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Abstract
The Department of Irrigation and Drainage Malaysia has produced on Urban Stormwater
Management Manual for Malaysia or better known as Manual Mesra Alam (MSMA) to that
includes suggestions on implementing infiltration method for controlling the quantity and
quality of surface runoff. With this method, the volume of surface runoff can be reduced and
flood problems in major cities can be eliminated. The study areas, Butterworth and Universiti
Sains Malaysia (USM) Engineering Campus are located in the middle and south part of
Seberang Perai, Pulau Pinang in the northwest corner of Peninsular Malaysia. Both area of
studies have a different state of development, where Butterworth is undergoing rapid
development and the USM Engineering Campus is a newly completed development with
control at source drainage system. Thus, the paper will describe the analyses of the infiltration
curves for both Butterworth and USM Engineering Campus. The resulting infiltration maps
have developed based on the infiltration capacities.
Keywords: Butterworth; USM Engineering campus; Type of soil; Infiltration curve;
Infiltration map
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1. INTRODUCTION
Undeveloped land has very little surface runoff, most of the rainfall soaks into the topsoil
and evapotranspirates or migrates slowly through the soil mantle, as interflow to the stream,
lakes or estuary (Roesner. et., 2001) As a result of this process, rainfall effects are averaged
out over a long period of time (Fig. 1). However, as the watershed develops and the land is
covered over with an impervious surface (e.g. roads, parking lots, roofs, driveways and
sidewalks) most of the rainfall is transformed into surface runoff. This will results in change
of hydrological cycle. This makes the proportion of evapo-transpiration, runoff and
infiltration of rainfall change. The control at source approach, as been mentioned in MSMA is
used to try to restore this balance by either slowing down or storing the water in balancing
chambers or detention ponds or by enhanced infiltration of the water into the ground. For a
soil to be suitable for enhanced infiltration it must, in particular, be permeable and unsaturated
(CIRIA, 1996). This study proceeds at Butterworth and USM Engineering Campus to
determine the infiltration curve and soil permeability.
2. STUDY AREA
The study area, Butterworth and Universiti Sains Malaysia Engineering Campus are located
in the middle and south part of Seberang Perai, Pulau Pinang in the northwest corner of
Peninsular Malaysia (Fig. 2). Based on the Butterworth city Local Plan 2010 by Seberang
Perai Municipal Council, the city is divided into 6 zones and cover area of 6,219 hectare.
Almost 65% of the Butterworth area has been developed with industrial area, housing area,
infrastructures and entrepreneurs area and most of this area are located in zone 1, zone 3 and
also zone 6. Zone 4 and zone 5 at the north of Butterworth are more likely still undeveloped
and most of the area consists of padi field and villages. For zone 2, the area are undergoing
rapid development.
The Engineering Campus of Universiti Sains Malaysia is about 25 km to the south of
Butterworth city. The overall area of the campus is about 320 acres and the develop area
covers just 180 acres. The development area consists of schools blocks, administration blocks,
hostels and also infrastructures component (roads, covered sidewalk, open sidewalk, etc.).
Previously, the area is made up of mainly oil palm plantation land and is fairly flat. The
developed area has been back filled up to +3.00m from sea mean levels. From the 180 acres,
60% of the areas are impermeable and the other 40% are cover with landscape and vegetated
drainage system.
3. STUDY APPROACH.
Before the infiltration test was carried out, preliminary information on the study area is
gathered by as selected of testing point, topography data, land used data and development
plan data of the area. From the information data collection, some early indication of soil type
of the area can be determined although some times data in the map is not as the same on the
site. In Ggneral, it is difficult and expensive to carried out infiltration test in the laboratory
(Wang and Benson, 1995). Thus in situ test such as ring-infiltrometer and Hand Auger test
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will be carried out at the selected point for every study area. Besides the field test, the soil
sample of each point will be tested in the laboratory for sieve analysis and permeability test. \
3.1 FRESH FIELD WORKS
Further exploration of the subsoil condition within the study area was made to provide
additional data for further analysis. This includes upper soil sampling and infiltration tests.
The field works test of the study area of Butterworth and USM Engineering Campus consist
of 60 points and 100 points. Field exploration for upper soil sampling was carried out using
hand auger (Fig. 3). These boreholes were drilled by trained technicians according to
instruction and specifications given. Disturbed soil samples extruded from split spoon sampler
were sealed in air-tight plastic bags for visual examination. For infiltration test, double ring
infiltrometer instrument (Fig. 4) was used to determine the rate of infiltration of water into
soil. The rate of infiltration is determined as the amount of water per surface area and time
unit,that penetrates the soil. This rate can be calculated on the basis of the measuring results
and the Law of Darcy. The measurements exclusively take place in the inner ring through
which the water runs virtually vertically.
3.2 LABORATORY TEST
All of the soil samples taken from the field test were bring to laboratory for further soil
analysis. The Particle Size Distribution for fine and course-grained soil test was carried out in
accordance with the procedures in BS 1377. The soil description follows the British Soil
Classification System.
4. INFILTRATION CURVE
4.1 INFILTRATION ANALYSIS
The analysis of the infiltration test result for both Butterworth and USM Engineering
Campus area were summarized in Table 1 and Table 2. The analysis was based on Horton
Equation which developed by Horton (1939). This equation was used to compare the
measured equation parameters with published literature values. The equation is as follows:
f = fc + (fo – fc)e-kt
(1)
where: f = infiltration capacity (in/hr)
fo = initial infiltration capacity (in/hr)
fc = final infiltration capacity (in/hr)
k = empirical constant (hr -1)
This equation assumes that the rainfall intensity is greater than the infiltration capacity at
all time and that the infiltration rate decrease with time (Bedient and Huber 1992). From the
measured data on the field, the infiltration curve of infiltration rate (mm/hr) versus time (min)
was plotted (Fig. 5). From the graph plotted, the Horton Equation can be determined for both
study area. Horton infiltration parameter values that commonly used was shown in Table 6.
From the results obtained from both study area and compare to values of Horton infiltration
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parameter, its shows that both study area have similar soil type, that is dry sandy soil with
dense vegetation which is true with the filed conditions.
4.2 INFILTRATION MAP
Based on the results of the infiltration test that obtained, infiltration map was plotted for
both study area. The map was plotted according to the permeability capacity of soil type for
each area, that is range from low permeability soil to high permeability soil. The indication of
low and high permeability is base on the fo/fc ratio as in Table 4 (Mc Cuen 1998). The
infiltration map for Butterworth and USM Engineering Campus is shown in Fig. 6 and 7.
From the map it can shows that although both study have the same soil type but it has a
different permeability capacity. This is maybe because the USM Engineering Campus is a
backfilled area and having a high compaction during the construction period, where as the
Butterworth area most of the areas are still undeveloped.
5. CONCLUSIONS
Control at source approach in urban stromwater management was still in early stage in
Malaysia. To make this approach agreeable to all designer or engineer’s specifically, the soil
infiltration and permeability capacity must be well known. By developing the infiltration map,
designer could make a proper decision in applying control at source approach. In this study,
results shows that Butterworth areas have a high permeability soil type especially for the
undeveloped area. With this information, designer could make a right choice in designing
urban stromwater drainage for future development for those undeveloped area. For USM
Engineering Campus in the other hand, the backfilling and compaction process during the
construction period makes the area moderately permeability although the soil type of this
study area are the same as the Butterworth area. With having the control at source drainage
system in the campus, the capacity of the infiltration and permeability of the area can be
improved. The infiltration map for both study area could shows the comparison of the
infiltration capacity for the study areas.

