundary may be expected when a
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steady and uniform flow has developed [6] (Nalluri & Featherstone, 2001). The resulting
movement of the bed material (sediment) in the direction of flow is called sediment transport
and a critical bed shear stress (τc) must be exceeded to start the particle movement. Shield
introduced the concept of the dimensionless entrainment function, Frd2 ( = τo/ ρgΔd) as a
function of shear Reynolds number, Re* (= U*d/ν) where is ρ density of the fluid and Δ is the
relative density of sediment in the fluid, d the diameter of sediment, g the acceleration due to
gravity, U* is the shear velocity (√=τ o/ρ) and ν the kinematic viscosity of the fluid.

Figure 1.1 Shields Diagram (Nalluri and Featherstone, 2001)

When flow characteristics (velocity, average shear stress etc.) in an alluvial channel
exceed the threshold condition for the bed material the particles move in different modes
along the flow direction. The mode of transport of the material depends on the sediment
characteristics such as its size and shape, density ρs and movability parameter U*/Ws where
Ws is the fall velocity of the sediment particle. Some sediment particles roll or slide along the
bed intermittently and some others saltate (hopping or bouncing along the bed). The material
transported in one or both of these modes is called ‘bed load’. Finer particles (with low fall
velocities) are entrained in suspension by the fluid turbulence and transported along the
channel in suspension. This mode of transport is called ‘suspended load’. Sometimes finer
particles from upland catchment (sizes which are not present in the bed material), called
‘wash load’ are also transported in suspension. The combined bed material and wash load is
called ‘total load’. A summary of mode of sediment transport is given in Figure 1.2.
Bed load ranges from a few percent of total load in lowland rivers to perhaps 15% in
mountain rivers to over 60% in some arid catchments. Although a relatively small part of the
total sediment load, the arrangement of bed load sediment constitutes the architecture of sandand gravel-bed channels. The rate of sediment transport typically increases as a power
function of flow; that is, a doubling of flow typically produces more than a doubling in
sediment transport and most sediment transport occurs during floods [5] (Kondolf, 1997).
Two existing sediment transport equations have been identified to be suitable for use in the
prediction of the replenishment rate of rivers in Malaysia i.e. Yang and Engelund-Hansen
equations.
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Figure 1.2 Mode of Sediment Transport (Nalluri and Featherstone, 2001)

1.2. Yang Equation

Yang (1972) related the bed material load to the rate of energy dissipation of the flow as an
agent for sediment transport. The theory of minimum rate of energy dissipation states that
when a dynamic system reaches its equilibrium condition, its rate of energy dissipation is at a
minimum. The minimum value depends on the constraints applied to the system. For a
uniform flow of energy dissipation due to the sediment transport can be neglected [7] (Yang,
1996). Yang equation for sand transport is:

1.3. Engelund-Hansen Equation

Engelund-Hansen (1967) applied Bagnold’s stream power concept and the similarity principle
to obtain a sediment transport equation as below:
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2. SEDIMENT SAMPLING METHODOLOGY

In this study, six different locations were choosed for the sediment sampling and each sample
from each location were collected and analyzed.
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2.1. Sediment Sampling
Sediment samples may be recovered using a variety of methods and equipment, depending on
the depth of the aqueous layer, the portion of the sediment profile required (surface versus
subsurface), the type of sample required (disturbed versus undisturbed) and the sediment type.
Sediment is collected from beneath an aqueous layer either directly, using a hand-held device
such as a shovel, trowel, or auger, or indirectly using a remotely activated device. In this
study two devices were used which are Van Veen Grabber and Helley Smith Sampler which
shown in Figure 2.1 (a) and (b).

Figure 2.1(a) Helley Smith Sampler

Figure 2.1(b) Van Veen Grabber

2.2. Particle Size Distribution Analysis

Particle Size Distribution analysis (PSD) is a measurement designed to determine and report
information about the size and range of a set of particles representation of material. Particle
size and distribution analysis of a sample can be performed using a variety of techniques, each
with advantages and disadvantages, depending on the sample properties and question at hand.
There are two separate procedures for obtaining the grain size distribution of the soils; sieve
analysis and hydrometer test. Sieve analysis is used for gravel and sand size particles (coarsegrained soils with grain size larger than 63 micrometers) Hydrometer test is used for silt and
clay particles (fine-grained soils with grain size smaller than 63 micrometers). Dry sieve
analysis is a practice or procedure used to assess the particle size distribution of a granular
material such as sand. The size distribution is often of critical importance to the way the
material performs in use. A sieve analysis can be performed on any type of non-organic or
organic granular materials including sands, crushed rock, clays, granite and seeds, down to a
minimum size depending on the exact method. Being such a simple technique of particle
sizing, it is probably the most common. Meanwhile, a hydrometer is a tool scientist use to
measure the specific gravity of liquids. This method is based on Stoke’s law governing the
rate of sedimentation of particles suspended in water. The measurement made with the
hydrometer can be used to calculate the salinity of a water sample. Using a hydrometer is
quite simple. Dry sieve and hydrometer setup were shown in Figure 2.2 (a) and (b).
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Figure 2.2(a) Sieve Machine

Figure 2.2(b) Hydrometer

3. RESULTS AND DISCUSSION
3.1. Sieve Analysis

The sieve analysis result for R1LB is one of the examples result obtained based on the S
curve graph. Based on the graph percentage passing against particle size (Figure 3.1), the
value of d50 is 1.36. The sample consists of 27.89% gravel (size larger than 2.0 mm) 72.11%
sand (size range from 2.0 mm to 0.075 mm) and 0.00% silt and clay (size smaller than 0.075).
The quality of the grab sample is satisfying. In this case, almost 72% of the grab sample
consists of pure river sand which is suitable for fine aggregates material in construction.

