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Senior Engineer, Texas Water Development Board, and Executive Vice President, International
Rainwater Catchment Systems Associathar].krishna@twdb.state.tx.us

Abstract

Because of rising population and limited water supplies, there is a need to develop alternative water
resources ithe USA, particularly in the westestatesOne alternative source of water is harvested
rainwater which carserve a number of different purposes. Examples from Texas and from other states
in the USA illustrate theifferent uses and benefits of rainwater harvesting.

Rainwater cisterns were used in Texas in the early 1900s, but became obsuleteigsal water
distributionsystems were being develop&ince the early 1990s however, due to population increase
and a higher demaridr water supplies, there has been a renewed interest in rainwater harvesting in
Texas by private individualsprpordions, water utilities, cities, counties and the state government.
The Texas legislature has supported amcburaged the use of rainwater harvesting in the state.
House Bill 2430 that was passed in 2005 establishefekas Rainwater Harvesting Evaluatio
Committee consisting of representatives from the Texas \Watezlopment Board, Texas

Commission on Environmental Quality, Texas Department of State Health Semitdse American
Water Works Association (Texas Section). The committee was requiredlt@i theotential for
rainwater harvesting in the state, develop minimum water quality guidelines and treatment methods
for the safe use of rainwater for indoor purposes, and recommend ways in which harvested rainwater
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could beused along with existingnunicipal water supply systems. | served as committee Chair and

we addressed all trebove tasks, and proposed 10 key recommendations to the legislature for ways in
which rainwater harvesting cdoe further promoted in the state. This paper includedntamfs and
recommendations of the committee, whinhy serve as a model for other states and countries.

To determine the potential for rainwater harvesting, satellite imagery was weténmine roof areas
andcompute the amount of roof runoff that twbe expected from average annual rainfadk:

example, in a largmetropolitan area the size of Dallas, if 10 percent of the roof area were used to

harvest rainwater, approximatetyo billion gallons (approximately 7.6 billion liters) of water could

becollected annually. Census data frother cities were used to estimate the rainwater that could be
potentially harvested in those cities and statevaglevell. Many cities in the United States and in

other countries could potentially generate large qiesofé ne wd wat er t hrough rai

Rainwater harvesting systems are being used in at least a dozen states and U.S. territories. It is
estimated thatore than a half million people currently use harvested rainwater from roof surfaces in
the United States and its territories. Millions of others use rainwater runoff collected from land
surfaces in ponds and small reservoirs, for agricultural and livestock purposes.

Innovative Rainwater Harvesting and Management in the Republic
of Korea

Professor Mooyoung Han

Rainwater Research Center, Seoul National University, Seoul, Korea; Chairman, International Water
Association (IWA) Rainwater Harvesting and Management Specialist Group; Professor, Jusuk Park,
Seoul National University of technology; Bident, Society of Rain Masters

Abstract

Coupled with the recent recognition of the importasiceinwater harvesting and management
(RWHM)tos ol ve many of the worl dbés water probl ems, t
throughout the worldRWHM is believed to have a major role as a type of sustainable infrastructure

by enabling developing countrits meet the Millennium Development Goals and as a sustainable

technology for developed countries. Despitesieerest climate conditions in Korea, tfemple have

survived for thousands of years accumulating knowleaigewisdom in rainwater management,

although it is sometimes forgotten or thought to be outdated.

In this paper, the old wisdom and practice is revisited through case studies of RWH Kloiream

history. Anew paradigm is suggested, the main concepts of which are to consider rainwater as the
main source of water, tee managed by area on a decentralized basis, to control water near its source,
and to involve local action. Severallti-purpose and proactive RWHM practices are introduced

where RWHM is used for other benefits suclil@sd control, disaster prevention, energy saving, and
pollution prevention. With this new paradigm, vari@aasivities are suggested with the involvement of
different stakeholders: research and technology, develt@ogetical background arstipporting

materials for decision makers, education and public awarenesspm@stducting a worldwide network.
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Health and Environment

Development of Australian water quality and health guidelines for
rainwater harvesting and wastewater reuse

D. Cunliffe

Water conservation and environmental protection: the journey from
the perspective of an environmental group

D. Henry

Water policy and health issues: a New Zealand perspective

S. Abbott

Human behaviour and Environmental Management

Water reuse, water conservation, urban agriculture and appropriate
technologies for sustainable living

J. Byrne

Resolving resource conflicts and sustainable development using
ecological objectives

P. Lucy, C. Barraclough

Can the environment survive growth in urban water demand?