Fig. 1 Impacts of Urbanization on Hydrology (Roesner et al., 2001)
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(b)

(a)

Fig. 2 Study Area (a) Butterworth (b) USM Engineering Campus

Fig. 3 Field Exploration Using Hand Auger

Fig. 4 Field Infiltration Test Using Double Ring Infiltrometer
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Table 1. Infiltration Test Result for Butterworth
fo

Location

fc

Fc

k
2

(mm/hr)

(mm/hr)

(mm )

(hr )

Kg. Lebai Tahir (zon 1)

3250

1350

932.52

2.037

Kg. Sungai Lokan (Zon 5)

180

135

218.07

0.206

Kg. Maklom ( Zon 5)

1750

120

3791.1

Horton Equation

-1

0.430

(mm/hr)
f = 1350 + 1900e2.037 t

f = 135 + 45e-0.206 t
f = 120 + 1630e

-0.430 t

-0.603 t

Kg.Jawa ( Zon 6 )

460

96

604.14

0.603

f = 96 + 364e

Taman Limbungan (zon 1)

44

32

46.016

0.2608

f = 32 + 12e-0.2608t
-0.7581t

Tmn Chantek (zon 1)

247

25

292.85

0.7581

f = 25 + 222e

Tmn. Penisular (zon 1)

640

120

742.61

0.7002

f = 120 + 520e-0.7002t

fo/ fc

2.407
1.33
14.58
4.79
1.375
9.88
5.33

Table 2. Infiltration Test Result for USM Engineering Campus
Location

fo

fc

Fc

k

Horton Equation (mm/hr)

fo/ fc

(mm/hr)

(mm/hr)

(mm )

(hr -1)

O34

234.48

124.45

141.07

0.7799

f = 124.45 + 110e-0.7799t

1.88

Q17

50.70

16.11

22.07

1.5673

f = 16.11 + 34.59e-1.5673t

3.15

2.4427

-2.4427t

5.06

Q45

65.29

12.90

2

21.45

f = 12.90 + 52.39e

-1.23106t

S40

650.84

254.41

322.15

1.2306

f = 254.41 + 396.43e

T13

215.13

197.38

186.53

0.0952

f = 197.38 + 17.75e-0.0952t

1.09

U24

774.63

165.70

266.38

2.2859

f = 165.70 + 608.93e-2.2859t

4.67

U36

106.24

55.11

62.97

0.8120

f = 55.11 + 51.13e-0.8120t

1.93

Table 3. Horton Infiltration Parameter Values (Pit et al., 1999)

2.56
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Table 4. Permeability Indication Ratio (Mc Quen, 1998)
Ratio (F0/Fc)
Permeability Capacity
>5
High Permeability
3–5
Moderate Permeability
<3
Low Permeability

Fig. 6 Infiltration Map for Butterworth

Fig. 7 Infiltration Map for USM Engineering Campus
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