Figure 3.1 Graph Percentage Passing Against Particle Size for HS R1L (90m)

3.2. Sediment Rate using Yang and Engelund-Hansen Equation

The calculation based on these two equations for each location of sampling was compared
with the observed data. The equation which obtained nearest value to the actual data will be
choosed as the most suitable equation for this case study. Summary of result for both
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equations were shown in table 3.2.1 and 3.2.2. Based on the two tables, the most suitable
equation to be used is Engelund Hansen Equation.
Table 3.2.1 Sediment Transport Calculation Using Yang Equation
Location
R1
R2
R3
R4
R6

Tj
(observed)
43.45
24.54
47.32
12.65
27.04

Tj
(calculated)
988.16
671.49
1024.5
489.80
970.45

Discrepancy
Ratio
22.74
27.36
21.65
38.73
35.89

Suitability
No
No
No
No
No

Table 3.2.2 Sediment Transport Calculation Using Engelund Hansen Equation
Location
R1
R2
R3
R4
R6

Tj
(observed)
43.45
24.54
47.31
12.65
27.04

Tj
(calculated)
24.69
6.17
34.96
14.54
20.89

Discrepancy
Ratio
0.57
0.25
0.74
1.15
0.77

Suitability
Yes
No
Yes
Yes
Yes

3.3. Total Volume of Sand Extraction Calculations

The proposed location of sand mining for this river is shown in Figure 3.3 below. There are
total of three area that was proposed and need to be calculated.

Figure 3.3 Proposed Area for Sand Mining

a) Area 1
a = 278m b = 273m h = 161m
Total area = 0.5 (b + a) x h = 44355.5m2
Total Volume = 44355.5 x depth (m)
For depth = 1.5m; V = 66,533.25 m3 Mass = 176,313.11 tonnes
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Depth = 3.0m; V = 133,066.5 m3 Mass = 352,626.23 tonnes
Depth = 5.0m; V = 221,777.5 m3 Mass = 587,710.38 tonnes
b) Area 2
i) In-stream
a = 291m b = 322m h = 231m
Total area = 0.5 (b + a) x h = 70801.5m2
Total Volume = 70801.5 x depth (m)
For depth = 1.5m; V = 106,202.25 m3 Mass = 281,436.63 tonnes
Depth = 3.0m; V = 212,404.5 m3 Mass = 562,871.93 tonnes
Depth = 5.0m; V = 354,007.5 m3 Mass = 938,119.88 tonnes
ii) Island
Total area = area triangle + area square + area rectangular = 9,263.975 m2
Total volume = 9,263.975 x 2.0 depth of the island to the river bed = 18,527.95 m3
Mass = 49,099.07 tonnes
c) Area 3
a = 294m b = 255m h = 189m
Total area = 0.5 (b + a) x h = 51880.5m2
Total Volume = 51880.5 x depth (m)
For depth= 1.5m; V = 77,820.75 m3 Mass = 206,224.99 tonnes
Depth = 3.0m; V = 155,641.5 m3 Mass = 412,449.98 tonnes
Depth = 5.0m; V = 259,402.5 m3 Mass = 687,416.63 tonnes
Below are the summaries for all the volumes of extracted sand calculations according to
depth. For the island, replenishment period is neglected because the existence of the island
caused local scouring at the river bank. Hence, the replenishment period of the island is
omitted.

1.5 m depth
Area

Volume (m 3)

Mass per day
Replenishment Period
(tonne)
(day)
1
66,533.25
176,313.11
62.6
2
106,202.25
206,224.99
100.0
3
77,820.75
206,224.99
73.2
*For area 2, volume and of extracted sand at the island are 18,527.95 m3 and 49,099.07 tonnes.

3.0 m depth
Area

Volume (m 3)

Replenishment Period
(day)
1
133,066.5
352,626.23
125.1
2
212,404.5
562,871.93
200.0
3
155,641.5
412,449.98
146.4
*For area 2, volume and of extracted sand at the island are 18,527.95 m3 and 49,099.07 tonnes
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5.0 m depth
Area

Volume (m 3)

Mass per day (tonne)

Replenishment Period
(day)
1
221,777.5
587,710.38
208.6
2
354,007.5
938,119.88
333.0
3
259,402.5
687,416.63
244.0
*For area 2, volume and of extracted sand at the island are 18,527.95 m3 and 49,099.07 tonnes

4. CONCLUSIONS

From this study, total potential volume of minable sand in Sungai Perak at Bota Kanan is
269,084.2 m3 if we consider the allowable mining depth is 1.5m. In addition, the total
quantity of minable sand in Perak River at Bota Kanan is 713,073.1 tonnes with the maximum
replenishment period of 100 days. It is possible to mining sand island and it reduced local
scouring. The collected bed loads majority consist of sand (more than 80%) and gravel. It is
suitable material to be mining. The recharge sediment transport on average is in the 0.14
ton/km2/day to 0.53 ton/km2/day and it is in the range of reported sediment transport in
several Perak’s rivers (0.04 – 1.4 ton/km2/day). Hence, the objectives of the research are
accomplished.
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