J. Asquith
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SPECIALIST DISCUSSION PAPERS
Rainwater Quality and Health

Roof Harvested Rainwater - Indicator Organisms, Water Quality and
Risk Assessment.

C. Evans, P. Coombes, HDunstan, T. Harrison, A. Martin, A. Morrow
School of Environmental and Life Sciences, University of Newcasle email:
craig.evans@studentmail.newcastle.edu.au

Abstract

Deriving maximum econoraiand water savings benefitem rainwater harvesting in the urban
environmentequires the use of rainwater for internal applications including showering/bathing,
laundry and toilet flushingVidespread use of rainwater for these applications has begeréd by
uncertainty over quality and perceptimfsealth risk. This study examines the presence and
abundance of the faecal indicators E. coli, enterococciatadcoliform in over 100 water samples
collected from rainwater tanks in eastern Australidarge proportiorof samples were compliant

with the requirements of mains water drinking standards, especially amongaolested via a hot
water system, while almost universal compliance with bathing water quality standarolsseasd.
Indicatorspecies were found to represent a very small proportion of total bacterial contamination and
no significant correlation betweéaecal indicator counts and heterotrophic plate counts was
observedFurthermore, enterococci were sagnificantly correlatedvith the other indicator groups.
On averageheterotrophic counts were found to be dominateB4sudomonas spp. and several other
widely distributedenvironmental organisms. The implications of these findings with regard to the
scope of domestic rainwatasein the urban environment, and the difficulty in achieving reliable risk
assessment, have been discussed.

A Legionnaires' Disease Outbreak, a Water Blaster and Roof-
Collected Rainwater Systems

G. Simmons, S. Jury!, C. Thornley', D. Harte?, J. Mohiuddin*, M. Taylor®
lAucklandRegional Public Health Service;

? Institute of Enironmental Science and Research;

% New Zealand Ministry of Health

Abstract

I n February 2006, an outbreak Legionnaireso6 Dise
isolaed Eastiuckland suburblt was investigated using case finding, a easatrol study, sampling

potential sources ohfection, and by molecular typing (using sequebased typing (SBT) of all
Legionellapneumophilaserogroup 1 (Lpl) isolates). Four cagese identified.

Lp1 was isolated from the respiratory tract of one case, thecotletted rainwater systems of five
householdgthree associated with cases) and from a water blaster at a nearby marina. All isolates were
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indistinguishableexhibiting he same SBT allele pattern. The four LD cases lived close to the water
blaster and down wind iprevailing conditionsAnother domestic roefollectedrainwater supply
contaminated by Lpl (identical SB#&ttern) was incidentally identified in another sutbdirkm east

of Beachlands.

This is the first outbreak of LD in New Zealand linked to rooflected rainwater supplies and the

first isolationof Legionella from these systems in a temperate climate. Aerosols containing Legionella
discharged to air by thmarina water blaster may have infected some cases directly and may have
seeded Be a-<cdidctadnidviater systerosf Cases withgionella contaminated water

supplies may also have been exposed dwfiragvering. Rootollected rainwater systemseate

appropriate design, careful cleaning and the maintenarite ®fatertemperatures at a minimum of

60° C to reduce the chances of multiplication of Legiondlatherresearch into the ecology of
Legionella in roofcollected rain water systems is inalied.

WHO Draft Guidelines for Use of Rainwater for Human
Consumption

Han Heijnen', Namrata Pathal, Feroze Ahmed

!Advisor,Environmental Health, WH\epal heijnenh@searo.who.int
“Consultant, RWH & HealtiAspects, Indiapathaknamrata2000@yahoo.gom
3Prof. of Civil Engineering, BUET, Bangladeshhmed@ce.buet.ac.bd

Abstract

The World Health Organization hashtished the 3adition of the Guidelines for Drinking Water
Quality in late2004. In May 2007 WHO has reviewed an addendum to the Guidelines on rainwater
for human consumption. standalone document on collection and storage of rain water for human
consunption is also under preparatidivhile several countries have national guidelines or standards
for water quality of collected rain water useddaisking water source, the growing utilization of
rainwateras a potential source of water for human consumptiakes it imperative that WHO
recognizes rainwater and includes appropriate guidance in the Guidelines forTiseupaper

reviews the health risks of rainwater based on an extensive literature review. The assessment considers
microbiological and cheroal quality, vector control, and technical and environmental situations that
may influencehe risks. Initial results of the application of water safety plans for rainwater collection
and storage systems shpvomise in enabling households in kincome omwaterscarce countries in
maintaining domestic water quality.

