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Abstract

Highway embankments could be of equal importance when compared with the agricultural lands for the
production of sediments as it carries the detached soil particles in the water which flows over land in the form of
surface runoff. The downstream sedimentation from agricultural activities has always been highlighted, whereas
the road related impacts are considered trivial. This paper analyzes the results, obtained from a full scale test
with rainfall simulation on the fully grass covered surface (Plot-1) and the exposed soil surface (Plot-II) for the
inevitable issue of water quality and turbidity affected by the soil erosion. The study was conducted on a filled
embankment having slope angle of 30° which observed a marginal difference under the rainfall intensity of 40
mm/hour for both the plots. The results obtained recommend fully grass covered surface to mitigate this problem
to an extent. The maximum turbidity and suspended particle values for Plot-I were found to be 75 (NTU) and
11.3 (mg/L) whereas, for Plot-1I the values were found to be 1631.5 (NTU) and 52.3 (mg/L) respectively.
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1. Introduction

When the land area is developed, the construction phase exposes the earth which contributes to the storm water
pollution by means of surface runoff during a rainfall event. This allows the sediments to enter into the river
which degrades the water quality, irrigation canals, lakes, reservoirs, and etc. The measurement of water quality
is termed as total suspended solids (TSS) whose removal is very important for the clarity of water and for
managing the natural resources of a water body. Whereas, turbidity is the sediment concentration in flow which
relates to the darkness of water caused by the presence of suspended solids (Yahyapour, 2013).

To have a clear vision about the sediment concentration in the flow and the measurement of the water quality, it is
necessary to understand the way how the soil gets eroded and deposited to basins which is illustrated in Figure 1.
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Figure 1. Soil deposition in the basins (Preuss, 2007)
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The improvement of agricultural practices including the soil conservation measures has been traditionally
focused in many tropical countries to mitigate on-site soil detachment and off-site sedimentation. However, the
potential importance of the roads in accumulating runoff and soil erosion is well recognized but rarely quantified
(Rijsdijk, 2007). For developing a humid tropical region, it requires knowledge on rainfall and runoff response
before implementing the engineering practices to minimize the erosion process (Leong, 2007). Soil detachment
is an unavoidable process which cannot be disregarded (Bakr, 2012). It is such a concern for which it is adequate
to say “think globally, act locally” (Toy, 2002) as it leads to the process of sedimentation which is responsible for
the higher turbidity rates and the suspended particles in the water channel (Chou, 2010). However, for preserving
the global environment it is necessary to understand the relation between land cover and soil erosion.

The concentration of contaminants in the water channel is mainly due to the process of erosion, which is also
responsible for the devastation of the nutrient-rich top soil for which it is suggested to treat the diffused
pollutants at its origin (Deletic, 2001). Human activities and natural processes are both responsible for the
potential susceptibility of an area to erosion (Ekholm, 2012) which is responsible for several negative affects
among which the most vital are worsening of the road utilities, increment in the maintenance cost and
reconstruction, loss of soil productivity, and deposition in the water channel leading to its instability (Sekitar,
1996).

Vegetated areas are best recommended to trap the suspended sediments in the flow (Yahyapour, 2013). However,
a study negates that planting grass is ineffective to shelter the soil from erosion (Wilson, 2012). Although, land
cover has been favored by several studies against erosion as it influence the runoff intensity which restricts the
flow of the detached soil particles to the water channel (Peng, 2012). Comparatively, in reducing the soil loss
herbaceous vegetation is suggested to be more protective than the woody vegetation (Bert, 2007) as it allows the
water to penetrate through the soil pores which decelerates the runoff velocity (Deletic, 2001). It rapidly grows
with a dense root system which grips the soil particles from detachment (De Baets, 2006) and softens the kinetic
energy of the rain drop which shelter the soil from its direct impact (Zuazo, 2011). Its implication is therefore
suggested to be much more reliable conservation measure than the artificial methods (Samani, 2002).

The focus of the study is the bare highway embankments and unprotected slopes which possesses great threat
towards water quality and the channel storage capacity. Soil erosion relates to the impact of rain drop which is
the most significant factor as it loosens, erodes and removes the soil particles from their place of origin. This
affects the soil geometry and worsens the soil arrangement, resulting in its failure. It allows the detached
particles to flow with the surface runoff which then reaches the rivers and the process of deposition occurs.

Primarily, the objective of the study is to observe the influence of cover in reducing the turbidity and suspended
particles values by comparing it with the bare soil surface, for which the water samples were collected at
different time intervals from the runoff generated by the simulated rainfall condition.

Table 1 shows an overview of the previous studies describing problems caused by the deposited soil in the
stream channels. Few of the major problems associated with the silt deposition are assembled below.

Table 1. Problems accountable to silt deposition

Author and year Problem Description

Tahan River of northern Taiwan faced a severe
precipitation of the last 40 years with the peak inflow of
8500 m’ sec” and the total runoff volume of 700 million
m® which was three times more than the capacity of the
reservoir. Majority of the landslides were reported to be
collapsed which flushed around 28 million m® of the
sediments into the reservoir which raised the turbidity of
the steam by 100,000 NTU.

Unpaved roads are significant source of soil erosion
which is responsible for low infiltration rates. It leads to
the increased sediment loads which not only degrade the
landscape but it also influx the toxic contaminants and
disruptive nutrients to the water channel affecting the
water quality.

(Chou et al., 2010) Severe precipitation

(Ziegler et al., 1997) Unpaved roads
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The road-stream connectivity is suggested to be the most
important factor in delivering sediments to the catchment.

