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1.0/ INTRODUCTION

The University Senate formed a Study Committee in their 145" meeting on April 22, 2000 under Clause 22[b],
Constitution of USM to consider the proposal to form River Engineering and Urban Drainage Research Centre
(REDAC). The committee met on June 9, 2000 and was chaired by Yang Berbahagia Dato’ Professor Jamjan
Rajikan representing Yang Berbahagia Dato’ Professor Vice Chancellor. The committee agreed and fully supported
the establishment of REDAC to fulfill the need of the present and future research in River Engineering and Urban

Drainage.

In the 146" Senate Meeting on June 22, 2000, the resolution to form REDAC was presented and agreed. The
University Board of Directors (LPU)’s meeting on July 26, 2000 affirmed the establishment of REDAC. Subsequently a
report on the proposal to form REDAC was forwarded to the Department of Higher Education, Ministry of Education
for evaluation. On April 17, 2001, the Ministry of Education confirmed the resolution by the Higher Education
Committee dated May 13, 2001 for the establishment of REDAC commencing on 2001/2002 Academic Year.
Subsequently, Professor Nor Azazi Zakaria and Professor Aminuddin Ab. Ghani were appointed as the Director

and Deputy Director of REDAC respectively.

REDAC is the first research centre at the Engineering Campus USM and was established on May 31, 2001. REDAC
has been active in research and consultancy projects in River Engineering and Urban Drainage since 1997. The
sponsors of the projects include the Ministry of Science, Technology and Innovation (MOSTI), Ministry of Higher
Education (MOHE), Ministry of Natural Resources and Environment (NRE), Ministry of Agriculture and Agro-Based
Industry (MOA), Department of Irrigation and Drainage (JPS), Prime Minister's Economic Planning Unit (EPU),
Seberang Perai Municipal Council (MPSP) and Public Works Department (JKR). REDAC has received more than

RM 20 million for the last ten years to conduct research and innovation.



REDAC has developed an ecologically sustainable solution to the flooding and pollution problems using the “control
at source” approach known as Bio-Ecological Drainage Systems (BIOECODS) constructed at USM Engineering
Campus, Penang. BIOECODS emphasizes the importance of a holistic approach to environmental engineering
and landscape architecture making it unique and innovative in the field of stormwater management and urban
development. Presently, the pilot project is an example for the development of new urban areas by implementing
several components of BIOECODS at once that can meet the requirements of Stormwater Management Manual
for Malaysia (MSMA) to manage and control stormwater runoff quantitatively and qualitatively at its source. The
application of BIOECODS is an innovation to solve three major problems commonly encountered in Malaysia
namely flash floods, river pollution and water scarcity during dry periods. It is hopeful that new developments in
Malaysia will implement BIOECODS to help preserve the natural characteristics of the existing rivers in line with
the national “Love Our Rivers (Sungaiku Hidupku)” campaign. The national launching of the BIOECODS was
performed by His Excellency the Governor of Penang, Tun Dato’ Seri (Dr) Haji Abdul Rahman Abbas, on February
4, 2003 representing the successful implementation of the MSMA.

Recent studies include River Sand Mining Capacity in Malaysia, Design Options of the Flood Mitigation Plan of
River Muda, River Inventory and Monitoring Program (RIMP), Erosion and Sediment Control in Malaysia, Stormwater
Management and Drainage Masterplan Study (Tanjung Malim, Kulim Hi-Tech Industrial Park, Tanah Merah). REDAC
is also involved in the preparation of Urban Stormwater Management Planning and Design Standard for Malaysia,
and Second Edition Urban Stormwater Management Manual for Malaysia. REDAC has received national and

international visitors and also won several awards for the ongoing research.

REDAC offers research studies in specialized areas of Urban Drainage Management, River Management, Hydro
Informatics and Environmental Hydraulics Management. Further information on research activities of REDAC can

be obtained from the following website: http://redac.eng.usm.my.
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2.0| RESEARCH NICHE AREAS

Research objectives of REDAC:

1. To accelerate the realization of urban drainage metamorphosis in order to transform the quality of life in

urban areas.
2. To make a holistic research and to develop new technology in River Engineering and Urban Drainage.

3. To become a Centre of Excellence in River Engineering and Urban Drainage for engineers and scientists

from Malaysia and South East Asia region.

4. To promote research network and international cooperation in River Engineering and Urban Drainage
Research.

Niche Areas of REDAC:

1. River Management

2. Urban Drainage Management

3. Hydro Informatics

4. Environmental Hydraulics Management
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Member, American Society of Civil Engineers (ASCE)

Member of International Association of Engineers (IAENG)
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Member, Malaysian National Committee on Irrigation and Drainage
(MANCID)

Editorial Member, Dam Engineering Journal
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Associate Editor, Journal of Pipeline Systems Engineering and Practice,
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Associate Editor, Water Supply and Water Practice and Technology, IWA



Engr. Zorkeflee Abu Hasan (Msc, Bsc)
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Graduate Member, Board of Engineers, Malaysia

Member, Malaysian National Committee on Irrigation and Drainage
(MANCID)

Certified Professional in Erosion and Sediment Control (CPESC), USA
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Engr. Chang Chun Kiat (Msc, BEng)
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Graduate Member, Board of Engineers, Malaysia

Graduate Member, The Institution of Engineers, Malaysia

Certified Professional in Erosion and Sediment Control (CPESC), USA
Member, Malaysian Water Partnership (MyWP)

Member, International Association of Hydrological Sciences (IAHS)
Member, Malaysian Stormwater Organization (MSO)

Member, Malaysian National Committee on Irrigation and Drainage
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Engr. Leow Cheng Siang (BEng)
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Graduate Member, Board of Engineers, Malaysia

Graduate Member, The Institution of Engineers, Malaysia
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Member, International Association of Hydrological Sciences (IAHS)
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Muhamad Nurfasya Alias (BEng, Dip., Cert.)

2010 Member, Malaysian Stormwater Organization (MSO)
2011 Member, Malaysian National Committee on Irrigation and Drainage (MANCID)

Muhammad Zaki Mohd Kasim (8Eng)

2010 Member, Malaysian Stormwater Organization (MSO)
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Khairul Rahmah Ayub msc., Bsc)

2005 Member, Environmental Management and Research Association of Malaysia
(ENSEARCH)

2010 Member, Malaysian Stormwater Organization (MSO)

2011 Member, Malaysian National Committee on Irrigation and Drainage (MANCID)

Syafiq Shaharuddin (8sc)
2011 Member, Malaysian National Committee on Irrigation and Drainage (MANCID)







4.1 INTERNAL GRANTS

Title: A Study on Erosion and Sedimentation in Rivers through Sediment Transport Process
Type: USM Short Term Grant

Year: 1994 - 1996

Amount of Grant: RM 20,000.00

Title: Soil Improvement Method using Reinforced Earth Technique
Type: USM Short Term Grant

Year: 1995 - 1997

Amount of Grant: RM 15,000.00

Title: Field Data Collection on Sedimentation in Storm Drains
Type: USM Short Term Grant

Year: 1996 - 1998

Amount of Grant: RM 20,000.00




Title: Stormwater Pollutant Removal using Swales
Type: USM Short Term Grant

Year: 2005 - 2007

Amount of Grant: RM 20,000.00

Executive Summary :

Rapid urbanization and lack of proper water resources management have led to various water related issues
in Malaysia. Areas with heavy and active development are prone to flash flood, water supply crisis and water
pollution. Various reports on flash floods in Kuala Lumpur and Shah Alam by the mass media confirmed the
severity of water management issue in urban areas. As a result of such events, millions of Ringgit were spent to
rectify flood damages and to execute emergency reliefs. Even more millions were lost due to property damages,
economic and social damages. It is obvious that population growth and the subsequent urbanization have
adverse impact on the natural hydrological cycle. Therefore, Malaysia and other countries alike, should adopt a
holistic and integrated approach in tackling the complex issue of hydrological change due to urbanization. The
implementation of Integrated Flood Management (IFM) is an effective way to tackle flash flood, water scarcity
and water source pollution issues. In conventional stormwater management approach, stormwater is conveyed
to the discharge point as fast as possible. A new approach, which is the Sustainable Urban Drainage Systems
(SUDS) has been developed due to the shortcoming of conventional system. This new approach combines
water quantity control, water quality control, and public amenity as the three main components of stormwater
management. Generally, SUDS adopts a control-at-source concept in treating stormwater. In terms of water quality
control, a research in Universiti Sains Malaysia engineering campus found that the Bio-ecological Drainage
System (BIOECODS), which is the pilot project to exhibit SUDS application in Malaysia, was able to overcome
the issues discussed above. The findings of the research showed that the final discharge from the system was

welltreated and is categorized as Class IIB according to the Interim National Water Quality Standard.
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Title: Modification of Einstein’s Bed Load Transport Formula for Rivers in Malaysia
(Case Study of Kulim River, Kedah)

Type: USM Short Term Grant

Year: 2006 - 2008

Amount of Grant: RM 20,000.00

Executive Summary :

A total of 346 sets of bed load data obtained from the Kinta River, Pari, Kerayong River and Langat River were
analyzed using four common bed load equations (Einstein, Einstein-Brown, Meyer-Peter-Miller and Shields).
These assessments, based on the median sediment size (d.), showed that the existing equations were unable
to predict the measured bed load accurately. All existing equations over-predicted the measured values, and
none of the equations gave satisfactory performance when tested on local river data. Therefore, this study had
developed a Modified-Einstein Equation which employs local sediment transport data to yield a better equation
that can accurately predict bed load transport in Malaysian rivers. Using the recommended Modified-Einstein
Equation, the computed bed load transport rates were in much closer agreement with the actual measured bed
load. The results were confirmed using the newly measured data at Kulim River. This study also applied a new
soft computing technique, i.e. an adaptive neuro fuzzy inference system (ANFIS) as an alternative to more
conventional bed load predicting equations for bed load prediction. The results showed that the recommended
network was able to predict bed load more accurately when compared to an regression based equation for

moderate-size and sand-bed streams in Malaysia.




Title: Flow Attenuation of BIOECODS Ecological Ponds
Type: USM Short Term Grant

Year: 2006 - 2008

Amount of Grant: RM 20,000.00

Executive Summary :

The launching of the new Urban Storm Water Management Manual for Malaysia (MSMA) emphasizes on the
implementation of the Best Management Practices (BMPs) that utilize detention ponds, swales, wetlands, sand
filter dry pond, etc. Since January 1, 2001, new development in Malaysia must comply with MSMA to control
stormwater runoff in terms of quantity and quality to achieve zero development impact contribution to overcome the
problems of flooding and stormwater runoff pollution. Universiti Sains Malaysia in collaboration with Department
of Irrigation and Drainage Malaysia, have implemented Bio-Ecological Drainage System (BIOECODS) as a
showpiece of the sustainable urban drainage in Malaysia. BIOECODS represents application of swales, sub-
surface modules, dry pond, wetpond, detention pond, constructed wetlands and wading river. The ecological
pond, which is placed at the downstream end of BIOECODS, is a community facility that includes a wet pond,
and a detention pond as a facility to control the stormwater quantity, a constructed wetlands as a water treatment
device, a wading river connecting the wetlands and a recreational pond containing the treated water before
final discharge to Sungai Kerian. The ecological pond system is strategically placed at the downstream end of
the BIOECODS to optimize and effectively attenuate and treat stormwater runoff generated from the built areas
of the USM Engineering Campus. This research had verified the effectiveness of pond facilities as one of the
BIOECODS component in reducing the peak flow and discharge of stromwater in a new development area
before entering river system as required in the MSMA. The study covered site monitoring and records analyses
within the study period. The ecological pond system was gauged with hydrological stations that record velocity

and water level at 5 critical points, including inflow and outflow of each components.
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Title: Stormwater Pollutant Removal Using Retention Pond (Wetpond, Detention Pond and Wetlands)
Type: USM Short Term Grant

Year: 2006 - 2008

Amount of Grant: RM 15,000.00

Executive Summary :

Bio-Ecological Drainage System (BIOECODS), the first Malaysian pilot project for SUDS, was developed at
Engineering Campus, Universiti Sains Malaysia which consists of quantity control, quality control and amenity
in a holistic control-atsource approach. The BIOECODS is appropriate to solve three commonly water related
problems namely, flash flood, water shortage and water pollution. In this research, only ecological ponds (wetpond,
detention pond and wetlands) of the BIOECODS system were studied. It was found that ecological ponds were
capable of treating stormwater runoff from the study area. Percentages of pollutants removal for various water
quality parameters are in the range of 7 % to 94 % for the studied rainfall events. The findings of the research
showed that the final discharge from the system is well-treated and is categorized as Class IIB according to the
National Water Quality Standard, Malaysia. A further study on water balance for BIOECODS' constructed
wetland shows that it was capable to supply water for the planted wetlands macrophytes.

Title: Prediction of Scour around Hydraulic Structures using ANN, ANFIS and Genetic Programming (GP)
Type: USM Short Term Grant

Year: 2007 - 2009

Amount of Grant: RM 30,000.00

Executive Summary :

When a structure (spillway or bridge pier) is placed in a hydraulic/marine environment, the presence of the
structure will change the flow pattern in its immediate neighbourhood and cause an increase in the local sediment
transport capacity and thus lead to scour. Scour can induce failure of hydraulic and marine structures. Costs
involved for repair of the failed parts of river/coastal structures are huge and induce unnecessary burden on
the government. This study investigated the application of soft computing techniques in prediction of complex
scour phenomenon around several hydraulic structures. These structures included, Bridge Pier Scour (ANN,
GP, Regression Model), Pile Scour (LGP, ANFIS), Ski-jump Bucket Spillway Scour (GP), Scour below Flip Bucket
Spillway (Regression Model, GEP), and Scour on spillway (ANN). The data used in this study were contributed
by overseas researchers, obtained from physical simulations on variety of hydraulic and structural conditions.
75% of the datasets were used for training the soft computing models, while 25% is used for training. Whenever
applicable, the soft computing techniques were compared to conventional regression models. All the investigations,
soft computing models performed more superiorly over conventional regression model. The study concluded that
soft computing techniques are very suitable to be applied in engineering applications.




Title: The Use of MSMA for Integrated Urban Drainage Management: Case Study in Ipoh and Melaka
Type: USM Short Term Grant

Year: 2007 - 2010

Amount of Grant: RM 40,000.00

Executive Summary :

Floods are the most damaging natural disasters that have been haunting many parts of Malaysia. Frequent
occurrences of flash flood in urban areas result in an average loss of RM 100 million a year. With the present
conventional drainage system, new development means new and bigger monsoon concrete drains are required
at the downstream areas. Similarly the receiving river at the downstream end will need new flood mitigation
works normally involving straightening, widening and deepening of river channel that destroy the riverine and
aquatic ecosystems. It is clear that study on sustainable strategy for urban stormwater management and flood
prevention is needed. Therefore, two urban stormwater management projects have been selected to study the
use of Urban Stormwater Management Manual for Malaysia (MSMA) concepts proposed by the Department
of Irrigation and Drainage (DID) Malaysia for Integrated Urban Drainage Management. These projects are: (1)
Rekabentuk terperinci sistem saliran Maktab Perguruan Perempuan Melayu Melaka - Taman Peringgit Jaya and

(2) Rehabilitation of ex-mining pond and existing wetlands for integrated stormwater facilities, Ipoh.

This study proved the effectiveness and potential of MSMA concepts as a sustainable strategy for integrated
urban drainage management, i.e. improving water quality, reducing peak and volume of stormwater runoff at
source. The outcome also provided a good example for integrated urban drainage management in future. This
management concept is a cost effective method to the country by eliminating the need to upgrade the existing
conventional drainage system by controlling the stormwater at source. The new system with environmental friendly
components will minimise urban flash flood and remain in harmony with nature. Our river systems will also be

saved from further destruction due to conventional flood mitigation projects.
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Title: Integrated Urban Drainage Management (INUDRAM)
Type: USM Research University Grant (Golden Goose Project)
Year: 2007 - 2010

Amount of Grant: RM 470,000.00

Executive Summary :

Frequent occurrences of flash flood in urban areas result in an average loss of RM 100 million a year. Department of Irrigation
and Drainage Malaysia (DID) estimates that RM 10 billion is required to upgrade the conventional drainage system made up
of concrete channels and channelized rivers to overcome the flash flood enigma. Conventional drainage has also contributed
to water quality degradation as it does not provide water quality freatment for stormwater runoff. With this rapid disposal
system in-place, precious freshwater is drained into the sea directly, and this reduces the source of water supply in natural
catchment. “Integrated Urban Drainage Management (INUDRAM)” emphasized on environmentally friendly products that will
create urban areas free of flash flood, water pollution, and water scarcity and remain in harmony with nature. These issues
were tackled by three research niche areas (RNA) proposed under the INUDRAM research project. The first niche area was to
tackle flooding issue, and thus REDAC developed flood risk map for urbanised area by using the Sungai Muda as case study.
Flood risk map was produced for the river incorporated in friendly GUI for easy retrieve of risk level in any given location.

For water quality problem, the previous research on gross pollutant trap (GPT) was continued. New modifications were
made to the initial design. The new GPT was vigorously tested in laboratory scale to study the hydraulic performance and
gross pollutant and sediment removal rate corresponding to various flow conditions. The GPT was in process of application
for patent, and would potentially be servicing urban drainage in the future to help improve water quality of the nation. The
final research niche area involved the development of subsurface geo-synthetic modular. First the modulars available on the
market were fested in laboratory to obtain their characteristics. Then a prototype of a new modular with desired hydraulic
properties was proposed. The new modular was designed to be more efficient in water conveyance. The new modular has
the potential to be used as subsurface conveyance and storage, promoting rainwater harvesting or stormwater reuse, and

indirectly creating a new alternative source of freshwater for the community.

New industries will be created to produce the products for INUDRAM enhancing our nation’s aim of becoming a high-income
nation by 2020. The potential products of the research project will provide cost saving to the country by eliminating the
need to upgrade the existing conventional drainage system by controlling the stormwater at source, and having alternative
water source for non-potable use.




Title: Integrated River Basin Management: Application of GIS-Assisted Modelling for Bukit Merah Dam Operation
Type: USM Short Term Grant

Year: 2008 - 2010

Amount of Grant: RM 35,000.00

Executive Summary :

Bukit Merah Dam is located in Kerian District, Perak, where its catchment is mostly located in the Larut, Matang
and Selama District, Perak. Although the dam/reservoir was originally constructed to supply water for Kerian
Irrigation Scheme, it currently is the main potable water source for Kerian District. Land use of the reservoir
catchment is predominantly rural, agricultural based activities, and forested areas. Normally, any reservoir will
face water quantity and quality problems. This study focused on the application of mathematical models to estimate
the water quantity (flood hydrographs) and sediment yield (water quantity and storage problems) contributed
by the catchment area to the dam reservoir using HEC-HMS and SWAT respectively. Geographic Information
System (GIS) techniques were utilized for both modellings. This exercise was conducted as an attempt to bridge
the gap between the technical and scientific facts and decision making process to ensure sustainable managment
of the reservoir and dam. Each model underwent the calibration and validation processes. Simulations for
proposed 2015 land use and 20% increase of Curve Number (CN) values throughout the study area scenarios
were conducted using the calibrated parameters. Results from the simulations using proposed 2015 land use
showed an increase of peak flow by 4.7% and sediment yield by 54.86% at Pondok Tanjung. Whereas, results
of simulation using the 20% increase of CN values showed an increase of peak flow by 20.48% and sediment
yield by 80.88%. The results indicated that the proposed land use for year 2015 was suitable in term of flow
but not for the sediment yield. Since more than 35% of the catchment areas are alienated lands, management of
the catchment area requires coordinated effort to ensure the sustainability of the water resources and longevity of
Bukit Merah Reservoir. This can be done by applying the Integrated River Basin Management concept. This study
approach can be adopted to assist decision making. Establishment of Decision Support System can definitely

enhance the Bukit Merah Dam operation.
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Title: Digital Flood Mapping — Case Study of 2007 Sungai Pahang Flood
Type: USM Research University Grant

Year: 2009 - 2011

Amount of Grant: RM 100,000.00

Executive Summary :

Several major floods have been experienced in Malaysia for the last few decades. Flood occurrences seem to
be getting more frequent in recent years, especially in some cities like Kuala Lumpur, Penang and Kuching where
rapid urbanisation is taking place. After several major floods struck the country causing great lives and property
losses since the 1960s, the government has taken several positive steps and seriously planning to envisage
flood mitigation projects in its national plans. This intention was translated substantially by the establishment of
the Natural Disaster Relief Committee in 1972 and the Permanent Flood Control Commission in December 21,
1971 to study the shortterm measures for flood prevention and long-term measures for flood mitigation. In this
study, effort was put into developing a digital flood inundation map for the 2007 flood along Sungai Pahang
by gathering hydraulic and hydrologic data. Digital Elevation Model from public domain source was enhanced
and corrected with accurate elevation sampling (using DGPS) along the river. The DEM was further verified using
another set of site elevation data. Finally, flood profile was created in GIS using available flood records at four
hydrological stations. The produced flood inundation map was validated with published flood inundation map
by DID, digitised from satellite images. The produce flood inundation map allow a proper evaluation on the
impact of future flood events and facilitate implementing agencies on decision making and planning of further

preventative measures to avoid or minimise flood impacts.




Title: Soft Computing Technique to Predict Total Material Load for Sand Bed-River in Malaysia
Type: USM Research University Grant

Year: 2009 - 2011

Amount of Grant: RM 120,000.00

Executive Summary :

Sediment transport process in rivers is a complex phenomenon. The prediction of river sediment load constitutes
an important issue in river engineering. The sediment can aggrade channel beds with excess sand and gravel
for tens to hundreds of kilometres downstream. Such aggradations promotes the lateral migration of channels
and may cause serious flooding during rainstorms, due to the loss of channel capacity necessary to convey
floodwaters. Conventional approaches are normally able to make estimations within about one order of magnitude
of the actual measurements. To overcome the complexity and uncertainty associated with total bed material
load estimation, this research investigated the suitability of soft computing techniques in solving this engineering
problem. Soft computing techniques namely, artificial neural network (ANN), Support vector machine (SVM) and
Gene- Expression Programming (GEP) were tested using Malaysian sediment load data collected in previous
studies. Among the three, GEP was found to yield the best prediction performance. GEP was employed without
any restriction to an extensive database compiled from measurements in the Muda, Langat, and Kurau rivers.
A total of 364 bed load datasets from the three rivers were used for this study. The GEP model was able to
successfully predict total load transport in a great variety of fluvial environments, including both sand and gravel
rivers. Also, the GEP estimation of mean total load was in almost perfect agreement with the measured mean
total load. (R? = 0.97 MSE = 0.057). This study demonstrated a successful application of the GEP modelling to

total bed material load estimation.
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Title: Application of Recharge Well System For Urban Stormwater Management
Type: USM Research University Grant

Year: On going

Amount of Grant: RM 230,000.00

Executive Summary :

Batu Pahat District, especially at Parit Raja, is experiencing rapid growth since the establishment of Universiti
Tun Hussein Onn Malaysia (UTHM). The existing municipal water supply is not able to fulfill the consumption
requirement in terms of quantity and quality. Besides that, flood is occurring frequently in the area during
rainy season. Research on soil permeability at Parit Raja found that most of the top soil layer in this area is
occupied by clay, with very low infiltration rate. As stormwater runoff is not able to infiltrate, there is very litile
of recharge from surface water to sub soil system or aquifer. To make matters worse, most areas in Batu Pahat
is flat, around 0.5 m to 1.0 m above mean sea level. This topography condition has been unfavourable for the
river to discharge stormwater effectively to the sea, and therefore the area is facing flood problems every year
due to tidal and back water effects. In order to solve the problems mentioned above, an integrated stormwater
management strategy is required to control the stormwater at source. In this regards, recharge well system was
introduced as a better alternative to pond structures in the study site. Presently, recharge well system is very new
and untried in Malaysia. Therefore, this research set out to provide more information on using recharge well
system for stormwater management. In order to achieve this, a recharge well was constructed and currently
being monitored in UTHM compound. The recharge volume and water quality are being closely monitored to
gauge the performance of the recharge well in diverting runoff to recharge groundwater. This study will provide

quantitative proof of the feasibility of the system in recharging groundwater and alleviating flood.




Title: Water Quality Modelling for Intergrated River Basin Management in Sungai Raja, Kedah
Type: USM Research University Grant

Year: On going

Amount of Grant: RM 170,000.00

Executive Summary :

Integrated River Basin Management (IRBM) is an approach to water resources management that takes into
account all factors linked to the water resources, including social and economic activities. Its broad scope not
only covers water resources management, but also environmental management aspect such as pollution control,
development planning and biodiversity conservation. The IRBM integrated approach is strongly supported by the
Malaysian government. This is reflected in the Eighth Malaysia Plan (RMK-8), which encourages state government
to establish water management bodies to ensure proper planning, monitoring, enforcement and management
of water resources on a river basin basis. The Ninth Malaysia Plan (RMK-9), which also endorses IRBM and its
integrated water resources management approach. Sungai Kedah Basin Management Plan (2007 - 2012) was
produced to outlay the IRBM approach on Sungai Kedah basin, as one of the pilot projects of IRBM in Malaysia.
The four key policies targeted in IRBM plan for Sungai Kedah include ensuring sufficient water, ensuring clean
water, reduce flood risk, as well as conserve and develop river landscape. In order to support the Sungai
Kedah IRBM, Sungai Raja as a small tributary to Sungai Kedah, is selected to be the study subject as to how
the IRBM can be implemented. The proposed study shall concentrate on evaluating the water quality condition
of Sungai Raja and prove through application of GIS and computer modelling, accurate technical and scientific
inputs are crucial for IRBM implementation. The findings from this research study would serve as indicators to
the performance of Sungai Kedah IRBM as well as providing lead to improvement and modification for more

effective implementations.




Title: Biodiversity and Water Quality in Constructed Wetlands of Universiti Sains Malaysia, Seri Ampangan.
Nibong Tebal, Penang

Type: USM Short Term Grant

Year: On going

Amount of Grant: RM 40,000.00

Executive Summary :

Water pollution and eutrophication have been turning into serious problems since the middle of the 20™ century.
Scientists and researchers around the world are continuingly trying to find effective methods to control, prevent
and treat the water pollution are sought. Natural and constructed wetlands are highly recommended to solve the
problem by purifying the polluted water and rehabilitate ecological system. Utilising natural and local materials,
the constructed wetland treatment is a cheaper alternative for water treatment and is far energy-efficient than
mechanical facilities. The main function of constructed wetland is to utilize the natural processes involving wetland
vegetation, soils and the associated microbial assemblages, which are the active agents, in the treatment process.
Many studies on how to improve the water quality and increase nutrient and pathogen removal from various types
of constructed wetland have been carried out. In Malaysia, and as many parts of the world, many studies have
been carried out and a lot of improvements being made for better function of constructed wetlands. However, the
relationship between the change in biodiversities of wetlands and the water quality has rarely been reported and
studied. Very little is known of the biological integrity or “health” of a constructed wetland. Biological integrity
is commonly defined as the ability to support and maintain a balanced, integrated and adaptive community of
organisms having a species composition, diversity and functional organization comparable to those of natural
habitats within the region. The goal for the research is to investigate the biological integrity through biological
assessment (bio-assessment) by collecting field data from a constructed wetlands to determine the diversity and
population of organism residing in it. At the same time, water quantity and quality parameters are also to be
obtained. This will help to establish the relationship between hydrological change and biological integrity.
Presently, the study was conducted on the constructed wetland of BIOECODS system in USM engineering campus.

Monitoring and sampling works are currently on going on a weekly basis.




Title: Urban Flood Modelling for Ungauged Catchment: Case Study of Tanah Merah, Kelantan
Type: USM Short Term Grant

Year: On-going

Amount of Grant: RM 40,000.00

Executive Summary :

Better technology produces better results. However, sophisticated/ complex computations might be overkill for
assessment of floods under data scarce conditions. With realistic simplification, and good modelling practice,
modeller can produce flood map of similar quality. In Malaysia, and many parts of the world, modelling
ungauged catchment remains a daunting tasks due to lack of data for calibration and validation. Application
of uncalibrated models will greatly affect the judgements and decisions made based on modelling results due
to the huge uncertainties associated with uncalibrated models. The industry requires a standard procedure or
best practices for flood inundation mapping in ungauged catchments. This study sets out to investigate two most
important parameters in producing flood maps, i.e. ground model and hydrodynamic models. First, comparison
of flood map between a coarse ground model (SRTM) and a detailed one (LIDAR) is made to determine if the
trade-off is significant. Next comparison between 1D and 1D-2D hydrodynamic model is made to gauge the
performance of both in monsoon flood modelling for an urban catchment. The results from this study will provide

better insight for data preparation and model selection in flood modelling for ungauged catchment.
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4.2 EXTERNAL GRANTS

Title:

Development of HEC - Series Program to Predict
Sediment Movement for Rivers in Malaysia

Type:

IRPA RM-7

Funded by:

Ministry of Science, Technology and the Environment
(MOSTE)

Year:

1997 -2001

Amount of Grant:

RM 500,000.00

Executive Summary :

Four rivers were selected as study sites namely Pari River (Ipoh), Kerayong River (Kuala Lumpur), Kulim River (Kulim)
and Malacca River (Mallaca City). Total bed material loads were collected from these rivers. The appraisals of the
existing sediment fransport equations showed that Yang, Ackers & White and Graf equations were suitable for the
prediction of sediment transports in these rivers. A number of equations were also developed for the prediction of
sediment transport rates using the collected sediment transport data especially for low to medium flows. During the
study period, a 50-year flood occurred at Pari River on the 19" November 1997 causing structural damages to
the rigid bank walls on both sides of the river especially at bends. Subsequently, the flood hydrograph was used to
calibrate the HEC-6 model to predict the recorded flood water levels. A good agreement was found between the
predicted and observed water levels using Yang equation. Another model namely, FLUVIAL-12 was also used to
predict the erosion and deposition trends during the flood. The calibration results using Yang and Graf equations
show that the FLUVIAL-12 model could well predict the observed erosion and deposition patterns along the river
including at the bends. The results from the calibration of HEC-6 and FLUVIAL-12 models were then used for the

rehabilitation work of Pari River.

A flood risk map was also developed for Pari River to represent the effect of the flood event by developing an
ArcView GIS extension namely AVHEC-6.AVX integrating the HEC-6 model within GIS environment. The extension
has the capability of analyzing the computed water surface profiles generated from HEC-6 model and producing

a related flood map for Pari River in the ArcView GIS.




Title:
Peak Flow Attenuation Using Infiltration Engineering Systems and Storage

Tank at USM’s Perak Branch Campus

Type:

Research Contract

Funded by:

Department of Irrigation and Drainage (DID) Malaysia
Year:

1998 - 2000

Amount of Grant:

RM 800,000.00

Executive Summary :

This research presented the performances for the subsurface infiltration and storage tank systems which were used

to control stormwater quantity in Engineering Campus Universiti Sains Malaysia, Tronoh, Perak. The purposes of

this study were:

(a)
)

As a pilot research for Malaysian application

To study the efficiency of subsurface infiltration and storage tank to attenuate stormwater runoff

To study the effectiveness and efficiency of infiltration and storage tank technique to reduce flood woes in
Malaysia

To analyses cost benefit of the systems

To provide a sustainable environment for urban communities

Three different infiltration and storage techniques had been selected based on the surrounding soil conditions.

These systems were module infiltration system, loose rock infiltration system and module storage tank system.

Data acquisition were carried out in two stages from July 2000 to March 2001 (Stage I) and from April 2001

to September 2001 (Stage Il). Stage Il was executed after few modifications had been made to improve system

efficiency. Around 50 rainfall events were recorded and analysed. A guideline on infiltration and storage tank

design for Malaysian application was produced as a part of the output of this study.




Title:
Feasibility Study and Detail Design of Flood Mitigation And Drainage

Improvement in Chain Ferry, Seberang Perai, Pulau Pinang

Type:

Research Contract

Funded by:

Seberang Perai Municipal Council (MPSP)
Year:

1999

Amount of Grant:

RM 60,000.00

Executive Summary :

The study area covered the area of Chain Ferry, which is situated in Seberang Perai Utara district, Penang. The
study area was bounded by Sungai Perai on the south and east and Butterworth Air Force Base to the north,
covering a total area of 244.6 ha. The flood prone areas in Chain Ferry concentrated in the west of Federal
Route 1 and its surrounding areas. Due to rapid development and lack of improvement for the existing drainage
infrastructure, parts of the study area were affected by high tide and flash flood. The flood duration is typically
short and usually occurs in the months of May and November. The flooding problems in Chain Ferry were caused
by the inadequacy of existing drainage system and tidal effect. Moreover, the level of construction platform was

lower than the desirable platform levels.
The principal objectives of the study included the following:

(a) To study flooding and drainage problems in the study area.

