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Abstract

An evaluation on the applicability of bio-retention system in grassed road divider under the high rainfall
of equatorial region was conducted by developing computer-aided stormwater models using USEPA
SWMM 5.1. The models simulated road runoffs with and without bio-retention system. A single unit of
the bio-retention system tested here was 3 m in width, 6 m in length with 150 mm of ponding depth and
600 mm of soil/storage depth. The results indicated that soil types of loamy sand, sandy loam and loam
showed similar performances in reducing runoff. With the installation of bio-retention system, road
runoff could be reduced by 40-50% when subjected to 60 minutes of 2-, 5- and 10-year ARI rain events.
The results obtained from the simulation were encouraging, and indicated that bio-retention system in
grassed road divider could function to augment the existing urban road drainage.
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1. Introduction

Grassed road divider is always treated as temporary road reserve which separates the road for
opposite lanes. Sooner or later, it is to be removed for widening of roads. Generally, the awareness is
low in Malaysia on using grassed road divider as a medium of natural system to adsorb stormwater.
Diverting stormwater from the road into the grassed road divider would make the divider an useful
component on roads, thus creating green pocket in urban road drainage system. Therefore, an attempt
is made here to investigate the suitability of grassed road divider as bio-retention system subjected to
high rainfall of equatorial region.

Conventional road drainage system (see Figure 1) carries stormwater runoff through a network of
underground pipelines and urban drains [1]. This approach has shown its limitation over the years. One
of the disadvantages using the conventional road drainage system is the higher risk of flooding when
heavy rain occurs [2-3]. Stormwater gathers at the tarred road surfaces are disposed of rapidly to the
network of pipelines and drains. At times, overwhelming volumes of stormwater generated from
increasing tarred road surfaces in cities could cause congestion at parts of the mentioned drainage
network. Flash flooding could follow. To combat the mentioned congestion, portions of stormwater
could be directed elsewhere to slow down the stormwater being flushed down the pipelines and drains.
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Figurel. Conventional ad drainag sytem [4]

Bio-retention system is one of the ways that could function to slow down stormwater runoff and
temporary trap the water for infiltration through the designed soil layers before it is discharged into the
urban drain [5-6]. Application of bio-retention system on existing areas aims to create more attractive
view on urban landscape that are commonly applied to small areas [7]. Bio-retention systems are usually
located around building, along highway and road drainage swales, adjacent to parking lots, and within
landscape areas in impervious or high-density environment (see Figure 2). Bio-retention systems are
also applied at area which the activities carried out produce runoff with high concentration of
contaminant compared to those normally found in stormwater [8-9].

Figure 2. Typical bio-retention applications for a) parking lot and b) roadside planter box [8]

Bio-retention systems are common in the west, but not so in Malaysia. Awareness of bio-retention
systems as stormwater component is therefore low, and most people has a narrow perception that
greenery along roads is for landscape or aesthetics only [10]. On road, grassed road divider is the most
suitable component to be modified for stormwater management.
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These systems use a layer of high permeable soil to promote stormwater infiltration while filtering
and retaining pollutants (see Figure 3). The ponding area provides a storage space for stormwater and
more time for the infiltration of captured stormwater. Woody and herbaceous native vegetations that
can survive under drought and flood conditions are planted in the systems to promote pollutant cycling.
The bio-retention soil media is generally covered by a layer of mulch to support vegetative growth and
to capture particle-type pollutants.
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Figure 3. Permeable bio-retention system and associated flows [8]

2. Materials and methods
2.1. Case study

Road divider is important to prevent any accident happened involving vehicles coming from
opposite way [11]. It can be constructed using masonry structure, fence, guardrail or concrete wall.
Figure 4 below shows one of the typical road dividers in Kuching City, Sarawak, Malaysia.

A survey was done on the grassed road dividers to obtain an average dimension of road divider.
Twenty-three roads with road dividers scattered around Kuching were selected, in which the length and
width of road divider on those roads were measured. Figure 5 shows the plotting of graph for the length
and width of surveyed road dividers in Kuching. From the graph, the dimensions obtained are mostly
500 m to 1150 m in length and 3 m to 4 m in width, in which the range is encased in a dotted line box.
Within the mentioned range, a stretch of grassed road divider (3 m wide and 1119 m long) located at
Sherip Masahor Road was chosen for case study to represent a common road divider in Kuching.
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Figure 4. Grassed Road Divider in Kuching City
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Figure 5. Surveyed Length and Width of Grassed Road Dividers in Kuching

The area had been developed into housing areas and commercial centres (see Figure 6). Having a
case study allowed site conditions to be measured and collected. Site conditions like the road surface
area, road gutter, existing roadside drain, drain slope, its direction of flow and stormwater outlets could
be identified and measured. A realistic bio-retention system could then be represented in a digital
platform so that a virtual grassed road divider could be tested as a stormwater management method to
control stormwater runoff at that area.
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Figure 6. Aerial View of the Chosen Stretch of Road and Grassed Road Divider
(http://www.wikimapia.org)
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2.2 Digital representation

The digital platform chosen was Storm Water Management Model (SWMM), a simulation
software for runoff conveyance in developed areas [12-13]. The runoff element of SWMM works on a
group of subcatchment areas that collect stormwater and create stormwater runoff. The convey system
of SWMM transfers this runoff through a network of channels, pipes, pumps, storage devices, and
regulators. Information such as flow rate and flow depth in each channel and pipe, and the quantity of
runoff produced in each subcatchment would be obtained from the simulation. Listed below are some
of the design criteria of a bio-retention system.