(Cornish et al., 2001) Forest harvesting ~ Forest harvesting in the absence of roads generally
reduced turbidity levels if precautionary measures are
adopted during harvesting.

From the construction site the non point pollution
contributes to the storm water pollution and enters the
river which affects the aquatic and wildlife.

Detrimental impact

(Yahyapour et al., 2013) on fauna and flora

The storm water runoff carries not only the sediments but
(Coffin et al., 2007) Toxic contaminants also the toxic chemicals associated with the roads and
vehicles are taken into the storm water drainage system.

2. Material and Method

The site location and rainfall data, description of the study area, and the experimental procedures used for
determining the turbidty rates and the total suspended soilds have been discussed in this section.

2.1 Site Location and Rainfall Data

The study was performed at Universiti Teknologi PETRONAS, Malaysia. A full scale test was performed on a
fully grass covered surface (Plot-I) and a bare soil surface (Plot-II), analogous to filled embankments to observe
the behavior of these plots against water quality and turbidity under the simulated rainfall intensity of 40
mm/hour (average rainfall intensity for the Perak State, Malaysia). The rainfall data was obtained and analyzed
from Meteorological Department Malaysia for the year 2005 to 2011. The study was conducted for the slope
angle of 30° with the gradient of 1 on 1.5 (representing typical constructed road side slopes).

2.2 Description of the Study Area

Figure 2 shows the details of the existing site location. Plot-I1 and Plot-II were covered with plastic to hinder the
effects of natural rainfall while running the experiments. The simulated rainfall condition modeled for this study
was 40 mm/hour for which a flow meter was used to adjust the required rainfall intensity. The generated runoff
was received in the designed container of known volume. The water samples were collected at different time
intervals to study the presence of suspended particles and the water turbidity.

Figure 2. Description of the study area (a) site location of plot-I and plot-1I, (b) flow meter, (c) and (d) water
samples collected from Plot-I and Plot-II for assessing turbidity and suspended solids

2.3 Experimental Procedures

The samples collected during the experiment were quite turbid and the turbidity meter was unable to determine
its range. However, from each sample 1 ml of water was taken in to the graduated cylinder which was then
mixed with 49 ml of the distilled water (1 in 50 dilutions was used for sample analysis). Now from the graduated
cylinder, 10 ml of mixed sample was taken and placed into the glass cuvette which was then placed into the
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turbidity meter to determine the sample turbidity as shown in Figure 3 (a) and (b).

Figures 3 (c) and (d) show the method how suspended solids were determined. The filter papers were placed in
the flask using the tweezers which were then washed with the distilled water and by applying the vacuum to the
flask. The filter papers were gently removed and placed in the filter holders which were then labeled and taken
into the oven for 24 hours at 105°C. The filter papers were desiccated for 20 min and weighed (W,). Next, 10 ml
of the water sample (original turbid sample) was taken into the graduated cylinder which was then mixed with 90
ml of distilled water which gave a total of 100 ml. For each reading, three diluted samples were poured into the
flask containing washed and dried filter papers. The filter papers containing suspended particles were then dried
for 1 hour and placed in the desiccators for 20 min which were then weighed (W,). The formula used for
determining the total suspended solids (TSS) is given below.

TSS =W, (mg)— W, (mg) /0.1 (L) (1)

Figure 3. Experimental procedure (a and b) determination of turbidity, (c) and (d) determination of suspended solids

3. Results

The graphical representations of the results, attained by conducting the experiments are shown in this section.
3.1 Turbidity

Figure 4 shows the turbidity values obtained from Plot-1 and Plot-II under the rainfall intensity of 40 mm/hour at
different time intervals of 15 min, 30 min, 45 min, 60 min, 75 min, 90 min, 105 min, and 120min.
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Figure 4. Turbidity values observed for Plot-I and Plot-II, under the Rainfall event of 40 mm/hour
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3.2 Suspended Solids

Figure 5 shows the values of suspended solids obtained from Plot-I and Plot-1I under the rainfall intensity of 40
mm/ hour at different time intervals of 15 min, 30 min, 45 min, 60 min, 75 min, 90 min, 105 min, and 120 min.
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Figure 5. Suspended particles observed for Plot-I and Plot-II, under the Rainfall event of 40 mm/hour

4. Discussion

The maximum value obtained for turbidity under the rainfall event of 40 mm/hour from Plot-I was 70 (NTU).
For Plot-II, the value was observed to be 1631.5 (NTU) which was approximately 22 times more than that of
Plot-I. The maximum value obtained for suspended particles under the rainfall event of 40 mm/hour from Plot-I
was 11.3 (mg/L). For Plot-II, the value was observed to be 69 (mg/L) which was nearly 6 times more than that of
Plot I. The graph for both turbidity and suspended particles were not consistent because the soil eroded at
different rates at different intervals of time.

This study emulates condition of newly constructed road embankments which usually remain bare after the
construction. The study shows a marginal difference in the results for the small plot area of 2 meters by 6 meters
only. However, in the real conditions the highway embankments may vary up to hundreds of kilometers for
which the outcomes would surely be more intense if the bare soil surface is not covered. Therefore, it is
recommended that once the embankments are newly constructed, it should be protected with the proper
vegetative cover so that the rain drop impact does not allow the soil particles to detach from their point of origin.
This helps mitigating the problems associated with silt deposition particularly originated from slope erosion.
Although the full scale test was conducted for the rainfall data of Perak, Malaysia only and with native grass
cover, but it can be observed under different rainfall intensities with the different vegetative covers, for different
regions.
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