(b) To propose feasible flood mitigation and drainage enhancement works for immediate implementation in
the study area.

(c) To propose conceptual and preliminary designs of the proposed works including their layout and typical
designs of components and to determine the land acquisition requirements.

() To collect data and information required for the detailed design of the works.

As a result of investigation, REDAC had reviewed the existing drainage hydraulic capacity. It was found that
most drainage has very little hydraulic capacity the sizes of drains were large. This was due to the low hydraulic
gradient caused by the flat topology of the study area and heavy tidal influence. Based on this findings, the several
pumping stations were proposed fo assist in water discharge. This option was viewed as the most cost-effective

measure due to the saturated development and space constrain of the site.




Title:
Feasibility Study and Detail Design of Flood Mitigation and Drainage

Improvement in Taman Seri Rambai, Taman Makok and Taman Desa

Damai, Seberang Perai Tengah, Pulau Pinang

Type:

Research Contract

Funded by:

Seberang Perai Municipal Council (MPSP)
Year:

1999

Project Cost:

RM 90,000.00

Executive Summary :

The study area covered the area of Taman Seri Rambai, Taman Makok, Taman Desa Damai, Taman Sungai Rambai,
Taman Sri Jaya, Taman Padang Lallang, Taman Mutiara and its surrounding. The study area was approximately
343 ha and drained by two parallel channels — Sungai Rambai and Parit 4. Sungai Rambai has two main upstream
tributaries and discharges into Sungai Juru through a tidal gate at Juru Dam. Parit 4 is an extension of Sungai
Permatang Rotan and has two gated outlets to Sungai Juru. Sungai Rambai and Parit 4 are linked by three cross
drains. Frequent flooding in Lembah Sungai Rambai and its surroundings has been a long-standing issue, which
is of considerable concern to the relevant authorities. The components of the proposed flood mitigation schemes
consisted of bunding along Sungai Rambai, upgrading Parit 4 and trunk drains, constructing monsoon drains,

flood control gates and pumping system, as well as installing gross pollutant traps (GPT) and sediment basin.

Three alternatives had been proposed in this study. Alternative 1 was a pumping-based solution. Detention facilities
were not included in this alternative. Alternative 2 was a detention-based solution. This alternative aimed for the
zero peak discharge and thus, the main waterways will not be burden by the runoff from the study area. Rainfall
harvesting was also suggested to further reduce the volume of stormwater in the drains during rainfall events
(Alternative 3).




Title:
Feasibility Study and Detail Design of Flood Mitigation and Drainage

Improvement in Taman Sentul, Taman Sentul Jaya, Taman Pinang and Taman

Mangga, Juru, Seberang Perai Tengah, Pulau Pinang

Type:

Research Contract

Funded by:

Seberang Perai Municipal Council (MPSP)
Year:

1999

Amount of Grant:

RM 130,000.00

Executive Summary :

The study area consisted of the areas in Taman Pinang, Taman Mangga, Taman Sentul and Taman Sentul Jaya,
which belong to the Seberang Perai Tengah district. This area was located near to Parit No. 5 and affected by
the tidal influence. The flood woes in the study area had been a long-standing issue since 1990's. The study area
was frequently flooded whenever it rains heavily for duration of more than 1 hour. Frequent floods had caused
extensive damage and inconvenience to the community. The flood prone areas in the study area concentrated in
the west of Federal Route 1 and its surrounding areas. Due to the rapid development and lack of improvement for
the existing drainage infrastructure, parts of the study area was affected by high tide and flash flood. The duration
of flooding was short and it happened in certain period of the year (mid of May and November). The flooding
problems in the study area were caused by the inadequacy of existing drainage system and tidal effect. Moreover,

the level of construction platform was lower than the desirable platform levels.
The principal objectives of the study were:

) To study the flooding and drainage problems in the project area.

(b) To propose feasible flood mitigation and drainage enhancement works for immediate implementation in
the project area.

(c) To propose conceptual and preliminary designs of the proposed works including their layout and typical
designs of components and to determine the land acquisition requirements.

(d) To collect data and information required for the detailed design of the works.

The proposed detailed planning and design consisted of drainage system (drains and bund), structures (culverts,
control gates etc.), pumping stations and river improvement. These improvement were presented in a report as

well as engineering drawings to facilitate future construction and implementation of the flood mitigation works.




Title: Feasibility Study and Detailed Design of Flood Mitigation And Drainage Improvement In Valdor, Pulau Pinang
Type: Research Contract

Funded by: Seberang Perai Municipal Council (MPSP)

Year: 1999

Executive Summary :

Valdor village and its surrounding areas, which covered an area of approximately 160 hectares, was situated in
Mukim 3, Seberang Perai Selatan. This area had been served by two main outlet drains namely Parit Pertanian
and Parit Paya Mahang, which were maintained by Department of Irrigation and Drainage (DID). The drainage
problems encountered by the village were partly due to the absence of proper network of internal drains within the
village. The flooding problem had worsened with the rapid increase in development and the change in land use

pattern, i.e. from a predominantly rural and agricultural/farm setting to that of a newly developed settlement area.
The principal objectives of the study were listed as follows:

(a) To study the flooding and drainage problems in the study area.

(b) To propose feasible flood mitigation and drainage enhancement works for immediate implementation to
cater for the study area.

(c) To propose conceptual and preliminary designs of the proposed works including their layout and typical
designs of components and to determine the land acquisition requirements.

) To collect data and information required for the detailed design of the works.

Four alternatives were proposed in this study, which could be categorised into two main categories namely,
Conventional Drainage System (Alternatives | and Ill) and Ecological Drainage System (Alternatives Il and IV).

Both structural and non-structural flood mitigation measures had been proposed to mitigate the flood problems.




Title: Environmental Management Plan for Universiti Teknologi Petronas
Type: Research Contract

Funded by: Institute of Technology, Petronas Sdn. Bhd.

Year: 1999-2002

Project Cost: RM 300,000.00

Executive Summary :

Environmental Management Plan (EMP) is an environmental requirement to minimize impact of development to the
environment. This plan relates the Environmental Impact Assessment (EIA) of the development project to the policies
of regulating bodies. The Environmental Management Plan also outlined actions to be taken to ensure proper
environmental observations by all parties involved in the project. USM was appointed as the EMP consultant for
the development project of Universiti Teknologi Petronas and thus was responsible to monitor the environmental

adherence throughout the construction period until the project was handed over to the owner.

EMP ensures that the following impacts are minimized and control within the desirable limits and comply with all

applicable standard and guidelines:

)] Soil erosion and sedimentation
(b) Impact on water quality/pollution
(c) Impact on air quality/pollution
(d) Noise pollution

(e) Impact on ecology

(f) Impact from construction traffic




USM was responsible in preparing EMP report, conduct monitoring and auditing, conduct environmental training

to contractors and site inspections throughout the construction period. The scope of works included the following:

(a) Preparing Environmental Management Plan (EMP) as a proper environmental approach during project
implementation to conform with approved EIA report by DOE, EIA Condition’s Approval from DOE and related

Authorities and Contract Specifications.

(b) Review the mitigation and abatement measures proposed in the EIA report, and Erosion and Sediment Control
Plan (ESCP) by contractors.
(c) To set out a comprehensive program which forms the basis for implementing environment mitigation

measures, environment monitoring and environment auditing of the construction works by the Contractor.

(d) To ensure that the Contractor engaged by the Government comply with all applicable environmental standard
and guidelines, legislative requirements, limit values and other relevant conditions related to the environments
in the implementation of the project.

(e) To specify a detailed environment monitoring and auditing program to ensure that the Contractor and all
Sub-contractors comply with all stipulated requirements throughout the duration of the project.

(f To ensure all activities and operations of the Contractor are protected from any environmental impacts
throughout the construction phase of the project. It shall also include but not limited to environmental

monitoring, conservation and preservation and auditing activities.

Through close coordination and cooperation, the new campus of UTP was successfully completed in 2002. The

EMP was closely implemented at all stages of construction under the monitoring and guidance of USM.




Title: Experimental Work for Ecological Drainage Component
Type: Research Contract

Funded by: Tai Hoe Trading Sdn. Bhd.

Year: 2000

Project Cost: RM 50,000.00

Executive Summary :

Rapid development in Malaysia with the construction of new towns may change the hydrologic and hydraulic
characteristics of previously rural catchments. Flash flood and lower replenishment of groundwater may occur
downstream of the new development areas as a result of increase in impermeable areas. The main feature of
ecological drainage is the use of subsurface drainage modules acting as both stormwater conveyor and attenuation
agent. This report contains the study of drainage modules in order to determine their suitability and workability as

well as to confirm the specifications of these components under local condition.
The objectives of this study are:

. To test the hydraulic capacity of the drainage module

. To check the water quality improvement capability of the drainage module

The results show that the drainage module should be designed as pipe flow and the resulting turbulence causes

the DO level to increase with the distance as flow travels downstream.







Title: River Sediment Data Collection and Analysis

Type: Research Contract

Funded by: Department of Irrigation and Drainage (DID)
Year: 2000 - 2003

Project Cost: RM 410,000.00

Executive Summary :
This project report consisted of three Volumes and a guideline as stated below :

(a) Volume |: Main Report

9 Volume II: Sediment Transport Equation Assessment

(c) Volume lll: Sediment Size Distribution Curve

(d) Guideline: River Sediment Data Collection and Analysis

The principal objectives of the Study included the following:

(a) Establishment of a sediment transport database for alluvial rivers within a range of low and high flows for
a different landuse and development.

(b) Establishment of relationship between flows and sediment loads for the assessment of the stability of river
channel due to erosion and deposition for different type of catchment developments

(c) Establishment of relationship between flows and sediment loads for design and evaluation of new and

existing flood mitigation projects.

Data collections including suspended load, bed load, bed material and flow discharge had been carried out during the
Study. A total of 122 sets of data were obtained for the period of September 2000 to October 2002. The study sites
consisted of four rivers which were situated at Kinta River Catchment, namely Kinta River, Pari River, Raia River and
Kampar River. The sites for this Study were chosen based on the following criteria :

(a) Natural reach: Undeveloped upper or middle reach (< 30 % Catchment Development) - Kampar River@
KM34

(b) Natural reach: Developed middle reach (> 30 % Catchment Development) - Raia River @ Kampung Tanjung
and Batu Gajah

(c) Mcdified reach: Developed middle reach (> 30% Catchment Development) - Kinta River@ Ipoh, Pari River

@ Buntong and Manijoi

The data collection includes flow discharge, bed load, water-surface slope and bed material. Collected sediments were
analysed in laboratory through various testing such as dry sieve to determine the bed material size distribution and
mean sediment size (d50). Therefore, sediment characteristics of the studied river were determined. The evaluations for a
total of 346 data sets based on median sediment size (d50) have been performed using eight commonly-used sediment
tramsport equations. The performances of the equations were measured using the discrepancy ratio (DR), which is the
ratio of the predicted |ocdpto measured load (DR=predicted/measured). In this study, a discrepancy ratio of 0.5 to 2.0
(DR = 0.5-2.0) was used as a criterion in the evaluation of the selected equations. This information is useful for future
sediment transport modelling or other sediment related analyses.




Title: Application of Bio-Ecological Drainage System in Malaysia
Type: Research Contract

Funded by: Department of Irrigation and Drainage (DID)

Year: 2000 - 2004

Project Cost: RM 2,900,000.00

Executive Summary :
The final report consisted of four volumes and a monograph as stated below: :

o] Executive Summary

(b) Volume I: Concepts, Design and Construction
(c) Volume II: Data Collection and Assessment
(d) Volume llI: Publications

(e) Guideline: BIOECODS Design

Through smart partnership of Department of Irrigation and Drainage and Universiti Sains Malaysia, a new
stormwater drainage system was initiated. The Bio-Ecological Drainage System (BIOECODS) was meant to be a
pilot project that meets the requirement of Urban Storm Water Management Manual for Malaysia (MSMA). It was
designed for both water quantity and quality controls. As result of the partnership, BIOECODS was constructed at
Engineering Campus, Universiti Sains Malaysia, Nibong Tebal, Pulau Pinang and completed in December 2002.
BIOECODS represented an alternative to conventional stormwater management practice and was designed as
an environmental-friendly system based on “Control-at-Source” concept. The objectives of this pilot project were:

) Infiltration of stormwater from building, road and other impermeable areas
(b) Flow retardation of stormwater runoff
(c) Stormwater treatment

The components of BIOECODS system found in this site were ecological grassed swales, dry ponds and an
ecological pond consisting of wetpond, detention pond, wetland, wading river and recreational pond. Three
types of ecological swales were constructed namely Type A, Type B and Type C depending on the number of
modules available underneath the swale. Stormwater runoff was conveyed by ecological swales and dry ponds
to wet pond, detention pond and finally wetland for further treatment. The end product was expected to improve
the aesthetic values of the USM Engineering Campus with the existence of the “Crystal Clear Blue Water Lake” at
the downstream end of the system. Throughout the project, REDAC acted as the designer of the system and was
responsible for site supervision of the entire construction. Since completion, the BIOECODS was handed over to
USM, who in turn entrusted the responsibility of maintaining the system to REDAC. Now, REDAC is continuingly
maintaining, and monitoring the system to establish important stormwater database for the country.




Title: Flood Risk Mapping for Rivers in Malaysia Incorporating Sediment Transport in River Channel: Case Study
of Pari River, Ipoh

Type: IRPA RM-8

Funded by: Ministry of Science, Technology and the Environment (MOSTE)

Year: 2002 - 2005

Amount of Grant: RM 130,000.00

Executive Summary :
The objectives of the study were:

(a) To identify areas of flood inundation in Sungai Pari Catchment Area

(b) To provide better understandings on depth-of-flood details, spatial variation in flood risk mapping and
sediment transport based on hydrological, hydraulic and socio-economic factors for Sungai Pari Catchment
Area

(c) To produce digital flood risk maps for Sungai Pari Catchment Area that can be updated easily

Severe flooding has occurred in recent years at several parts of Malaysia, both as localized flash floods and as
basin-wide floods on major river systems. Some of the badly affected areas are situated at the river basins in Penang
(Juru River Basin), Pahang (Pahang River Basin), Terengganu (Setiu River Basin) and Perak (Kinta River Basin). By
their nature, floods are generated by the random coincidence of several meteorological factors but urbanization
of the river catchment can also have an impact on the severity and frequency of the events.

There is no particular attempt yet in Malaysia to provide digital flood risk maps taking into account of sediment
movement along the river channel. Ab. Ghani et al. (1998) attempted to quantify the effects of sediment movement
and corresponding cross-sectional changes in producing the flood levels. Successful applications of several sediment
transport models such as HEC-6 and FLUVIAL-12 indicated that the possibility of extending the obtained results in
mapping the flood prone areas by incorporating sediment transport bearing in mind the physical aspects of river
ability to change its boundary.

A sediment transport equation applicable for rivers in Malaysia was developed based on sediment data collection
carried out from 1994 until 2002. It was later embedded in a modified version of HEC-6 model and named
SEDFlood model. A userfriendly, menu-driven GUI for 2D and 3D digital floodplain delineation was developed
based on ArcView GIS and SEDFlood tight coupling procedure. Flood risk maps for the present and future land
use can be produced using the SEDFlood model GUI.




Title: Development of Soil Classification With Respect to Infiltration Capacity For Major Cities In Malaysia
Type: IRPA RM-8

Funded by: Ministry of Science, Technology and the Environment (MOSTE)

Year: 2002 - 2005

Amount of Grant: RM 170,000.00

Executive Summary :

Urbanization eliminates the natural storages of the watershed and changes permeable surface to impermeable
surface such as pavement and buildings roof. This leads to rapid increment in peak flow and runoff volume during
rainfall events. Consequently, flash floods happen in urban areas during short and intense rainfall. Department of
Irrigation and Drainage Malaysia (DID) had introduced the application of “at-source control” approach to solve
current flood problems in urban areas in year 2000. Infiltration system was one of methods that was proposed in
Urban Stormwater Management Manual for Malaysia (MSMA) to control peak flows and runoff volume.

The size of infiltration system and time for emptying the system are sensitive to infiltration coefficient. Hence, any
uncertainty in the selection of infiltration coefficient value may lead to significant inaccuracy in the design of the
system. However, infiltration coefficient is highly dependent on the in-situ soil condition. Factors influencing the
infiltration rate include the condition of the soil surface and its vegetative cover, the properties of the soil (such as
porosity and hydraulic conductivity), the current moisture content of the soil and the soil strata.

Unfortunately, database on infiltration coefficients for local soil conditions have yet to be established. Without this
database, designs have to be based on overseas infiltration coefficient (such as USCS soil classification for USA),
which may not be applicable for Malaysian soil at all. In fact, a comprehensive and systematic database of soil
classification with respect to its infiltration capacity for major cities in Malaysia is essential not only for infiltration
system designs but also for studying the applicable and effectiveness of infiltration system to control floods in both
the technical and economical aspects.

Based on the results of the infiltration tests carried out in this study, infiltration maps were plotted for Butterworth
and Universiti Sains Malaysia (USM) Engineering Campus, Nibong Tebal. The maps were plotted according to the
infiltration capacity of soil type for each area. The final output would provide invaluable information for stormwater
engineers when designing stormwater infiltration facilities in the future.




Title:The Development of Engineered Sediment Trap for Conventional Drainage System
Type:IRPA RM-8

Funded by: Ministry of Science, Technology and the Environment (MOSTE)

Year: 2002 - 2005

Amount of Grant: RM 150,000.00

Executive Summary :

Over the past few decades, human activities such as industrialization and urbanization have led to the increase in
magnitude of water pollution and thickness of sediment deposition in the exiting drainage system of the country.
This phenomenon has reduced the effectiveness of the urban drainage system that is built to convey surface runoff.
Therefore, a study on sediment size characteristics in existing concrete drain is essential at a preliminary stage to
develop a suitable solution for the maintenance of a conventional drainage system and hence avoids the possibility

of flash flood due to excessive sediment deposition in the drains.

Surveys had been carried out to determine suitable sites for the study. As the result, eight sites in urban area in
Malaysia had been selected to determine the sediment size characteristics in existing concrete drains. The sites
were located at Alor Setar, Ipoh, Johor Bahru, Kota Bahru and four sites in Seberang Perai, i.e. Chain Ferry,
Bandar Seberang Jaya, Taman Inderwasih Perai and Taman Perindustrian Bukit Tengah. The results of sediment
deposition data collection showed that sand and gravel were the major components that were found in the sediment
samples. This indicated that the sediment size distribution in study sites was mainly non-cohesive. The average size

of sediment in eight study sites varied from 0.5 to 1.2 mm.

In orfer to tackle this sediment issue, the study designed and proposed a gross pollutant trap (GPT) to trap sediment
and gross pollutants of stormwater coming from roofs, yards, roads or lawns in an urban area. Additionally, the
proposed GPT would include pollutants separation from flows by the energy of the water flow (self-cleansing

method). GPT is an engineered sediment trap designed to catch and remove litter, debris, and coarse sediment




from runoff. The main function of GPT is to keep coarse sediment out of ponds, protecting the vegetation at the head
of the pond from the smothering effects of sediment. It may also be used as the pretreatment for flow into a pond
or wetland to confine the area of deposition of coarse sediments. Besides coarse sediment, traps will also provide
some reduction in other pollutants with the installation of an additional device such as the removal of particulate

nutrients, trace metal, oil and grease, as well as reduction of bacteria and dissolved oxygen-demanding substances.

The GPT is an incorporated system consisting of silt trap a gross pollutant trap, which is capable to trap bed load
as well as removal solid waste from stormwater. Basically, it consists of two compartments namely on-line trap and

off-line trap.

The on-line trap is referred to a sediment trap combined with a primary trash rack, which is constructed inline with
the channel flow direction to treat stormwater at low flow season. It comprises a uniform channel with an expansion
extended from the existing drain and with a drop at sediment trap to reduce the flow velocity of the channel. It
is essential to slow down the flow velocity to encourage the settling process for sediment in particular. During
low flows, turbulence is not significant and the pollutant will remain in its original characteristics. Consequently,
pollutant that is denser than water will seftle or sink at the bottom of the sediment trap, whilst floating pollutants
will be removed from stormwater by the primary trash rack. This on-line trap was designed for up to stormwater

quality treatment recurrent interval (3 month ARI).

Offline traps are provided at the both sides of the on-line traps intends to treat stormwater during events exceeding
3 month ARI to cater to the large quantity of stormwater runoff. Besides, the offline trap also functions as the
secondary trap or back up trap, which is responsible to treat any stormwater runoff whenever the on-line trap is
clogged up. Thus, the excess water will overspill sideways into off-line trap, pass through the secondary channel
and then return into the main channel as outflow. Additionally, off-line trap channel is designed using self-leaning
principle. The pollutants will be intercepted by the screen and forced down it by a combination of the momentum

of the water and gravity, until it comes to rest in a waste collection bin and allowed to dry out for removal.
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Title: Hydraulic Capacity of Ecological Drainage System

Type: IRPA RM-8

Funded by: Ministry of Science, Technology and the Environment (MOSTE)
Year: 2002 - 2005

Amount of Grant: RM 140,000.00

Executive Summary :

The objectives of the study were:

(a) To defermine engineering parameters for design of ecological drainage system
(b) To determine hydraulic capacity of ecological drainage system
(c) To investigate effectiveness of ecological drainage system in peak discharge control

The major achievements in this study were the verification of Manning’s n values for eclogical drainage (bio-
retention swales), calibration of required parameters for SWMM modeling, and confirmation of swale capability
in flow attenuation for various rainfall events. The results confirmed the flow retarding effect of swale due to the
presence of grass along its hydraulic boundary. This was based on record observations and analyses of hydraulic
functions at selected sites of the BIOECODS in USM engineering campus over a five-year period (2003 — 2007).
This period of study covered various mangitude of rainfall events including 1-year, 2-year, 5-year, 10-year and

50-year Average Recurrence Interval (ARI) events.




Title:
Feasibility Study of Flood Mitigation and Drainage Improvement in Kampung

Tersusun, Juru, Penang

Type:

Research Contract

Funded by:

Seberang Perai Municipal Council (MPSP)
Year:

2003

Project Cost:

RM 90,000.00

Executive Summary :

The Study area Kampung Tersusun, Juru covered an area of 2.9 ha, which was situated in district of Seberang Perai
Tengah. Frequent flooding in the Study area had been a long-standing issue, which was of considerable concern
to the local government, MPSP. Consequently, River Engineering and Urban Drainage Research Centre (REDAC)
had been appointed by MPSP to carry out a feasibility study on flood mitigation and drainage improvement at the
study area. The study would review the actual situation and the subsequent immediate need for establishment of

proper drainage system in the study area.
The obijectives of this were:

(a) To study the flooding and drainage problems in the Study area.

(b) To propose feasible flood mitigation and drainage enhancement works for immediate implementation in
the Study area.

(c) To propose conceptual and preliminary designs of the proposed works including their layout and typical
designs of components and to determine the land acquisition requirements.

(d) To collect data and information required for the detailed design of the works.

Three flood mitigation alternatives were proposed with two main components namely construction of pumping

system and drainage upgrading.




Title:
Feasibility Study and Detailed Design of Flood Mitigation and Drainage

Improvement in Perai Industrial Complex

Type:

Research Contract

Funded by:

Seberang Perai Municipal Council (MPSP)
Year:

2003-2004

Project Cost:

RM 150,000.00

Executive Summary :

Seberang Perai, Penang is divided into three areas namely Seberang Perai Utara, Seberang Perai Tengah and
Seberang Perai Selatan. The study area was situated in Mukim 1, the district of Seberang Perai Tengah and was
known as the Perai Industrial Complex. Perai Industrial Complex was developed in early 70’s by Penang Development
Corporation (PDC) and was known as the biggest industrial site in Malaysia. This area covered Perai Industrial
Park (313.2 ha) and Perai Free Industrial Zone (127.9 ha). MPSP intended to upgrade the stormwater drainage
facilities for quantity and quality control in the study and surrounding area. Therefore, REDAC was engaged for
this feasibility study on drainage improvement in Perai Industrial Complex to study the drainage system and the

water pollution problems.

The principle objectives of the study included the following:

(a) To determine and evaluate the existing drainage systems and water pollution problems in the study area.
(b) To propose the drainage improvement plan for existing quantity and quality controls in the study area.
(c) To develop the conceptual and preliminary design including layout design and typical components and

the need of land acquisition.

(d) To collect data and information for detail design.

The preliminary wastewater quality study was conducted from November 2003 until January 2004. 18 stations
were established throughout the study area. Twenty three (23) parameters including those physical, chemical and
biological categories were monitored and the results were presented against the Standard B, EQA. The XP-SWMM
drainage model was used to study the hydraulic performance of the drainage in this area. It was found that while
most drains were large in size, the hydraulic capacity is low due to low gradient and tidal effect. Subsequently,

two alternatives were proposed for flood mitigation and water quality improvement for the study area.




Title:

Flood Mitigation and Detailed Design for Sungai Air Salak, Melaka
Type:

Research Contract

Client:

Perunding Azman, Ooi & Rao Sdn. Bhd.

Funded by:

Department of Irrigation and Drainage (DID), Melaka
Year:

2003-2004

Project Cost:

RM 90,000.00

Executive Summary :

This study was initiated to tackle the issue of overbank flooding in Sungai Air Salak, Melaka. The flood was caused
by inadequate river section to cater to the increased runoff and undersized crossings. Future development in this
catchment area may further aggravate the situation. As such, immediate measure for flood mitigation was required.
Through this study, various data collection and field works were carried out including site visits, field investigation
and general survey of the waterways. The collected information and data were then reviewed, sorted and cleaned
for further analyses. Then, the study proceeded with reviewing and evaluating the existing river system by carrying
out hydrological and hydraulic analyses including numerical modelling. Finally, river improvement alternatives were
formulated based on MSMA and other DID requirements.

The principal objectives of the study included the following:

) To study the flooding along the river.

(b) To propose feasible flood mitigation works for immediate implementation to cater for the river discharge.
(c) To prepare detailed designs of the proposed works and to determine the land acquisition requirements.
(d) To collect data and information required for the work.

Subsequently three river upgrading plans were proposed as alternatives based on the analyses and investigation
of this study.




Title: Rehabilitation of Existing Wetlands and Mining Ponds as an Ecological Park at DID’s Mechanical Section,
lpoh

Type: Research Contract

Funded by: Department of Irrigation and Drainage (DID)

Year: 2005

Project Cost: RM 210,000.00

Executive Summary :

In line with the implementation of the Urban Stormwater Management Manual for Malaysia (MSMA), the project
would be a showcase for development of ex-mining ponds as stormwater facilities in Perak and throughout
Malaysia. The study was a pilot project that rehabilitates the ex-mining pond into multi-functional facility, which
provide recreational, water reuse and stormwater retention functions. The study area consisted of DID Mechanical
Section, covering an area of 88 acres in the Kinta District, Ipoh, Perak. The study area was situated on a former
ex-mining land which consisted of sandy soil and was sparsely vegetated. The main features of the site were the
two ex-mining ponds, which were located in the vicinity of the buildings. There were also swampy areas along
the eastern border of the site and partially extended out of the premis boundary. The existing drainage system
was based on rapid disposal approach, which disposes the surface runoff to the roadside concrete drain before
discharging into River Kinta via a nearby pump station. The surface runoff from the open area flowed into the
two main ex-mining ponds which were connected to the River Kinta by earth drain. The ex-mining pond and the
existing wetland (swampy areas) were to be rehabilitated and restored into ecological ponds with multi-functional
uses. The planning and design into the restoration and rehabilitation of the ecological ponds were based on the

MSMA and fulfill the requirement of water quantity and quality control.




The obijectives of this Study were as below:

(a) To set-up an example and showcase of ex-mining pond rehabilitation and restoration as storm water

facilities in Malaysia.

(b) To study the existing hydraulic and hydrologic characteristics of existing ponds and the surrounding drainage
system.

(c) To evaluate the effectiveness of the proposed rehabilitation and restoration works

(d) To establish the data collection system to monitor the hydraulic, hydrology and water quality parameters
in the study area.

] To carry out the cost benefit analysis for the proposed system.

(f To establish the guideline for rehabilitation and restoration of ex-mining pond for stormwater and recreational
purposes.

The main components of the proposed integrated storm water, the Ex-mining pond 1, was designed as a regional
pond to control both water quantity and quality from the study site and the surrounding areas. The conveyance
system selected for the site was engineered waterway with features mimicking natural rivers. Stormwater runoff from
the botanical garden was conveyed to the engineered waterway via swale. Further treatment of stormwater runoff
was provided through a constructed wetland connected to the Ex-Mining Pond 1 via the engineered waterway.
The existing wetland was improved to provide treatment for runoff from surrounding areas. The Ex-Mining Pond 2
was designed as a community pond to control both water quantity and quality from the study site. An automatic
tidal gate was introduced at the downstream end before the runoff was discharged to Sungai Kinta. The design of
the project was completely based on MSMA by providing a series of treatment train for both stormwater quantity

and quality control.

The entire rehabilitation project was completed in 2007, with REDAC acting as advisor to the Government. This
rehabilitation project continues to provide an excellent example of stormwater management and rehabilitation

throughout Malaysia.




Title:

Independent Checker’s on Stormwater Management for Kolej Sains

Kesihatan Bersekutu Johor, Johor Bahru, Johor Darul Takzim
Type:

Research Contract

Client:

Ibuzawa Corporation Sdn. Bhd.
Funded by:

Public Works Department (JKR)
Year:

2003-2004

Project Cost:

RM 110,000.00

Executive Summary :

River Engineering and Urban Drainage Research Centre (REDAC) was appointed by the turnkey contractor, Ibuzawa
Corporation Sdn. Bhd. to act as an independent checker for the construction of stormwater management facilities
for Kolej Sains Kesihatan Bersekutu Johor. The Project area covered an area of 30 acres. The development was
located on Lot 8173 Mukim Tebrau, Daerah Johor Bahru, Johor Darul Takzim. It was located in the East of Jalan
Kempas Baru, on a hilly area. The main objective of this project was to evaluate and review the planning and
design of stormwater management facilities and erosion and sedimentation control plan of the Project and to ensure
that all the works are done in accordance with the Department of Irrigation and Drainage’s Urban Stormwater
Management Manual for Malaysia (MSMA). REDAC advised the consultant accordingly on the requirements of
MSMA and recommended methods of meeting such requirements. Subsequently the project was completed in 2004

and is continuingly servicing as an academic institution.




Title:
Design Option of the Flood Mitigation Plan of Sg. Muda, Sungai Muda,
Kedah

Type:

Research Contract

Funded by:

Department of Irrigation and Drainage (DID)
Year:

2006

Project Cost:

RM 200,000.00

Executive Summary :
The Flood Control Remediation Plan (FCRP) of Sg Muda was reviewed to study the possibility of enhancing the
proposed design. The objectives of this review were to:

(a) ensure that design cross-sections and alignment of the main river channel are economic, effective and
environmentally sound;

(b) propose alternative designs for identified locations to meet the above requirements;

(c) examine the long term river behaviour through model studies to minimise expensive repair works in future

resulting from the new alignment.

By constructing hydrologic and hydraulic model of the proposed design, REDAC, working in collaboration with
Prof Pierre Y. Julien, a river engineering expert from the Colorado State University, was able to put forward several
important findings. The current bund height proposed by the consultant was based on a 50 year ARI design
discharge of 1,815 cumecs plus freeboard. This design was found to be highly conservative and would surpass the
actual flows with a return period of exceeding 100 years. The main conclusion of this review was that the design
of the bund height shall be based on the maximum water level of the 2003 flood discharge of 1,340 cumecs plus
a one meter freeboard. The proposed channel widening in Alternative 2 of the consultant’s proposal also appears
not to be necessary. Channel widening would correspond to lowering of the bund height significantly if retained.

In addition, a plan to address the sand and gravel mining issues on Sg Muda was also strongly recommended to
ensure:

(a) stability of the proposed river bank protection structures;
(b) stability of the bridge piers at Ladang Victoria;
(a) operations of irrigation pumping stations.

Channel realignment was proposed at two sites fo increase flood conveyance and further lower the proposed
bund height. In-stream mining shall not be allowed between Ladang Victoria and the Muda barrage. Offstream
mining at a minimum distance of 50 m from the river bank could be permitted instead. With a design discharge
reduction of 25%, this study showed the potential for a very significant cost saving of this FCRP for Sg. Muda. These
recommendations were all based on Fluvial-12 sediment transport modelling by REDAC. REDAC also recommended
that a more detailed analysis of the reduced bund elevation to be carry out to study the effects of the reduced
design flood discharge and the proposed realignment. Also, the details on the locations and sand mining volumes
extractable from off-stream mining activities shall be examined.




