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ABSTRACT
This paper presents the results obtained from field measurements taken at BIOECODS grassed swale.Data collection including
velocity distributions, stage discharge relationships, roughness behaviours and flow discharge have been carried out at three study sites
of grassed swale which are situated at Engineering Campus, Universiti Sains Malaysia (USM). Three selected site of grassed swale for
Type A and Type B, a 20 m long channel reach respectively, has been chosen for collecting data. Along each studied channel reach,
three cross sections with a distance of 10m to adjacent section have been set up for measurements. At each cross section, three velocity
profiles have been measured. One velocity profile has been measured in the middle part of the channel and other two velocity profiles
have been measured at inlet and outlet along the channel. The findings of this study give an extensive understanding to the
characteristics of hydraulic resistance in grassed swale. The asymptotic values and curved developed for the vegetations, can be used
as a guideline in swale design. Flow resistance relationships have been presented in terms of Manning’s coefficient and results reveal
that Manning's n coefficient increases with decreasing of flow depth. The result can be used as a bridge to other researchers, so that the
criteria developed for the foreign grasses may be adapted to Malaysian conditions.
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1 Introduction
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Flow resistance coefficients such as Manning's n are used
in a wide range of hydraulic and hydrologic analyses.
The roughness components in vegetated open channels
are conceptually divided into three components: form
roughness, soil grain roughness and vegetative roughness.
(Temple et.al., 1999). In most vegetated open channels,
vegetative roughness characterized by vegetation density,
grass height and type of vegetation dominates the flow
resistance of channel. This flow resistance is commonly
represented by parameter such as Darcy-Weisbach
friction factor (f), Chezy's resistance factor (C) or
Manning’s roughness coefficient (n). Among these
factors, Manning’s n is most frequently used in the
computation of open channel flows (Wu et al., 1999;
Kirby et al., 2005)
The usual method for estimating energy losses in
hydraulic modeling is through the use of a version of the
Chezy’s resistance equation:

(1)

where V=mean velocity ,R = hydraulic radius , Sf =
friction slope , and C= Chezy's coefficient. The most
common form of this equation in practice is the Manning
1

equation where in the Chezy C  (1 n) R 6 , where n =
Manning n. This substitution leads to the Chezy's equation
written in the well-known Manning form:
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The aim of this paper is to present the preliminary results
of research currently being undertaken to increase
understanding of the hydraulic resistance and performance
of the vegetation in swale. In particular, how flow depth,
velocity, flow rate and height of grass are influenced by
the hydraulic conditions created by grassed swale itself is
investigated.
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2

Grassed swale in Engineering Campus, Universiti
Sains Malaysia (USM) is a part of the pilot project of BioEcological Drainage System (BIOECODS) which
includes of perimeter swale and ecological swale.
BIOECODS system consists of three type of swale. There
are 3 types of swale system in USM namely, ecological
swale Type A, ecological swale Type B, and ecological
swale Type C, according to their sizes and capacities . As
general, ecological swale Type A consisting a single
module, ecological swale Type B consisting two numbers
of single module while ecological swale Type C
consisting 3 numbers of single module (Zakaria et al.
2003).

Field study and data collection

The location of this research in USM Engineering
Campus, Nibong Tebal, is shown in Figure 1.0. It is
located in Mukim 9 of the Seberang Perai Selatan
District, Pulau Pinang. The area of the campus is about
320 acres and made up of mainly oil palm plantation and
comprised of schools, administration, hostel and
recreational area. The area is located 1.5 km north-east of
Parit Buntar Town; 2.0 km south-east of Nibong Tebal
Town; and 1.5 km north-west of Bandar Baru Town
(REDAC, 2004).

SITE1

SITE2

SITE 3
Figure 1 Study Area of Grassed Swale at USM Engineering Campus

(a) Site 1 – Civil School

(b) Site 2 – Aerospace School

(c ) Site 3– Mechanical School

Figure 2 Study site
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Three locations (Figure 2 (a) – (c)) of the constructed
swale were chosen as a field study area with Type A
and Type B. Type of vegetation species in swales are
Axonopus Compressus (cow grass) as shown in Figure 3.
The design criteria and component of an ecological
swale are shown in Table 1 and Table 2 respectively.