2.3 Specification

Referring to Table 1 that shows the specification of a bio-retention system, the length to width
ratio for designing a bio-retention system is 1:2 under the recommendation of Malaysian Urban
Stormwater Management Manual. Therefore, a single unit of bio-retention system was designed to 3 m
x 6 m in size. Due to the chosen road stretch consisted of two-way lanes, the width was assumed half
for one lane and another half for the opposite lane. The size adopted for SWMM modelling was 1.5m x
6m instead.

Table 1. Physical specification and geometry of a bio-retention system [8]

Parameter Specification
Minimum Size 3m wide by 6m long
Length and Width ratio 2:1
Maximum Emptying Time <24 hours
Permeability of Planting Bed > 13 mm/hr
Ponding Depth 150 mm — 300 mm
Depth of Groundwater Table (below drainage layer) 0.60 m (min)
2.4 Soil types

Choosing the suitable soil types is important to provide nutrients and water to support plant life
in a bio-retention system. Correct soils would improve the infiltration rates of the surface runoff
discharged to the system, control the infiltration rates for the pollutant removal purposes, and support
plant growth and long-term health.

According to [14], sandy loam, loamy sand, or loam texture were recommended for bio-retention
systems. Based on water balance computations done in his study, for bio-retention systems, soils with
rates of infiltration higher than 0.5 in/hr were preferred. Minimum infiltration rates for loamy sand,
sandy loam, and loam soils were ranging from 0.52 in/hr to 2.41 in/hr. Loamy soils such as silt loams,
and sandy clay loams with rates of infiltration equaled to or lower than 0.27 in/hr were not suitable to
be used. Mentioned in [8], the soil content should compose of 15% organic matter and clay content less
than 25% for the optimum performance of the system.

Table 2 shows the characteristics of sand, loamy sand, sandy loam and loam that include hydraulic
conductivity, suction head, porosity, field capacity and wilting point needed to be used in modelling.
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Table 2. Characteristics of sand, loamy sand, sandy loam and loam [15]

. Hydraulic suction . _
SO'ICTS)S(;U re Condl_Jctivity, hee}d, ¥ | Porosity, ¢ C;:F')ZICO: ty V\él(l)f:]r;g
K (in/hr) (in)
Sand 4.74 1.93 0.437 0.062 0.024
Loamy Sand 1.18 2.40 0.437 0.105 0.047
Sandy Loam 0.43 4.33 0.453 0.190 0.085
Loam 0.13 3.50 0.463 0.232 0.116

2.5 Design rainfall

Design rainfall is important to produce satisfactory drainage and stormwater management design.
Average Recurrence Interval (ARI) is the average length of time between rainfall events that have the
same volume and duration. Most structures including urban drainage systems have been designed for
flood with average ARIs from 2 to 50 years where 10 years is the common value. In this paper, for
roads, ARIs of 2, 5, and 10 years were chosen for designing the facility. Rainfall duration of 60 minutes
was used in finding the rainfall depth for respective ARI that could representing typical cumulus storms
in equatorial regions. The design rainfall was calculated using Polynomial Approximation Method
complying to recommendation in [8].

2.6 Road surface runoff

Due to relative smaller road surface areas (less than 80 ha for a single catchment), road surface
runoffs were calculated using Rational Method [8].

3. Results and discussion

Two SWMM models were created for the investigations on with and without bio-retention
systems. Model without bio-retention system represented the existing conditions (see Figure 7). Another
model was a “whaf if” scenario when the grassed road divider was modified to become bio-retention
cell (see Figure 8).

Referring to the top right corner of Figure 7, the modelling approach adopted for scenario without
bio-retention system was:

a) Rainfall (R1) was intercepted by road catchment and grassed road divider;

b) Road surface (S1) was 100% impervious, therefore 100% of the rainfall was converted to runoff;

c) Grassed road divider (S2) was made to have low infiltration rate (0.25 in/hr) so that 90% of the
rainfall was converted to runoff;

d) Road runoffs were drained to the roadside drain (C1-C2) and flowed downstream to an exit point
(01); and

e) Road gutter was represented by J1 (see Figure 1) and changes of drain slope was represented by
J2.