Title: Drainage Master Plan for Tanjung Malim, Perak
Type: Research Contract

Funded by: Maijlis Daerah Tanjung Malim (MDTM)
Year: 2006-2007

Project Cost: RM 440,000.00

Executive Summary :

The study was commissioned by Tanjong Malim District Council (MDTM) to address the drainage issues and
problems in Tanjong Malim city area. This study shall also cover the immediate surrounding area set to undergo
landuse transformation from agriculture to commercial and industrial area as plan in the structure plan 2010.
The total study site covered an area of almost 2000 ha consisting of four main river catchment, all of which were
tributaries of the Sungai Bernam catchment.

The objectives of the study were:

(a) To formulate Drainage Master Plan for the project area up to the planning horizon of the structure plan
covering the following components: i) trunk drains and secondary drains in the existing built-up areas of
the study areq; ii) trunk drains for the remaining areas of the study area.

(b) To study the flooding and drainage problems in the study area.

(c) To propose conceptual and preliminary designs of the proposed drainage improvement works including
their layout and typical designs of components and to determine the land acquisition requirements.
) To propose feasible detailed design for urgent flood mitigation and drainage enhancement works for

immediate implementation in the project area.

REDAC carried out this study by first conducting thorough stormwater asset inventory, which was recorded in GIS
format. Water quality monitoring and rapid ecological assessment were conducted during field works. These data
were sorted out, filtered, cleaned and were used in further analyses. Hydrodynamic model was set up to evaluate
the performance of the existing river and drainage system, and to identify the causes of any current issues. Future
development scenario was also considered. Finally, stormwater master plan was drafted based on the findings of
the analyses. The master plan was thoroughly debated several rounds at local council level involving all stakeholders
before being finalised. The final master plan included both structural and non-structural parts measures to control and
manage stormwater efficiently. As part of the scope of work, REDAC also prepared a full set of detailed engineering
design for the immediate flood mitigation work of Sungai Berop (one of the four river system in the study area).




Title: Consultancy Services to Evaluate the Proposed Flood Preventive Works to be Taken Subsequent to the December
2006 - January 2007 Floods Study on River

Type: Research Contract

Funded by: Economic Planning Unit, Prime Minister’s Department

Year: 2007

Project Cost: RM 200,000.00

Executive Summary :

On the 239 May, 2007, the Government of Malaysia had agreed on an RM941.5 million flood preventive works
to address the effects of extreme floods, which hit the southern states of Johor, Melaka, Negeri Sembilan and
Pahang between 19" and 24" December, 2006 and between 11" and 17" January, 2007. On 3 July, 2007,
USAINS Holding Sdn Bhd through River Engineering and Urban Drainage Research Centre (REDAC) was officially
appointed to undertake a technical evaluation of the proposed flood preventive works identified by Department

of Irrigation and Drainage (DID) and Public Works Department (JKR) for the prevention of floods in affected states.

The objective of the study was to carry out a technical evaluation of the proposed immediate works, amounting
to RM 941.5 million, as identified by Department of Irrigation and Drainage (DID) and Public Works Department
(JKR) for the prevention of floods in the affected states of Malaysia as a result of the December 2006-January
2007. Evaluation team were dispatched to the states involved namely Johor and Sabah, to evaluate the actual
flood damage, urgency, appropriateness and cost-benefitial of the recommended projects by DID and JKR. On the
advice of REDAC, the recommended works were prioritised. Minor changes on the nature of mitigation and repair
works were made, while some urgent works being initially overlooked or leftout were relisted. Finally, the Cabinet

approved the proposal and the much needed fund were released to support the flood recovery in affected areas.




Title: Drainage Improvement from Maktab Perguruan Melayu Melaka to Taman Peringgit Jaya, Melaka
Type: Research Contract

Funded by: Department of Irrigation and Drainage (DID)

Year: 2007-2008

Project Cost: RM 260,000.00

Executive Summary :

The Study covers a catchment area of 133.5 ha including Institut Perguruan Perempuan Melayu (IPPM) Melaka.
This area is surrounded by housing estates and villages, including Kampung Durian Daun Dalam, Kampung Mata
Kucing, Taman Peringgit Jaya and Taman Seri Cempaka. The main drain that pass through the catchment area
evolved from earth drain at upstream to concrete drain in the institute Perguruan’s compound, and exited into earth
drain again before discharge to Sungai Melaka. As a result of undersized local drains and culvert, low platform
level in the Study Areq, tidal effects, lack of maintenance for the existing drainage system caused by shrubs,
sludge and rubbish, flash floods occur in most parts of the study area. The floods usually last more than 2 hours,
and the current facilities can no longer withstand the increasing runoff. In addition, the contribution of grey water
from existing residential areas has caused degradation of water quality in the existing water body, and therefore
stormwater management facilities are needed to counter for the flooding faced by the population in this area and
to ensure clean discharge water to Sungai Melaka. The Stormwater Management Facilities to be constructed are

for an area alongside the main drain which often facing flooding problems.




A 2.28 KM in length and 7 m in width drain from Institute Perguruan Perempuan Melayu (IPPM) Melaka to Taman

Peringgit Jaya have been identified for the construction of stormwater management facilities. The objectives of the

study are:
. To implement stormwater facilities in the Study Area.
. To upgrade the effectiveness of the existing stormwater infrastructure network.
. To provide control structures against excessive sediment and floatable rubbish in watercourses.
. To construct stormwater collection and conveyance systems.
. To develop the Stormwater Asset Inventory System.

This project was proposed with the prime objective to set-up an example and showcase of the application of
MSMA for urban stormwater management and flood prevention project in Malaysia, particularly in the state of
Melaka. It was also aimed to study the existing hydraulic and hydrologic characteristics, as well as the water quality
conditions of an urbanized drainage system subjected to flood and tidal effects. The drainage system proposed
for the development area has been designed to comply with the new guidelines of Department of Irrigation and
Drainage (DID), Urban Stormwater Management Manual for Malaysia or MSMA. The design system includes
several components namely engineered waterway, resizing of culverts, constructed wetland and pumping station
to cater for the future development discharge generated from the development area. Most of the concepts are
modified from Integrated Sustainable Urban Drainage System (SUDS) options. Effects have been made to ensure
no recurrence of flooding after the project is completed. Further improvement of water quality is expected with the

construction of constructed wetlands.




Title: Study on River Sand Mining Capacity in Malaysia
Type: Research Contract

Funded by: Department of Irrigation and Drainage (DID)
Year: 2007-2008

Project Cost: RM 950,000.00

Executive Summary :

The present study covers three rivers i.e Sungai Muda, Sungai Langat and Sungai Kurau that have different level
of sand mining activities. Sungai Muda has a long history of sand mining activity along the upper reach. Sungai
Langat recently has been a major source of sand for construction with the development of Putrajaya. Fewer activities

of sand mining are on-going in Sungai Kurau at the upstream of Bukit Merah wreservoir.

The objectives of the present study include the assessment of the river morphology, hydrological and sediment
transport modelling and development of river register database. Field works on selected sites for the three rivers
were made to assess the capacity of the river to convey both water and sediment. Data collection on bed material
was made to characterize the physical characteristics of sediment responsible for sediment transport that determines
the river response in terms of erosion and deposition. The three rivers clearly have the bed material size in the

sand-gravel ranges based on the collected data in the present study.

The replenishment rate as defermined from the measured sediment rating curves for the three rivers show that a
steeper curve is obtained for Sungai Langat as compared to Sungai Muda and Sungai Kurau. Hence, it is expected
that Sungai Langat has a good replenishment rate for the purpose of sand extraction compared to Sungai Muda
and Sungai Kurau. A detailed sediment transport study at six sites for each river was conducted to determine the
suitability of existing sediment transport equations for use in the selected sediment transport models. It was found
that Yang and Engelund-Hansen equations are able to predict the trend of sediment transport for the three rivers.

Hydraulic and sediment transport modeling study were carried out to determine possible location of deposition




along the three rivers in the present study. The depth and volume of deposition will in return determine the viability
of sand extraction taking into account the ability of the rivers to replenish the sediment. Three models were used

for this purpose: HECRAS, FLUVIAL-12 and SWAT.

Proposals on the minimum level or “redline” and maximum level for sand extraction are given based on the
HECRAS modelling results. It is proposed that the minimum depth of the excavation or redline must be at 1 m
deposition above natural channel thalweg elevation while the maximum allowable mining depth is 1.5 m. The
extraction is allowed for the whole active channel width after taking into consideration of the required setback to
avoid bank erosion, and buffer zone encroachment. Allowing the channel wide extraction will increase the volume
of the extraction for a particular site. Hence, few mining sites are allocated for each river which will minimize
the disturbance to river equilibrium and environment. Based on the sedimentation trend as predicted by HECRAS
model and after applying the 1 m redline, it can be concluded that Sungai Langat is viable for sand extraction
purpose while Sungai Kurau should be prohibited from any sand extraction activity. Since Sungai Muda is being
widened for flood mitigation purpose, it is recommended that deposition should be allowed to occur first after a

major flood before any sand extraction activity is allowed in the 40-km lower part of the river.

Comparisons with the existing DID guidelines on sand mining were made based on the modelling results. As
a result, a new guideline on river sand mining management is included in this final report that emphasizes the
impacts of sand mining and several recommendations for a sustainable sand extraction, including discussions on
appropriate extraction methods and sites adopted from overseas experience. Flood plain mining is also proposed
as an alternative to in stream mining. Also, Geographical Information System was utilized for the study areas in

the development of river register database.




Title: Stormwater Management and Drainage Master Plan Study for the Town of Tanah Merah, Kelantan
Type: Research Contract

Funded by: Department of Irrigation and Drainage (DID)

Year: 2007-2009

Project Cost: RM 990,000.00

Executive Summary :

Tanah Merah town is located in District of Tanah Merah with a total catchment of 64 km?. The lack of the proper
drainage system has caused some areas to be flooded during intense storm. The situation has been even worst
during the monsoon where the overflow from the Sungai Kelantan will backflow into the lowland areas through
the several stream in Tanah Merah. A part from that, the uncontrolled physical development and human growth
has cause the deterioration of water quality and loss of natural ecosystem. Therefore, a drainage and stormwater
management master plan for the area of town Tanah Merah is needed to address these water-related problems

and at the same time complements the development ambition of the town.

In order to achieve the objectives, analyses were carried out to investigate the severity of existing issues and

potential risk in the near future. The stormwater analysis carried out includes:

J Intensity-Duration-Frequency (IDF) Curve Development
. Catchment Delineation and Hydrological Assessment
. Hydrodynamic and Flood Modelling

. Stormwater Pollutant Loading Estimation

Based on the outputs from the analyses, a comprehensive stormwater master plan was established to cover water
quantity and quality aspects of stormwater management in Tanah Merah. The master plan was divided into two parts,

i.e. structural and non-structural master plan. Structural master plan consists of all proposed structural stormwater




infrastructure to cater to existing and future design stormwater requirements. The proposed infrastructures include
detention facilities, urban drainage, waterway upgrades, water quality facilities and outlet control gates. Non-
structural master plan covers recommendations for stormwater management. This includes recommendations on land
use planning (green area conservation, flood zoning, and resettlement), stormwater operation and maintenance
requirements, policy on low-impact development, as well as flood response and management. The entire plan was
also provided in a Geographic Information System (GIS) system together with Stormwater Asset Inventory System

developed on the same platform.

The procedure of work was made up of 3 general phases, data collection, analyses, as well as design and planning.
The study kicked off with data collection process to gather all relevant information and data required for analyses.
Data Collection can be divided into desk work and field works. Desk work includes gathering of all published data
including rainfall and stream flow records, Light Detection and Ranging (LIDAR) data, land use maps, satellite images,
and soil data. Related reports and studies are also reviewed, including the existing municipal Local Plans, flood
reports, and as built drawings. The study team carried out a series of field works to complement data collection.

These field works provided additional data to those collected through desk work.

The project consists of five volumes as stated below:
(a) Volume I: Executive Summary
(b) Volume Il: Introduction & Data Collection
(c) Volume lll: Hydrological & Hydraulic Analyses
)] Volume IV: Water Quality Assessment

(e) Volume V: Stormwater Master Plan




Title: River Inventory and Monitoring Project (RIMP)

Type: Research Contract

Funded by: Ministry of Natural Resources and Environment (NRE)
Commissioned by: Sarawak Rivers Board (SRB)

Year: 2008-2009

Project Cost: RM 300,000.00

Executive Summary :

Rivers in Sarawak are appreciated for their natural features and abundant resources, including sand, water,
food, for transportation, fisheries resources, wildlife both in aquatic and biotic biodiversity, tourism, recreation,
and increasingly, for their aesthetic value. The utilization of riverbanks and riparian areas are necessary for the
economic development of the State. Along many rivers in Sarawak, industries such as timber and wood based, ship
building, sand mining, food processing, agriculture products processing, river is sourced for transportation, water
and other needs. However, these industries together with water from households and food outlets (e.g. markets,

food centres, restaurants and etc.) generate pollutants into the river if not regulated accordingly.

With the inception of Sarawak Rivers Board (SRB) in 1993, 35 rivers have been gazetted under the Sarawak
Rivers Ordinance, 1993. The ordinance and companion regulations provide the guideline for riverine transport
systems, abstraction of natural resources, usage of the riparian and riverbank reserves and prevention of river

pollution from various sources like vessels, ship wreckages and riverbank industries.

The River Inventory and Monitoring Program (RIMP) that will be carried out is a depository of riverine information
and a clearing house whereby the public can seek information and data on Sarawak’s rivers. The River Inventory

means the remuneration and monitoring of main riverine activities, river profile and morphology. The scope of the




RIMP will include the set-up of a River Information Centre whereby the programme will be developed and linked
info various systems such as continuous flood warning and telemetry system, river hydrology and morphology,
water quality surveillance system, models of river Inprovement projects and river basin management and riparian

auditing proposal.

A database and RIMP website for this River profiling and Inventory Program have been suggested. The database
is suggested according to the project objectives and it is expandable to include a wider scope of interest in
future. On the other hand, the suggested RIMP website is to provide an interface so that information stored in the
database can be provided to interested parties. The website would consisted of 10 components (Home, General
Information, River Profiling, Flood, Navigation, GIS, Newsroom, Publications, Webcams and Contact) which
provide information related to Sg. Sarawak and a number of internal/external links in which extra useful data

and information can be obtained.

A Sungai Sarawak basin-wide model is developed using the InfoWorks software. Flood mapping of extreme events,
like the 50-year return period flood in February 2003, and 100-year return period floods in January 2004 and
January 2009 floods have been computed to give insights to the river processes in Sungai Sarawak. The modeling

results would be useful for decision support purposes in river basin management.

Based on the existing network facilities and system requirement, the most suitable Server and Network devices
have been proposed to ensure sufficient data storage capacity, bandwidth for proper transmission of data and

web streaming (e.g. from telemetry stations to server and from server to cloud), efc.




Title: Preparation of Design Guides for Erosion and Sediment Control in Malaysia
Type: Research Contract

Funded by: Department of Irrigation and Drainage (DID)

Year: 2008-2009

Project Cost: RM 1,000,000.00

Executive Summary :

Heavy tropical rainfall and highly erodible soils in Malaysia have caused severe erosion and subsequently
sedimentation. Worse, extensive land clearing for construction has increase erosion rate, causing more sediments
to end up in rivers, deteriorating water quality and destroying ecosystem. Malaysia cannot avoid from having
erosion and sedimentation problems as many parts of the country are experiencing rapid development, e.g. land
clearing for urban developmet, logging, and agriculture. While these activities are necessary for the development
of the country, regulatory efforts to minimize erosion and sedimentation problems should not stifle economic
development planned for attaining a developed country status by year 2020. Therefore, an erosion and sediment
control procedure/guideline similar to that available for users in United States of America is needed for estimating
general erosion rates and sediment yields specific to any particular site in the country. In principle, the procedure
to be developed should be based on generally accepted equations for soil loss i.e. USLE, MUSLE, RUSLE etc. in
which the variables involved are obtained through standardized charts and tables (e.g. erosivity chart based on
rainfall characteristics, tables of erodibility based on local soil characteristics, tables of slope length and gradient,
tables of land use practices or ‘C’ factor, tables of management practices or ‘P’ factor, and etc.) for ease of
use in the country. DID saw the need for a standard procedure estimate soil loss and sediment yield based on
Malaysian condition. The estimation is important to provide better design for erosion and sediment control BMPs
(Best Management Practice) at construction sites and to prepare the Erosion and Sediment Control Plan (ESCP). The
consultant was engaged to produce a standard design guide for soil loss and sediment yield estimation, designing

of BMPs and preparation of ESCP.




The objectives of the study are:

. To enable engineers and planners to have access to a single standard procedure to calculate
erosion and sedimentation rates at any site in the country, primarily for the purpose of controlling
erosion and sedimentation during the earthworks stage of construction.

. To enable engineers to have expertise in designing control structures like sediment traps and basins

using available historical records of rainfall for Peninsular Malaysia and soil series/type data.

The main task was to produce local values for the Universal Soil Loss Equation(USLE) and Modified Soil Loss Equation
(MUSLE) parameters. Rainfall Erosivity (R) factor was developed from 10-minute rainfall data covering the latest
10 years for 241 hydrological station in the Peninsular, Soil Erosivity (K) factor was determined for 72 major soil
types in Malaysia, and Crops Management (C) and Support Practice (P) factors were compiled and improved
from various literatures. The final output was a set of local values ready to be used for soil loss and sediment yield

estimation for Malaysia.

The Consultant also reviewed the design procedure and criteria for many commonly used erosion and sediment
control BMPs. The new design has a more practical approach, where unnecessary/ over stringent criteria were
omitted. Finally, the design guide also prepares user for the preparation of ESCP. The legalisation requirements,
contents, and procedure in preparing a comprehensive ESCP were clearly explained. Examples were provided

on design of BMPs and preparation of ESCP to enhance understanding.

The project consists of two volumes as stated below:
. Guideline for Erosion and Sediment Control in Malaysia

. Final Report




Title: Flow Resistance and Discharge Estimation for Flooding Rivers
Type: e-Science Grant

Funded by: Ministry of Higher Education (MOHE)

Year: 2008-2010

Amount of Grant: RM 220,000.00

Executive Summary :

In analysing flow through river channels, one of the most common tasks of a river engineer is to make estimates
of discharge based on an estimated, recorded or simulated water level. This is very important not only to ensure
sufficient water supply and waste disposal efc. During low flow, but also for practical purposes such as flood
forecasting and flood mitigation during overbank flow or extreme water level. For inbank flow, the theroretical
determination of the state-discharge relationship at given cross-section of a river is a straight forward issue. It is
sufficient, in general, to use the overall hydraulic radius as the parameter, which characterizes the properties of the
cross section. It is then possible to calculate the discharge through the channel from one of a range of well-known

uniform flow formulas (such as manning or Darcy-Weisbach) in term of the channel roughness, slope and depth.

However, once the river is in flood and flowing out-of-bank, it becomes much more difficult due to the complex 3D
turbulent structure and interactions existed at the interface region between main channel and flood plain. These
inferactions, i.e. momentum transfer and apparent shear can significantly reduce the discharge capacity of a river.
Due to this reason, traditional flow equations and methods in overbank flow discharge estimation were found to
be not very accurate, and may lead to serious over-or underestimation of discharge capacity. This has become the
subject of considerable researches in the past 30 years focusing on various aspect of compound channel such as
flow distribution, stage discharge relationship, surface roughness, apparent shear, discharge estimation, and etc.
Various methods as well as empirical formulas have also been proposed for overbank flow calculation. Unfortunately,
none yet commands wide spread acceptance. The main reason for this is that most of the previous researches are
based on small, and some in large-scale laboratory investigations, with certain idealized conditions, i.e. uniform
cross-section, flood plain topography, surface roughness and bed slope etc. Under such conditions, the equations
derived will not be generally applicable. In this case, field study of flooding river channels would be the best way to
further understanding of overbank flow, as well as evolving accurate methods of discharge prediction. Unfortunately,
fieldwork is rare, partly because compound channel flow conditions occur typically under flood conditions when
acquisition of data is difficult and sometimes dangerous. Therefore, this study is proposed to study the hydraulic

characteristic and to derive a reliable method for discharge estimation of flooding river.

The stage-discharge relationship (H vs. Q) for overbank flow is of great practical importance, as it not only links
discharge with water level in flood routing models, but also it is frequently used to obtain estimated of flood discharges
at extreme water level for practical purposes. Therefore, this study has been proposed for river engineers to estimate
more accurately the discharge in flooded natural rivers, and hence provides the engineering community with a
reliable method for flood forecasting and flood mitigation projects. At completion, this study can also be extended
to developed a hydraulic or hydrodynamic model for inbank and overbank flow of open channels. The development

of such model which account for the interaction of main channel and flood plain flow, and based on extensive

laboratory, as well as field is very important for open channel hydraulic as well as for practical purposed in future.




Title: Detailed Design of Stormwater Management Facilities for Kulim High-Tech Industrial Park, Kedah
Type: Research Contract

Client: Abadini Integras Engineers Sdn. Bhd

Funded by: Department of Irrigation and Drainage (DID)

Year: 2009-2010

Project Cost: RM 250,000.00

Executive Summary :

The Kulim Hi-Tech Park (KHTP), which was officially opened in 1996, is the first high technology industrial park
in Malaysia. The Park is located at Kulim, Kedah Darul Aman, covering a land area of approximately 1,700
hectares (approximately 4,000 acres). It was identified as the main industrial hub of the northern region, together
with Bayan Lepas in Penang. Unfortunately due to rapid development, stormwater has increasingly becoming an
issue with localised flash floods occurring as a result of heavy rainfall. Even worse, the excessive amount of runoff
from KHTP has been adjudged to cause flooding downstream of the development by many locals. Apart from that
excessive sediment due to uncontrolled land development is also an alarming environmental issue in the area.
REDAC working in association with Abadini Integras Engineers Sdn Bhd was appointed on 4" Novemebr 2009, to
provide consultancy services for stormwater management in Kulim High Tech Industrial Park in Kedah This 8-month
study covered stormwater analyses, detailed design and production of tender drawings and documents to improve
the stormwater system in KHTP.

Firstly, a hydrodynamic model (InfoWorks CS) was built and used to assess the stormwater system performance of
the study area. Despite having 13 detention ponds in the study area, runoff was found to be significantly higher
in existing condition compared to the pre-development state. The root was traced down to the ineffective detention
control provided by the ponds. Some detention ponds provides as little as only 10% flow reduction due to oversized
outlet structure, on-line configuration and excessive sediment deposition. A plan was drew up to retrofit all these
underperform ponds by redesigning the outlet structure, desilting and re-profiling the ponds. Water quality control
elements were also introduced to the site by incorporating water quality capture volume, aquabench (aquatic/
wetland plant species along water fringe) and gross pollutant traps. Again, hydrodynamic modelling was used to
verify and gauge the performance of the retrofitted ponds. Overall catchment runoff control was found to achieve a
better level, with most ponds providing at least 40% of runoff reduction under various design rainfall. The proposed
upgrades were divided into construction projects where engineering drawings and tender documents are being
prepared and submitted to DID.
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Title: Studying the Role of Flood, Soil Erosion and Sediment Control of Paddy Fields in Muda Irrigation Scheme, Malaysia
Type: Research Contract

Funded by: Ministry of Agriculture and Agro-based Industry, Malaysia

Year: 2009-2010

Project Cost: RM 250,000.00

Executive Summary :

Paddy fields are found majority in the Asian regions where it contributes staple food i.e. rice which are consume by almost
half of the world’s population in this region. Paddy fields have multifunctionalities or multiple roles (e.g. food production and
security, flood control, water purification, social economic improvement, preservation of soil erosion, cultivation of ground
water, habitats of aquatic animals, reduction of nitrogen content in irrigation water, climatic mitigation agro and eco-tourism
and amenities, cultural and education, efc..) which are important to Malaysia as a whole. The Consultant was appointed by
Ministry of Agriculture and Agro-based Industry Malaysia to conduct this study, concentrating on the capacity of paddy fields
in providing flood, sedimentation and erosion control. The study was conducted in selected paddy plots in Pendang, Kedah,
which is under the Muda Irrigation Scheme, operated and managed by Muda Agricultural Development Authority (MADA).

Monetary assessment was later added to the study scope for the quantification of such functions in terms of monetary value.

The study kicked off by field works and site data collection including field survey, river gauging, soil tests, water quality tests,
efc. The study was conducted in two scales, first the macro scale studied the flood and sediment control functions at a regional
level, i.e. the contribution of collective paddy fields as a single subject of study. A micro scale study was also carried out to
examine the contribution of individual paddy fields in these functions. At both scales, flood and sediment control are conducted
separately. Flood control at macro scale was studied by a flood hydraulic model, examining the importance of paddy field in
flood attenuation when a river overflows. The sediment control was examined by 1D sediment transport model, an extension
to the developed hydraulic model to examine the capacity of paddy field in aiding sediment seflement away from flood water.

The analysis on micro scale for flood control was carried out by water budget analysis of 3 individual paddy plots to determine
the relation and capacity of paddy field in regulating local hydrology and hence, prevent flood through retention of stormwater
runoff. The sediment control function at micro scale was studied by monitoring the total suspended solids content in irrigation
water at various part of a paddy field across a planting season. Eventually, the study found that at both macro and micro scale,
paddy field play a significant role in flood and sediment control in the study area. A monetary assessment carried out using
Cost Replacement Method (CRM) projected that paddy fields across the country might contribute RM 284 million and RM 7
million in flood and sediment control annually to the country.




Title:

Preparation of Urban Stormwater Management Planning and Design

Standard for Malaysia and Second Edition Urban Stormwater Management
Manual for Malaysia (MSMA Made Simple)

Type:

Research Contract

Client:

PWM Associates Sdn. Bhd.

Funded by:

Department of Irrigation and Drainage (DID)
Year:

20092010

Project Cost:

RM 250,000.00

Executive Summary :

Conventional drainage system in Malaysia, is based on the first urban drainage manual “Planning and Design
Procedure No.1: Urban Drainage Design Standards and Procedure for Malaysia”, which was published by DID
in 1975. This manual has been used as a guideline for more than twenty-five years. However, there have been
many new technological developments in urban systems, making the manual less relevant. Conventional drainage
system, unfortunately has led to increase in the occurrence of flash floods. Additionally, open drainage contributes
to more polluted river as there are little or no water quality treatment or control. Therefore conventional drainage
is no longer an effective measure in tackling present stormwater issues. Due to this concern, Department of
Irrigation and Drainage (DID) Malaysia took a proactive step by introducing a new Manual known as the Urban
Storm Water Management Manual for Malaysia (Manual Saliran Mesra Alam or MSMA)). From 1+ January 2001
onwards all new development in Malaysia must comply with new guideline that requires the application of Best
Management Practices (BMPs) to control stormwater runoff from the aspect of quantity and quality runoff to achieve
zero development impact contribution. The implementation of the new manual was expected to help in preserving

the natural river flow carrying capacity.

After ten years time lapse, the Department of Irrigation and Drainage decided that it is timely for the first edition to
be improved. The MSMA 2" Edition is an improved version of the 1¢ Edition that provides planning and design
guidance to those involved in the management of stormwater. This manual has twenty (20) chapters that accompanied
by two (2) annexures. The 2 edition of the Manual was accompanied by the Malaysian Standard Code of Practice
on Urban Stormwater Management, in separate publication. This code of practice will serve to enforce the design
practices contained in the Manual. REDAC was invited to co-produce this new edition of MSMA. In all, REDAC was
in-charge of producing é chapters including swale, engineering waterways, wetlands, bio-engineered channel,
hydraulic structures, as well as erosion and sediment control. Annexure on plant selection for stormwater BMPs was
also entrusted to REDAC. In these chapters, existing design requirements and procedures from the first edition of
the manual were reviewed to identify weakness and room for improvements. By also examining overseas manual
and current advances in stormwater management, the existing chapters are updated and improved accordingly.

All these chapters were also provided with step-by-step calculation example to facilitate future users.




Title: Proposed Construction and Completion of FreshwaterLaboratory Complex, Tasik Chini, Pekan, Pahang Darul
Makmur

Type: Research Contract

Client: UKM Perunding kejuruteraan & Arkitek Sdn. Bhd.

Funded by: East Coast Economic Region Development Council (ECERDC)

Year: 2011

Project Cost: RM 15,000.00

Executive Summary :

REDAC was officially appointed as specialist consultant for stormwater management by UKM Perunding Kejuruteraan
dan Arkitek Sdn Bhd, a fully owned subsidiary of Universiti Kebangsaan Malaysia, to advice on stormwater
management in their proposed development of Freshwater Laboratory Complex in Tasik Chini, Pekan, Pahang.
The scope of work involved designing stormwater management system in the said premise. After detailed site
investigation, REDAC put forward a stormwater system which consisted of a on-site detention and a mini constructed
wetlands. The unique feature of this design was the constructed wetlands, which was designed to receive both
stormwater runoff and sewage treatment plant discharge. It was upon special request by the developer to safeguard

the natural environment of Tasik Chini should the treatment plant malfunction.




Title: Accredited Checker on Stormwater Management for Master Plan of Proposed Township Development at
Mukim Terbau, Johor Bharu, Johor

Type: Research Contract

Funded by: Glenmarie Properties Sdn. Bhd.

Year: 2011

Project Cost: RM 25,000.00

Executive Summary :

In early 2011, Glenmarie Properties Sdn. Bhd. (GPSB), a fully own subsidiary of DRB-HICOM embarked in initiating
an eco-friendly township development namely Glenmarie Heights on Lot PTD68903, PTD68905 and PTD99396,
in Tebrau, Johor. This 613.25ha township was designed on the concept of connectivity at personal and virtual
level, which is driven by ample amenities and sustainable development. 87% of the site is below 152 slope, hence
suitable for urban development with minor earthworks. The site is presently oil palm estate, and is served by one
large catchment which covers 55% of the site, along with 14 other smaller ones. This site is strategically located
within near approximation with major infrastructure of the state such as highways, economic centre, universities

and airport.

The main design principle, i.e. sustainability aims to develop this site via: 1) adoption of the green building indices
and the use of alternative energy sources, 2) connectivity via walkway, bikeway, recreational centre and schools, 3)
Safety and security though Community, Protection Through Environmental Design (CPTED). In-line with such design
concept and principles, GPSB with the advice of REDAC has agreed to adopt the Bio-Ecological Drainage System
(BIOECODS) in the site. REDAC was appointed as the accredited checker for stormwater master plan design during
the planning stage (Approval for Planning) of this development proposal. Subsequently, approval was granted by
the local authorities on September 22, 2011, and BIOECODS was agreed to be implemented throughout the site.




Title: Urban Water Cycle Processes, Management, and Societal Interactions: Crossing from Crisis to Sustainability
Type: Long Term Research Grant Scheme (LRGS)

Funded by: Ministry of Higher Education (MOHE)

Year: 2011-2014

Amount of Grant: RM 6,000,000.00

Executive Summary :

Malaysia faces serious challenges in urban water management. In terms of stormwater management, even with the
infroduction of MSMA in 2000 (Urban Stormwater Management Manual for Malaysia), many new technologies
have yet to be studied in depth especially the interrelation between water quantity and quality. Water pollution
originates from many human-induced actions such as effluents from industrial wastewater, land use changes and
urbanisation. There is an emerging trans-disciplinary approach that utilises the understanding of relationships
between hydrological and biological processes to improve water quality, biodiversity and sustainable development
at the catchment scale. The approach implementation is based upon restoration and optimization of the ecosystem.
This approach is based on three fundamental, i.e., synergising catchment water cycle and dynamic of its biotic
component, harmonizing existing and planned hydro-technical solutions with ecological biotechnologies, and
integrating complementary synergistic measures of all scales. Moreover, stormwater runoff is seen as a potentially
valuable water resource (and not as a waste product) that requires sustainable management. This philosophy is
in contrast to the traditional management of stormwater further downstream in the catchment; e.g. construction of
dams within river valleys for flood control purposes.