3 Data collection
Field measurements were obtained along the selected
cross section at the three study sites at BIOECOD
grassed swale. The data collection including cross
section, slopes, velocity, flow depth, grass height and
flow discharge were carried out from October 2009 to
October 2010.

Table 1 Design criteria of an ecological swale
(Abd Ghani et. al., 2004)
Design parameter
Criteria
Longitudinal slope

1:1000

Manning roughness
coefficient

Surface swale = 0.035
Subsurface drainage module
=0.1
10-year ARI and check for 100year ARI
24 hours

Design rainfall
Maximum period of
surface water inundation
at surface swale

3.1 Cross section
Land surveying is very crucial in this study as it
provides the information of elevation, cross section,
slope and length for drainage system. All of the
information is important in order to determine the
effectiveness of drainage system. Generally, land
surveying provides the initial information of the grassed
swale flow direction, longitudinal slope of the grassed
swale channel and runoff area contributing to the
drainage system. The cross sections of these swales are
shown in Figures 4 to 6.

Table 2 Component of an ecological swale
(Ab Ghani et. al 2004)
Swale
Specifications
Details
components
Grass
Species
Axonopus Compressus
(cow grass)
Module
Dimension
405mm x 465 mm x
(ecological
607mm
swale)
Flow rate at 1% 2280l/min
gradient
Compressive
8tons/m2
strength
Material
Recycled
polypropylene
Top soil

Thickness

1-2 inches

Clean river
sand

Sieve analysis
according
to
BS1377

Mean size between 0.5
mm to 2.0 mm

Figure 4 Lateral cross section of Site 1-Type B

Figure 5 Lateral cross section of Site 2-Type B

Figure 3 Type of the vegetation in
grass swale (Cow grass )
Figure 6 Lateral cross section of Site 3-Type A
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3.2 Geometrical properties and channel slope
The channel slope or slope of bed channel, So have a
profound effect on the velocity of flow in the channel
and consequently on the flow characteristics of runoff
from drainage basin. Table 3 shows the channel slope ,
So for the three locations of the study area. The
geometrical properties and surface conditions of the
swales at the gauging stations are shown in Table 4.
Table 3 : The Channel slope , So
Channel
Slope, So

Figure 8 Measurement of the grass height

SITE 1 (Civil School)

1:1000

SITE 2 (Aerospace School)

1:1000

SITE 3 (Mechanical School)

1:500

Grass heights of 50mm (2 inches) to 150 mm (5
inches) should be maintained, with a maximum grass
height not exceed more of 150 mm (5 inches)
(WSUD,2004). The average height of grass swale as
shown in Table 5 was measured before and after rainfall
events.

Location

Table 4 Geometrical properties and surface conditions
Geometrical

SITE

properties

1

Bankfull
deptful,h (m)
Top width, B (m)
Bed Slope, So
Surface condition

0.283
3.1
1:1000
vegetation,
river gravel

SITE2

SITE

Table 5 The average total of grass height in swales

3

0.327
3.1
1:1000
vegetation
river gravel

Event

0.227
3.0
1:500
vegetation

SITE
1
SITE
2
SITE
3

6Oct.
2009
(mm)

2Nov.
2009
(mm)

12Nov 3Jan
.2009 2010
(mm) (mm)

25Apr
2010
(mm)

13Oct
2010
(mm)

3Dis
2010
(mm)

25

33

35

25

30

45

85

26

30

36

23

28

48

75

30

31

38

27

32

43

90

3.3 Velocity & flow discharge

4 Results and discussion

A range of flow discharge measurements were carried
out using current meter (Figure 7). Measurements taken
include flow depth (yo), velocity (v), and grassed swale
width (B).