Improving Water Security in Tsunami Effected Areas in Sri Lanka
Through Domestic Rainwater Harvesting

T. Ariyananda
Director, Lanka Rain Water Harsting Forumtanuja@sltnet.lk

Abstract

Since the tsunami of 26th December 2004 the water sources around the coast of Sri Lanka still remain
contaminated. Sea water intrusion to wells has made the present sources which are mainly wells
unusable even after ddisation. It is estimated that 10 pipe bourn water schemes were damaged and
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50,000 house connections were damage during the tsunami. In addition it is estimated more than 60%
of the wells are still microbiologically contaminated. Therefore, the peoptelivithese areas face

serious problems in fetching quality water for domestic use. Especially since the bowsers supply of
water by the donor agencies and government is also now diminishing.

Rainwater harvesting (RWH) through roof catchments has beexditted in three of the tsunami

effected districts in Sri Lanka. More than 1000 rain water harvesting units have been built for the
tsunami reconstructed houses in two districts in the south and one district in the east. Rainwater
harvesting through roof ruoff has significantly address the shortage of domestic water at household
levels. The benefits experience by these householders are : Easy access to clean drinking water, less
time spend on collecting water, skilled enhancement in the village, lesgestin external water

providers, more water security at household level, better sanitation practice due to more water
available.

Government policy and support too has encouraged the uptake of rain water harvesting in the tsunami
reconstruction process. Mstry of Urban Development and Water Supply incorporated rain water
harvesting in the design of tsunami reconstructed houses, which is now an essential requirement in a
standard tsunami house. In additional the policy propose to amend legislation (UR#v&yto

incorporate RWH in new construction in other areas of the country as well.

Design of Rainwater Harvesting Systems

Large Commercial Rainwater Harvesting Projects

G. Hauber-Davidson
Water Conservation Group Pty Liglijenterhd@watergroup.com.au

Abstract

Rainwater provides a free, safe alternative water source. It can readily be used to replace increasingly
sparse potable water. Ideal connection points are large single point users such asoegaiing t

swimming pool makeaip water, hot water systems, wash and process water, amenity blocks, and
irrigation. This paper shows how to conceive, design and implement commercial projects in hospitals,
office buildings, parks, shopping centres and sporiltfas. It draws from rainwater harvesting

solutions collecting water from over 150,000 m2 of roof area in almost 6,000 kL of tankage with
projected savings of 80,000 kL/yr. A rainwater harvesting design model is presented that was
specifically developetbr large commercial applications. The paper shows how rainwater from

sizeable roof areas can readily be captured. Examples are given on how suitable locations for big tanks
can be found. Innovative ways are described for rainwater interception, dedhngsidual system
overflows and interfacing the rainwater and normal potable water supply. Suggestions are presented
on overcoming both engineering and regulatory challenges faced in implementing large commercial
rainwater harvesting projects. It is hopbdt the ideas published in this paper will assist in promoting

the construction of many more such schemes where rainwater replaces the use of potable water for
nonpotable applications.
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Optimisation of Mains Trickle Topup Volumes and Rates Supplying
Rainwater Tanks in the Australian Urban Setting

M. Barry *, P Coombe$
'BMT WBM Pty Ltd, mebarry@wbmpl.com.au
?School of Environment and Life Sciences, University of Newcagsit®ombes@newcastle.edu.au