Despite being touted as a “water-rich” country, the water equation in Malaysia has radically changed from one of
relative abundance to one of relative scarcity. Population explosion, rapid urbanisation, agricultural expansion,
industrialisation, tourism and other developments are imposing excessive demands and pressures on our water
resources. At the same time, water availability is depleted by pollution. All these seriously threaten Malaysia’s
water security. Traditionally, water problems in the country is tackled with the Water Supply Management (WSM)
approach which is based solely on technology without addressing the human issues that are really the root causes
of these water problems. Water Demand Management (WDM) has been shown to be highly effective in many
countries and Malaysia can, and must adopt WDM. Even a small 10 % of water savings can effectively reduce
pressures on our water systems and defer construction of new water infrastructures, thereby saving the country

CAPEX. This is the rationale for embarking on the study of urban WDM vis-a-vis WSM.

The proposed programme puts forward the concept of sustainability in urban water management. The aim is to
tackle urban water issues in a holistic manner by focusing on the critical issues related to providing an integrated
solution framework so that water remains as a renewable and accessible resource not only for current population,
but also for the future generations. This proposed programme brings together a collaborating group of experts
and researchers with proven track records from major institutions of higher learning. The programme consists
of 5 research projects that tackles specific problems/ challenges in the supply and demand of water in urban
environment from all fronts.

On the technical front, the program introduces 3 research projects to tackle the water shortage and pollution
issue through fundamental research in stormwater bioretention (Project 1) and wetland (Project 2) facilities, as
well as wastewater treatment technologies (Project 4). There are many benefits in the application of bioretention
and constructed wetlands including hydrology regulation, water treatment, and replenishment of water resource
(especially critical in drier months when source of water is scares). The present design guides are directly borrowed
from overseas (not technically proven in Malaysia) resulting in poor performance and facility failure. The research
will reinvestigate the fundamentals of hydrology, hydraulic, environmental science and soil-water-plant relationship,
to establish design guides that are conclusive and integrated. This will create facilities that not only function to

treat stormwater, but are able to provide self-sustainability, increase river base flow recharge, and subsequently




secure long term future of water supply sources. Project 4 will first investigate the characteristic of various industrial
wastewater, then study how effective (or ineffective) current technology is in treating Polycyclic Aromatic Hydrocarbon
(PAHs). New technologies will be innovated using hybrid of several cutting edge technology. By discharging cleaner
effluents, we are able to protect environment, diversify source of water supply and cut cost of water supply treatment.

Project 3 concentrates on the Management front related to urban water issues. The solutions to most urban water
issues will be sought by applying urban ecohydrology, ecohydraulics, integrated urban water management,
and finally the knowledge management through an information system Decision Support System UCOREN.
Environmental issues will be scientifically addressed by achieving synergy among the project researchers through
joint investigations, development, implementation, and dissemination of findings and strategies, assessing impacts
of and responses by scenarios of relevant drivers, quantifying costeffectiveness of resilience measures through
innovative tools, and by novel use of ecosystem properties to enhance environmental resiliency and achieve the
maximum ecological potential. Extension of the urban water infrastructure to ecological measures, which is typical
for the ecohydrology approach, is expected not only to improve the environmental quality but also to lower costs
of mitigation and increase economic benefits to the society.

The final front of urban water issues is the social aspect, which will be tackled by Project 5. This study discard the
conventional structural (supply) approach to solve critical urban water issues, and instead concentrate on studying
the fundamentals and subsequently seek solutions to urban water issues through the societal or demand side of
the equilibrium. This study examines: the fundamental ethics, beliefs, and practices related to water, poverty and
water, gender and water, all of which is central to a deeper understanding of the causes of water problems and
to discover the solutions that are deeply rooted in human society; Models of Water Governance and Models of
Water Supply Management (WSM) versus Water Demand Management (WDM); Human aspects of Non-Revenue
Water (NRW), Cost Recovery; Tariff Restructuring and Willingness to Pay. A triangulation strategy combining
various research methods will be used.

It is hoped that through such thorough research of fundamentals from multi-discipline perspective, urban water issues
can be resolved and the nation could move further forward with a secured and sustainable source and supply of
clean and fresh water. REDAC are currently working with several collaborators to carry out these research, including
School of Humanities (USM), Universiti Tenaga Nasional (UNITEN) and Universiti Teknologi Mara (UiTM).




Title: Development Master Plan for Bandar Baru Tunjong, Kota Bahru, Kelantan
Type: Research Contract

Funded by: Tunjong Development Corporation Sdn. Bhd.

Project Cost: Final Stage of Negotiation

REDAC was approached to conduct technical review on the proposed Development Master Plan for Bandar Baru
Tunjong, Kota Bahru, Kelantan (Cadangan Pelan Induk Pembangunan Bandar Baru Tunjong, Kota Bahru, Kelantan).
This development of 654 ha consists of residential, commercial, government institution, and recreational facilities. The
planner had utilized existing low terrain and abundance of agricultural and natural waterway to create water features

in and around the development.

Based on the provided master plan layout and drainage details, REDAC conducted review and provided constructive
comments on the stormwater aspect of the development. The review was carried in reference to the Urban Stormwater
Management Manual for Malaysia (MSMA) published by the Department of Irrigation and Drainage (DID). Eventually,
REDAC put forward the report on the review based on the preliminary evaluations of the development. The report
was divided into two parts. First, REDAC reviewed on the concept of the development based on the importance of
stormwater in terms of hydrology, hydraulic, water quality and environment. The second part of the review looked into
the technicality part of the design based on MSMA. As a result from the review, it was found that there were several
critical aspects being overlooked by the planner. Subsequently, the plan was rejected by the Client on the advice of
REDAC. Presently, REDAC continues to advise the Client and the planner on the stormwater management planning in

this development.
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' PROGRAMME

REDAC offers post-graduate programmes encompassing several areas pertaining to river management at the Master

of Science or Doctor of Philosophy levels. These areas are River Management, Urban Drainage Management,

Hydroinformatics and Environmental Hydraulic Management. This programme is open to all Students of USM or

other universities, who are qualified to pursue their graduate studies through research mode.

The subtopics for each area offered are described as follows:

River Management

River Morphology, Sediment Transport, Stream Conservation & Restoration, Floodplain Management, Stream
Bank Control Using Bio-engineering, Riparian Vegetation Management, Biological Impacts of River
Canalization, River Modeling, Integrated River Basin Management.

Urban Drainage Management

Runoff Quantity Control (Constructed Detention/Retention), Source Control BMPs, Treatment Control BMPs
(Gross Pollutant Trap, Constructed Ponds & Wetlands), Subsoil Drainage, Storm Water Modeling, Stochastic
Modeling, Integrated Storm Water Management, Bio-Ecological Drainage System (BIOECODS,).

Hydro informatics
Flood Risk Mapping Using GIS, Infiltration Mapping Using GIS, Integrated River Management
Decision Support System.

Environmental Hydraulics Management
Environmental Management Plan (EMP), Erosion Sediment Control Plan (ESCP),Surface Water Quality
Modeling, Groundwater Quality Modeling.
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PhD Student:
Shanker Kumar a/l Sinnakaudan

Supervisor
Prof. Dr. Aminuddin Ab Ghani;
Assoc. Prof. Dr. Mohd Sanusi S. Ahamad

Title
Sediment Transport Modeling and Flood Risk Mapping in Geographic Information System

Completion Year: 2003

Abstract

Most computer models used in the flood risk analysis of rivers have inadequate functions in its spatial analytical
capabilities and without sediment transport simulation capacity or suitable equations to represents correctly in-situ
hydraulic processes. As a result, the current research presents the development of a new total bed material load
equation using multiple linear regression analyses that is applicable for rivers in Malaysia. It was developed and
embedded as a modified version of HEC-6 model and named SEDFlood model. The model is best suited for rivers
having uniform sediment size distribution with a d,, value within the range 0.37 mm and 4.0 mm and performs
better than the commonly used Yang, Graf and Ackers-White total bed material load equations. A user-friendly,
menu-driven GUI for two and three-dimensional (2D & 3D) digital floodplain delineation was developed through
ArcView GIS and SEDFlood tight coupling procedure. It is capable to produce quick analysis (snapshots) at any
desired discharge time steps in flood risk mapping procedure. Field measurements were carried out to validate
the hydraulic setting and the accuracy of model outputs. The feasibility of simulating a flood event along a river
channel and floodplain was tested for Pari River catchment's area located in Ipoh, Malaysia. Flood risk analysis
were conducted for the design flood events for 10, 50, 100-year Average Recurrence Interval (ARI). The design
rainfall duration of 30, 60 and 120 minutes for the present and future land use conditions (year 2020) were
considered in the simulation scenarios. The result of this research indicates that GIS is an effective environment
for floodplain analysis and its integration with hydraulic model is not only feasible but also mutually beneficial for

both GIS users and hydraulic modelers.
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PhD Student: Junaidah Ariffin

Supervisor

Prof. Dr. Aminuddin Ab Ghani;
Prof. Dr. Nor Azazi Zakaria;
Assoc. Prof. Ahmad Shukri Yahaya

Title
Development of Sediment Transport Models for Selected Rivers in Malaysia Using
Regression Analysis and Artificial Neural Network

Completion Year: 2004

Abstract

Problems associated with sediments have become major issues for years as they affects not only the morphology
of the rivers but also the cause of flooding in several areas. Knowledge on sediment prediction is important in
solving river engineering problems. In lieu of this, a study on the transport of sediments in natural rivers was
conducted to observe both the bed sediment load and suspended sediment load with flow. The objective is to
develop a sediment transport equation using hydraulic and sediment data extracted from 12 rivers. A total of
346 data were used in the analysis and validation works. Initially an attempt was made to evaluate the nine most
commonly used equations. However, these equations failed to predict sediment transport to a desired accuracy. The
poor performance resulted from the difference in sediment availability from the source, composition of sediments
and river configurations. Some of the equations were physically based and derived using flume data. Naturally
the conditions in the laboratory are not the same as in natural rivers. Thus, a new sediment transport equation is
necessary for Malaysian rivers. Three statistical techniques namely the multiple linear regression, robust regression
and artificial neural network were used to determine the functional relationship between the sediment discharge
variables. Subsequently a total of 71 equations were derived. Analysis showed that the proposed equation derived
using multiple linear regressions gave the best prediction with an overall accuracy of 67.35%. Thus the proposed
regression equation for Malaysian rivers under the flow range and sediment properties can be defined as a function
of relative roughness on the bed, ratio of shear velocity and fall velocity, Froude Number and the ratio of shear

velocity and average velocity. Examples of stable channel design using the proposed equations are also given.



PhD Student: Lariyah Mohd Sidek

Supervisor

Prof. Dr. Engr Kaoru Takara
Prof. Dr. Aminuddin Ab Ghani
Prof. Dr. Hj. Mohd Nor Desa

Title
Bio-Elogical Drainage System (BIOECODS) for Effective Stormwater Control in the Tropics

Completion Year: 2005

Abstract

This thesis attempts to explore alternative solutions to the conventional drainage system which has now been
realized that the drastic discharge of rainwater resulted in significant ecological damage. The detrimental
effects mainly concern the reduction in the natural ground water recharge, the increase in flood discharge and
the considerable pollution of surface water. Since these disadvantages resulted in high costs for subsequent
remedial measures (flood control, etc) widely applicable alternatives were needed.

This thesis outlines the national approach to stormwater management in Malaysia, and evolving implementation
practices by State and Local government authorities. In response to the needs for paradigm shift the way the
stormwater is managed, the Malaysian Government has introduced a new approach of planning and design of
urban areas through the New Stormwater Management Manual for Malaysia (MSMA) that offers a sustainable
solution for integrating the land development and urban water cycle. The research focused on new concepts for the
urban stormwater runoff and the water quality management based on integrated stormwater solutions. The USM
Engineering campus is a pilot project for urban stormwater management strategy as an example of an ecologically
sustainable development based approach to urban stormwater management. The concept is based on open and
natural drainage systems integrated into multipurpose open space/environmental corridors or greenways, is the
most promising approach in newly developing or urbanizing areas.

This thesis aims fo introduce such an alternative - the “Principle of Control-at-Source” based on Storage-Oriented
Approach. With respect to its technical implementation the term “Bio-Ecological Drainage Systems”), further in
this text referred to BIOECODS) has prevailed. The BIOECODS combines four engineering techniques to manage
stormwater based on “Control-at-Source” approach namely infiltration, storage, conveyance and treatment by
integrating the drainage components (i.e. ecological swales, on-line sub-surface detentions, and dry ponds) with the
ecological pond components (i.e. detention pond, constructed wetland, wading stream and recreational pond). In
combination, this approach increases runoff lags time, increase opportunities for pollutant removal through settling
and biofiltration, and reduce the rate and volume of runoff through enhanced infiltration opportunities. With this
new approach, the main bulk of stormwater is collected and stored at its source to allow natural cleaning to occur
prior fo infiltration or controlled release to watercourses to reduce impact on river capacity.

Bio-Ecological Drainage System (BIOECODS) is an example of an innovative sustainable urban drainage system
consists of different stormwater drainage facilities suggested in MSMA that designed to restore the natural environment
implemented at USM’s Engineering Campus with the following obijectives:

J Promotion of stormwater infiltration from impermeable areas (e.g. roof tops, car parks) by using
bio-ecological swales

. Gradual release of stormwater through the use of bio-ecological swales, on-line underground
bio-ecological detention storages and bio-ecological dry ponds

J Treatment of stormwater quality using treatment train concept by utilising bio-ecological swales

and bio-ecological ponds (e.g. wet pond, wetland) as the storm water moves downstream.
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This thesis first introduces the survey study on the current stormwater management practices in Malaysia. The
preliminary study has shown that the Urban Stormwater Management Manual (MSMA) was written based on
overseas experience with limited local data and information of local conditions. In order to understand the current
stormwater management practices in Malaysia and the deficiencies and errors in the MSMA manual, the surveys
were conducted in order fo evaluate the status of the stormwater management practices in Malaysia such as issues
on public awareness, design aspect, best tools of stormwater facilities, errors or deficiencies in MSMA manual,
cost, maintenance and public acceptance towards the MSMA manual.

In order to understand the behaviour of on-site source control facilities, this thesis also investigated the small
scale pilot project of subsurface infiltration and storage tank system (on-site retention/detention system) to control
stormwater quantity in Engineering Campus Universiti Sains Malaysia, Tronoh, Perak. The objective of the project
is to implement the on-site source control and distributed storage systems to attenuate the peak flood hydrograph
and volume by using three different infiltration and storage techniques namely module infiltration system, loose
rock infiltration system and module storage tank system. The results were used as basis for the development of full
scale pilot project of BIOECODS.

The basic principles of the design and concept of BIOECODS are discussed in detail in this thesis followed by a
description of technical and constructions of BIOECODS. The obijectives of the study for BIOECODS are focused
on the hydraulic performance, water quality treatment train performance and the economic evaluation. In order
to study the effectiveness of the full scale pilot project BIOECODS in treating the stormwater runoff, a storm water
quality monitoring programme is being carried out by two methods namely grab sampling and automatic sampling
method at ten sampling stations along ecological swales and at eight sampling stations along ECOPOND. The
hydraulic performance of the BIOECODS system is focused on the ecological swale, dry pond and ecological
pond. The effectiveness of an ecological swale is considered from the aspect of quantity control in terms of peak
flow attenuation. The operational functional of a dry pond is calculated in terms of its capability to retain and
drain the storm water. Dry pond is an offline storage designed with the function to reduce peak discharge at the
downstream by infiltrating through the layer of topsoil and river sand into the storage module underneath before
flowing to the downstream of the sub-surface module of the swale. In addition, the Storm Water Management Model
(XP-SWMM) is used to model and simulate the hydrologic and hydraulic performance of BIOECODS. Finally, the
economic aspect of BIOECODS is studied by developing a simple method to conduct life cycle cost (LCC) analysis
of BIOECODS. The simple LCC method was applied to a pilot project of USM Engineering Campus and it is
found that the BIOECODS method has a lower capital cost but due to higher maintenance cost, its life cycle cost
is little higher than the traditional method. However, the study has shown that the little increase in life cycle cost
associated with the BIOECODS method can be balanced with the long term benefits gained from this innovative
urban drainage system as part of sustainable approach in the new development area.

Overall, the outputs of this thesis give a useful insight into the status of stormwater management practices and
effectiveness in Malaysia that will help with the development and delivery of new updated version of MSMA
manual. Moreover, the results obtained from small scale project for on-site retention/detention systems and full
scale project for BIOECODS have confirmed the good performance of the systems in attenuating the peak runoff
and treating the stormwater runoff. Finally, the results can be used to support the MSMA manual with a local data
for the updated version of MSMA manual in the next five years.

Effective new concept of Stormwater Management Manual for Malaysia (MSMA) is not easy to achieve and requires
an innovative approach and commitments from all the key stakeholders. Furthermore, developing technologies or
new approaches of stormwater management to improve the environmental protection and enhancement will always
lead to temporary spatial and procedural inconsistencies. These issues can be seen as areas for development:
addressing them allows the overall approach to be improved. It is only by methodically evaluating progress and
barriers, and strengths and weaknesses at the grass roots level that these valuable lessons can be learnt and shared
for the benefits of the nation.
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Abstract

The objective of the study were determine the effect of fine content on the improvement of cohesionless loose sandy
soils, to evaluate and compare the effectiveness of the dynamic compaction and vibro-compaction techniques, to
provide suitable semi empirical models on improvement and finally to propose a suitable comparative performance
chart that can help select the technique that provided higher improvement. The research was conducted at study
site in Kerteh, Terengganu. Based on improvements made, it was found that the increase in soil resistances after
completion of freatment differs between the two techniques. Extensive soil samples were then collected using specially
fabricated sampling tube, and wet grading analyses on the soils were performed in the laboratory to determine the
difference in fine content. Models were then developed to determine the relations between improvements against
soil resistance. Cubic semi-empirical models were found to be the best models for both dynamic compaction and
vibro-compaction. The models allowed direct usage of the cone resistance to evaluate the performance of the deep
compaction technique incorporating the effect of fine content. The models were then used to produce a suitable

comparison chart that can assist engineers in designing the compaction techniques.
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Abstract

Muda River has been for many years experiencing seasonal floods and causing serious damage and economical
loss to human settlements and property in the Muda basin. The 2003 flood was the most devastating event
throughout the history of the river. The geomorphological changes, flood behavior and impacts of the Muda River
have been investigated in this study using integration of specialized software packages and computer modeling
techniques to envisage the consequent changes projected on the river, and assisting in predicting and communicating
the flooding risk. Ground surface roughness was delineated through several field visits to the study area. This
ground roughness acts as a significant input data for hydraulic modeling purpose. The results of one-dimensional
hydrodynamic modeling showed a wide spatial extension of flooding inundation in the vicinity of the floodplain,
and indicated damage severity on households and agricultural land use features located in these highly inundated
areas. Hazard assessment and risk analysis on these two land use types revealed that the economical damage
of the 2003 flood (RM 27.6 million) was five times than that of the last flood (1982) in a 20-year-period (RM
3.87 million). This enormous loss can be attributed to the dramatic changes imposed on the riverine system by
much historical and contemporary unsustainable human exploitation of the Muda basin land assets, increasing
its vulnerability to erosion hazards and decreased ground surface roughness. The 100-year flood event model
was also reconstructed in order to investigate the effectiveness of the proposed bund in controlling the increase
in water depth during extreme flooding conditions. The modeling indicated that the proposed bund has enough
capacity to contain safely the flood water, with an additional capacity of containing extra 1.5 m of flooding
water without exceeding the breaching point. The modeling result also suggests the effectiveness of the proposed
bund structure in reducing the flooding risk, protecting thereby the human activities in the floodplain. On the long
run, the engineered river may experience localized geomorphic adjustments without initiating flood hazard; but
under futuristic extensive and extraordinary channel instabilities, geomorphic adjustments may become magnified,
initiating thereby flooding event in the study area. The computer modeling performed in this study improved the

understanding of the long-term behavior of Muda River and its flooding behavior.
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Abstract

The presence of sediment deposits in a drainage system or rigid channels as monsoon drains could produce flash
flood. The ability of the drainage system to erode sediment deposit will allow the system to carry the designed
discharge.

The aims of the present study are to gain an improved understanding of the incipient motion processes in urban
drains and to provide improved incipient motion relationships. This is achieved by investigating the important

parameters governing the incipient motion of particles for several bed thicknesses.

In the first part of the study, the characteristics of flow in a rectangular cross section channel with different water
flow depths and various slopes were studied. A series of incipient motion experiments were then carried out in a
rectangular channel 300 mm wide and 10 m long. Four different bed thicknesses (t) were used namely d,, 5 mm,
10 mm, and 24 mm utilizing sediment with size between 0.55 mm and 4.78 mm. The sediments were collected

from existing drains in Ipoh City and Batu Gajah Town.

The present data were utilized to appraise the existing incipient motion criteria for rigid channels. The results show
that the existing equations are valid only for the case of bed having thickness equals sediment size (d50) only.
New incipient motion criteria applicable for various bed thicknesses were then developed for 1% £ 5% (h is the
channel depth= 450 mm). These new equations could be used to design new drainage systems with the ability to
erode deposited sediment.
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Abstract
Numerous flood mitigation projects are being implemented throughout the country especially in urban areas. The
occurrence of floods affer the project completions shows the project completions shows the existence of damages

to the rigid bank walls and serious problems of erosion and deposition.

Referring to the above problem, two completed flood mitigation projects, namely, Pari River Flood Mitigation Project
Phase 2, Ipoh and Kerayong River Flood Mitigation Project Phase 4, Kuala Lumpur were chosen as case studies.
The aims of the study are to evaluate the capacity of newly improved channels for both projects in accommodating
the designed flood discharge and the stability of the bank protection structures taking into account effects of erosion
and deposition using two mathematical models, namely, FLUVAL -12 (“Mathematical Model for Erodible Channel”)
and HEC - 6 (“Scour and Deposition in Rivers and Reservoir”). This research also emphasis sediment transport in

alluvial river since it can be considered as a new subject in this country.

Result of this study on sediment transport in several rivers in Kinta District show that the existence of relationships
between bed load and discharge, total bed material load and discharge, and between bed load and bed material.
Graf's (1968) and Yang's (1972) sediment transport equations are found to be suitable for predict the sediment
transport in all the rivers studied. Calibration results for Pari River show that FLUVAL — 12 using Graf’s give the
closest resemblance to measured flood levels, flow rating curve at Manjoi Bridge and the location of damaged
rigid bank walls. Calibration results using HEC — 6 shows that this model can be used for estimating the channel
capacity but not suitable for analyzing the stability of the bank protection structures at Pari River. Simulation result
of Kerayong River shows that Yang's sediment transport produces a better result compared to Graf’s equation
(which is more suitable for Pari River). This indicates that different rivers may behave differently. Hence the problems

pertaining to each river should be treated individually.
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Abstract

Development, which takes place in river catchment areas, will result in discharge and bed erosion increment
or scouring and deposition. The matter stated above will result in the unstability in the river channel. When this
happens, there will be failures to the riverbank or in the river protection structure and reduce the channel capacity
to flow the flood to downstream. Therefore, it is necessary to predict the river channel stability that will happen

due to the existing development or the one which will take place in the future in a river catchment area.

This study covers three rivers, which are Pari River in Ipoh, Perak, Kerayong River in Kuala Lumpur and Kulim
River in Kedah. This study involves the collection of hydrological data such as rainfall data, river stage data, the
discharge and also data related to erosion and deposition like the river bed sediment load, suspended load and
river bed material. Observation was also conducted to identify the changes of the riverbed in a few locations of
these rivers. The data collected were analyzed to assess the sediment transport equation in order to predict the

sediment rate that is very close with the observed sediment rate.

The new equation for sediment transportation for the rivers in Malaysia is also formed based on the observed
data. It was found that the Yang equation is the best followed by the Graf equation. Base on the equations that
are stated above sediment transport rating curve can be developed in any locations of a river. The information of
the sediment transport rating curve together with the sediment information connected to the design of hydrograph
information generated from RORB model can be used in sediment transport models such as HEC-6 and Fluvial-12
to predict the river channel stability due to the existing development or in the future in a river catchment area.
Hence, engineers can take some possible early actions to protect the riverbanks or the river protection structures

from any failures. The maintenance works of the river could be run efficiently with the minimum cost.
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Abstract

Sediment tfransport in rivers involves complex interaction between numerous inter-related variables. Empirical methods
emphasize only a certain number of parameters that are considered to be more relevant by their developers. In
the past, a large number of sediment transport equations were developed using data derived from laboratory

experiments with shallow flows.

In this study, four commonly used bed load equations namely Einstein, Einstein-Brown, Meyer-Peter-Muller and
Shields and four total bed-material load equations, Ackers-White, Engelund-Hansen, Graf and Yang were used
to evaluate the sediment transport rates for Malaysian rivers. A total of 108 sets of data were collected from the
Pari, Kinta and Raia Rivers in Ipoh, Perak, the Kerayong River in Kuala Lumpur and Kulim River in Kulim, Kedah.
These data were analysed and evaluated using the above- mentioned eight equations. Comparison of discrepancy
ratios i.e. the ratio of computed transport rate over measured values, were done and the results showed that the
Ackers-White equation yielded the highest evaluation with 76 % followed by the Yang, Graf and Engelund-Hansen
equation at 50 %, 48 % and 46 % respectively.

Subsequently, four sediment transport equations for Malaysian rivers, namely equations 6.13b, 6.14a, 6.16f and
6.17f were developed using computer software, Statistical Products and Services Solutions (SPSS). The same sets of
data were then used for evaluation of the equations developed. The result shows highest percentage of discrepancy
ratio is obtained for Raia River at 71 %, 67 % and 76 % using equations 6.13b, 6.14a and 6.17 f respectively.
For equation 6.16f, the Pari River yielded the highest at 57 %.

Overall, the Raia River showed outstanding results using the equations developed. This augurs well for further

research on sediment transport in Malaysian rivers.
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Abstract

Solid waste disposal using land filling method is becoming increasingly popular all over the world. Is consists of
two design concepts, namely natural attenuation and containment sites. The natural attenuation concept uses soil as
liners. The soil properties of liners such as permeability, liquid limit and plastic index, percentage of clay content,
particle size and soil particles distributions may influence the concentration and movement of leachate into the
surrounding ground water. Beside the above-mentioned properties, some other possible aspects influencing the
concentration of leachate are the movement of molecules into porous materials and the interface action between
polluted ground water and salt water from the sea. Besides the value of soil permeability coefficient may change

due to settlement and consolidation of solid waste.

This study is o investigate the effectiveness of soil functioning as liners in natural attenuation concept. The purpose
is to determine the suitability of soil properties near coastal areas. The research done covers the soil parameters,
permeability coefficient values, and the effect to the concentration of leachate. Marine soil properties near coastal
areas can control the leachate concentration besides settlement and consolidation effects. The research shows that
the soil characteristic has fulfilled the specification made for soil that functions as liners. This show that marine soil
can be used as liners for land filling. The research is carried out at the landfill area situated at Teluk Kitang, Kota
Bharu, Kelantan. The finding of this research indicates the suitability of marine soil as liners. It is recommended to

further the studies in other marine located in other parts of Peninsular Malaysia.
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Abstract

The main objective of this study is to carry out an investigation and evaluation on the effectiveness of using a bio-
physical unit treatment, which is a compacted unit combining an aerobic biological system; a rotating biological
contractor (RBS) and physical system; a sedimentation tank, as a secondary treatment of leachate from Pulau
Burong Landfill in Seberang Perai. The influent leachate to the unit is supplied from an aerated lagoon which is
the landfill's primary treatment of which effluent qualities do not comply to Standard B effluent parameter limits
stipulated by the Environmental Quality Regulation (Sewage and Industrial Effluents), 1979 in the third schedule
of the Environmental Quality Act, 1974. This pilot scale study is condected at Pulau Burong Landfill site in order
to obtain operating data under real field conditions.

Evaluation of the Unit's effectiveness is done by monitoring treatment efficiencies in the (i) unit as a whole system and
(i) and its” individual system which is the biological -RBS system and the physical-sedimentation system. Treatment
efficiencies are expressed in the form of substrate removal for parameters COD, NH3-N, SS, VSS and metals
removal for parameters Fe, Mn, Ca, Mg and Ni. Charges in pH and alkalinity of the effluent are also monitored.
Investigation is also carried out to identify the effect of loading rates on the unit's treatment efficiencies; while in
the biological RBC system, the relationship between loading rates and substrate removal efficiencies are obtained.

The study is also extended to the identification of microbes in the biomass of the RBC system.

Areal organic loading rate has been recognized as the major factor affecting RBC system treatment efficiency.
Observations from the substrate removal trends indicate that percentage removals are reversibly related to areal
organic loading rates. Meanwhile, nitrogen and metal removal trends too showed the same tendency of having
percentage removals reversibly related to their respective loading rates.

Finding from this study indicate that the pilot plant is effective as secondary treatment for leachate only when it is
subjected to low areal loading rates. This finding is based on the performances of removal for organic parameters,
COD of which 57.3% is removed at 9.68g COD/m? day loading rates, VSS with removal of 51.4% at 0.58g
VSS/m? day loading rate and SS with removal of 60.3% at 0.91g SS/m? day loading rate. Meanwhile, the pilot
plant performs better with nitrogen removal, which indicates a 95.5% NH,-N removal at loading rate of 6.09g
NH,-N/m? day. Removals of all the organic and nitrogen parameters involved (except for SS) are mostly from the
biological RBC system. The physical sedimentation system removes SS effectively. The qualities of the effluent for
these parameter (except for SS) are still very high compared to the parameter limits of the Standard B. meanwhile,
metal removal for Fe, Mn and Ca are quite high with percentage of 90.0, 84.0 and 86.4% respectively at low
loading rates of 0.0172, 0.0039 and 0.0050g/m? day. Removal of Mg and Ni are fairly good at 55.7% and
66.7% with loading rates of 0.0180 and 0.0045 g/m?.day respectively. The qualities of the final effluent for these
parameters complied to Standard B parameter limits.

From the microbiological analysis, two types of bacteria, Pseudomonas stutzeri and Enterobecter agglo,erans are
identified in the biomass of the RBC system. The rest of the microbes present are fungus types (Staphylococcus sp.
Rhizopus sp. Aspergillus sp., and Penecillum sp.) both types of bacteria identified are typical species found in the
biomass of the RBC system. Basically, the optimal utilization of the reactor treatly leachate is its application with
high loading rates. However, the unit treatment being studied is only capable of removing organic pollutants with
low loading rates. Nevertheless, the situation can be overcome by implementing some modifications, which are
suggested in detail in the conclusion of this thesis, for future study.
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Abstract

Natural river is a form of channel that easily changes in term of its physical shape such as width or depth as well
as the changes in water pollution. Unplanned development couples with human and natural factors are the biggest
contributors to changes in the river equilibrium. Economics activities such as agricultures, urbanisation, fishery,
sand mining, etc, should be control in ensuring the balance of river eco-system. Sand mining activities are usually
concentrated at the sandy-bed natural rivers. River sands are an important element in development factors, where

its demand increases linearly with Malaysian infrastructure development.

The research was conducted to identify the changes of riverbed due to sand mining activities at Muda River in Kedah
because of currently active sand mining operations along the river. This research consists of river cross-sectional

survey, sediments sampling and water level records at seven stations along a 5 km river reach.

The extensive sand mining activities along the research area requires closed supervision and control by related
authority in ensuring that erosions are minimised. The mining depth needs to be closely monitored so that sand
miners do not exceed the permitted depth of Sand Mining Guideline established by Jabatan Pengairan dan Saliran
Malaysia (JPS). Based on survey works that have been carried out in year 2001 and 2002, it has been found
out that the sand miners have failed to fulfil the requirements of the Sand Mining Guideline given by JPS. Almost
all the cross-section within the research area having width more than 50 m, have been mined exceeding 1.5 m

depth of the allowable tolerance.

A mathematical model, FLUVIAL-12 (Mathematical Model for Erodible Channel, Chang, 1988) was used to forecast
the changes of Muda riverbed. The calibration carried out shows that the Manning Coefficient, n = 0.040 is suitable
for Muda River analysis. Yang Equation also gives almost an accurate result to the actual condition at research site.
Selected simulation cases have successfully shown that the changes of riverbed are due to sand mining activities
and flood. The results also show that the past flooding (1988, 1998) have given major effect to physical stability

of the research area compared to sand mining activities.
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Abstract

The research in this project is to estimate the flood runoff from an ungauged catchment in eninsular Malaysia
using the Soil Conservation Service (SCS) Method. The objective for the selection of the SCS Method is to have an
alternative method to estimate the flood runoff from rural, and or mixed development for ungauged catchments in
Penisular Malaysia. The SCS Method is able to provide the volume and the peak discharge of a flood hydrograph
based on the rainfall events. Before the SCS Method can be applied to an ungauged catchment, the parameters
of the SCS Method need to be calibrated from the gauged catchment(s).

