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ABSTRACT

Grassed swale is a vegetated open channel designed to attenuate stormwater through
infiltration and conveying runoff into nearby water bodies, thus reduces peak flows and
minimizes the causes of flood. UTHM is a flood-prone area due to located in lowland
area, has high groundwater level and low infiltration rates. The aim of this study is to
assess the performance of grassed swale as a stormwater quantity control in UTHM. Flow
depths and velocities of swales were measured according to Six-Tenths Depth Method
shortly after a rainfall event. Flow discharges of swales (Qswale) were evaluated by Mean-
Section Method to determine the variations of Manning’s roughness coefficients (Ncalcutate)
that results between 0.075 — 0.122 due to tall grass and irregularity of channels. Based on
the values of Qswale between sections of swales, the percentages of flow attenuation are up
to 54%. As for the flow conveyance of swales, Qswale Were determined by Manning’s
equation that divided into Qcaicutate, €valuated using ncaicutate, and Quesign, €valuated using
roughness coefficient recommended by MSMA (ngesign), to compare with flow discharges
of drainage areas (Qpeak), evaluated by Rational Method with 10-year ARI. Each site of
study has shown Quesign 15 greater than Qpeak up to 59%. However, Qcalculate 1S greater than
Qpeak only at a certain site of study up to 14%. The values of Qesign also greater than
Qcalcutate Up to 52% where it shows that the roughness coefficients as considered in
MSMA are providing a better performance of swale. This study also found that the
characteristics of the studied swales are comparable to the design consideration by
MSMA. Based on these findings, grassed swale has the potential in collecting,
attenuating, and conveying stormwater, which suitable to be applied as one of the best

management practices in preventing flash flood at UTHM campus.



ABSTRAK

Swale berumput adalah saluran terbuka tumbuhan yang direka untuk memperlahankan air
ribut melalui penyusupan dan mengalirkan air larian ke saluran air berdekatan, lalu
mengurangkan aliran puncak dan meminimumkan punca-punca banjir. UTHM adalah
kawasan terdedah kepada banjir kerana terletak di kawasan tanah rendah, mempunyai
paras air bawah tanah yang tinggi dan kadar penyusupan yang rendah. Tujuan kajian ini
adalah untuk menilai prestasi swale berumput sebagai kawalan kuantiti air ribut di
UTHM. Kedalaman aliran dan halaju swale diukur berdasarkan Six-Tenths Depth
Method. Pelepasan aliran swale (Qswaie) dinilai oleh Mean-Section Method untuk
menentukan variasi pekali kekasaran Manning (ncaicuiare) yang mana nilainya antara 0.075
— 0.122 disebabkan oleh rumput tinggi dan ketidakaturan saluran. Berdasarkan nilai-nilai
Oswale antara bahagian swale, peratusan pengecilan aliran adalah sehingga 54%. Bagi
pengangkut aliran swale, Qswae ditentukan oleh persamaan Manning yang dibahagikan
kepada Qcaicuiate, dinilai dengan menggunakan #cscuiare, dan Quesign, dinilai dengan
menggunakan pekali kekasaran yang dicadangkan oleh MSMA (Mdesign), untuk
dibandingkan dengan pelepasan aliran kawasan tadahan (Qpea), dinilai oleh Rational
Method dengan ARI 10 tahun. Setiap tapak kajian menunjukkan Quesicn lebih besar
daripada Qpear sehingga 59%. Namun, Qcaicuiare lebih besar daripada Qpeqr hanya di tapak
kajian tertentu sehingga 14%. Nilai-nilai Quesign juga lebih besar daripada Qcarcutate
sehingga 52% di mana ia menunjukkan bahawa pekali kekasaran oleh MSMA
menyediakan prestasi swale yang lebih baik. Kajian ini juga mendapati ciri-ciri swale
yang dikaji adalah setanding dengan pertimbangan rekabentuk oleh MSMA. Berdasarkan
dapatan kajian, swale berpotensi dalam mengumpul, memperlahankan, dan mengangkut
air larian ribut, yang mana sesuai digunakan sebagai salah satu amalan pengurusan

terbaik dalam mencegah banjir kilat di kawasan kampus UTHM.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

The United States Environmental Protection Agency or USEPA (2012) has defined
grassed swale as vegetated open channel management practices primarily in attenuating
and treating storm runoff for a specified water quantity and quality volume. As stated in
the Stormwater Design and Specification Manual by City of Indianapolis (2009), swale is
applicable in many urban settings such as street and parking, commercial and light

industrial facilities, roads and highways, and residential developments.