Abstract

The use of roof collected rainwater stored in tanks as a supplement to traditional domestic urban water
supply systems is becoming increasingly common in Australia, especially given growing
environmentahwareness and ongoing drought conditions. Rainwater tanks must be appropriately
configured in order to effectively meet demand. Two important aspects of this configuration are the
preset mains trickle topup rate and trickle topup volume. Improper corifigucd these parameters

may result in ongoing tank failure. As such, there is a need to improve our understanding of how these
parameters influence tank performance in various rainfall climates around Australia. Following from
previously published studigthis paper reports ongoing investigations undertaken to address this

need. For a range of topup volumes and rates, it is shown that tank performance is highly dependent
on demand, and comparatively weakly dependent on tank size. Seasonal variatithfaitute are
investigated and correlated with rainfall and yield patterns, in the context of topup rate and volume
configurations. Failure and yield surfaces are presented for a range of occupancies, and are discussed
in relation to optimal rainwater trdesign.

Parameters Influencing the Selection of an Optimal Rainwater Tank
Size: A Case Study for Melbourne

A. Khastagir', N. Jayasuriy&
School of Civil, Environmental and Chemical Engineering, RMIT University, Melbo&meail:
153146184 @student.rmit.edu; dua.jayasuriya@rmit.edu.au

Abstract

Melbourne, with nine consecutive below average rainfall years is facing a severe drought. The spatial
varigbility of rainfall in the Greater Melbourne area is high, from 450mm in the west to 1100 in the
northreast. Rainwater is a resource which could be used as an alternative source of water for domestic
use such as: toilet flushing, garden watering and itetivedry. The selection of the correct size of a
rainwater tank is important to optimize the use of rainwater. The rainfall variability in Melbourne
confirms that the O6one size fits all 6 approach i
determining tle optimum size of a rainwater tank taking into consideration variation of the rainfall

within metropolitan Melbourne. The sizes are determined after considering the geographic location in
Melbourne, daily rainfall, roof size, intended use of rainwatertaadupply reliability desired. For
example, the study found that for a 2 kL tank, the water supply reliability varied from 87% to 98% for
different locations across Melbourne considering the demand for toilet flushing and garden watering
from a 250m2oof area. It is important to ensure that there is enough water in the tank to meet the
demand reliably. The study concludes that it is impottaotosely examine the spillage and usage
relationship for the desired reliability before selecting the apprepaalk size for domestic use.
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The verification of a behavioural model for simulating the hydraulic
performance of rainwater harvesting systems

A. Fewkes
Nottingham Trent University, UKalan.fewkes@ntu.ac.uk

Abstract

This paper describes the field testing of a commercially available rainwater harvesting or collection
system andhe verification of a model which simulates system performance. A rainwater harvesting
system was installesliccessively into three grerties and monitored for periods of twelve, six and
eight months. The model verifiesla behavioural model which simulates the operation of the

rai nwater col |l ect or Otsne bytrootingasagnelatad anask flomsithrohgh ane s p e c t
algorithm which describes the operation of the store. The idptd in time series form is used to
simulate the mass flow through the model based upon a time interval of @ithiejte, hour, day or
month. The model uses a daily time interval to predict systefarpgnce for differentombinations

of roof area, demand, storage volume and rainfall level. Rainfall losses during collection are
guantified and incorporated into the model. Finally a series of curves are presented based upon the
verified model which endpe the performance of rainwater harvesting systems to be predicted in the
UK.

Protecting Ecosystems

Understanding Ecological Response in Urban Catchments

A. Barton' P. Coombe$J. RodrigueZ

'Uiversity of Newcastle, School of Environmental and Life Science
Andrew.Barton@newcastle.edu;au

“University of Newcastle, School of Engineering

Abstract

This paper presents the initial stages of a research program where concepts and methods are being
developedor better understanding of ecological response in urban catchments. The aim of the
research is to provide improvedtcomes for integrated urban water cycle solutions and related
ecosystems.

Important ecological concepts are introduced and discussetheithtention of providing more
appropriateconsiderations for complex interactions between urban water infrastructure and
ecosystems. These include theegrated nature of the urban water cycle, the importance of scale in
studying ecosystems and providisolutions, the relativity of ecosystem improvements, and
ecosystem stability. This paper then introduces a rahgethods to be used in subsequent studies to
investigate the ecological response of urban streams. irfohsde the use of flow duratiaurves,

peak flow frequencies and ecologically effective discharges, and@®sb methods involving time
series analyses to allow for nstationary data and memory effects.