The gauged catchment(s) should have similar land use and physical characteristics of the ungauged catchment.
The physical characteristics of a catchment are the catchment slope, and hydrologic soil conditions. The unit
hydrograph theory theory is used to calibrate the SCS Method. The calibrated parameters also known as the
corrected coefficients will then be applied to SCS Method to estimate the flood runoff of the ungauged catchment.
The flood hydrographs derived by using the SCS Method will then be compared with the flood hydrographs
derived by using the Jabatan Pengairan dan Saliran (JPS) Hydrological Procedures (HP) No. 5, 11, and 16. The

HP16 is not forurbanized catchments, HP5 and HP11 are for rural catchments condition in peninsular Malaysia.

The use of Convolution Method to generate the design direct runoff hydrographs is used in the comparison study.
In the calibration process, it is difficult o obtain a good rainfall-runoff relationship for the gauged catchments. The
rain-runoff relationship of a catchment is determined by the ability of rainfall stations in or within the catchment
boundary to capture the rainfall events. There are many hydrological records (rainfall and runoff records) in the
sample catchments that are not used in the calibration process. This is due to the reason that the poor rainfall
records with respect to the runoff records where high amount of rainfall recorded in one or two rainfall stations

but no records of high runoff in the streamflow station of the catchment.

Other reasons are fo the missing of either rainfall or runoff data for the same period of records and difficulty
of isolating single storm hydrograph event where usually the storms occurred in multiple storm type. There are
limitations to the usage of the SCS Method. These limitations are due to the lack of soil maps throughout the
Peninsular Malaysia for soils textural classifications, soils infiltration rates and land use of the catchment. The land
use of the catchment for agricultural usage for SCS Method is classified as fallow, row crops, pasture and others.
However, how is the land use of the catchment relates or equivalent to Malaysian context? For urban catchment,
how is the land use been equivalent to the terrace houses2 With the calibration of the correction coefficients, it is

able to overcome some the limitations as stated above.
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Abstract

As a result of increasing economic growth of the country, areas within river catchment are being developed for
commercial, industrial and housing purposes. Effect of this rapid urbanization has accelerated impact on the
catchment hydrology and geomorphology. These developments have caused dramatic increase in the surface

runoff and the behavior of sediment output, hence resulting in higher sediment yield.

Since any flood mitigation works would likely involve channel modification, so knowledge of predicting the geometry
changes as a result of sediment transport movement is significant and necessary. By using appropriate method,

channel stability and river equilibrium can be achieved.

Intensive literature review has been made on several aspect of river morphology such as characteristics of natural

river, channelization works and their impact, and conservation concept toward restoration of channelized river.

Two catchments namely Raia River at Simpang Pulai, Ipoh and Pari River at Ipoh, with different land use and
development were chosen for this study. Raia River represents a natural river while Pari River represents a channelized

river.

Several gauging stations were identified based upon the river characteristics such as straight reach and bend. Six
stations for Raia River and four stations for Pari River were selected. Sediment sizes were identified by collecting
bed and bank materials from each station. Surveys of existing cross section and water level measurements were
carried out for comparison purposes with the morphological changes predicted by FLUVIAL-12 and three different

method of designing stable channel.

Comparisons on the three empirical design methods including maximum velocity, tractive force and regime method
(Simons and Albertson, 1960) with mathematical model (FLUVIAL-12) using field’s data were carried out in order to
choose the appropriate method which will minimize the morphological changes in river channel. The results from
the mathematical model (FLUVIAL-12) that comprises component of water and sediment routing, indicates channel
changes that agrees well with the characteristics of a dynamic river. FLUVIAL-12 is also capable of predicting

channel instability effect such as erosion and sedimentation at straight reach and bend for both Raia and Pari River.
Simulation results based upon FLUVIAL-12 also indicate that Raia River can be conserved as a natural river by

maintaining cross section with a side slope of 1:2. By ensuring the Manning’s roughness coefficient to be 0.025

and a cross section with a side slope of 1:2, Pari River can be restored as a natural river without the concrete bank.
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Abstract

Natural channel morphology depends on the interaction between fluid flow and the erodible materials in the
channel boundary. Velocity is strongly related to flow resistance, which is one of the most important elements in the
interaction between fluid flow and the channel boundary. Computations involving flow in open channels commonly
require an evaluation of roughness characteristic of the channel. The engineers have use a number of flow resistance
equations involving grain roughness, form roughness and a combination of both, but the Manning’s equation has

been widely used internationally for predicting roughness values in natural channels.

In river engineering, Manning’s roughness coefficient, n, has been used widely in river hydraulic models. The
procedure for selecting n values is subjective and requires judgement and skill that is developed primarily through
experience apart from knowing the factors that affect the values of n. Since flow and the boundary roughness vary
with river conditions, a model of some form is to be developed for evaluation of n values for rivers in Malaysia.
This research has been carried out at four rivers in the River Kinta Basin namely Pari River, Raia River, Kampar

River and Kinta River.

A total of 122 data have been collected at six stations. Evaluations on the existing equations show that none of
the equations has given a value of n which can predict satisfactorily the discharge of a river. Two new equations
have been developed and found able to predict satisfactorily the discharge of rivers in Malaysia. So the use of

new equations is recommended in determining the suitable value of n.
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Abstract
Rapid development has changed the land use and this will lead to an increase in the surface runoff caused by
the increase of the impervious surface area. Impervious surface area will transform most of the rainfall directly as

surface runoff. Hence a given rainfall now produces significantly more runoff volume then before.

Stormwater management in urban areas has changed from rapid conveyance approach to control at source that
states the post development and pre-development peak flow should be the same. Department of Irrigation and
Drainage has introduced Urban Stormwater Management Manual (MSMA) and directed all the new development
should follow this new regulation. This regulation seeks that the quantity and quality of the surface run-off should

be similar for the post and pre-development.

A numbers of Best Management Practices (BMPs) have been developed to control the quantity and quality of the

surface run-off. Examples of the BMPs are wet pond, dry pond, swale, wetland and infiltration system.

The drainage system in Engineering Campus Universiti Sains Malaysia that used the control at source approach
was chosen as the research site. Bioecological Drainage System (BIOECODS) is a pilot project that applied the
control at source approach as described in MSMA. This research aims to evaluate the BIOECODS as one of Storm

Water Management applications in Malaysia.

The implementation of the research requires a comprehensive data collection such as rainfall depth, velocity and
discharge in the surface and sub-surface swale. The analysis of the data shows that BIOECODS has functioned as
designed. Emptying time of ecological swale less than 24 hours is recorded in the surface and sub-surface swale
after a rainfall event. Peak flow and volume attenuation also occur at surface and sub-surface swale. However the
percentage of the attenuation depends on the ARI. The study of the dry pond indicates that emptying time of the
dry pond also depends on the ARI. From the study the dry pond has emptying time less than 24 hours when the

rainfall event is less than 2 year ARI.

Hydraulic simulation of BIOECODS using Storm Water Management (SWMM) computer model showed that peak
hydrograph could be attenuated to the pre-development hydrograph. Calibration process result shows that SWMM
model can simulate well in term of peak hydrograph rather than volume.

From the quality aspect, grab sampling results show that water quality at outlet type C achieves Class Il A standard.
The value of pH ranges between 6.5 -7.7, Dissolved Oxygen between 5.74-6.4 and BOD between 3-6 mg/I
is within the range of Class IIA. The existence of heavy metal is too litle and the value of phosphate and ftotal
phosphate between 0.02-0.03.
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Abstract

Urban drainage system in Malaysia is usually based on conventional system made up of concrete drains which
convey surface run-off from rapid development urban areas. This conventional design could increase sedimentation
in the drains due to surface run-off which carried along sand and soil particles into the drains. This sedimentation
will decrease the cross-sectional area of the drains and slowly reduce the designed hydraulic capacity of the drains.
The incipient motion and sediment transport are influenced by water velocity, particles sizes (d50), concentration

of suspended bed load (Cv) and other factors.

The objectives of the research are to establish the deposited sediment particle size, to determine sediment deposition
and corresponding slope and also to evaluate the existing incipient motion equations for self-cleansing design

purposes.

The study conducted includes sampling works at Sg. Raja (10 stations) and twelve cities of Peninsular Malaysia.
Particles sizes distribution analyses were carried out to determine particles sizes for use in the existing incipient
motion equations. The most suitable equations can be determined to predict sediment deposition occurred in the

drains based on measured deposited sediment slope.

Based on particle size distribution analyses, the sediment average size for twelve cities in Malaysia is 0.75mm
while for Alor Star the average sediment size is 0.93mm. The existing incipient motion equation assessments show
that Equation 2.19 (Novak & Nalluri, 1975) is able to predict satisfactorily the sediment deposited slope while
Equation 2.27 (Ab.Ghani et al., 1975) is able to predict well the design slope.
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Abstract

Flood is one of the natural disasters in this country. However human activities in river basin changes flood behaviour
such as increase in the flood magnitude which affects human life and properties. Structural measures to mitigate
flood such as river widening and straightening, must be well understood since this kind of work may transfer the
flood problem from upstream to the downstream part of the river system. Therefore an understanding of the flood
behaviour is an important step in reducing the damage cause by flood. River hydrodynamic modeling using computer

is able to carry out flood simulation along a river which will produce flood level along the river and floodplain.

Sg. Selangor basin was selected as the study area. This basin is located besides Klang Valley which is highly
developed. It is expected that there is a potential development in the near future within this basin. The main river
of Sg. Selangor is about 106 km in length with the catchment area of 1960 km?. The basin has been identified

having enough and suitable information to carry out the intended research.

Among input required to make the present research successful is the river cross section, floodplain information,
activities in the catchment, contour, soil types and landuse. Other information on flood record such as flood level

and discharge at hydrological station within the floodplain is useful for the purpose of the calibration process.

The approach use in this research is to develop a river hydrodynamic model covering the main river and its flood
plain. The river tributaries are modelled as hydrologic input from the respective subcatchments. Calibrations were
carried out at several locations along the river namely downstream, middle reach of the river and in the floodplain.
Flood behaviour from the model is compared with 1971 flood which is the largest flood that had occurred in the
basin.

The impact from land reclamation to the flood behaviour was further analysed for an area of 400 hectares along
Kg Asahan. The simulation shows that water level increases from 38 mm to 128 mm at surrounding areas. Analysis
between cross-section km 53 to km 67 shows that the areas flooded are 736 hectares and 889 hectares for 50
and 100 year return period respectively. The development of the flood risk map will assist the Lembaga Urus Air
Selangor (LUAS), river engineer and planner in carrying out effective measures for planning and implementing of

projects within Sg. Selangor river basin.
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Abstract

Effect of rapid urbanization has accelerated the impact on the catchment hydrology and geomorphology. Such
rapid development which takes place in river catchment areas will result in higher sediment yield and it will not only
affects river morphology, but also river channel stability, causing serious damages to hydraulic structures along the
river and also becoming the main cause for serious flooding in urban areas. Therefore, it is necessary to predict
and evaluate the river channel stability due to the existing and future developments. This study was carried out at
Sungai Kulim in Kedah state, Malaysia, by means of evaluation on sediment transport using recently observed data
up to year 2006. The present study attempts to give an overview of the channel changes and sediment transport
phenomena in Sungai Kulim. A total of 24 samples of bed materials were collected from four locations (CH 20000,
CH 14390, CH 3014 and CH 0), and 14 river hydraulics and sediment transport data sets including discharge,
bed load, suspended load and total load were collected from two locations (CH 14390 and CH 3014) from
2004 to 2006. The data were used to analyze and evaluate existing Manning equations and sediment transport
equations. Attempts were also made to derive new Manning equations (Equations 4.3 and 4.4) with a correlation
coefficient, R? = 0.86 for application to the moderate-size channels in Malaysia. The results of evaluation for total
load equations at the two locations along Sungai Kulim show that Engelund & Hansen equation gave the best
prediction for sand bed stream and yielded highest percentage of data with discrepancy ratio in between 0.5 and
2.0 (33.33% at CH 14390 and 62.50% at CH 3014). An erodible-boundary model, FLUVIAL-12 which simulates
inter-related changes in channel-bed profile, width variation and changes in bed topography was selected for this
study. Engelund-Hansen equation and roughness coefficient, n = 0.030 were selected for the model which was
calibrated and validated for water surface profile and bed elevation. The comparison of the surveyed river geometry
data in September 1991 and field measurements from October 2004 to November 2006 shows that there has
been a change in cross section after several flood occurrences from 1991 to 2003. The predicted bed levels by
FLUVIAL-12 were almost similar to the observed bed level from 2004 to 2006, this confirmed that channel bed
degradation occurred along the 14.4 km study reach. The model simulation results for existing conditions, future
conditions and long-ferm modeling show that the sediment size and channel geometry in Sungai Kulim changed
significantly. However, modeled results show that future changes in cross sectional geometry will be limited and
erosion along the reach will slow down from 2006 to 2016, thus Sungai Kulim was predicted to be stable at most

locations.
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Abstract

Stormwater management In Malaysia has been largely based on 1975 DID Urban Drainage Design Manual that
covers essentially the planning, basis of design, flood discharge, hydraulic design of open channels, structures,
storm drainage for urban streets, detention storage, erosion and sediment control and information to be submitted
with design. Rapid disposal approach adopted in the first manual has led to higher occurrence of flash floods as

a result of the increase in surface runoff, peak discharges, shorter flow duration and others.

Department of Irrigation and Drainage (DID) Malaysia is taking a proactive step by introducing new urban drainage
manual known as Storm Water Management Manual for Malaysia (Manual Saliran Mesra Alam or MSMA). Effective
from 1¢ January 2001 all new development in Malaysia must comply with the new guideline, which requires the
application of Best Management Practices (BMPs) to control stormwater from the aspect of quantity and quality runoff
to achieve zero development impact contribution. It is hope that this new strategy will be a sustainable solution to

mitigate the existing flood problems but also to prevent the occurrence of such problem in the new developed area.

The present study embarked on using the stormwater management BMPs for an individual house in Kota Bharu,
Kelantan. The objectives of the present study on the application of MSMA for an individual house were to seek the
attenuation effect of biological swales - dry pond system and the suitability of applying the Stormwater Management
Model (SWMM) in simulating rainfall-runoff for the biological swales - dry pond system. The house is actually an
old government quarters occupying a land area of about 1556 m2. The house was retrofitted to accommodate
biological swales and a dry pond with biological subsurface infiltration modular tanks in 2001. The open channel
flow was then monitored using ultrasonic water level sensor and an automatic rainfall recorder was also established
on site. Data collection was started in 2002 until 2003. Nineteen events were observed especially in the months

of October, November and December during the two-year study period.

The flow volume in the swale and dry pond was reduced from 2.94 % to 100 % while the reduction in peak
flow ranges from 11.69 % to 100 %. For low depth rainfall events the percentages of volume captured and
peak reduction are found to be totally absorbed but for higher depths there will be an outflow which is consistent
within the designed limits for the system that is the system should be able to cater for a flow of 10-year ARI before
development. Application of SWMM model shows that it is able to simulate the rainfall-runoff of the events for the
biological swales - dry pond system used in the present study. The simulations show that the system is capable of

attenuations peak flow and volume for events up to 10-year ARI.
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Abstract

Constructed wetland is an essential component in BIOECODS. The objective of this research is to evaluate the
capability of constructed wetland in removing pollutants and improving stromwater quality through data sampling
and computer modeling. Data samplings were performed to determine whether the constructed wetland able to
improve the quality of stormwater. Water quality parameters namely BOD, COD, DO, TSS, turbidity and copper
were taken into consideration. The percentage pollutant removal for BOD was 9.7% to 80%, COD was 5.7% to
62.9%, DO was 6.5% to 17.8%, turbidity was 25.9% to 30%, TSS was 50% to 100% and TP was 24% to 46%.
The sampled data were analyses using Paired Sample Test and the results are significant. Other than sampling
data, this research also included the application of water quality model for constructed wetland and two models
were chosen, namely PREWETT and WMod. Sensitivity analyses were conducted for both models to identify the
model parameters. The model parameters of PREWET were K _for BOD, TP to TTP ratio for TP and V  for TSS. Biofilm
uptake rate is the model parameter for WMOd. Furthermore, calibration process was conducted to identify model
parameters values and evaluation process was also performed to obtain model which best represent actual condition.
For PREWET model, model parameters values that are obtained through calibration process were 0.32 day! for
BOD, 0.4 for TP and 0.3m/day for TSS and R? obtained were 0.525 for BOD, 0.067 for TSS and 0.479 for TP.
While for WMod, the model parameter value obtained was 0.02 for TP and R? was 0.525. a model simulation
was carried out to determine the design parameters which give effective removal efficiency of between 50-60%.
The design parameters obtained were detention time of 14 days, length to width ratio of 11.7:1, depth of 0.5m
and inflow of 0.05 m3/s. in a nut shell, the finding from this research can be used as a guideline to design an

effective constructed wetland that produce an optimum removal efficiency of pollutant.
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Abstract

Deforestation activities have been widely known as one of the devastating factor to the river system and ecological
system in a catchment. Deforestation activities at some areas within the Sungai Padas catchment has resulted in
the changes of land cover particularly in Tambunan, Sook and Sipitang catchment area. The main objective of this
study is to investigate the direct runoff hydrograph in Sungai Padas, due to the changes of land cover caused by
deforestation activities using HEC-HMS (version 2.2.2). The design direct runoff hydrograph resulting from 2, 5,
10, 25, 50 and 100-yr ARI for 72 hours rainfall duration were applied to evaluate the effect of deforestation on
catchment response. The results of the study indicated that the increase of deforestation approximately 20% has led
to the increase of the runoff hydrograph peak and volume between the ranges of 3.34% to 5.71%, and 3.30% to
5.93%, respectively, based on 2, 5, 10, 25, 50 and 100-yr ARI for 72-hours rainfall duration. In addition to the
evaluation of runoff hydrograph due to the land cover changes from forest area into logged forest area (disturbed
forest), the model (HEC-HMS model) has also been used to evaluate the generation of runoff hydrograph resulted
from the changes of land uses in the future when logged forest converted into large scale agriculture (e.g. rubber
or oil palm). The result from the study indicated that the cultivation of large scale agriculture activity causes the
additional increase in runoff hydrograph peak and volume compared to hydrograph resulted from the logged
forest area. The overall results of the study summarized that the increase of runoff hydrograph peak at Beaufort
discharge station is ranging from 3% to 6% due to 20% increase of deforestation area without cultivation, and
19% to 30% due to 20% of the total area converted from deforested area into large scale agriculture such as

palm oil and rubber trees.
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Efficiency of Swale and Dry Pond for Stormwater Management
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Abstract
The implementation of the Best Management Practices (BMPs) in a drainage system through the Stormwater
Management Manual For Malaysia or better known as Manual Saliran Mesra Alam (MSMA), focusing on constructed

swale and dry pond, was studied.

The study was carried out on the Bio-Ecological Drainage System (BIOECODS) at Engineering Campus, Universiti
Sains Malaysia (USM), Nibong Tebal, Pulau Pinang, located in Kerian River Basin. Besides the implication of the
swale and dry pond toward the inflow hydrograph of a series of ponds (detention pond, wetland and recreational
pond known as ECOPOND) in managing stormwater quantity in development area, factors that affect the effectiveness

of the swale and dry pond using hydrologic and hydraulic model were also identified.

The collected data such as rainfall, flow, water level, emptying time and infiltration rate from October 2003 until
December 2008 at USM were analysed using SWMM 5 model. The simulated hydrographs for swale, dry pond,
wetpond, detention pond, wetland and recreational pond were compared with recorded flow at the sites. The

modeling shows that the SWMM 5 model has the accuracy up to 30% in simulating the observed hydrographs.

The integrated swale and dry pond as designed for BIOECODS has attenuated the peak flow compared to that
of a concrete drain system. The SWMM 5 model shows that there is a reduction of 121.4% in peak flow. Also,
the increase in peak flow is expected if several of the existing dry ponds are to be replaced for new development
purposes. These results can lead to better understanding of the role of swale and dry pond that suit the Malaysia

climate and environment.
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Abstract

Due to the rapid development, flooding occurred progressively. This scenario is worsened if improper drainage
systems were implemented. The inattentiveness to all the problems occurred will generate the possibility for more
severe flooding risk and creates further damages of property and loss of lives.

Since the implementation of Urban Stormwater Management Manual of Malaysia (MSMA) in 2001 by Department
of Irrigation and Drainage, Malaysia, the Best Management Practices (BMPs) through construction of detention
ponds have been encouraged. After 8 years of implementation, there is a need to reconsider the recommendation
of constructing detention pond for water quantity control by evaluating performance of the constructed dry detention
ponds using computer modelling.

This research focused on the evaluation of the existing and future performance under the stress of development of
the existing drainage system particularly the constructed dry detention pond by using InfoWorks CS through United
States Soil Conservation Services Method (SCS).

The case study is dry detention pond at Section 6, Kota Damansara, Selangor built in 1996 with the total catchment
area of approximately 428 hectares. The major landuses in Kota Damansara are housing areas and shops which
contribute more than 50% of impervious areas apart from forest, schools, landscape and fields.

From the research, it is found that the existing pond is functioning well and could perform well up to the design
rainfall of 100-year ARI without flood on Cecawi 6/19 Road nearby. The dry detention pond could attenuate flow
at the outlet of the dry detention pond at 39.94 m?®/s and slower by 40 minutes for 50-year ARl and 42.36 m®/s
and slower by 45 minutes for 100-year ARI events.

Under the landuse changed scenario, the existing dry detention pond could still cater the 100-year ARI design rainfall
without flooding at surrounding area. The scenario show an increase in flow ranging from 8.88% to 52.95% and
also increase in water depth ranging from 8.09% to 28.79% in all simulated cases for 2-, 10-, 50- and 100-year
ARI. However, the time to peak after landuse changed condition is 5 minutes slower for existing scenario due to
conduits full flow condition that slow down the flow to downstream.

The comparison between the existing drainage condition and drainage resized condition after landuse changed
at the outlet culvert of detention pond show an increase runoff about 30% for both 50- and 100-year ARI and
quicker time to peak at 10 minutes.

As overall, the dry detention pond is functioning to cater 50-year ARI recommended in MSMA. The construction
of detention pond needs to be encouraged for any new housing development to control water quantity. Future
development need to consider landuse changed factor which could induce in more flow generation and water
volume from upper catchment area and it should be studied using the numerical approaches to solve the problem
and ease the decision making processes.
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Abstract

During construction, large areas of soil are exposed to the risk of water erosion due to earthworks activities. Bare
slopes and drains choked with sediment can often be observed on construction sites. This erosion may result in @
significant increase in sediment loads to receiving waters and the construction techniques used on site can cause
offsite contamination. Erosion from the study area occurred due to the removal of the vegetation cover, high rainfall
intensity and the failure of the sediment basins to function effectively. The present study aims to evaluate the erosion
and sediment yield due to storm rainfall and runoff on a construction site located at Sungai Ara, Penang state of
Malaysia. The soil loss was evaluated by using empirical erosion modelling namely the Revised Universal Soil Loss
Equation (RUSLE), Modified Soil Loss Equation (MSLE) and Modified Universal Soil Loss Equation (MUSLE) and
from the water samples taken at the study area. Results showed that large amount of sediment has being eroded
from the study area. The highest annual erosion rates estimated is by using the RUSLE equation is recorded at
Borehole 19 with soil loss of 7,772 tons/ha/y. By analyzing the samples collected at the Pond B, the TSS value is
noted from 352 mg/l to 5031 mg/| at Inflow and 309 mg/I to 5375 mg/| at Outflow which fall under the Class
V according to the classification by Department of Environment in Malaysia. However, the results shows that the

measured soil loss was very much smaller compared to the calculated soil loss.
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Abstract

A river basin is an area delineated by its natural hydrological boundaries such that any rain falling on the area
will drain to the river. Any activity that takes places upstream of a river basin will eventually have an impact on the
quality and quantity of the river water as its reaches the downstream. Realizing the seriousness of the problems and
the threat it may pose to the environment, Malaysia has embarked on a journey to practise Integrated River Basin
Management (IRBM) particularly to strengthen the sustainable management of the country’s natural resources. In this
study, Kurau River sub-basin was selected to determine the effect of the landuse changes to water quality of Kurau
River sub-basin in order to support the implementation IRBM by using Soil and Water Assessment Tools (SWAT2005)
and Hydrologic Engineering Centre-Hydrologic Modelling System (HEC-HMS) mathematical models and integrates
with GIS to produce spatial input data in model. This study also estimate sediment yield using SWAT2005 and to
determine the suitability of HEC-HMS and SWAT2005 as Decision Support System Tools for IRBM. Two scenarios
were set fo stimulate the landuse behaviours in Kurau River Sub-basin in term of runoff hydrograph and sediment
yield using United States Soil and Conservation Services (SCS) method. Landuse in 2004 and 2015 were used
to perform the simulations. First scenario is according to the planning by Town Planning Department for Larut
Matang 2015 Local Plan then second scenario is assumed that the entire sub-basins were having 20% increase
of CN. Both scenarios were applied using HEC-HMS and SWAT2005 model. Scenario simulation Follow Larut
Matang 2015 Local Plan produces an increase of peak flow at Pondok Tanjung Station by 4.67% (3.20m%/s) as
compared to Batu 14 station by 20.40% (1.90m?®/s). Meanwhile for scenario simulation 20% increase of CN for
all Sub-Basins results shows an increase of peak flow at Pondok Tanjung station by 20.46% (14.00m?®/s) compare
at Bt 14 station by 35.48% (3.30m?/s). Scenario simulation by 20% development for all subbasin for SWAT2005
also shows an increase of peak flow by 6.06% (15.14m?*/s) compare to scenario follow Larut Matang 2015 Local
Plans shows an increase of peak flow by 1.92% (4.80m3/s). As for the suspended sediment, scenario simulation
by 20% increase of CN for all sub-basins shows an increase of sediment by 80.88% (16,887.39 tonnes/day)
compare to scenario follow Larut Matang2015 Local Plan shows an increase of sediment by 50.86% (11,454.75
tonnes/day). The result shows that landuse 2015 are suitable for future planning in Kurau River Sub-basin in term
of hydrology but suspended sediment shows an increase. Proper planning by responsible agencies should be taken
in order to avoid the negative environmental impact on landuse in Kurau River Sub-basin. Result also demonstrated
that HEC-HMS and SWAT2005 is a modelling tool for analyzing hydrological processes and water quality planning

and management in the Kurau River Sub-basin.
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Abstract

Storage tank module is a lightweight modular system which commonly used as underground storage tank for
rainwater harvesting. This storage tank module promotes reuse of rainwater, infiltration of surface water and water
quality improvement. In sustainable stormwater drainage designed by River Engineering and Urban Drainage
Research Centre (REDAC), Universiti Sains Malaysia (USM), this storage tank module was used as underground
conveyance conduit integrated with grassed swale. There are two types of modular channel investigated in this
study which is the existing and newly designed modular channel which is known as Modular Channel Type A
and Modular Channel Type B respectively. In this study, a total number of 54 sets of experimental and field had
been analyzed in order to investigate the hydraulic characteristics of Modular Channel Type A. Meanwhile, a
total number of 30 sets of experimental tests were carried out in investigating flow in Modular Channel Type B.
Investigation concerning the variation of Manning’s n with hydraulic parameters which include of flow depth, flow
rate, Froude number and Reynolds number were also presented in this study. The analysis indicated that there were
good correlations between Manning’s n and Froude number with correlation of coefficient (R?) more than 0.93.
A design step of modular channel was proposed by utilizing the relationship between Manning’s n and Froude
number using iteration. Apart from this, simplified equations by using only aspect ratio and channel slope were
developed by using multiple non-linear regression and genetic programming. It shows that prediction by using
genetic programming tends to underestimate flow rate for field date. Information reported in this study can be used

to estimate the hydraulic characteristics of modular under different condition.
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Abstract

Understanding the sedimentation processes in the river engineering and hydraulic structures are of vital importance
as this can affect water supply for the agricultural lands in the command area. To understand the problem, a
framework of physical and mathematical modelling were applied for investigate the flow and sediment pattern at
liok Intake, ljok River, Malaysia. HEC-RAS (1D modeling) and CCHE2D (2D modeling) software were used as the
mathematical model where results from HECRAS were used as input for CCHE2D. Physical model was designed
and constructed with a 1:15 undistorted scale at REDAC physical model laboratory. The comparative study using
both models was performed by running simulation for ten different conditions without and with an intake structure.
Based on the results, both models proved similar sedimentation pattern and sediments were accumulated in front
of intake structure, hence reduce the flow capacity to convey water into the canal downstream. For simulation
using intake structure, physical model is able to predict the flow and sediment transport phenomena accurately
because CCHE2D model used simplification and modification to represent an intake structure. However, analyses
proved that CCHE2D as two-dimensional mathematical model was able to give similar results of flow and sediment
pattern as physical model. Thus, it can be concluded that combination of physical and mathematical model can

give advantages in analyzing the river sedimentation near an intake structure for further design mitigation works.
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< » MIX-MODE

PROGRAMME

Masters of Science
(Sustainable River Management)

This programme is intended for engineers from government sector such as Department of Irrigation and Drainage,
Department of Environment, Public Works Department and other local authorities. All students will be provided with
updated knowledge and modules and research will be based on the real research carried out by REDAC. Thus,

students will gain better knowledge in the real work condition by this continuously education technique.

The lecturers involved in teaching this course will be those from REDAC, the School of Civil Engineering, the School

of Humanities and the School of Biological Sciences.

It is hoped that this programme will bring awareness to the general public and help us to preserve our rivers and
improve our drainage systems which will give impact directly on our lives as Malaysia progresses into becoming

a developed nation.
The course structure consists of three components:

i. Core Subjects (16 units)
Offered to develop specialization in sustainable river management by providing and conveying knowledge

of related subjects in depth.

ii. Elective Subjects (4 units)
General subjects which supplement core subjects. These elective courses are offered to expand the

knowledge of students in related fields other than the core specialization.
iii. Research Project Dissertation (20 units)

Aimed to enable students to carry out individual research in courses offered. Students will be asked to

carry out site investigation, problem solving, writing and result presentation in the form of thesis report.
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Mix Mode Dissertation

Name

Supervisor

Title

Noor Azma Lui

Dr. Lai Sai Hin

Water Quality in Constructed
Wetland: A Case Study with
Modeling

Mohd Azlan Mohd Yusoff

Dr. H Md Azamathulla

The Performance of REDAC (USM)
Gross Pollutant Trap

Rosma Aina Roslan

Dr. Lai Sai Hin

Discharge Estimation For Flooding
River Using Adaptive Neural Fuzzy
Inference System (ANFIS) and
Genetic Programming (GP)

Mohd Hanif Ismail

Mtr. Zorkeflee Abu Hasan

Hydrologic Modelling For Sg
Maka, Tanah Merah, Kelantan

Nusaibah Mohamed Yusof

Mr. Zorkeflee Abu Hasan

Modelling of Sedimentation Pattern
in Bukit Merah Reservoir

Rozaini Ramli

Dr. Lai Sai Hin

Determination of Soil Erodibility, K

Factor For Malaysian Soil Series

Shahnisfanizam Yaacob

Dr. H Md Azamathulla

Prediction of Scour Below
Submerged Pipeline Crossing a
River Using Genetic Programming

Mohd Aminur Rashid

Mtr. Zorkeflee Abu Hasan

Developing a Probabilistic Flood
Plain Boundary of Maka River
using Hydraulic Model

Zahra Zangeneh Sirdari

Prof. Dr. Aminuddin Ab.Ghani

Effect of Channelization on the

Stability of Kulim River







; SEMINAR &

! COURSES

. Urban Stormwater Management Short Course (USWM]): Application of
MSMA for Sustainable Urban Drainage System (SUDS)

Date/Venue:
30" Nov - 2" Dec 2004 - USM Engineering Campus
13- 15" Dec 2004 - Unit Kejuruteraan Sivil Dan Struktur, Cawangan Kerja Kesihatan, JKR
26M - 28" Apr 2005 - USM Engineering Campus
6™h- 8h Sept 2005 - USM Engineering Campus
12" - 14" Sept 2006 - USM Engineering Campus

7t - 8" Nov 2006 - Bintulu Development Authority, Sarawak



Background:

Urbanization results in the growth and spread of impervious areas and a diversification of urban land use practices
with respect to the hydrologic and environmental terms. Land use changes from rural to urban or industrial areas
cause local runoff impacts on receiving water flow, quality and ecology. New, comprehensive and integrated
stormwater management strategies are now needed to be in line with the government’s drive to achieve a sustainable
developed nation status in the early 21+ century. Such new strategies will incorporate interalia, runoff source control,

management and delayed disposal on a catchment wide, proactive and multi-functional basis.