Grassed swale is widely employed in urban areas to encourage ground infiltration
and reduce storm runoff (Wilson, 2007). The establishment of swale is a potential
solution whenever stormwater needs to be transported from impervious surfaces,
infiltrated into soils, and conveyed into nearby streams thus reduced the peak flows and

minimized the causes of flood.

Swale also serves as storm runoff treatment through filtration by the vegetation
and the subsoil matrix of the channel or infiltration into the underlying soils. The
vegetation functioned as filters any particles or pollutants as runoff passes through the
channel. The pollutants are then incorporated within the soil where they may be

immobilized or decomposed by plants and microbes (USEPA, 2012).



As compared to the conventional drainage ditch, a decent design of grassed swale
to accommodate a predetermined storm event volume has resulted in a significant
improvement in slowing and cleaning of water (Stevens, 2011). The maintenance for
swale is required more frequently, but it is considerably less costly than curb and gutter
systems maintenance (McKain, 2013). Besides that, swale is providing significant
aesthetic benefit and conserving biodiversity with native plants (Clark and Acomb,
2008). In general, swale is an inexpensive sustainable drainage system that can work both

as storm runoff conveyance and pollutant removal.

Universiti Tun Hussein Onn Malaysia (UTHM) has applied the grassed swales
around the campus as an effort to curb the flash flood issue since UTHM is located in a
lowland area. Figure 1.1 shows one of the grassed swales within UTHM campus. This
study was carried out to access the performance of swales as a stormwater quantity
control. The findings from this study implicate the flow discharge of swale and its
hydraulic resistance, and provide the consideration design that can be use as reference for

planning and construction of swale in the future.

Figure 1.1 : Grassed swale adjacent to parking lot in UTHM

1.2 Statement of Problem

In the end of 2006, Batu Pahat has been hit by a severe flood called as “banjir

termenung” where UTHM was also affected as shown in Figure 1.2. As reported by



Department of Irrigation and Drainage Malaysia (DID), the flood occurred due to rainfall
intensity was too high at Bekok Dam and Sembrong Dam with the average range of 229
mm/day — 247 mm/day. Furthermore, the storage capacity for stormwater was
insufficient where the maximum water level has raised up to 12% - 14% at both dams

(Musa et al., 2009). During rainy season, UTHM is vulnerable to flood by an average

water depth of 0.5 m and an average rainfall intensity of 2,400 mm/year (Tunji et al.,
2011).

Figure 1.2 : Flood at UTHM in the end of 2006

UTHM is located in Johor, which an undulating land dominated by a flat lowland
area (Gharibreza and Ashraf, 2014). Lowlands are usually no higher than 100 m above
mean sea level (Carating ef al., 2014) and UTHM has ground elevation ranged from 3 m
— 14 m (Mazlan et al., 2014). A flat topography has caused backwater from the main
drain or stream that flows back into the drainage area. The existing detention is not
effective to reduce the peak flow rate as the elevation gap between inflow and outflow is

small (Tjahjanto et al., 2008).

Based on the lithology logs and design of tube well in the Report on the Works of
Tube Well (UTHM 1) Drilling, which prepared for the Research Centre of Soft Soil
Malaysia (RECESS), UTHM has high groundwater level of 2.24 m as shown in Figure
1.3. UTHM also has low infiltration rate in the range of 0.004 mm/s — 0.007 mm/s that
has caused the peak flow rate less decreased (Tjahjanto et al., 2008).



This can be concluded that flood in UTHM was occurred due to high rainfall
intensity, critical water level, low infiltration rate, and lack of proper drainage systems.
Based on these problems, UTHM has implemented the sustainable drainage systems
within the campus area such as swales, detention ponds, and engineered waterways to
minimize the volume of storm runoff, decrease the peak flow, and thus prevent flash
flood from occurred especially during the rainfall event. This study was conducted to
evaluate the stormwater quantity control of grassed swales in UTHM to determine its

efficacy in collecting, attenuating, and conveying storm runoff to the streams.
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Figure 1.3 : Lithology logs of tube well in UTHM (Maju Teknik Kota Sdn. Bhd., 2007)



1.3  Aim of Study

The aim of this study is to determine the performance of grassed swales in the campus
area of UTHM. The efficacy of swales as a stormwater quantity control was evaluated
based on the flow discharges of swales and its hydraulic roughness coefficients. Apart
from that, design of the grassed swales was compared to the specification as provided in
Second Edition of Urban Stormwater Management Manual for Malaysia or MSMA by
DID (2012).