This work forms part of a research effort witkilWat er CRC i nvadve WEUpat i ng Ai ni
interventionstrategies to counter deteriorating infrastructure and evolving urban form, and enhance
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ecosyst em imended thahthedwork pgresented in this paper and related research will be
used as part of a framework whiemplemening water sensitive urban design strategies and assessing
likely impacts on connected ecosystems.

Turning Drains Into Sponges and Scarcity Into Abundance

B. Lancaster
Rainwater Harvesting for Drylands and Beydnavw.HarvestingRainwater.conB813 N. 9th Ave.,
Tucson, AZ 85705, USAradlank@gmail.com

Introduction

As communities grow and develop, formerly vegetated and peanrtisen watershedse paved over
and made impervious. Ove&25% of the land area in my hometownTafcson, Arizona is now paved,
roofed, or otherwise turned to hardscape. In nderesely populated communities, such as Los
Angeles, California, over 60% of the lasdrface is paved. This urbangrtomena dehydrates
landscapes, increases downstrémmding, increases the heat island effect, degrades water quality,
and creates sterile livingnvironments (unless you like kayaking in urban runoff).

A recent report prepared by American Rivetateghat rapid expansion of pavederand developed
lands in communities across the U.S. is worsening the effects of dréogletxample, development

in Atlanta, Georgia, and surrounding counties contributes/gady loss of rainwater infiltration
rangingfrom 57 to 133 billion gallons. If managed site, this rainwatér which could support the
annual householdeeds of 1.5 to 3.@illion peopléd would filter through the soil to recharge aquifers
and increasenderground flows to replenish rivers, streaams] lakes.

In association with creating hardscapes, the remaining exposed earth is often deduded
increasingly compacted. Tucson's over consumption of groundwater (exceediaig thienet natural
recharge), along with the paving and dehydrationsofveitershed, hasontributed to the severe
degradation of the once perennidligwing Santa Cruz RiveiWater tables have dropped over 300
feet(90 meters) since the early 1900s, and nsprings and wells have dried up. While 12 inches
(304 mm) of raindlls on Tucson in aaverage year, we are lucky if a fraction of this rainfall
infiltrates into the soils of the citylgbanized watershed and dwusehold landscapes. In these
desiccated landscapeajtomatic irrigation systems frequently turn on jumtrs after a downpour or
even whilethe rain is pouring from the sky. And an adventurous few even kayak down streets and
stormdrains that are surging with urban runoff rapidly draining out of the watershed.

Hydrologic, Water Quality and Geomorphic Indicators of Catchment
Effective Imperviousness

T. Wong, D. Knights, S. Lloyd
EcologicalEngineeringfony@ecoeng.com.au

Abstract

Recent research has related waterway ecosystem health to a simple indicate of cattbotieat E
Imperviousness. Effective Imperviousness (El) is defined as impervious area that is directly
connected, via a stormwater pipes or channels, to receiving waters. This simple relationship between
catchment El and waterway ecosystem health canrditdstly translated into stormwater
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management objectives without first identifying key characteristics representing catchment Effective
Imperviousness. There are many hydrological and water quality indicators that could be considered
for adoption in defimg the Effective Imperviousness characteristics of a catchment. This paper
presents an investigation based on the theoretical framework associated with catchment El by
identifying suitable direct or indirect indicators of key elements affecting ecoshsiath that are
symptomatic of the effect of catchment imperviousness. Each of these indicators expresses a
hydrological or water quality conditions in statistical, relative and/or absolute terms. The indicators
include a waterway erosion potential thahenines the potential geomorphic alteration of waterway
cross sections. These indicators can be used, individually or in combination, to evaluate the
performance of a stormwater management strategy. The statistical distributions of the hydrologic,
water quéity and erosion potential indicators were determined from modelling a range of urban
development of different effective imperviousness.