The present drainage guideline, “Manual Saliran Mesra Alam” (MSMA) or Urban Stormwater Management Manual
for Malaysia, which was published by the Department of Irrigation and Drainage (DID) in 2000 and gazetted by
the Federal Government in 2001 will be discussed in this short course.

Objectives:

(a) To present the new design, concepts, criteria and regulatory requirements of MSMA

(b) To present examples of constructed projects based on MSMA

(c) To perform design calculation for urban drainage system that complies with MSMA
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Urban Stormwater Management Seminar:
Stormwater Quality Management Seminar (USWM-5)

Date: 9" - 11" January 2007

Venue: Sunway Hotel, Seberang Jaya, Penang

Background:
This seminar launches the last phase of MSMA, which since inception in 2001, has gained large ground in

changing the way stormwater is managed in urban areas in Malaysia. MSMA essentially consists of three parts:-

(i) Stormwater Quantity Management — concept of ‘source control’ is now accept practice in all
local authority areas in Peninsular Malaysia. Expertise, especially in design, needs more dissemination
and development.

(i) Erosion and Sediment Control- Targeted for the Earthworks stage. Still in ‘Introductory’ stage after
1 year. Awareness abd expertise need development.

(iii) Stormwater Quality Management- Yet to be introduced to Local Authorities and Practice On-Site,

although the subject of Gross Pollutant Traps (GPT) and Swales has been broached.

In the coming years, it is expected that Stormwater Quality Management will take on increasing importance, in

line with increasing efforts to clean up and rehabilitate rivers in the country.



Urban Stormwater Management Seminar: Seminar on
Erosion and Sediment Control (ESC)

Date: 9" - 11" January 2007 (USWM-6) & 25% - 27" August
2008 (USWM-8)
Venue: Parkroyal Hotel & Resorts, Penang

Background:

Sediment from earthworks is the biggest source of pollution
to rivers in the country. This is readily evident from the
‘teh-susu’ colour of our rivers, especially in urban areas. It
has also been verified by numerous studies on river basins
commissioned by the DID. Yet, sadly, not much has been

done to contain this very damaging aspect of development.

Not only are river aquatic life (fish, prawns etc) and
ecology seriously depleted but marine ecology is
also affected, as large sediment loads continue to
spread along the coastline - smothering out spawning
grounds and coastal sea-beds. Inland, sediment
chokes up culverts and river-beds, increasing flash-
flood frequencies. Engineers supervising earthworks
must be trained to be competent in ‘Erosion and
Sediment Control (ESC)’. ESC Plans (ESCP) need
to be prepared by competent professionals and
implemented by contractors who also need exposure
in this field. Obviously, Malaysia has a long way to
go judging from the limited expertise available in
the country at present. This course conducted by an
experienced practitioner and trainer from USA is a must
for engineers (and related professionals) to understand
control practices in a developed country. USWM-6
was held in conjunction with the first examination
for CPESC in the country for 15 candidates from the
government and the private sector and USWM-8 was
held in conjunction with the second examination for
CPESC for 100 candidates from the government and

the private sector.
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Seminar Pematuhan MSMA untuk Kelulusan Pelan Pembangunan

di Malaysia: Seminar Pematuhan MSMA untuk Kelulusan Pelan
Pembangunan di Malaysia

USWM-7: Date: 27" - 28" May 2008
Venue: The Grand BlueWave Hotel, Johor Bharu

USWM-7b: Date: 30" - 31+ July 2008
Venue: The Grand BlueWave Hotel, Shah Alam

Background:

In April 2007, the Malaysian government under the Ministry of Housing and Local Government initiated a
One-Stop-Centre (OSC) approval process in an effort to improve the delivery system and procedures at all state
municipalities. Its main purpose is to ensure that Malaysia stays globally competitive in the property and real estate
sectors. It is an independent body that acts as a facilitator for the planning process for submission of plans at the
local authority. Therefore, a standard submission procedure for stormwater was developed in line with the OSC by
Department of Irrigation and Drainage (DID) Malaysia for submission and approval of land development initiated
by the Ministry of Housing and Local Government. This standard submission procedure is part of the strategy of
DID being the relevant administrative agency for stormwater management in getting all parties involved such as
planner, consultant, project owner/developer, contractor and the local authorities to improve their understanding
and practices and achieve the required development control objectives. As Urban Stormwater Management Manual
for Malaysia (MSMA) is now mandatory for new development, there is a need for consultants to quickly develop
expertise in MSMA and familiarize themselves with the requirements for stormwater quality and ESCP. This need is
more pressing for some consultants due partly to their lack of adequate exposure to MSMA during the earlier stages
of its implementation. This set of checklist has been produced to assist developers, contractors and consultants on
the proper use of MSMA and to ensure better compliance to the measures in the Manual.

The Submission Checklist for Stormwater Management in Malaysia (DID, 2008) include 4 review checklist as follows:-

i) Submission of Plan for Planning Permission

ii) Submission of Plan for Drainage and Stormwater Management

iii) Submission of Plan for Erosion and Sediment Control Plan

iv) Erosion and Sediment Control - Inspection and Maintenance of BMP's.



Urban Stormwater Water Management Seminar: Application

of Sustainable Urban Drainage System as Part of Integrated
Water Resources Management (USWM-9)

Date: 8" - 9" December 2010
Venue: USM Engineering Campus

Background:

Integrated Water Resources Management (IWRM) has been as one of the
most significant development in water resources management in many years
which inspired by the four Dublin Principles. IWRM can be define as a process
which promotes the coordinated development and management water, land
and related resources, in order to maximize the resultant economic and sociall
welfare in an equitable manner without compromising the sustainability of vital
ecosystems (Global Water Partnership). It is important that the practitioners
to have a good information and implement guidance in use IWRM within
developments. In order to achieve IWRM, it should start with changing the

ideology of water resources management. Thus, stormwater management

can be first issue to focus.
The drainage guideline Urban Stormwater Management Manual for Malaysia (MSMA) which was published by

Department of Irrigation and Drainage (DID) in 2001 will be discuss in this short course. It is also hope that the
practitioner in this short course will have a better understanding and guidance in planning, designing and managing
IWRM concept by implementing Sustainable Urban Drainage System (SUDS) or MSMA.
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International Workshop on Urban Stormwater Management:
Malaysian Experiences

Date: 1¢- 2" July 2009
Venue: USM Engineering Campus

Background:

REDAC had made a technical visit to Center of Environmental Engineering (CEE),
Vietnam on December 27, 2008 to share knowledge and experience in urban
drainage and river management. During CEE upcoming visit to Malaysia in this July
2009, REDAC gladly arrange the International Workshop on Urban Stormwater
Management: Malaysian Experiences for which staff of CEE would receive useful
inputs on related issues in urban drainage and river management.

Urbanization results in the growth and spread of impervious areas and a

diversification of urban land use practices with respect to the hydrologic and

environmental terms. Land use changes from rural to urban or industrial areas cause local runoff impacts on receiving
water flow, quality and ecology. New, comprehensive and integrated stormwater management strategies are now
needed to be in line with the government's drive o achieve a sustainable developed nation status in the early 21¢
century. Such new strategies will incorporate interalia, runoff source control, management and delayed disposal
on a catchment wide, proactive and multifunctional basis.

The present guideline, Urban Stormwater Management Manual for Malaysia (MSMA), which was published by
the Department of Irrigation and Drainage (DID) in 2000 and gazetted by the Federal Government in 2001 will
be discussed in this workshop. Basically the manual comprises all the Best Management Practices (BMPs) and
Sustainable Urban Drainage Systems (SUDS) techniques based on Malaysian condition.

Objectives:

J To present the new design, concepts, criteria and regulatory requirements of MSMA

. To perform design calculation for urban drainage system that complies with MSMA

J To share experiences based on examples of constructed projects in urban drainage and river

management in Malaysia



River Rehabilitation Seminar (RiverM-1)

Date: 24" — 26" May 2005
Venue: Sunway Hotel, Seberang Jaya, Penang

Background:

Streams and rivers vary in character from place to place: from headwaters to mouth and from region to region.
They also change over time, rapidly during floods and gradually over much longer periods. These phenomena are
part of urban as much as natural rivers, and must be understood if we are to achieve and sustain urban renewal.
In their natural state, river corridors offer many benefits. These include clean water, productive fisheries, a diverse
range of plants and wide life in and out of water, navigation routes, and flood storage reservoirs (flood plains).
But as rivers and their valleys become altered through urbanization, some of these benefits are lost and others
become degraded and more costly to sustain.

The rehabilitation of degraded rivers is of growing interest to practitioners of river management worldwide. In
urban areas, this interest has been raised by the recognition of the value of river corridors for amenity, recreation,
and nature conservation, and the role of river corridors in enhancing the quality of urban living and in connecting
different parts of the landscape. Today, the approach is to hold back flood waters (Sustainable Urban Drainage
System), to restore flood plains and to create suitably designed flood and balancing areas with an interlinked
green — and traffic free — network of river corridors. These corridors serve to connect different areas of the city,
and sites of cultural and natural heritage.



Sediment Transport Modeling Workshop (RiverM-2)

Date: 28" - 30" July 2009
Venue: USM Engineering Campus

Background:

USAINS HOLDING Sdn Bhd through River Engineering and Urban Drainage Research Centre (REDAC) has been
appointed by Jabatan Pengairan dan Saliran Malaysia to carry out Study On River Sand Mining Capacity In
Malaysia. The study covers three rivers i.e Sungai Muda, Sungai Langat and Sungai Kurau that have different level
of sand mining activities. Sungai Muda has a long history of sand mining activity along the upper reach. Sungai
Langat recently has been a major source of sand for construction with the development of Putrajaya. Fewer activities
of sand mining are on-going in Sungai Kurau at the upstream of Bukit Merah reservoir. The objectives of the study
include the assessment of the river morphology, hydrological and sediment transport modelling and development
of river register database. Field works on selected sites for the three rivers were made to assess the capacity of the
river to convey both water and sediment. Data collection on bed material was made to characterize the physical
characteristics of sediment responsible for sediment transport that determines the river response in terms of erosion
and deposition. Hydraulic and sediment transport modeling study were carried out to determine possible location
of deposition along the three rivers in the present study. The depth and volume of deposition will in return determine
the viability of sand extraction taking into account the ability of the rivers to replenish the sediment.

Objectives:

. To carry out hydraulic/sediment transport modeling study incorporating both the river and its
capacity to sustain sediment extraction according to the sediment balance within the catchment

. To formulate a long term solution encompassing sand mining envelope along the river stretch in
terms of both river morphology and hydraulic/sediment transport modeling

. To achieve a balance between theory and practice



Hands On Training in River Sediment Sampling (RiverM-3)

Date: 23 - 25" November 2010
Venue: USM Engineering Campus

This training course was specially tailored to suit the specific target groups of technical staff from National Hydraulic
Research Institute of Malaysia (NAHRIM) on good practice and correct handling of equipments during river sediment
sampling. This training started with a half-day theoretical briefing by experienced and skilled REDAC staff. Then
participants are transferred to a sampling site, i.e. Sungai Kurau, to experience hands on training for sediment
sampling (bed material, bed load and suspended load) in rivers. After demonstration by skilled technicians of

REDAC, participants were then given opportunity to try out the sampling procedure themselves under guidance
of REDAC technicians.

On the final day, the participants were guided through the various common laboratory tests being carried out to
analyse a typical sediment sample, which included dry sieve analysis and hydrometer test. The samples collected the
previous day were used in this exercise. Participants are allowed to carry out the tests on their respective samples.
The final part of the training course include the interpretation of the obtain laboratory test results. Participants were
thought on how to translate the test results into meaningful information. The entire course provided a full package
training from preparation and equipment handling, to laboratory testing and result interpretation of river sediment

samples.
The objectives of the training course were:

J To provide exposure to participant on the appropriate handling of various equipments used in river sediment
load sampling
. To provide exercise for the participants on river sediment fransport data collection and analysis

J To provide sufficient training to participants on laboratory analyses for river sediment samples



1¢ International Conference on Managing Rivers in the 21+ Century: Issues & Challenges
Date: 21+ - 23 September 2004
Venue: Penang

Rivers'04 was organized by River Engineering and Urban
Drainage Research Centre (REDAC), Universiti Sains Malaysia
(USM\) as the first conference in the series of triennial International
Conference on Managing Rivers in the 21¢ Century for the
purpose of providing a major forum to researchers and
engineers from national and international levels to present
and exchange their views on the latest research issues and
application methods to solve existing problems related to
rivers in Malaysia and worldwide. 150 participants from
seven countries (Malaysia, Iran, UK, Australia, Finland, India,
USA) attended the three-day conference. The official opening
of Rivers'04 was made by His Excellency the Head of State
of Penang on 21+ September 2004. A special publication
on a pilot project on Urban Storm Water Management called
“Bio-Ecological Drainage System (BIOECODS)” was launched

by His Excellency during the official opening ceremony. Also, Prof. Roger Falconer, a council member of IAHR
graciously launched the IAHR Student Chapter — Universiti Sains Malaysia, the first of its kind in the Far East. The
founding committee members of the IAHR SC — USM are Mr. Abd. Jalil Hasan (President), Mr. Mohamad Ansar
Derani (Vice President), Mr. Chang Chun Kiat (Secretary), and Mohd Fazly Yusof (Treasurer).

Government agencies and research institutions at national level and a prestigious international professional society

supported this conference. These include: Department of Irrigation and Drainage (DID), Malaysia, Malaysian
National Committee on Irrigation and Drainage (MANCID), Humid Tropics Centre (HTC), Universiti Teknologi MARA
(UiTM), Institute for Environment and Development (LESTARI), National Hydraulic Research Institute of Malaysia
(NAHRIM), and International Association of Hydraulic Engineering and Research (IAHR).

Rivers'04 highlighted issues dealing with managing rivers such as flash flood, urban drainage, water scarcity,
water pollution, catchment management, and river conservation. The challenge ahead in managing rivers remain
to be evaluated and applied so as to preserve the natural environment of existing rivers in recognition of the
developments that are coming to river basins. Among the challenges ahead are designing a Sustainable Urban
Drainage System (SUDS), River Restoration by applying “Back to Nature” approach, and Integrated River Basin
Management (IRBM). As such the four Keynote Speakers who are renowned experts from national and international
levels namely Prof. Roger A. Falconer (Cardiff University, UK), Prof. Pierre Y. Julien (Colorado State University,
USA), Datuk Ir. Hj. Keizrul Abdullah (President, International Commission on Irrigation and Drainage, ICID), and
Prof. Chan Ngai Weng (Water Watch Penang, WWP) opened Rivers'04 with their Keynote Addresses on the
subjects of Sustainable Management, River Restoration and Environmental Modeling in River Basin Management.
The presented papers were published into two parts: a Book of Proceedings and the CD-ROM Proceedings. Both

contain 75 papers selected from 100 abstract submissions, covering the four major topics: River Hydraulics &



Hydrology (30 papers), River Management (27 papers), River Modeling (12 papers),
and Case study (6 papers). These papers were presented by authors in five technical
sessions divided into three parallel sessions. 30% of the papers are from international
participants whereas the rest 70% from local participants including those from research
institutions, NGOs and government agencies.

Two technical visits were also conducted during the second day of the conference.
The first visit was to the BIOECODS project at the USM Engineering Campus. The
participants were able to see themselves the application of several options of Best
Management Practices (BMPs) in urban storm water management to reduce flash
flood, water scarcity and water pollution. The second visit was to the USM Marine

Research centre at Muka Head.

ISBN 983-3067-08-5 (Proceedings)

ISBN 983-3067-09-3 (CD-ROM,)

ISSN 1571-5124 (Special Issue Rivers'04, International Journal River Basin
Management, IAHR & INBO, Vol. 3, No. 3)
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Solutions Towards Sustainable River Basin
Date: 6" - 8 June 2007
Venue: Kuching, Sarawak

. 2" International Conference on Managing Rivers in the 21+ Century:

Rivers'07 was co-organised by River Engineering and Urban Drainage Research
Centre (REDAC) of Universiti Sains Malaysia (USM) and the Sarawak Rivers
Board (SRB). The conference is the second of a series of triennial International
Conference on Managing Rivers in the 21¢ Century. This series of conference is
aimed to provide a major forum for researchers and engineers to present and
exchange their views on the latest research issues and application methods
to solve existing problems related to rivers in Malaysia and worldwide.

The conference was supported by government agencies, research institutions
and professional societies, which include Department of Irrigation and
Drainage (DID) Malaysia, Malaysian National Committee on Irrigation and
Drainage (MANCID), Humid Tropics Centre (HTC), Institute for Environment
and Development (LESTARI), Universiti Teknologi MARA (UiTM), National
Hydraulic Research Institute of Malaysia (NAHRIM), Water Watch Penang
(WWP), Sarawak Development Institute (SDI) and International Association

of Hydraulic Engineering and Research (IAHR).

The three-day conference was attended by 154 participants including exhibitors from eight countries including UK, USA,
Singapore and Malaysia. The official opening was made by YB Datuk Patinggi Tan Sri Dr. Alfred Jabu Anak Numpang,
Deputy Chief Minister of Sarawak, representing the Right Honourable Chief Minister of Sarawak, Pehin Sri Haji Abdul
Taib Mahmud on the é™ of June, 2007. Event on the first day, 4 keynotes speeches were delivered by established speakers
namely, YB Datuk Patinggi Tan Sri Dr. Alfred Jabu Anak Numpang (Deputy Chief Minister of Sarawak, Malaysia), Datuk
Paduka Ir. Hj. Keizrul Abdullah (Director-General of DID Malaysia), Professor Roger A. Falconer (Cardiff University,
UK), and Professor Jérg Imberger (University of Western Australia, Australia). The keynote addresses touched on river
management, river restoration and developments in river modelling. Later that evening, participants were invited for a
state dinner, sponsored by the Sarawak State Government. Cultural performances from the indigenous tribes of Sarawak
delighted the guests, which include the Deputy Chief Minister himself.

The second day of the conference was dedicated to the presentation of papers. There were two parallel technical sessions
held concurrently, covering eight sessions in total. Various issues and new developments were presented and discussed
by participants from various backgrounds. Among the topics brought up were Integrated River Basin Management
(IRBM), advancement in 2-D hydraulic modelling, real time water quality monitoring and forecasting, localised effort in
restoring and managing rivers, as well as inland river navigation systems. Professor Dr. Nor Azazi Zakaria (Universiti
Sains Malaysia, Malaysia) addressed his keynote speech on the final day of the event, highlighting on the importance
of Sustainable Urban Drainage Systems (SUDS). Two technical sessions followed, before the Chairman of Sarawak River
Board, YB Datuk Dr. Stephen Rundi Anak Utom addressed his speech to officially bring the curtain down on Rivers'07
International Conference. Later, participants were treated to a river cruise ride down the Sarawak River to the Sarawak
River Barrage and back. The participants were briefed through the operation of the barrage system in mitigating flood
and protecting the city against intruding tide in the half-hour stay at the barrage.

A part from the involvement of participants, the success of conference was also due to contribution by the exhibitors,
government agencies, private companies and NGOs participated in the exhibition. The exhibitors were active in promoting
their products and services, which include state-of-the-art surveying techniques, material innovations, and water quality
test apparatus. The official opening of the exhibition was done by the Deputy Chief Minister of Sarawak, right after the
official launching of Rivers'07 International Conference.



The papers presented in the conference were compiled into CD-ROM Proceedings. There were 88 papers included in
the proceedings, systematically arranged into ten topics of, Integrated River Basin Management (12 papers), Watershed
Land Use Planning and Management (5 papers), Flood Forecasting and Flood Risk Management/Mitigation (10 papers),
Floodplain, River and Estuarine Rehabilitation (13 papers), Hydrology and Sustainable Drainage System (17 papers),
Stream Heritage Restoration and Conservation (1 paper), Water Quality Treatment (9 papers), Inland Water Transport
(3 papers), Soil Erosion and Sedimentation (16 papers), and Legislative and Policy (2 papers). 40% of the papers were
from international participants whereas the remaining 60% were from local participants including research institutions,
NGOs and government agencies. The CD-ROM proceeding is priced at USD 75 (RM 250) and can be obtained from
Professor Dr. Aminuddin Ab. Ghani (redacO2@eng.usm.my).

Overall the organizing of Rivers'07 International Conference can be described as successful. All parties have contributed
their 100% effort and commitment towards this conference. Congratulation to the organizer, Universiti Sains Malaysia
under River Engineering and Urban Drainage Research Centre (REDAC) and Sarawak Rivers Board (SRB) and their co-
organizers such as the Department of Irrigation and Drainage (DID) Malaysia, and the others, for their enthusiasm to
support this conference as a way of awareness and sharing experience at the national and international level.

Publications:

ISBN 978-983-3067-18-3 (Abstract Book)

ISBN 978-983-3067-19-0 (CD-ROM)

ISBN 978-983-3067-28-2 (Proceedings)

ISSN 1741-7589 (Special Issue Rivers’07, Water Management, Institution of Civil Engineers,Vol. 162)



Sustainable Solutions for Global Crisis of Flooding, Pollution and Water Scarcity
Date: 6" - 9" December 2011
Venvue: Penang

. 3 International Conference on Managing Rivers in the 21+ Century :

Weather and climate are among the foremost factors that determine how a society
develops in a geographical region. During the last thirty years of hydro-climate studies,
two by products of men’s industrial and agriculture activities were recognized as
potential causes for the climate change in the form of global warming. The forecast of
the global heat release for the year 2075 is about 0.1% of the incoming solar energy.

However, at regional scale the heat released over a geographical region through the

energy consumption in 2075 could be about 2.6% of the incoming solar energy. This is

an amount which can have significant effect on climate warming over a geographical

region, such as Asia Pacific, with serious hydrological consequences as to rainfall,

temperature and stream flow magnitudes. In this connection, the Local Organizing

Committee would like to draw attention of the participants to the seriousness of
potential problem for Asia Pacific and worldwide due to the long-term climate and hydrologic impact of global warming and
find sustainable solutions in relation to flooding, river pollution and water scarcity.

The Rivers 2011 conference is the third of a series of triennial International Conference on Managing Rivers in the 21+ Century.
The organizer aimed to draw attention of the participants to the seriousness of potential problem for Asia Pacific and worldwide
due to the longterm climate and hydrologic impact of global warming and find sustainable solutions in relation to flooding,
river pollution and water scarcity.

This conference is supported by government agencies and research institutions at national level and a prestigious international
professional society. These include the International Association for Hydro-Environment Engineering and Research (IAHR), National
Water Service Commissions (SPAN), Department of Irrigation and Drainage (DID) Malaysia, Department of Environment (DOE)
Malaysia, National Hydraulic Research Institute of Malaysia (NAHRIM), Forest Research Institute Malaysia (FRIM), Humid Tropics
Centre (HTC), Institute for Environment and Development (LESTARI), Kuala Lumpur Infrastructure University College (KLIUC),
Universiti Teknologi MARA (UiTM), Universiti Putra Malaysia (UPM), Malaysian National Committee on Irrigation and Drainage
(MANCID) and Water Watch Penang (WWP).

The conference was officiated by the Director-General of Department of Irrigation and Drainage (DID) Malaysia, Dato” Ir. Hj.
Ahmad Husaini. Seven keynote speakers who are renowned experts from national and international levels namely Dato’ Ir.
Hj. Ahmad Husaini, Prof. Roger A. Falconer (Cardiff University, UK), Prof. Roslan Zainal Abidin (Kuala Lumpur Infrastructure
University College, Malaysia), Prof. Makarand Chintamani Deo (Indian Institute of Technology, Bombay, India), Prof. Shabaz
Khan (UNESCO-IHP HELP, Paris), Prof. Dr. Van-Thanh-Van Nguyen, (McGill University, Canada) and Prof. Nor Azazi Zakaria
(Universiti Sains Malaysia), delivered their keynote addresses over the course of the conference covering the subjects of Integrated
Water Resources Management (IWRM), Environmental Hydraulics, River Bank Erosion Risk, Data Mining in Hydrology and
Hydraulics and Flood Forecasting and Flood Risk Management and Mitigation.

Technical papers for this conference was divided into 11 major topics: Integrated Water Resources Management (18 papers),
Eco and Environmental-Hydraulics (14 papers), Innovative Urban Drainage Management (8 papers), Data Mining in Hydraulics
and Hydrology (8 papers), Flood Management and Hydroinforamtics (15 papers), Floodplain, River and Estuarine Rehabilitation
(9 papers), Flood Forecasting and Flood Risk Management / Mitigation (8 papers), Water Quality Treatment (9 papers),
Watershed Land Use Planning and Management (3 papers), Soil Erosion and Sedimentation (14 papers) and Water-Related
Hazard and Disaster (4 papers). These papers were presented by authors in 9 technical sessions whereby every two parallel
sessions ran concurrently. Approximately 40% of the papers were from international participants whereas the rest 60% were
from local participants including those from research institutions, NGOs and government agencies. The conference managed
to attract about 200 participants from 17 countries. During the final day, fechnical visits to BIOECODS at USM engineering
campus and River Penang Rehabilitation Plan. His Exellency the head of State of Penang officially brought the curtain down
on the 4-day conference.

Publications:
ISBN 978-983-3067-35-0 (CD-ROM)



National Launching of the Bio-Ecological Drainage System (BIOECODS)
Date: 4" February 2004
Venue: USM Engineering Campus

In 1999, a Memorandum of Understanding (MoU) of 3 years (October 1999 to September 2002) was signed
between Department of Irrigation and Drainage Malaysia and Universiti Sains Malaysia to form a smart partnership
in developing the fields of river engineering and urban drainage. Subsequently, REDAC was formed and the
BIOECODS system was constructed in USM as the pilot project to showcase the implementation of DID’s stormwater
manual, MSMA. It was only appropriate that the event to mark the end of such successful partnership was the
national launching of the BIOECODS system in engineering campus of USM. The BIOECODS system was launched
by His Excellency the head of State of Penang, Tun Dato’ Seri Utama (Dr.) Haji Abdul Rahman Haji Abbas on
February 4, 2003. As a result of this successful partnership, an extension to the first MoU was signed between
USM and DID during the same event. This was witnessed by His Excellency the Governor of Penang himself during
the same event. This new MoU (October 2002 to September 2005) would see further research and development
in the field of river engineering and urban drainage at REDAC. DID would gain capacity building opportunity

through enrolment of their staff in postgraduate research programmes at USM.
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Date: 5" December 2007

. Inaugural Professorial Lecture: Prof. Nor Azazi Zakaria and Prof. Aminuddin Ab. Ghani
Venue: Dewan Auditorium, USM Engineering Campus

In commemoration for their promotion to full professorship by Univerisiti Sains Malaysia, a simple yet significant
ceremony was held on 5" December 2007 at the auditorium hall in the Engineering Campus of Universiti Sains
Malaysia. Professor Nor Azazi Zakaria and Professor Aminuddin Ab. Ghani delivered their inaugural professorial
lectures titled ‘Sustainable Urban Drainage System: Solution for Flash Flood, River Pollution and Water Scarcity’
and ‘Sustainable River Management: From the Perspective of Sediment Transport Engineering and River Stability’

respectively during this special event.

The event started at about 9.00am when guests and guests of honour started to arrive at the auditorium. They are
greeted and welcomed by Prof Azazi, Prof Aminuddin and other REDAC staff. Among the guests of honour include
Yang Berbahagia Dato’ Professor Muhammad Idiris Salleh, Deputy Vice Chancellor (Research and Innovation) of
USM, representing the Vice Chancellor of USM, Yang Berbahagia Professor Lim Koon Ong, Deputy Vice Chancellor
(Industry and Community Network), Yang Berbahagia Dato’ Professor Ishak Tamby Kechik, former Vice Chancellor
of USM, Yang Berusaha Azman Abdullah, Registrar of USM. There were about 500 guests who attended the
event, consisting of USM staff, research collaborators and business partners from government and private sectors,

as well as friends and families.

The lecture by Prof Azazi touched on the importance of Sustainable Urban Drainage System (SUDS), which is a
long-term urban drainage design taking into account the aspects of environment and social requirements, apart
from the conventional drainage requirements. This relatively new approach aimed to mimic natural flow regime
of stormwater runoff, infiltration of water into adjacent ground and remove pollutants using natural means such
as soil and vegetation. In his lecture, Prof Azazi introduced the Bio-ecological Drainage Systems (BIOECODS)
pioneered by his research team. The BIOECODS is a stormwater management system which is environmental friendly
and sustainable, having been fully comply with the design requirements of the Urban Stormwater Management
Manual for Malaysia (MSMA). The BIOECODS, which is first constructed as a pilot project, was a product of
smart partnership between the Department of Irrigation and Drainage and Universiti Sains Malaysia. He went on
to present the performance and capability of the BIOECODS system in controlling runoff in quantity and quality
through years of monitoring and analysis. Finally, Prof Azazi presented in brief, application of BIOECODS in other
development sites, which include Forensic Ward of Hospital Bahagia, Tanjung Rambutan (Ipoh, Perak), Asrama
Anak Yatim Maijlis Agama Islam dan Adat Istiadat Melayu Kelantan (MAIK)(Kora Bharu, Kelantan), Klinik Kesihatan
Jenis 2 Taiping (Taiping, Perak) and DID Mechanical Office (lpoh, Perak).



Prof Aminuddin focused his lecture on the importance of understanding
the process of sediment transport in rivers as this would significantly help
to preserve equilibrium in natural rivers and the long term sustainability
of any river rehabilitation works. According to him, the stability of a
river is highly influence by four factors namely, discharge, river gradient,
sediment characteristics, and sediment loading. Changes in any one of
the factors could potentially disrupt the equilibrium state of a river, causing
sedimentation or increase in discharge over short period (in other words, ~1SBN: 978:983-861-352-1 ISBN: 978983.861-382:8
flood). Therefore, despite being a rapid growing country, Malaysia needs
to be more respectful and careful in managing the equilibrium of her rivers
to ensure any on-going development can be sustained without negative
consequences and that rivers would continue to be part of our cultural

heritage.

A simple exhibition was also put up during the event to showcase research
works by the professors and REDAC. This includes journal publications, books
and bulletin, reports for contractual research, proceedings of international
conferences, poster any many more. The exhibition was aimed to share
REDAC's findings and knowledge especially with non-academic guests
who are interested in rivers and urban drains, as these systems are parts

of their daily lives.
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MANCID Student Programme
Date: 9* February 2011
Venue: USM Engineering Campus

The Malaysian National Committee on Irrigation and Drainage (MANCID) is an accredited Non-government
Organization (BGO) under the Ministry of Agriculture and Agro-based Industries. In an effort to reach out and
attract young professionals to join the organization, MANCID had launched the ‘"MANCID Student Programme’. The
programme, aimed to encourage participation of university students in their activities on irrigation and drainage.
Universiti Sains Malaysia was targeted as one of the universities on their campaign. REDAC provided technical
assistant fo organise an introductory briefing by MANCID to the campus crowd. About 250 participants, consisting
of students, lecturers and staff, attended the briefing held at the Auditorium in USM engineering campus. They were
briefed on the history of irrigation and drainage development in the country, the role of engineers in this fields.
Also, the audience were introduced to MANCID, the functions, events and benefits of being a MANCID member.