1.4 Objectives of Study

This study was assessing the grassed swales potential in controlling the stormwater
quantity, particularly in a lowland area. There are two objectives to be achieved in this
study, which are :

1) To determine the variations of hydraulic roughness coefficients of swales.

2) To evaluate the flow attenuation and the flow conveyance capacity of swales.

1.5 Scope of Study

This study was conducted at four sites of study within UTHM. Site 1 and Site 2 were
located at Faculty of Civil and Environmental Engineering (FKAAS) with areas of 0.55
ha and 0.62 ha respectively. Site 3 was located at Faculty of Technical and Vocational
Education (FPTV) with an area of 0.76 ha while Site 4 was located at Office for
Research, Innovation, Commercialization and Consultancy Management (ORICC) with
an area of 0.85 ha. Figure 1.4 shows the location for the sites of study within the campus

area of UTHM, which indicated by the red circles.

The lengths of grassed swales at Site 1 and Site 4 were 50 m while Site 2 and Site
3 were 100 m. Swales at Site 1 and Site 4 had two sections labeled as Section A and
Section B while swales at Site 2 and Site 3 had three sections labeled as Section A,

Section B, and Section C. These sections were represented as inflow and outflow of the



swales. Three points of verticals were established on each section of swales labeled as

left, center, and right to facilitate the measuring work for flow depth and velocity.

Figure 1.4 : Site plan of grassed swales within UTHM

Fieldwork was conducted on each section of swales to gather the hydraulic and
hydrological data by first performing the levelling work. Based on the levelling data, the
cross-sections of swales were plotted through the Microsoft Excel application. Flow
depth and velocity were measured on each section of swales according to Six-Tenths
Depth Method due to the studied swales in UTHM has flow depth less than 75 cm. Water
that flows in the swales is conveyed to the detention ponds, which then released to the

streams.



The selected swales at each site of study were identified as trapezoidal shaped
with irregular perimeters. Therefore, the flow discharge of swales (Qswale) Was evaluated
by Mean-Section Method to determine the percentage reductions of flow discharges
between sections of swales and the variations of Manning’s roughness coefficients
(Ncatculate). Qswale Were also divided into Qcalcutate and Qgesign that derived from the
Manning’s equation by applying the maximum flow depth of swales (ymax). As for the
roughness coefficients, Qcalculate Were using the values of ncaicutate While Qesign Were using

the recommended value of Manning’s by MSMA (ngesign)-

The values of Qcalculate and Qdesign Were compared to the flow discharge of
drainage area (Qpeak) in order to estimate the capacity of flow conveyance. Qpeak Was
evaluated by the Rational Method for 10-year ARI since swale is categorized as a minor
drainage system. Qcalculate and Qesign shall be greater than Qpeax, Which shows that the
grassed swales are efficiently handling stormwater to prevent flash flood from occurred
within the campus area of UTHM. The characteristics of studied swales were compared

with the design consideration of swale as in MSMA.

1.6 Limitations of Study

This study was assessing the performance of grassed swalesin UTHM based on its
surface condition, which not including the subsurface as according to MSMA subsurface
components are only added when swales have exceeded maximum permissible velocity.
The catchment or drainage area for each site of study was plotted based on the overland
slope through the Google Earth application and retrieved by the Earth Point application.
The selected lengths of swales were 50 m and 100 m. However, the flow attenuation was

evaluated as per 50 m between sections of the swales.

Three points of verticals at each section of swales were placed based on the
minimum flow depth within the swales, which is at least 5 cm so that current meter is

suitable to be used. This study does not set any specific time for collecting data. The



measurements of flow depth and velocity of swales were taken shortly after rainfall

events throughout the year of 2015 including dry season and rainy season.

In order to estimate the rainfall intensity, this study has used empirical equation
and adopted constants from the nearest station to UTHM as applied by the consultant
engineers, Perunding Azman, Ooi & Rao Sdn. Bhd., who had been designing the grassed

swales in UTHM. Therefore, no rain gauge within UTHM campus was involved.

The variations of Manning’s roughness coefficients were analyzed through the
relationship between flow depth and grass cover within the swales. Grass cover was
identified for its species and height, and not on the dense or loss of grass. The type of soil
was identified through the infiltration rate at each site of study. The RECESS also has
been providing data on soil type as well as groundwater level in UTHM. The methods

and procedures that used throughout the study were based on MSMA.