When the flow depth obtained from measurements is
plotted against flow rate as shown in Figures 12 to 14,
the graph shows the rating curves for three different site
slope and height of grass, behave as expected, in which
the discharge increases accordingly with depth of flow.
For Site 1 with height of grass 25mm and slope
1:1000, the maximum discharge for flow is 0.0078 m 3
/s at flow depth H=0.286m were occurred at the middle
section of the cross section with correlation R2 =
0.8306. Whereas at inlet and outlet section, the
discharge is equal to 0.0062 m 3 /s and 0.0054 m 3 /s
with correlation coefficient R2 =0.9454 and 0.8994
respectively.

Figure 7 Current meter

3.4 Grass height
Grass heights were measured manually using a
measurement tape and graph paper. Figure 8 shows the
measurement of the grass height. Every 2 weeks, the
height of grass was measured to maintain the growth,
dense of grass and healthy stand of the grass.
According to Escarameia et al. (2002), maintenance
were required to control the height of the grass to
ensure that the channel is free debris and excessive silt.

Figure 12 Flow rating curve graph at SITE 1
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Figures 13 and 14 shows rating curve developed for Site
2 and Site 3 by using data measured from field study
for bed slope 1:1000 and 1:500 .The trend shows that
relationship between flow depth at three cross section
at every study sites were increases as flow rate increase
with different height of grass. Table 6 shows the
summary of rating curve for three study site with three
cross sections.
Table 6 The summary of rating curve for three study site with
three cross sections
Figure 13 Flow rating curve graph at SITE 2

A
(Inlet)

Figure 14 Flow rating curve graph at SITE 2

SITE 1
1:1000
Height
of
grass =25mm
Q = 0.0063
m 3 /s
H= 0.350 m

B
(Middle)

Q = 0.0113
m 3 /s
H= 0.360 m

C
(Outlet)

Q = 0.0042
m 3 /s
H= 0.205 m

SITE 2
1:1000
Height of
grass =26mm
Q = 0.0078 m
3
/s
H= 0.290 m

SITE 3
1:500
Height of
grass =30mm
Q = 0.0056
m 3 /s
H= 0.285 m

Q = 0.0135 m
/s
H= 0.375 m

Q = 0.0146
m 3 /s
H= 0.335 m

Q = 0.0043 m
/s
H= 0.205 m

Q = 0.0059
m 3 /s
H= 0.245m

3

3

Figure 15 'n –Y' Curve of vegetation roughness for Axonopus Compressus at three study sites.
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Figure 16 'n –V' Curve of total roughness for Axonopus Compressus at three study sites.

Figure 17 'n –Q' of total roughness for Axonopus Compressus at three study sites.

have strong relationship with flow rate. It shows that the
trend line were similar with relationship of Manning's n
to flow depth.
The initial findings from this study suggest that
flow depth, velocity and flow rates are significant
factors in influencing the resistance coefficient of
Manning's n in swales. Further research is now being
undertaken to examine this influence in greater detail
and to determine an empirical relationship of
Manning's n.

In Figure 15, the results show that Manning's n at
three study site with different slope conditions, slightly
decrease with increment in flow depth. This agrees the
finding by Diaz,(2005) and Chen.et al.(2009) where
smaller Manning's n was observed for greater flow
depth. However, Manning's n was observed to slightly
increase with increment of flow depth after flow depth
> 0.10 m.
The relationship between Manning's n with
velocity, V had been examined as shown in Figure 16.
The Manning's n was observed to decline as the
velocity increase for slope 1:1000, 1:1000 and 1:500 at
Site 1, Site 2 and Site 3 respectively. When the velocity
increased to a certain stage, Manning's n tends to be a
definite value.
In the analysis of relationship between Manning's n
with flow rate (Q), all the data collected were used.
Figure 12 shows the relationship drawn between
Manning's n and flow rate for three study sites. As
shown in figure, it seems that the resistance coefficients

5 Conclusions
Based on the results and analysis presented in this paper,
it can be concluded that Manning coefficient decreases
with increasing flow depth in swale. Data from this
study suggests that the value of the constant for rating
curve at different study site is also dependent on the
vegetation height. Further study on grassed swales with
different types, height, and geometrical conditions has
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to be carried out in order to provide more data to
develop a reliable method for hydraulic analysis for
flow in swales.
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