Professor Roberto Mayerle & Professor Professor Pierre Y. Julien, Colorado Professor Roger A Falconer, Cardiff

C. Nalluri, Kiel, University of Germany State University, USA University, Wales, United Kingdom
(1 August 2002) (10" August 2002) (13" August 2002)

Dr. Emma Harris, Cardiff University,
Wales, United Kingdom
(18" December 2002)

Prince of Son'gklo University, Thailand National Launching of the BIOECODS
(17" March 2004) 9
(4™ February 2003)

Urban Stormwater Management Short
Course (USWM)
(30" November-2" December 2004)

lpoh City Council Participants from Rivers'04

(24" June 2004) (30" November-2"! December 2004)




Penang State Sacretariat Office Atlantis Corporation Pty Ltd, Australia Penang Public Works Department

(26" February 2005) (23 August 2005) (27" May 2005)

Urban Stormwater Management Short Course (USWM-2)

(2628 April 2005)

Urban Stormwater Management Short Integrated River Basin Management

Course (USWM-3) Department of Fisheries of Penang (RBM), Kedah

(2274 September 2005)

(6"-8" September 2005) (24" November 2005)
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Department of Irrigation and Drainage

(JPS) Malaysia
(224 December 2005)

Department of Irrigation and Drainage Malaysia & Malaysia
Institute of Nuclear Technology (MINT)
(4™ April 2006)

Public Works Department (Cawangan
Persekitaran), Kuala Lumpur
(10" July 2006)

Datuk Seri Azmi Khalid, Ministry of
Natural Resources and Environment
(NRE)

(12" October 2006)

Professor Pierre Y. Julien, Colorado
State University, USA
(27" May 2005 & 16" May 2006)

Universiti Malaysia Pahang (UMP)
(25" March 2006)

Universiti Tun Hussein Onn Malaysia
(13" June 2006)

Department of Irrigation and
Drainage, Kubang Pasu / Padang
Terap, Jitra Kedah
(10" July 2006)

Urban Stormwater Management Short
Course (USWM-4)
(12"-14h September 2006)

Prime Minister’s Economic Plan
Unit (EPU)
(7" December 2006)

University’s Board of Directors

(20" November 2006)




Profesor Larry A. Roesner, Colorado Stormwater Quality Management

Malaysian Flood Commission

State University, USA Seminar (USWM-5) (12" February 2007)

(8" January 2007) (9*-11* January 2007)

Politeknik Kota, Melaka
(19% April 2007)

National Service Training Programme Department of Irrigation and
(PLKN) 24 Group, Kem Jiwa Murni Drainage, Sarawak and Ministry of Jelutong Development Sdn. Bhd. (IJM)
Semanggol, Perak Tourism and Heritage Sarawak (29" June 2007)
(28™ April 2007) (20" June 2007)

School of Housing, Building &
Universiti Malaysia Pahang (UMP) Planning, Universiti Sains Malaysia (UMT)

Universiti Malaysia Terengganu

(25™ August 2007) (Engineering Studio 200 & 300)

(10" September 2007) 1A Sz o 20071
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National Service Training Programme (PLKN), 3 Group, Kem Jiwa Murni Semanggol, Perak

(25" August 2007)

Science Officer Society USM
(28" November 2007)

National Service Training Programme
(PLKN), 3 Group, Kem Jiwa Murni
Semanggol, Perak

(1# Mac 2008)

Development Department, Universiti
Utara Malaysia (UUM)
(23 April 2008)

Postgraduate Student,
School of Housing, Building &
Planning, USM
(11" Mac 2008)

Professor Joseph Lee HeungWing,
University of Hong Kong
(29" July 2008)

Coordinator of Healthy Campus (USM)
(31¢ October 2007)

Dedicated Local Council for Kulim Hi-
Tech Park
(13" Mac 2008)

LESTARI's Design Group, Universiti
Kebangsaan Malaysia (UKM)
(315 October 2008)




Participants from International
Course on Flood Mitigation
and Stormwater Management

(24™ October 2008)

Tasik Chini Research Centre
(PPTC), UKM
(4" September 2009)

Politeknik Sultan Abdul Halim
Mu’adzam Shah (POLIMAS)
(7' May 2009)

Prof. Donald DeAngeles University of
Miami, USA
(6™ October 2009)

International Workshop on Urban
Storm Water Management (USWM):
Malaysian Experiences
(1 -2 July 2009)

Participants from 3 International
Course On Flood Mitigation and
Stormwater Management
(19" October 2009)

Department of Architecture, Faculty of Engineering & Built Environment, Universiti Kebangsaan Malaysia (UKM)

Prof. Dr. Ing. Silke Wieprecht, Institute
of Hydraulic Engineering (IWS),

University of Stuttgart, Germany

(227 January 2010)

Selangor State Government

(9" February 2010)

Academic Visit Program of POLISA’s
Civil Engineering Student
(14" April 2010)

(4™ January 2010)
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Malaysian Institute of Road Participants from Urban Stormwater Water Management Seminar
Safety Research (MIROS) (USWM-9)
(30" September 2010) (8" - 9 December 2010)

Participants from 4" International School of Engineering and Resources Professor Mohamed S, Ghidaoui
Course On Flood Mitigation and Management, The Hong Kong University of Science
Stormwater Management Walailak University, Thailand & Technology (HKUST)

(19" October 2010) (29"September 2011) (25" January 2011)

Professor Masazumi Ao, International College of Arts and Sciences, Department of Irrigation and Drainage (DID) Penang,
Global Cooperation Institute for Sustainable Cities, Malaysia

Yokohama City University, Japan (16" November 2011)
(7 September 201 1)

National Landscape Department, Ministry of Housing and Local Government (MHLG)

(15" November 2011)
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Publication:

Nalluri, C., Ab. Ghani, A. & El-Zaemey, K.S. (1994). Sediment
Transport Over Deposited Beds in Sewers. Journal of Water Science and
Technology, IWA, Vol. 29, No.1-2, pp. 125-133, ISSN: 0273-1223.

Abstract

This paper is based on an extensive experimental investigation of
bedload transport of noncohesive sediments at ‘limit deposition’
in channels of circular and rectangular cross-section. The effect of
permanent deposits on the invert of pipe channels aon sediment
carrying capacity and hydraulic resistance to flow is investigated.
The sediment transport data from rectangular and pipe channels
led to the development of empirical equations with high correlation
coefficients. These equations showed the possibilities of their validity
for either channel shape with the incorporation of appropriate shape

parameters.

Keywords: Bedload transport, Deposited beds, Design criteria, Limit

deposition, Sediments, Sewers.

Publication:
Nalluri, C., Ab. Ghani, A. & El-Zaemey, K.S. (1994). Sediment
Transport Over Deposited Beds in Sewers. Journal of Water Science and

Technology, IWA, Vol. 29, No.1-2, pp. 125-133, ISSN: 0273-1223.

Abstract

A list of available codes of practice for self-cleansing sewers is
presented and a review of appraisals of minimum velocity criterion
is summarised. Comparisons of newly developed ‘minimum velocity’
criteria and ‘minimum shear stress’ criterion are presented. Some design
charts are also given. These charts are applicable to non-cohesive
sediments (typically storm sewers). It appears that sediment size and
concentration need to be taken into account, and that a limited depth
of sediment bed is recommended for large pipes (diameters > 1000

mm) to maximise their fransport capacity.

Keywords: Limit deposition, Sediment transport, Self cleansing,

Sewer design.
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DESIGN OPTIONS FOR SELF-CLEANSING
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* Department of Civil Engineering, University of Newcastle upon Tyne.

Newcastle upon Tyne NET 7RU. UK

*» Schanl of Civil Engi iversiti Sains Malaysia. Perak Branch Campus
50 Tronoh, Perak.

ABSTRACT

A list of available codes of practice for self-cleansing sewers 1s presented and a re
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citerion are presented. Some design charts are also given. Th
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INTRODUCTION

systems were designed based on empirical rules (o minimise

her minimum velocity or minimum s allow any

along period of time no deposits would buil gh flows flush

gn procedures. In the present trend, "no deposit condition” (clean pipe) in

ed by allowing flushing to take place fairly frequently and minimum velocity

1o be achieved under fall or half-full conditions. Table | reproduces some of the available design criteria
given in CIRIA (1987),

Ab. Ghani (1993) presented a new design criterion for clean pipe (no deposition) and another one for 2 pipe
having loose deposited sediment bed. A summary of the development of the criteria &nd ranges of data used
is given elsewhere (see Nalluri and Ab. Ghani 1994 2,b). Table 2 gives the newly derived criteria; equations
1 and 2 are applicable for storm sewers only (i.e. with non-co diments).

APPRAISALS OF "MINIMUM VELOCITY" CRITERION

Ab. Ghani (1993) appraised the "minimum veloc: riterion (half-full flow
used by Ackers (1984) and Nalluri (1986) and in general concluded and confirmed that the




B rublication:
Ab. Ghani, A., Zakaria, N.A., Kassim, M., & Ahmad Nasir, B. (2000).
Sediment Size Characteristics of Urban Drains in Malaysian Cities.
Journal of Urban Water, Elsevier Science, Vol. 2, No.4, pp. 335-
341.1SSN: 1462-0758, DOI:10.1016/51462-0758(01)00013-9.

Abstract

The existing conventional drainage systems in cities throughout
Malaysia have been built mainly to cater for the increase in surface
runoff due to rapid development that occurs in the city borders. The
drainage system is normally made up of open rigid concrete drain
channels susceptible to maintenance problems such as sediment
deposition, litter and utility pipes crossing. This paper highlights
the results of surveys carried out to determine the sediment size
characteristics in urban drains of five cities in Malaysia. A preliminary
result from a sediment profile observation at Sungai Raja drainage
system, Alor Setar is also described to establish the effect of drain

size and slope on deposition trend

Keywords: Conventional drainage system, deposition, Malaysia,

Sediment size, Urban drains.

B rublication:
Ariffin, J., Ab. Ghani, A., Zakaria, N.A., Yahya, A.S. & Abdul-Talib,
S. (2002). Transverse Velocity Distribution in Relation to Bed Load
Movement in Natural Channels. Water Studies, Vol 10, pp. 183-190.
ISBN: 1853128147. DOI: 10.2495/HY020181.

Abstract

The transverse velocity distribution in a plane normal fo the direction
of flow with respect to bed load movement is analysed. There are
limited studies on the transverse velocity profiles in natural channels
with B/yO aspect ratio greater than 10. The findings are based on
observations under field conditions in two rivers namely Sungai Lui
and Sungai Semenyih. In this paper, results of field experiments on
the effects of velocity to bed load profile were examined. The findings
indicated that velocity was not the only determining factor to the
change in bed load profile. Other contributing factors responsible

for the change include bed slope and composition of the bed load.

Keywords: Algorithms, Erosion, Mathematical models, Rivers, Sediment

transport, Shear stress, Turbulence, Viscosity.
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Publication:

Sinnakaudan, S.K., Ab. Ghani, A., Ahmad, M.S.S. & Zakaria, N.A.
(2003). Flood Risk Mapping for Pari River Incorporating Sediment
Transport. Journal of Environmental Modelling and Software, Elsevier
Science, Vol. 18, No. 2, pp. 119-130. ISSN: 1364-8152, DOI:
10.1016/51364-8152(02)00068-3.

Abstract

Geographic Information Systems (GIS) are an efficient and interactive
spatial decision support tool for flood risk analysis. This paper describes
the development of Arc.View GIS extension- namely AVHEC-6.avx
— to integrate the HEC-6 hydraulic model within GIS environment.
The extension was written in an Avenue Script language and Dialog
Designer with a series of ‘point and click” options. It has the capability
of analyzing the computed water surface profiles generated from
HEC-6 model and producing a related flood map for the Pari River
in the ArcView GIS. The userfriendly menu interface guides the
user fo understand, visualize, build query, conduct repetitions and
multiple analytical tasks with HEC-6 outputs. The flood risk model
was tested using the hydraulic and hydrological data from the Pari
River catchment area. The required sediment input parameters were
obtained from field sampling. The results of this study clearly show
that GIS provides an effective environment for flood risk analysis and
mapping. The present study only concentrates on the flood risk within

the boundary of the bunds.

Keywords: GIS, River, Flood Risk, Sediment Transport, System

Integration.

Publication:

Zakaria, N.A., Ab. Ghani, A., Abdullah, R., Mohd Sidek, L. &
Ainan, A. (2003). Bio-Ecological Drainage System (BIOECODS) for
Water Quantity and Quality Control. Infernational Journal of River
Basin Management,

IAHR & INBO, Vol. 1, No. 3, pp. 237-251. ISSN:1571-5124, DO
1:10.1080/15715124.2003.9635210.

Abstract

Land use change in urbanizing watersheds can have a significant
impact on hydrologic and hydraulic process as well as degradation
of water quality on receiving waters. The Bio-Ecological Drainage
System (BIOECODS) consists of elements of storage, flow retarding
and infiltration engineering. Swales, dry ponds, detention ponds and
wetland are the main components of BIOECODS that function as flow
attenuation and water quality freatment devices. The BIOECODS is a

pilot project that meets the requirements of the Stormwater Management

Manual for Malaysia and has been constructed engineering-based

drainage system to manage stormwater quantity and quality for

urban areas.

This article discusses how the BIOECODS could be implemented to
control stormwater quantity from an urbanized area and reduce the

water quality impact on the receiving water.

Keywords: Stormwater management, control at source, BMP’s,

sustainable urban drainage system, stormwater modelling.




Publication:

Chang, C. K., Ab. Ghani, A., Zakaria, N. A., Abu Hasan, Z. &
Abdullah, R. (2005). Sediment Transport Equation Assessment for
Selected Rivers in Malaysia. Special Issue Rivers’04, International
Journal of River Basin Management, IAHR & INBO, Vol. 3, No. 3,
pp. 203-208. ISSN: 1571-5124, DOI:10.1080/15715124.200
5.9635259.

Abstract

This paper describes a fotal of 122 sediment data obtained from
May 2000 until October 2002 at Kinta River Catchment in the river
sediment collection and analysis project. Data collection including
suspended load, bed load, bed material and flow discharge have
been carried out at six study sites consisting of four rivers which are
situated at Kinta River Catchment, namely Kinta River, Pari River, Raia
River and Kampar River. The sediment transport equation assessments
have been carried out using Yang, Engelund & Hansen, Ackers &
White and Graf equations. The results of Yahaya (1999) and Ariffin
(2004) studies for Kerayong River, Kulim River and Langat River

catchment (224 sets of data) are also included in this present study.

Keywords: Sediment transport, alluvial river, flood mitigation, erosion,

deposition.

Publication:

Ayub, K.R., Mohd Sidek, L., Ainan, A., Zakaria, N.A., Ab. Ghani, A.
& Abdullah. R. (2005). Storm Water Treatment using Bio-Ecological
Drainage System. Special Issue Rivers'04, Infernational Journal of
River Basin Management, IAHR & INBO, Vol. 3, No. 3, pp. 215-
221.1SSN:1571-5124, DOI:10.1080/15715124.2005.9635261.

Abstract

The treatment of stormwater as it flows through a Bio-Ecological
Drainage System (BIOECODS) is the result of a complex inferaction
between the physical, chemical and biological processes that occur
within the system.A stormwater quality monitoring programme at
BIOECODS is being carried out by grab sampling method for the
period of April-November 2003. Samples of stormwater are taken
from ten stations along ecological swales and eight stations along
ecological pond. The ecological pond (wet pond, detention pond,
constructed wetland, wading river and recreational pond) which is
placed downstream acting as a facility to control the storm water
quantity and storm water treatment device before storm water flows
into Kerian River. The ecological pond system is strategically placed
at the downstream end of the BIOECODS to optimize and effectively
attenuate and treat storm water runoff generated from the USM

Engineering Campus development area.

Keywords: BIOECODS, stormwater, water quality, swale, wetpond,

defention pond, constructed wetland.
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Publication:

Sinnakaudan, S. K., Ab. Ghani, A., Ahmad, M. S. S., & Zakaria, N.A.
(2006). Multiple Linear Regression Model for Total Bed Material Load
Prediction. Journal of Hydraulic Engineering, ASCE. Vol. 132, No.
5, pp. 521-528. ISSN: 0733-9429, DOI: 10.1061/(ASCE)0733-
9429(2006)132:5(521).

Abstract

A new total bed material load equation that is applicable for rivers
in Malaysia was developed using multiple linear regression analyses.
A total of 346 hydraulic and sediment data were collected from nine
natural and channelized rivers having diverse catchment characteristics
in Malaysia. The governing parameters were carefully selected based
on literature survey and field experiments, examined and grouped
into five categories namely mobility, transport, sediment, shape, and
flow resistance parameters. The most influential parameters from
each group were selected by using all possible regression model
method. The suitable model selection criteria namely the Rsquare,

adjusted R-square, mean square error, and Mallow’s C_ statistics were

employed. The accuracy of the derived model is determined using
the discrepancy ratio, which is a ratio of the calculated values to the
measured values. The best performing models that give the highest
percentage of prediction from the validation data were chosen. In
general, the newly derived model is best suited for rivers with uniform
sediment size distribution with a d, value within the range of 0.37-4.0
mm and performs better than the commonly used Graf, Yang, and

Ackers—White total bed material load equations.

Keywords: Sediment transport, Rivers, Regression models, Sediment
load, Predictions, Bed materials.

Publication:

Ab. Ghani, A., Zakaria, N.A, Chang, C.K., Ariffin, J.,
Abu Hasan, Z. & Abdul Ghaffar, A. B. (2007). Revised
Equations for Manning’s Coefficient for Sand-Bed
Rivers. International Journal of River Basin Management, IAHR &
INBO, Vol. 5, No. 4, pp. 329-346. ISSN: 1571-5124, DOI:10.10
80/15715124.2007.9635331.

Abstract

The procedure for selecting values of Manning n is subjective and
requires judgment and skill which are developed primarily through
experience. Government agencies and private sectors in developed
nations such as the USA are still doing research on predicting n
values for rivers. Since flow and boundary roughness vary with river
conditions, such research is therefore pertinent for rivers in Malaysia
where floods are one of primary concerns. Research on Manning n
value was starfed by River Engineering and Urban Drainage Research
Centre (REDAC), Universiti Sains Malaysia (USM) since 2000 at the
Kinta River catchment. Further data collections were later made at
two other major rivers i.e. Langat River and Kulim River. Two new
equations are proposed for determining Manning n for sand-bed
rivers in Malaysia based on 163 data collected from these three
rivers. On average, both equations have an error less than 10% in
predicting flow discharge for all 163 data.

Keywords: Flood mitigation, sand-bed rivers, flow resistance, Manning

n.




Publication:

Lai, S.H., Bessaih, N., Puong, L.L., Ab. Ghani, A., Zakaria, N.A &
Mah, D.Y.S. (2007). Determination of Apparent and Composite
Friction Factors for Flooded Equatorial Natural Rivers. Infernational
Journal of River Basin Management, IAHR & INBO. Vol. 6, No. 1, pp.
3-12.1SSN: 1571-5124, DOI:10.1080/15715124.2008.9635332.

Abstract

This paper presents results, calculated from field measurements taken
in several frequently flooded natural rivers, which include D and R
relationships, variation of flow resistance with depth of flow, the
apparent friction factor, and the composite friction factor for flooded
natural rivers. The results obtained have shown the complexity of flow
resistance in natural rivers due to the interaction between the main
channel and floodplain flow. The interaction has given rise to a pair of
apparent shear stresses at the interface region, which can significantly
reduce the discharge capacity of the rivers. The apparent shear was
quantified in terms of an apparent friction factor, f, and it was found
that the apparent shear stress is many times greater than the averaged
boundary shear stress of the rivers. Based on the averaged boundary
shear stress and apparent shear stress, the composite (actual) friction
factor for the rivers can be estimated accurately (R? = 0.99) using a

statistical method that had been derived.

Keywords: Flow resistance, friction factor, momentum transfer, natural

river, overbank flow.

Publication:

Lai, S.H., N.A, Bessaih, Ab. Ghani, A., Zakaria, N.A., Law, P.L. &
Ma, D.Y.S. (2007). Discharge Estimation for Equatorial Natural Rivers
with Overbank Flow. International Journal of River Basin Management,
IAHR & INBO. Vol. 6, No. 1, pp. 13-21. ISSN: 15715124, DOI:1
0.1080/15715124.2008.9635333.

Abstract

The estimation of discharge capacity in river channels is complicated
by variations in geometry and boundary roughness. Estimating flood
flows is particularly difficult because of compound cross-sectional
geometries and because of the difficulties of flow gauging. Results are
presented of a field study including the stage-discharge relationships
and surface roughness in term of the Darcy-Weisbach friction factor,
fa for several frequently flooded equatorial natural rivers. Equations
are presented giving the apparent shear force acting on the vertical
interface between the main channel and floodplain. The resulted
apparent friction factor, fa is shown to increase rapidly for low relative
depth. A method for predicting the discharge of overbank flow of
natural rivers is then presented, by means of a composite friction, fc,
which represents the actual resistance to flow due to the averaged
boundary shear force and the apparent shear force. Equations are also
presented giving the composite friction factor from easily calculated
parameters for overbank flow of natural rivers. The results obtained
using the methods proposed show that a significant improvement has
been achieved compare to the discharge obtained using traditional

methods, with an averaged error of 2.7%.

Keywords: Discharge estimation, flow resistance, friction factor,

momentum transfer, natural river, overbank flow.
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Publication:

Azmathullah, H.Md., Deo, M.C. & Deolalikar, P.B. (2007). Alternative
Neural Networks to Estimate the Scour Below Spillways. Advances
in Engineering Software. Vol. 39, No. 8, pp. 689-698. ISSN: 0965-
9978, DOI: 10.1016/j.advengsoft.2007.07.004.

Abstract

Artificial neural networks (ANN's) are associated with difficulties
like lack of success in a given problem and unpredictable level of
accuracy that could be achieved. In every new application it therefore
becomes necessary fo check their usefulness vis-a'-vis the traditional
methods and also to ascertain their performance by trying out different
combinations of network architectures and learning schemes. The
present study was oriented in this direction and it pertained to the
problem of scour depth prediction for ski-jump type of spillways.
It evaluates performance of different network configurations and
learning mechanisms. The network architectures considered are the
usual feed forward back propagation trained using the standard
error back propagation as well as the cascade correlation training
schemes, relatively less used configurations of radial basis function
and adaptive neuro-fuzzy inference system. The network inputs were
characteristic head and discharge intensity over the spillways while
the output was the predicted scour depth at downstream of the bucket.
The performance of different schemes was tested using error criteria
of correlation coefficient, average error, average absolute deviation,
and mean square error. It was found that the traditional formulae of
Veronese, Wu, Martins and Incyth as well as a new regression formula
derived by authors failed to predict the scour depths satisfactorily
and that the neuro-fuzzy scheme emerged as the most satisfactory
one for the problem under consideration. This study showed that
the traditional equation-based methods of predicting design scour
downstream of a ski-jump bucket could better be replaced by one of

the soft computing schemes.

Keywords: Ski-jump scour, ANN, ANFIS, RBF, Error criteria, Scour
depths.
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Abstract

Field data collections to study the physical sediment characteristics
and trends of sediment deposition were carried out at Raja River
monsoon drain made up of concrete channels for the period of 2000
and 2001. Assessments of the existing incipient motion equations
developed from experimental works were made using the measured
field data. The results show that equations by Novak & Nalluri (1975),
El-Zaemey (1991) and Ab. Ghani et al. (1999) are able to predict

satisfactorily the sediment deposition in rigid channel.
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Abstract

This paper presents the results obtained from field measurements
taken in several frequently flooded equitorial rivers, including velocity
distributions, stage discharge relationships, roughness behaviours
and discharge estimation. These have illustrated the large difference
in velocity between the main channel and floodplain under flood
conditions, and the effects of momentum transfer between deep and
shallow flow, which include reduction in main channel velocity and
discharge capacity, leading to a reduction in compound section
capacity at depth above bankfull. Another significant characteristic
that has been found is that the floodplain regions behave as storage
reservoirs (V=0 m/s) in most cases due fo high resistance of long and
thick grasses along the flood plains (n = 0.07-0.1). Flow resistance
relationships have been presented in terms of Manning’s coefficient
and Darcy-Weisbach friction factor, showing the complex nature
of flow resistance in the rivers and further explaining the danger
inherent in the conventional practices of extrapolating inbank data
for the analysis of overbank flows. Results for discharge estimation
have been shown for comparison with actual data, the errors incurred
by applying empirical methods to compound channel flows have

been quantified and found to depend on the particular method used.

Keywords: Discharge estimation, flow resistance, Equitorial River,

overbank flow, velocity distribution.

141

142




Publication:

Chang, C.K., Ab. Ghani, A., Abdullah, R. & Zakaria, N.A. (2008).
Sediment Transport Modeling for Kulim River - A Case Study. Journal
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Abstract

Rapid urbanization has accelerated impact on the catchment hydrology
and geomorphology. This rapid development which takes place in
river catchment will result in higher sediment yield and affect river
morphology and river channel stability; its also becomes the main
cause for serious flooding in urban areas. Therefore, it is necessary
to predict and evaluate the river channel stability due to existing
and future development. This study proceeds at Kulim River in Kedah
state, a natural stream in Kedah, Malaysia. The FLUVIAL-12 model,
an erodible-boundary model which simulates inter-related changes in
channel-bed profile, width variation and changes in bed topography
was selected for this study. Eugelund-Hansen formula and roughness
coefficient n= 0.030 were found to be the best combination to
represent the sediment transport activity in the study reach, where
good agreements were obtained for both water level and bed profiles
between the measured data and predicted results by FLUVIAL-12
model. The model simulation results for existing conditions, future
conditions and long-term modelling show that the sediment size and
channel geometry in Kulim River changed significantly. However,
modelled results show that changes in cross sectional geometry will be
limited and erosion along the reach will be slow down from 2006 to

2016, thus Kulim River was predicted to be stable at most locations.
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Abstract

The study extends the earlier contribution of Azamathulla et al.
in 2005, Artificial neural networks (ANNSs), due to their excellent
capabilities for modelling complex processes, have been successfully
applied to a variety problems in hydraulics/ however, one of the
maijor criticism of ANNs is that they are just black-box models, since
a satisfactory explanation of their behaviour has not been offered.
They, in particular, do not explain easily how the imputs are related to
the output, and also whether the selected imputs have any significant
relationship with an output. In this paper, a perturbation analysis for
determining the order of influence of the elements in the vector on
the output vector is discussed. The approached is illustrated though
networks recommended in Azamathulla et. al. (2005) for prediction
of scour using neural networks. The analyses of the results suggest that
each variable in the input vector (discharge intensity, head, tail water
depth, bed material, lip angle and radius of the bucket] influences
the depth of scour in different ways. However, the magnitude of the
influence cannot be clearly quantified by this approach. Further it
adds that the selection of input vector based on linear measures
between the variable of interest, which is commonly employed,
may still include certain spurious elements that only increase the

complexity of the model.
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Abstract

Researchers in the past had noticed that application of Artificial
Neural Networks (ANN) in place of conventional statistics on the
basis of data mining techniques predicts more accurate results in
hydraulic predictions. Mostly these works pertained to applications
of ANN. Recently, another tool of soft computing, namely, Genetic
Programming (GP) has caught the attention of researchers in civil
engineering computing. This article examines the usefulness of the GP
based approach to predict the relative scour depth downstream of a
common type of skijump bucket spillway. Actual field measurements
were used to develop the GP model. The GP based estimations were
found to be equally and more accurate than the ANN based ones,
especially, when the underlying cause-effect relationship became

more uncertain to model.

Keywords: Genetic Programming (GP), neural networks, spillway

scour, skijump bucket.
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and Linear Programming approach for Real-Time Operation. Journal
of Hydro-environment Research, IAHR & KWRA, Vol. 2, No.3, pp.
172-181. ISSN: 1570-6443, DOI: 10.1016/j.jher.2008.10.001

Abstract

There is an increasing awareness among irrigation planners and
engineers fo design and operate reservoir systems for maximum
efficiency to maximise their benefits. Accordingly, significant work
has been done on reservoir operation for known total irrigation

demand and on the optimal allocation of water available to crops

at the farm level. This present paper deals with the development and

comparison of two models e a Genetic Algorithm (GA) and Linear
Programming (LP) e to be applied to realime reservoir operation in
an existing Chiller reservoir system in Madhya Pradesh, India. Their
performance is analysed, and from the results, the GA model is found

to be superior to the LP model.

Keywords: Cropping pattern, Water resource management, Irrigation
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Predicting the Bed Load for Moderately Sized Rivers. Journal of Hydro-
environment Research, IAHR & KWRA, Vol. 3, No.1, pp. 35-44,
ISSN: 1570-6443, DOI: 10.1016/j.jher.2008.10.003

Abstract

A total of 346 sets of bed-load data obtained from the Kinta River,
Pari River, Kerayong River and Langat River were analyzed using four
common bed-load equations. These assessments, based on the median
sediment size (d), show that the existing equations were unable
to predict the measured bed load accurately. All existing equations
over-predicted the measured values, and none of the existing bed-
load equations gave satisfactory performance when tested on local
river data. Therefore, the present study applies a new soft computing
technique, i.e. an adaptive neuro-fuzzy inference system (ANFIS), to
better predict measured bed-load data. Validation of the developed
network (ANFIS) was performed using a new set of bed-load data
collected at Kulim River. The results show that the recommended
network can more accurately predict the measured bed-load data

when compared to an equation based on a regression method.

Keywords: Sediment transport, Bed load, Loose-bed rivers, ANFIS,
Malaysia.
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C.K. (2009). Modelling Urban River Catchment: A Case Study in
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Management, Vol.162, No. 1, pp. 25-34. ISSN: 1741-7589, DOI:
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Abstract

Generally, many rivers within urban catchments in Malaysia are being
altered from their natural states to meet the demand of developments.
Most of these rivers have also become the receiving water body
for urban drainage systems. Therefore, it has become extremely
difficult to separate river from the rest of the drainage system. Study
of inferaction between such river and urban drainage is necessary
for urban drainage planning and design. Present study showcases
how urban river modelling using InfoWorks Collection System (CS) on
Berop River, Perak (Malaysia), can assist stormwater system design.
Calibrated using historical flood event, the developed model was
used for evaluation of various design storms, possible scenarios as
well as existing and future landuse condition. The study found that
within a data scarcity condition, InfoWorks CS played a significant
role in providing good platform for stormwater system modelling as
well as satisfactory simulations and analyses for complex combination
of river and urban drainage stormwater system. This is the much
needed advantage for practising engineers in time saving stormwater

system design.
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Abstract

A spillway with a trajectory bucket as an energy dissipator satisfies
the requirements of both safety and economy. Many researchers have
developed empirical formulae to predict scour location considering
different hydraulic parameters and bucket configurations. An attempt
has been made in this paper to estimate the location of maximum
scour using parameters such as g, H1, R, d50, dw and the lip angle
of the bucket using an adaptive neuro fuzzy inference system (ANFIS).
Extensive experimental results were collected and analysed in order
to investigate the effect of different parameters on throw distance
and scour location downstream of a trajectory bucket spillway. It
was found that the scour parameter is a function of the fall Froude
number, ratio of head to tailwater depth, ratio of radius of trajectory
bucket to head, ratio of sediment mean size fo head and lip angle of
the bucket. The functional relationship is expressed in dimensionless
form. This paper also presents an alternative to the regression in the
form of neural fuzzy modelling. The results of this modelling were
compared with the regression equation and it was found that the
ANFIS results are highly satisfactory. The results of this study can be
used to predict the location of maximum scour downstream of the

trajectory bucket spillway.
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Abstract

Bridge-pier scour is a significant problem for the safety of bridges.
Extensive laboratory and field studies have been conducted examining
the effect of relevant variables. This note presents an alternative to
the conventional regression-based equations (HEC-18 and regression
equation developed by the writers), in the form of artificial neural
networks (ANNSs) and genetic programming (GP). There had been
398 data sets of field measurements that were collected from published
literature and were used o train the network or evolve the program.
The developed network and evolved programs were validated by
using the observations that were not involved in the training. The
performance of GP was found more effective when compared to
regression equations and ANNSs in predicting the scour depth at

bridge piers.

Keywords: Bridge pier, Genetic programming, Avrtificial neural

networks, Local scour, Radial basis function.
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Malaysia. Journal of Hydraulic Engineering, ASCE, Vol. 136, No. 4,
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Abstract

The 2003 flood of the Muda River reached 1,340 m*/s at Ladang
Victoria and adversely impacted 45,000 people in Malaysia. A
flood control remediation plan proposed a levee height based on
50-year discharge of 1,815 m3/s obtained from hydrologic models.
This design discharge falls outside the 95% confidence intervals of
the flood frequency analysis based on field measurements. Instream
sand and gravel mining operations also caused excessive riverbed
degradation, which largely off sets apparent benefits for flood control.
Pumping stations have been systematically required at irrigation canal
intakes. Several bridge piers have been severely undermined and
emergency abutment protection works were needed in several places.
Instream sand and gravel mining activities should be replaced with

offstream mining in the future.
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Abstract

The Muda River has been dramatically affected by unsustainable
human activities that scarified environmental values for national
development. The removal of the forest canopy causes a decrease
in the interception and transpiration in a basin. The decrease in
transpiration leads to an increase in the amount of water stored
in the soil. These changes can increase the soil’s moisture content,
allowing more water to be available to drain into channels. Tree
clearing can also cause increased erosion at logged sites and a
subsequent increase in sediment yield. In this study, an investigation
of the spatial and temporal changes in the environment imposed by
new land usages on a long timescale (over 22 years) was carried
out in the Muda River area. Detecting the changes in land usage will
help predict both consequent changes in the Muda River’s behaviour
and flood risks. In addition, computer modelling (InfoWorks RS) was
used to help determine the long term behaviour of the Muda River

and its flooding behaviour.
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Abstract

In the present study, flow patterns around a single spur dike (also
term a groyne) with free-surface flow was simulated using a numerical
model known as Fluent. The model solves the fully three-dimensional,
Reynold-averaged Navier-Stokes equation to predict flow near the
structure where three-dimensional flow is dominant. To treat the
complex free-surface flow, the volume of fluid method with geometric
reconstruction scheme was applied and turbulence was simulated
using standard k- equations. In this research work, both a structured
and unstructured mesh was used and the density of the mesh spacing
was selected the highest near the walls and also free surface to obtain
more accurate results. Comparison of free surface and velocities of
3D model showed good agreement with three experimental flume
data obtained by other researchers. The reattachment length for
various conditions was computed using the numerical results and flow
pattern was presented for repelling, attracting and vertical spur dikes
together. Also, bed-shear stress distribution was presented and the
effects of flow discharge and the length and angle of the spur dike

upon the bed shearstress distribution were evaluated.