1.7  Significance of Study

Water is an essential component for sustaining life. Therefore, water conservation should
be implemented fundamentally through the drainage systems. The sustainable drainage
systems such as grassed swales offer control-at-source solution where it does not only
prevent the flash flood but also water pollution problems in the future. Malaysia has
implemented sustainable drainage systems in new developments to achieve DID’s aim of
“Zero Flash Flood” and help preserving the natural characteristics of the existing streams

in line with the national “Love Our Rivers Campaign” (Ghani et al., 2004).

This study was carried out to assess the efficacy of grassed swales as a stormwater
quantity control within the campus area of UTHM. UTHM is located in a lowland area,
has low infiltration rate ranging from 0.004 mm/s — 0.007 mm/s (Tjahjanto et al., 2008)
and high groundwater level of 2.24 m with topsoil consist of sand to loam (Maju Teknik

Kota Sdn. Bhd., 2007). The findings of study were unraveling the relevance of employing



grassed swales in lowlands in terms of reducing the risks of flood by efficiently handling

the stormwater runoff.

Based on the analysis through the division sections of the swales, this study was
identifying the relationship between the variations of roughness coefficients with the
features of grass, flow characteristics, and elements of the swales. The findings of study
can be used as a reference resource for planning and designing the drainage systems in
future instead of developing more conventional drainage systems in reducing peak flow

and preventing flash flood.

This study also attempted to respond to the recommendations by previous studies
where the study of Best Management Practices (BMP) should be extended. Stagge (2006)
claimed that good performance data and mechanistic understanding of swale design
parameters are not widely available. Meanwhile, in a floodplain-wetland restoration
study, Shen et al. (1994) have pointed out the need for study on the variation of resistance

coefficient with changes of flow depth and plant growth.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This study was conducted to investigate the relevance of implementing grassed swales in
lowland area to reduce peak flows and prevent flash flood from occurred. This chapter
has discussed in depth about land topography included the characteristics of upland and
lowland. As for the stormwater drainage systems, it is categorized into conventional and
sustainable systems. Swales are one of the sustainable drainage systems that give
significant improvement in stormwater issues when compared to the conventional
systems. This study has evaluated the stormwater quantity control on flow discharge of
swales and its roughness coefficients. MSMA was used throughout this study as a

guideline for procedures, calculation, and design considerations.

2.2 Land Topography

The topographic term is used to describe the changes in elevation over a particular area
resulting from two processes, which is deposition and erosion (Allmon et al., 2000).
Topography includes the physical features of earth such as altitude, slope, exposure,
mountain chains, valleys, and plains. The diversity of land topography has distributed the

earth’s surface unevenly where can be categorized into upland and lowland. In geology,
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upland is generally considered to be land that is at a higher elevation than the stream

terrace (alluvial plain), which is considered to be lowland (King et al., 1975).

The topography of Peninsular Malaysia is characterized by a central spine (with
ground elevations up to 2000 m above mean sea level) which slopes steeply to the
relatively flatter undulating coastal plains on the eastern and western sides (Loi, 1996). In
Johor region, a study on flood mapping of Sembrong River by Mazlan et al. (2014) found
that in the study area including Parit Raja has low elevation ranged from 3 m — 14 m.
Adib et al. (2011) claimed that about 60% of Kota Tinggi is undulating upland rising to
366 m height while the remainder is lowland and swampy. Meanwhile, in Pahang, the
highest hills in Bera Lake are up to 140 m above mean sea level and the lowest elevation

is 7 m (Gharibreza and Ashraf, 2014).

Carating et al. (2014) have characterized the lowland area where soils developed
from alluvial deposits, slopes ranging from 0% - 8%, altitude of less than 100 m above
mean sea level, and temperature of more than 25°C. Lowland rivers produced slower
water flow with water ordinarily colored by sediment and organic matter, and lower force
due to gradual drops of course in altitude. Meanwhile, upland rivers have rapid drops of
course in altitude, which produced fast-flowing water and higher force. Upland areas

have clearer water, rocky and coarse sediments, and cooler temperature than lowlands.

Further details on characteristics of upland and lowland were described by several
previous studies such as Sun et al. (2002) have carried out study on the long-term
hydrologic characteristics and found the inland upland watershed was significantly higher
water yield when compared to the lower coastal plain due to topographic and climatic
differences. In aiming at minimizing flood risks and improving natural and built
environment conditions, Miguez et al. (2015) have discussed the lowland habitation and
city sustainability regarding urban stormwater management, fluvial space, and river

restoration.
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