Water Harvesting as a Tool to Allow Environmental Recovery in a
Semi-arid Region in Brazil

N. HernandezBernal* L. Palmier®

'Federal University of Minas Gerais, Avenida do Contorno 842/1021; 308Q0Belo Horizonte,
MG; Brazil; +55.31. 3238003, email addreseaprma.hdz.bernal@gmail.com

’Federal University of Minas Gais, Avenida do Contorno 842/809; 3010@0, Belo Horizonte, MG;
Brazil; +55.31. 3238003, presenter email addregalmier@ehr.ufmg.br

Abstract

A research project has been developed to evaluate the mosiveffeicrocatchment runoff farming
rainwater harvesting technique to be applied in a-sgitiregion in Brazil in order to increase soll
humidity, minimize erosion and soil degradation as well as restore and create more options of land use
for the populabn. The techniques tested in two 809erperimental plots were: Negarim; Semi

circular bunds; Contour Bunds; and Contour ridges. For each 3mx3m microcatchment bne tree
guava or mangb was planted. A 200 frarea with no treatment was used as a corArtbtal amount

of 160 trees were planted and several growth tree parameters were useiddisdtiors to infer the
efficiency of the technique on increase water availability on soil profile to enhance plant growth.
Gypsum blocks were also installedabtdifferent depths (20cm and 40cm) to determine the
percentage of soil moisture on the profile of each technique tested. Qualitative and quantitative data
showed that all of them are efficient, at different levels, on minimizing erosion processes and on
retaining soil humidity, which allowed a good development of the plant, without any watering even
during the dry season.
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Institutional and Social Capacity

The Capacity to Change: Partnering With Local Government to
Strengthen Policy

V. Heslop' P. Hunter?
The University of Aucklandviv@vivacity.co.nz
“MWH

Abstract

Urban development in New Zealand is having significant impacts on environmental quality. These
impacts include degradation of receiving waters sscstr@ams, estuaries and harbours, as well as
putting pressure on the availability of clean, fresh water. Water quality and quantity issues are the
drivers for change in New Zealand. The Low Impact Urban Design and Development (LIUDD)
research programmeamgnises these drivers and is aiming to mainstream more sustainable
approaches to urban development. The research programme is now increasingly focusing attention
towards ensuring the policy framework is supportive of changing practices and that cagasing i

built to support the mainstreaming of LIUDD. A focus on integrated capacity building has seen the
development of a number of approaches designed to assist local government in changing to the more
sustainable approaches being advocated in the LItH3Barch programme. These tools and

approaches are being tested through partnerships with case study councils, where researchers are
working alongside practitioners to influence and support change. The lessons learnt through these case
studies will help iform a diverse range of councils throughout New Zealand as they make the
sustainability journey.

Cooperate or coerce? Intergovernmental approaches to
mainstreaming Water Sensitive Urban Design

P. Morison, R. Brown
School of Geography & Environmental SaienMonash University,
peter.morison@arts.monash.edu@bekah.brown@arts.monash.edu.au

Abstract

Water Sensitive Urban Design (WSUD) idIdéirgely in its infancy, and many governments,
organisations, and communities are still reinforcing the traditional urban water management approach
of highly engineered, mutually exclusive water supply, wastewater, and drainage systems. Many agree
that institutionalising WSUD to establish widespread practice can only be achieved through a
cooperative partnership approach that includes state and local governments. However, there is no
consolidated assessment of the necessary ingredients and key fatiorsdhee successful
intergovernmental arrangements for WSUD.

This paper contributes to this important knowledge gap by reporting on: a critical analysis of
intergovernmental urban water policy and program design; and a comparative analysis of two case
studies (Urban Stormwater Program and Flood Prone Land Policy) in New South Wales that apply
6coercived and O6cooperatived intergovernment al
management practices. Important conclusions drawn from the anafgsé$anket coercive or
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cooperative policy mandates do not influence the policy commitment of local governments; and that
pre-existing local government commitment to urban water policy goals are a better determinant of
intergovernmental program succeSsnsequently, program designers need to consider a blend of
policy instruments that address the variable capacity and commitment of local governments.

A Holistic Approach to Addressing WSUD Capacity Issues in Local
Government

A. McAuley, R. McManus

'Ecolagical Engineeringalexa@ecoeng.com.au

Abstract

Despite a range of WSUD guidelines being available, and a range of WSUD projects being
undertaken by local government, their ability to sustain water manageraetitgs is limited as they

do not address fundamental capacity issues. This paper describes the development of a suite of
initiatives directed at building capacity for WSUD within Fairfield City Council. A key outcome of
these initiatives has been the dmpment of a WSUD Strategy and technical guidelines for Council,
which provides for the practical implementation of WSUD principles and integration with Council
business. The strategy and guidelines have been supported by a range of other capadity buildin
initiatives, to ensure the sustained uptake of WSUD through Council. The paper concludes with some
examples of the information included in the WSUDaftgy and technical guidelines.