Keywords: Spur dike, simulation, numerical model, Fluent, k-o, free

surface, VOF, shear stress.
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Abstract:

The process involved in the local scour below pipelines is so complex
that makes it difficult to establish a general empirical model to provide
an accurate estimation for scour. This technical note describes the use
of genetic programming (GP) to estimate the pipeline scour depth. The
data sets of laboratory measurements were collected from published
literature and used to train the network or evolve the program. The
developed network and evolved programs were validated by using the
observations that were not involved in the training. The performance
of GP was found to be more effective when compared with the results
of regression equations and artificial neural networks modeling in

predicting the scour depth around pipelines.

Keywords: Local scour, Genetic programming, Artificial neural

networks, Radial basis function, Pipelines.
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& Abu Hasan, Z. (2010). Prediction of Total Bed Material Load
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Rivers. Journal of Environmental Fluid Mechanics, Vol. 11, No. 3, pp.
307-318.1SSN: 1567-7419, DOI: 10.1007/s10652-010-9177-9.

Abstract

A soft computational fechnique is applied to predict sediment loads in
three Malaysian rivers. The feed forward-back propagated (schemes)
artificial neural network (ANNs) architecture is employed without any
restriction to an extensive database compiled from measurements in
Langat, Muda, Kurau different rivers. The ANN method demonstrated
a superior performance compared to other traditional sedimentload
methods. The coefficient of determination, 0.958 and the mean
square error 0.0698 of the ANN method are higher than those of the
traditional method. The performance of the ANN method demonstrates
its predictive capability and the possibility of generalization of the

modeling to nonlinear problems for river engineering applications.

Keywords: Alluvial channels, Artificial neural network, Total-sediment

load, River engineering, Sediment transport.
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Abstract

This paper presents a hydrodynamic-based investigation of constructed
wetland suitability for fish habitat. A constructed wetland adjacent
to river is manoeuvred to imitate riparian fish habitat by means of
computer modelling. Flow-velocity conditions, water depths and
effects of macrophytes to resistance of flow in constructed wetland
are modelled and steered towards creating a favourable ground for
natural substrate spawning of native fish species. The model suggests
combination of two zones, which are a macrophyte zone for typical
functions of a wetland and an open water zone with gravel bed to

support fish reproductive cycles.
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Abstract

This paper presents Gene-Expression Programming (GEP), which is
an exfension fo the genetic programming (GP) approach to predict
the total bed material load for three Malaysian rivers. The GEP is
employed without any restriction fo an extensive database compiled
from measurements in the Muda, Langat, and Kurau rivers. The GEP
approach demonstrated a superior performance compared to other
traditional sediment load methods. The coefficient of determination, R2
(=0.97) and the mean square error, MSE (=0.057) of the GEP method
are higher than those of the traditional method. The performance
of the GEP method demonstrates its predictive capability and the
possibility of the generalization of the model to nonlinear problems

for river engineering applications.
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Abstract

The Bio-ecological Drainage System, or BIOECODS, is an urban
drainage system located at the Engineering Campus, Universiti Sains
Malaysia. It consists of a constructed wetland as a part of the urban
drainage system to carry storm water in a closed system. In this
closed system, the constructed wetland was designed particularly for
further treatment of storm water. For the purpose of studying the water
balance of the constructed wetland, data collection was carried out
for two years (2007 and 2009). The results show that the constructed

wetland has a consistent volume of water storage compared to the

outflow for both years with correlation coefficients (R?) of 0.99 in
2007 and 0.86 in 2009.
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Abstract

Groundwater as an alternative source still does not contribute to the
water supply in area of Parit Raja because of the limitation of water
availability in the ground. This lacking of groundwater could be
caused by the circumstance that the top layer of soil is dominated by
compacted clay around 2 meters in which its permeability is small,
so the water is difficult to infiltrate the ground. The recharge well
technique was designed based on the flat area problems, layer of
real condition, flow water table and low infiliration rate. Resistivity
soundings were made at existing wells to assess the subsurface
layers. Besides that, the past records on floods event, sub surface
and surface studies were collected around study area as preliminary
studies. It was presented that the study area promised good prospects
to increase the capability of groundwater and contribute to the
drainage system by reducing the volume of rainfall runoff using the

recharge well technique.
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Abstract

In this study, a novel machine learning technique called the support
vector machine (SVM) method is proposed as a new predictive
model to predict sediment loads in three Malaysian rivers. The SVYM
is employed without any restriction to an extensive database compiled
from measurements in the Muda, Langat, and Kurau rivers. The SVM
technique demonstrated a superior performance compared to other
traditional sediment-load methods. The coefficient of determination,
0.958, and the mean square error, 0.0698, of the SVM method are
higher than those of the traditional method. The performance of the
SVM method demonstrates its predictive capability and the possibility
of the generalization of the model to nonlinear problems for river

engineering applications.

Keywords: Alluvial channels, River engineering, Sediment transport,

Support vector machine, Total sediment load.
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Abstract

This paper describes the study of two physical models that were built
to investigate the energy dissipation and flow regimes for different
discharges over stepped spillways with different numbers of steps.
These physical models had a general slope of 19-2% and had 12
and 23 steps respectively. Experiments were carried out for a wide
range of discharges. The hydraulic parameters of the flow over the
models were measured and the energy dissipation of flow was also
calculated. Results showed that the 12-step model dissipated more
energy than the 23-step model. However, the flow regimes that occurred
in the 23-step model were considered more acceptable than in the
12-step model. The experiments showed that energy dissipation at
lower flow rates were similar in both cases. However, in the skimming
flow regime at higher discharges, energy dissipation was about 12%

less in the 23-step model than in the 12-step model.
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Abstract

This paper presents a genetic programming (GP) approach to predict
the longitudinal dispersion coefficients in natural streams. Published
data were compiled from the literature for the dispersion coefficient
for a wide range of flow conditions, and they were used for the
development and testing of the proposed method. The proposed
GP approach produced excellent results (R? = 0.98 and RMSE =
0.085) compared to the existing predictors (Rajeev and Dutta, Hydrol
Res 40(6):544-552, 2009, R? = 0.345 and RMSE = 1778.6) for

dispersion coefficient.

Keywords: Streams, Rivers, Dispersion, Pollutants, GP.
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Abstract

The processes involved in the local scour at culverts are so complex
and that makes it difficult to establish a general empirical model to
provide accurate estimation for scour. This paper describes the use of
adaptive neurofuzzy inference system (ANFIS) to estimate the scour
depth at culvert outlets. The data sets of laboratory measurements were
compiled from published literature and used to train the ANFIS network.
The developed network was validated by using the observations that
were not involved in training. The performance of ANFIS was found
to be more effective (R2=0.94) when compared with the results of
regression equations and artificial neural networks modelling in
predicting the scour depth at culvert outlets (R2=0.78). Further work
is required to collect field data of scour at culvert outlets to train the

genetic programming approach and validate its usefulness.

Keywords: Radial basis function, Culverts, Neurofuzzy, Artificial
neural networks, ANN, Local scour.
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Abstract

This paper discusses the flow pattern and hydraulic performance
of a Gross Pollutant Trap (GPT), designed and patented by River
Engineering and Drainage Research Centre (REDAC) at Universiti
Sains Malaysia. Stormwater problems have become more severe
due fo the increase in urbanization. The increase in the amount of
impervious surface in urban areas produces more stormwater runoff
that is carried to the receiving bodies of water. The higher runoff volume
also carries more pollutants (gross pollutants, sediments, and nutrients)
from the contributing catchment area. Coarse sediments transported
by stormwater runoff have negative effects on the receiving body of
water and the aquatic environment by covering up aquatic habitats
and clogging waterways. One of the challenges in designing a GPT
for urban stormwater drainage is providing effective trapping without
hindering the hydraulic function of the channel, thus, avoiding overspill
or flooding. The current study presents a GPT design to meet these
specific requirements of trapping efficiency and hydraulic function.
The current GPT overcame the common problem of overspilling of
gross pollutants in GPT by the introduction of additional overspill
compartments that can handle excessive runoff and improve pollutant
trapping in higher flow conditions. In laboratory testing, the prototype
GPT was capable of achieving good trapping efficiency (over 80%
for gross pollutants and over 60% for coarse sediments) without

causing any overspill

Keywords: Gross Pollutant Trap, Sediment, Best management practice,

Flow measurement.
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Mah, D.Y.S. (2011). Conservation of Sarawak Peat Swamp in an
Urban Landscape by Fuzzy Inference System. Regional Environmental
Change, Vol. 11, No. 2, pp. 307-310. ISSN: 1436-3798, DOI:
10.1007/s10113-011-0213-1.

Abstract

Freshwater habitats are one of the planet’s most important, yet most
manipulated, environments. This is what happens in Sarawak that the
environment has been radically changed due to urban developments.
This paper is promoting the idea that we do not need a complicated
but a simple tool like fuzzy inference system to strike a balance
between the existence of peat swamp and the humans who live
nearer and nearer to it. Conditions vital to the survival and continuity
of a natural wetland system can be adapted as fuzzy rules. These
rules are capable of providing indicators of how much wetland can
be exploited and at the same time still allow the system to properly

functioning as a wetland.

Keywords: Disappearing wetlands, Ecological, social interaction,

Habitat, Indicator, Natural landscape, Nature conservation.
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Azamathulla, H.Md. & Wu, F.C. (2011). Support Vector Machine
Approach for Longitudinal Dispersion Coefficients in Natural Streams.
Applied Soft Computing, Vol. 11, No. 2, pp. 2902-2905. ISSN:
1568-4946, DOI: 10.1016/j.as0c.2010.11.026.

Abstract
This paper presents the support vector machine approach to predict
the longitudinal dispersion coefficients in natural rivers. Collected

published data from the literature for the dispersion coefficient for

wide range of flow conditions are used for the development and

testing of the proposed method. The proposed SVM approach produce
satisfactory results with coefficient of determination = 0.9025 and
root mean square error = 0.0078 compared to existing predictors

for dispersion coefficient.

Keywords: Support vector machine, Rivers, Dispersion Streams.
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Abstract

This study presents Gene-Expression Programming (GEP), an extension
of Genetic Programming (GP), as an alternative approach to modeling
the stage discharge relationship for the Pahang River. The results are
compared to those obtained by more conventional methods, i.e., the
stage rating curve (SRC) and regression fechniques. Additionally, the
explicit formulations of the developed GEP models are presented.
The performance of the GEP model was found to be substantially

superior to both GP and the conventional models.

Keywords: Flooding, Pahang River, Stage-discharge, GP-GEP,

Regression.
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Abstract

Old sewerage systems were designed based on empirical rules to
minimize sediment problems and a list of codes for selfcleansing sewers.
These codes were applicable to noncohesive sediments (typically
storm sewers). This study presents gene-expression programming
(GEP), which is an extension of genetic programming (GP), as an
alternative approach for modeling the functional relationships of
sediment transport in sewer pipe systems. A functional relation has
been developed using GEP. The proposed relationship can be applied
to different boundaries with partial flow. The proposed GEP approach
gives satisfactory results (r> = 0:97 and MSE = 0:0054) compared

to the existing predictor.

Keywords: Sewers, Sediment transport, Partfull flow, Gene-expression

programming, Regression analysis.
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9.1 BACKGROUND

Rapid urban growth in Malaysia over the last 30 years has resulted in increased stormwater flow into receiving

waters, increases in flood peaks, and degraded water quality. Traditionally, stormwater management focuses
on easing flooding through drainage of stormwater runoff from the urban areas to receiving water bodies. The
conventional stormwater drainage has been designed to provide the fastest possible transport (rapid disposal
approach) of stormwater runoff out of the catchments info receiving waters. The design philosophy of the conventional
drainage system is based on solving localised floods either by transferring excessive flows in drainage system
downstream by upgrading the drainage system or relieving localized problems by constructing storm overflows.
The consequence of removing the stormwater from the land surface so quickly is to increase volumes and peak
rates of flow discharge and finally overloading conventional drainage system. This results in a greater runoff that
generally requires expensive enhancement of drainage network to reduce severity and frequency of flooding in
urban areas. This also results in a higher pollutant washoff from the urban areas leading to deteriorate water quality
in the receiving water bodies (Zakaria et al., 2003; Zakaria et al., 2004; Ab. Ghani et al., 2004).

The conventional rapid disposal approach has reached a limit and that there is a demand for alternative technologies.
Therefore there is a need to seek holistic and sustainable solutions not only to mitigate existing flooding problems and
water quality degradation but also prevent the occurrences of such problems in new areas to be developed. With
the increasing understanding of non point source pollution, which has traditionally included stormwater sources, a
holistic design of urban stormwater management systems needs to incorporate the multiple purposes of controlling
major and minor floods, as well as stormwater pollution. Government allocations to resolve the current structural
work under flood mitigation works such as construction of dam and reservoir, deepening and widening of rivers,
increase from time to time. In the Ninth Malaysian Plan (2005-2010) alone, over 70% of the RM5.3 billion budget
granted for Department of Irrigation and Drainage (DID) was allocated exclusively for flood mitigation works (DID,
2009) Conventional drainage also contributed to river pollution. During rain event, domestic waste such as solid

waste and garbage will easily be carried by water into open drain and subsequently into rivers.

In response fo the needs for paradigm shift the way stormwater is managed, the Malaysian government has launched
the Urban Stormwater Management Manual for Malaysia or MSMA (DID, 2000) incorporating the latest development
in stormwater management that is known as control-atsource approach. From January 2001 onwards, all new
development in Malaysia must comply with new guideline that requires the application of treatment devices or
facilities (known as Best Management Practices (BMPs) in United States of America or Sustainable Urban Drainage
System (SUDS) in the United Kingdom) to control stormwater from the aspect of quantity and quality runoff to
achieve zero development impact contribution. This concept of treatments will be able to preserve the natural river
flow carrying capacity. The new manual draws on various approach of BMPs/ SUDS now being widely applied
worldwide to control the quantity and quality of runoff through detention/retention storage, infiltration facilities,
engineered waterway which are capable attenuate flow. The goal of this manual is to provide guidance to all
regulators, planners and designers who are involved in stormwater management. It identifies a new direction for

stormwater management in urban areas in Malaysia.
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92 DESIGN CONCEPT

One of such system would be the Bio-ecological Drainage System (BIOECODS), developed by River Engineering
and Urban Drainage Research Centre (REDAC), Universiti Sains Malaysia. The BIOECODS is a stormwater
drainage system designed with the concept of SUDS in mind, and as a result, is fully complied with the MSMA

requirements. BIOECODS is made up of several important components that ultimately form an efficient stormwater
treatment train that control runoff quantity and preserve runoff quality. The BIOECODS is designed to provide time
for natural processes of sedimentation, filiration and biodegradation to occur, which reduces the pollutant loads in
stormwater runoff. In addition, BIOECODS blends easily into their surrounding, adding considerably to the local
amenity and/or local biodiversity (Ab. Ghani et al., 2008).

The USM Engineering Campus 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 land and is fairly flat. The USM
Engineering Campus project has taken a series of measures to reduce runoff rates, runoff volumes and pollutant
loads by implementing a source control approach for stormwater management as suggested in the MSMA. This
include a series of components namely ecological swale, on-line underground storage, and dry ponds as part of
the BIOECODS that contribute to the treatment of the stormwater before it leaves the campus (Figure 1). This system
was designed fo combine infiliration, delayed flow, storage and purification as pre-treatment of stormwater before
discharging to constructed wetlands. In addition to source controls, these measures include integrating large-scale
landscapes into the development as a major element of the stormwater management system. The concept of the
BIOECODS is to integrate with the Ecological Ponds for further treatment of the stormwater runoff. In combination,
these increase runoffs lag time, increase opportunities for pollutant removal through settling and biofiltration, and

reduce the rate and volume of runoff through enhanced infiltration opportunities.




Figure 1 Aerial View of BIOECODS

Ecological Swale

In order to reduce the drainage footprint of the BIOECODS, as well as to provide additional water treatment,
a dual layer conveyance system is introduced. While the surface of the swale is generally not much larger than
conventional drain, the total cross section area of the system provides much larger water storage and treatment
function than a normal conventional drainage can offer. The surface layer resembles a grassed channel or a swale.
Typical swale design, gentle side slope, low gradient and shallow depth applied to this layer. The underground
layer, consist of a geosynthetic module enclosed in geotextile. It is connected to the surface layer via a layer of
river sand or infiltration media. Figure 2 presents a cross-sectional view of the said ecological swale. Four types of
ecological swales were constructed in USM Engineering Campus, namely building perimeter swale, Type A, Type

B and Type C depending on the number of modules available underneath the swale.

Figure 2 Ecological Swale
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As runoff builds up on the surface, it is first infiltrated into the sand layers and then the underground modules. This
infiltration provides both quantity and quality treatments to the runoff. First, the infiltration delays flow after which
the infiltrated water is stored in subsurface modules. Only after the pool of water generates enough energy will
it flow downstream within the module. Along the module, water is loss to adjacent ground through exfiltration
of water from the side or bottom of the module. This water will percolate through the ground and either retained
as soil moisture or recharge ground water. On the surface, ecological swale attenuates flow by providing larger

surface friction through the grass way than the smoother concrete channel.

For water quality treatment, three important processes are involved. First, as water flows into the ecological swale
from impervious surfaces, grass on swale surface acts as filter media to trap out particulate pollutants. The aerobic
condition of the soil promotes hydrocarbon breakdown. The second treatment involved is the infiltration of water
through sand layer and into the module. Infiltration filters out particulates and some smaller solid nutrients that
attached to them. The geosynthetic module is manufactured such that the internal structure of the module helps to
break up water flow, creating turbulence and therefore increase dissolve oxygen. Finally, both the surface and

subsurface flows will combine again by both discharging into the ponds and wetlands system.

Dry Pond

The excess stormwater is also stored on the dry ponds constructed with a storage function. The dry pond is essentially
an On-Site-Detention (OSD) pond, which has been integrated with the ecological swale to temporarily store the
stormwater runoff. The modular storage tank is placed beneath the detention basin where the stormwater is drained
out by infiltration (Figure 3). The outflow path of the storage module is connected to the ecological swale at the
lowest point, in order to drain the dry pond system in less than 24 hours. Dry ponds diffuse flow conveyed by
swales and the reduced stormwater velocities enable more effective sedimentation, infiltration and evaporative water
treatment. The landscape lands are able to infiltrate a substantial portion of the annual surface runoff volume due

to the increased soil permeability that is created by the deep and fibrous root systems of the landscape vegetation.

Figure 3 Dry Pond



Detention ponds
Wet pond and detention pond are the community facilities of the BIOECODS (Figure 4). They are primarily designed
for attenuating runoff from developed areas through regulated outlet structures. The facility is typically designed to

limit discharge to the pre-development stage, while storing water temporarily.

Figure 4 Wetpond (leff) and Detention Pond (right)

Wetlands

With respect to the need for water quality improvements, wetlands (Figure 5) is designed as a community treatment
facility. As much as 90% of the total volume of annual stormwater runoff will flow through an area supporting
growing plant material. Contaminants are removed either by direct absorption into plant tissues (soluble nutrients) or
by physical enfrapment and subsequent setlement on the wetlands bed. Figure 6 shows an example of wetlands in
USM Engineering Campus. Extended exposure to sunlight in a pond will also help to breakdown certain pollutants.
Apart from water quality, the wetlands is also designed as a habitat area for biodiversity conservation within a

development, supporting species such as small mammals, birds, fish, reptiles and plants.

Figure 5 Constructed Wetlands
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Wading River

Wading river (Figure 6) is designed to covey stormwater from the wetlands to recreational pond before discharging
to Sungai Kerian. Meanders have been restored in wading river by using graded sediments and gravel. The
wading river has two components, i.e. main channel and flood plains. The very large boulders are placed at

several locations along the river bank to prevent bank erosion.

Figure 6 A Meandering Wading River Upstream of the Recreational Pond

Recreational Pond
The end product is expected to improve the aesthetic value for surrounding areas with the existence of the “Crystal
Clear Blue Water Lake” (Figure 7) at the most downstream end of the drainage system. The water level is maintained

in the recreational pond by a 600 mm pipe culvert (Figure 8) discharging into Sungai Kerian.

Figure 7 Recreational Pond Figure 8 Check valve used to provide flow in one direction
only through a culvert



073 CONSTRUCTION OF
~|BIOECODS

Materials

Despite its innovative design, the construction materials used to construct a BIOECODS system is rather common and

easily available. Common construction materials such as geotextile, river sand, top soil and cow grass are widely
used in constructing the system. The only unique material used is the geosynthethic module. Initially designed as
underground storage unit in overseas, it has been used innovatively to form an underground drainage network in
BIOECODS. Despite the module relatively high price in a decade ago, the continuing popularity and more common

use in Malaysia has saw this product being manufactured locally, significantly reducing the cost of material.

Construction Methods

The construction of ecological swale is very simple and does not require highly skilled labours. First, a trench will be
dug using backhoe to desired depth after setting out. The trench is then backfilled with river sand to create a desired
gradient for the subsurface drain. Then a geotextile is layered onto the sand. Geo-synthetic module is arranged side
by side on the geotextile to form a continuous conduit, before the modules are wrapped up in the geotextile. The
trench containing the enclosed module is then being backfilled with river sand up to desired invert level. It is then
topped up with a thin layer of top soil to sustain vegetation growth. Finally, cow grass is turfed on to the depression
to create the surface drainage, i.e grass swale. The entire process involves very minimal machinery. On a daily
average, a team of semi-skilled labour of four persons can easily construct 60 - 80 metres of ecological swale.
Figure 9 shows the site condition and working procedure of constructing an ecological swale. The construction of
dry ponds are very similar to the ecological swale, which involves dual layer system, i.e. underground detention
storage units (also using enclosed geosynthetic module) and surface depression which is turfed. Other BIOECODS

components, i.e. detention ponds and wetlands are constructed using typical industry methods.

(a) A trench is dug with backhoe and lay- (c) Trench is backfilled with enclosed
ered wih river sand module buried within
(e) Elogical Swale after Completion
(b) Module is laid in the trench and (d) A swale is shapped and topped up
wrapped in geotextile with top soil before being turfed

Figure 9 Work Flow of an Ecological Swale Construction
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Costs

In 1999, contractors were invited to submit tender for the construction of USM Engineering Campus drainage
system package. The contractors were asked to submit tender for two drainage alternatives so the client (USM)
could evaluate the feasibility of BIOECODS before actually opting for it. Five contractors submitted their tender
and subsequently, USM opted for BIOECODS due to its lower construction cost. Table 1 shows the summary of
the estimated cost. Eventually, the cost rose due to addition of new elements and/or variation orders. However,

the final cost of the constructed BIOECODS is still 7% cheaper than the proposed cost for conventional drainage
(Zakaria, 2011).

Table 1: An Example of Construction Cost for BIOECODS and Conventional Drain

ltem Alternative 1 Alternative 2
(Conventional) (RM) (BIOECODS) (RM)
1. Total Costs of Drainage System* * 5,387,042.51 3,557,582.35
2. Unexpected Cost During Construction - 750,978.47
(Crossing etc)
3. Variation Order for quantity adjustment - 703,200.00
of materials (20%)
Total Construction Cost 5,387,042.51 5,011,760.82
Difference in Total Cost 375,281.69
Difference in % 7.0
**note:
1. The shown total cost for alternative 1 is the average cost of 5 submitted tenders.
2. The shown total cost of alternative 2 is the actual cost by the contractor that won the tender.
8. The subsequent costs are recorded through claims by contractor during or after construction.

Mohd Sidek et al. (2004b, 2006) compared life cycle costs of the new environmental-friendly drainage systems
based on MSMA and traditional methods of urban drainage design in their study. The method only considers the
direct capital and operation and maintenance costs associated with the methods. This simple method can be used
to compare the long-term financial feasibility of the MSMA method. The finding of the study was the capital cost for
the MSMA method is 5% lower than the traditional method. However, MSMA method has a higher maintenance
cost. It is expected the capital cost for MSMA method to reduce as contractors become more familiar with the

method and reduces the ‘safety margin’ placed in the project budget.




o 4 GREEN BUILDING INDEX
7| (GBI) ASSESSMENT

Sustainable Site Planning & Management (SM) - Stormwater Design With Quantity
& Quality Control

The BIOECODS is consistent with objectives of MSMA will focus on the control of both the quantity and quality of
urban runoff. BIOECODS are used to cater for the post-development discharge generated from the development

area. The proposed drainage system component for both quantity and quality control for this project are:-

. Ecological swale

. Subsurface drainage

J Dry ponds (Bio-retention & OSD)

. Wetlands

J Community Ponds (Wetpond and detention pond)

This system includes a series of BIOECODS components which serves to reduce peak discharge by temporary
storage and gradual release of stormwater runoff. This environmental-friendly drainage system practices the
“control at source” principle (storage-oriented approach) to simulate the natural hydrological cycle in urban areas
by combining infiltration, defention storage, flow attenuation as well as runoff treatment techniques. The reduced
post-development runoff hydrograph is typically designed so that peak flow is less than the pre-development peak
flow rate. BIOECODS is an innovative concept that will fulfill urban stormwater management objectives to restore

each component of the hydrological cycle to its natural level.
Innovation (IN) - Innovation In Design & Environmental Design Initiatives

The stormwater management approach using BIOECODS, based on set of broad and holistic principles for effective

stormwater environment management:

. The establishment of a storage-oriented approach for controlling runoff quantity from development
sites;

. The identification of the environmental values (or benefits uses) of particular water bodies which
are to be protected;

J The establishment of objectives which will achieve required levels of flood protection and water
quality enhancement;

. The establishment of water quality management strategies;

J The development and implementation of monitoring and surveillance programs to ensure that

runoff quantity and water quality (or environmental) objectives are being maintained; and
. The implementation of research programs to gain a better understanding of the behavior of aquatic

systems in order to improve water quality design and management technique.
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Bio-Ecological Drainage Systems (BIOECODS) is an ecologically sustainable solution for flash flood, river pollution
and water scarcity using the “control at source” approach. BIOECODS emphasizes the importance of a holistic
approach to environmental engineering, landscape architecture and developing, making it unique in the field of
stormwater management and innovative urban development. Presently, the project is an example for the development
of new urban areas by implementing several components of BIOECODS at once that can meet the concept of
Stormwater Management Manual for Malaysia (MSMA) to manage and control stormwater runoff quantitatively
and qualitatively at its source. The application of BIOECODS is a new development attempt to solve three major
problems commonly encountered in Malaysia namely flash floods, river pollution and water scarcity during dry
periods.



9.5

Flow Attenuation and Flood Reduction

PERFORMANCE
OF BIOECODS

Since its establishment, BIOECODS has been closely monitored for its hydrological and hydraulic performances.

The first BIOECODS system in USM engineering campus has been monitored with sophisticated water quantity

and quality equipments to record its performance during rainfall events continuously for almost a decade now.

The most significant benefit of BIOECODS is its ability to reduce flow peak and flow volume. The retardation in

ecological swale and detention in dry pond, wet pond, detention pond and wetlands have enable BIOECODS to

successfully create a stormwater system that mimics natural condition, hence reducing flood risks. Figure 10 shows

flow attenuation with detention pond during an event. These are all genuine records gauged by the site monitoring

systems. Tables 2 and 3 provide further examples of flow attenuation in swale and pond respectively.

Figure 10 Example of Flow Attenuation by Detention Pond.

Table 2: Example of Ecological Swale Performances for Frequent Rainfall Events (Zakaria, 2011)

Precipitation | Average | Estimated Peak Flow Total Runoff Volume Percentage of Reduction
Event Rainfall (ARI) (/) (m3) (%)
Intensity
(mm/hr) Inlet Outlet Inlet Outlet Peak Flow | Runoff Volume
24/6/2003 11 3 months 128 91 418.5 246.6 28.9 41.1
30/8/2003 | 14.5 | 3 months 59 26 388.8 123.6 55.9 66.6
8/9/2003 13.8 5 years 195 176 4043.1 3043.3 10.0 24.1

Table 3: Example of Detention Pond Performances for Frequent Rainfall Events (Zakaria, 2011)

Precipitation Total | Rainfall | Rainfall Peak Flow Total Runoff Volume Percentage of

Event Time Depth | Intensity (1/s) (m3) Reduction (%)

(mins) (mm) | (mm/hr)
Inlet Outlet Inlet Outlet Peak Flow |Runoff Volume

14/4/2007 40 23.5 35.3 0.041 0.032 2,214 |4 21.95 19.74
16/4/2007 70 23.2 19.9 0.034 0.026 1,545 1,200 23.53 22.33
18/10/2009 65 84.6 78.1 0.335 0.235 23,919 18,365 29.85 23.22
11/11/2009 | 155 171.5 66.4 0.689 0.289 38,859 18,870 50.65 51.44
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More detailed observations are recorded in Ainan et al. (2004). The performance of ecological swale was also
verified using computer model by Abdullah et al. (2004) using XP-SWMM. In both cases, the authors found that
the system performed admirably to attenuate flow from the catchment. Recently, a water balance analysis by Ayub
et al. (2010) confirmed that the BIOECODS system actually increases groundwater recharge through infiltration.
During drier days, percolated surface water eventually ‘resurface’ to supply much needed base flow to sustain

plants and ecology.
Water Quality Improvements

Apart from water quantity, water quality control of BIOECODS is also being constantly monitored through in-situ test
as well as laboratory testing for the common water quality parameters. The final discharge from the system are most
of the time conform to Class IIB of National Water Quality Standard published by Department of Environment. It is
worth mentioning that the use of this system significantly reduce the pollutant loads especially particulate pollutants,
i.e. sediment. For the entire system, TSS was non-detectable, indicating that even if sediments were washed into
the system, they are trapped very early on by the ecological swale networks. With the use of detention ponds
and wetlands, most biological activities are concentrated in this area, the biological load is rather higher, but still
in Class IIB limit. However, the discharge from wetlands is significantly of better quality, indicating the success of
biological treatment occurring within the ponds and wetlands. Mohd Sidek et al. (2004a) and Ayub et al. (2005)

provide more detailed presentation of the water quality treatment results of BIOECODS.

9.6|CONCLUSIONS

The introduction of Urban Stormwater Management Manual for Malaysia, or MSMA, changed the stormwater

management landscape in the country. However, with the increasing need of meeting demands for green technologies
and climate change, stormwater engineers are facing a stiffer challenge to produce effective and sustainable drainage
system. This requires the need to inject new technologies or innovation into the design of drainage facilities. The
Bio-ecological Drainage System or BIOECODS was introduced in 2001. Adopting the concepts of integration,
control-at-source and sustainability, BOECODS paved the way for a promising development in drainage design
in Malaysia that fulfils the MSMA criteria. Through innovation in design, the designers introduced the ecological
swale, a dual layer conveyance system that minimize drainage footprint but provide additional water quantity
and quality freatment. Other components such as dry ponds, wet ponds and wetlands are further evidences of the
integration of stormwater facilities into surrounding landscape, adding significant values to otherwise worthless
open spaces. The project also overturned the stigma of increased cost due to innovative drainage. Final construction
costs proved to be slightly cheaper than a conventional drain. A series of continuous research and monitoring also
found that stormwater is effectively controlled in quantity and quality. The system is a living proof for feasibility and
multi-benefits of MSMA implementation. BIOECODS also testified that the current stormwater management concept

is ready to face the challenges of climate change.
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University Campus, International Universiti College of Automotive | Glenmarie Asset Management Sdn.
Malaysia (IUCAM), Pekan, Pahang Bhd.

Student Village, International Universiti College of Automotive Malaysia | Glenmarie Asset Management Sdn.
(IUCAM), Pekan, Pahang Bhd.

Mix Development at Seksyen U1, Bandaraya Shah Alam, Selangor Horsedale Development Sdn. Bhd.
DRB-HICOM Training Centre, Port Dickson, Negeri Sembilan Darul DRB-HICOM Berhad
Khusus
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