Rain
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Figure 7. SWMM model of existing condition without bio-retention system
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Figure 8. SWMM Model with Bio-retention System Installed on the Road Divider
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Referring to the top right corner of Figure 8, the modelling approach adopted for scenario with
bio-retention system was:

a) Rainfall (R1) was intercepted by road catchment and grassed road divider;

b) Grassed road divider (S1) was made to have bio-retention cell of different soil types to infiltrate
runoff from road surface;

¢) Road surface was 100% impervious, therefore 100% of the rainfall was converted to runoff, but
the difference with previous scenario, it was separated into inner (S2) and outer (S3) roads;

d) Road runoff from S2 was first drained to bio-retention system (S1) and once full, the overflow was
directed to roadside drain (C1-C2);

e) Road runoff from S3 was drained to the roadside drain (C1-C2) and together with overflow from
S1 and S2, the runoff flowed downstream to an exit point (O1); and

f) Road gutter was represented by J1 and changes of drain slope was represented by J2.

To illustrate the design bio-retention cell in item (b) above, ponding depth (see Figure 3) was set
to 150 mm that could be achieved by placing normal road curb at the road edge. The soil/storage depth
was set to 600 mm according to normal practice. Different soil types and their characteristics outlined
in Table 2 were inserted to the SWMM model.

Outcomes of the two modelling approaches above were tabulated in Table 3. Columns 1-3 were
the design hydrological data according to 2-, 5- and 10-year ARIs. Column 4 depicted the total generated
runoff rate gathered at point O1. As ARIs increased, the resultant rainfall intensities and generated
runoffs also increased.

If the ARIs were to increase to 20-, 50- and 100-year, the generated runoffs would increase
proportionally; and the direct implications were to have larger structure to accommodate the design
flows out of these higher ARIs. To have cost-effective structure, the normal practice is to design to 10-
year ARI. Lower ARIs (2- and 5-year) are relevance because the data are representing lesser rains and
such rain events are expected to occur more often than the 10-year ARI rains.

Table 3. Results of runoff data with and without bio-retention systems

) ) ®) (4) (5)
ARI Storm Rainfall | Without With Bio-Retention
(year) | Duration | Intensity Bio- Runoff After Infiltrating Soil Types (m%/s)
(minutes) | (mm/hr) | Retention
Runoff Sand Loamy Sandy Loam
(m?3/s) Sand Loam
2 60 71.71 | 0.000422 | 0.0002104 | 0.0002107 | 0.0002108 | 0.0002109
5 60 89.57 | 0.000542 | 0.0002939 | 0.0002943 | 0.0002944 | 0.0002945
10 60 101.29 | 0.000622 | 0.0003521 | 0.0003525 | 0.0003527 | 0.0003527

Both modelling approaches shared the same design hydrological data in columns 1-3. Runoff data
gathered at exit point O1 after infiltrating bio-retention systems were tabulated in column 5. Sand was
included along with loamy sand, sandy loam and loam. Sand had the highest void in between sand
particles; while the rest of soil types had comparatively lower void due to the presence of clay and
nutrients. It was used as a control for comparison with the three soil types.

Comparing columns 4 and 5 in Table 3, the reduced runoffs were in the range of 50% to 43% (see
Figure 9). 2-year ARI had comparatively highest runoff reduced, while 10-year ARI had lower reduction
in runoff. Despite so, all estimated reductions were less than 10%. Authors deduced that the soil types
had similar bio-retention capability when subjected to 60 minutes of varying rain intensities.
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From the analysis, extrapolating the graph to higher ARIs, for example 20-year ARI and above,
the extends of runoff reduced could be well below 40%. Therefore, any system above 10-year ARI could
be rendered as ineffective. In contrast, for events below 10-year ARI, the runoffs being reduced would
increase. Thus, it was suggesting that the design bio-retention systems with any of the soil types could
withstand 60 minutes, 10-year ARI and below rain events.

Another finding from the analysis suggested that roadside drain was necessary for rainfall patterns
in the equatorial regions. Removing roadside drain was unwise against high rainfall and runoff.
Furthermore, by adding bio-retention system, parts of flow and dust/soil particles from roads could be
absorbed by the bio-retention system. Design of roadside drain could be reduced to save costs of
construction and maintenance.
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Figure 9. Performance of bio-retention systems under different ARIs
4. Conclusion

In conclusion, road runoff could be reduced effectively when adopting bio-retention system in
grassed road divider. Bio-retention system could function to infiltrate and store water within its system.
40-50% of runoff reduction was estimated from a design of 150 mm ponding depth and 600 mm
soil/storage depth. Soil types of loamy sand, sandy loam and loam would give similar water retention
capability.

The investigations on bio-retention system were carried out by developing stormwater
conveyance models using USEPA SWMM 5.1. Two models were created for road drainage scenarios
with and without bio-retention systems. By using a case study, existing site conditions at the site could
be imitated. A realistic bio-retention system subjected to 60 minutes equatorial rains of 2-, 5- and 10-
year ARIs had been simulated for discussion.
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