Sustainable Water Management: Achieving A Culture of Change

J. White
Melbourne Waterjacquie.white@meoburnewater.com.au

Abstract

In the driest continent on earth, population growth, extended drought conditions and the potential
impact of climate change has hammehnedhe the need for an integrated approach to water
management. Water authorities, councils, water industry organisations and developers face many
challenges in delivering sustainable solutions to urban water management issues associated with
stormwater maamgement, water recycling and reuse. One of the most significant challenges is
managing the cultural and organisational changes necessary to adopt new ways of thinking and to
become leaders in implementing new approaches to sustainable urban water managpen2005
inaugural winner of the Brian Robinson Fellowship Jacquie White developed the Principles To
Practice project, designed to explore samiganisational issues associated with implementing
sustainable water management, and investigate factorsfionence effective knowledge building

and information sharing. Principles To Practice developed and piloted indid&strategic
interventions to support the development of young water industry professionals as a group of
committed and experiencedarige agents who understand interpersonal and organisational
perspectives as well as the technical aspects of sustainable urban water management and who have the
potential to influence and direct change.
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Rainwater Harvesting Case Studies

Drought Proofing Cities: Desalination vs Rainwater Tanks - A
challenge to water supply managers

D. Knights, T. Wong
Ecological Engineeringlavid@ecoeng.com.au

Abstract

Drought is affecting water supply in many cities acrosstralia. However, rainwater tanks do not
appear to be considered a serious water supply option by many government agencies. The major
concern about rainwater tanks for drought response is the yield they would provide during drought
conditions. The resultg@sented in this paper challenge the widely held assumption that rainwater
tanks cannot provide a reliable supply during drought. Furthermore the real cost per kilolitre of
desalination is challenged by investigating the assumption that once a desdafilzatiaos built, it will

be running constantly. However cost, climate change and energy management suggest that the
desalination plant be used only when required.

Rainwater Harvesting for Domestic Water Supply and Stormwater
Mitigation

C. Liaw', W. Huand’, Y. Tsai®, J. Cherf

'President, Taiwan Rainwater Catchment Systems Associ@lidiaw@ms41.hinet.net

’PhD Candidate, Department of River and Harbor Engineering, National Taiwan Ocean University,
Keelung, Taivan

®Assistant Professor, Department of Leisure & Recreation, Aletheia University, Tainan, Taiwan
“Section Chief, Environmental Protection Section, Building and Architecture Research Institute,
Ministry of Interior Affairs, Taiwan

Abstract

Supplying suffcient water to meet the evircreasing water demands of the population, and to ensure
equitable access to water, is one of the most urgent and important challenges faced by most decision
makers in urban areas. Previous studies have demonstrated thaatidraigradually alters urban
watershed hydrology by increasing both the quantity and peak of stormwater runoff to receiving
water.

Rainwater harvesting is a decentralized environmentally sound method of augmenting freshwater
resources, and can avoid #mvironmental problems that often result from centralized, conventional,
largescale project approaches. Rainwater harvesting decreases the demand in urban areas, and also
the runoff that floods and pollutes our oceans, rivers and lakes. Lowering thetarhawoff after a

storm recharges the groundwater by giving the earth an opportunity to absorb the water that has fallen.

This study firms up the promotion of rainwater harvesting and utilization technology in water supply
and stormwater mitigation aaregional basis. The study area is divided into four regions, which are
determined by amount of rainfall and rainfall patterns. The average annual rainfalls are about
1769.1mm in region I; 2959.7mm in region II; 2034.8mm in region lll, and 3413.7mmidm &g

The capacity design curves for regop rainwater catchment system for different rainwater
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substitution ratios in different regions are also established. The rainwater storage capacity of a site is
selected first to provide sufficient water dematheén to maximize efficiency in reducing stormwater.

The relationship between the runoff volume/peak flow and percentage area required to construct roof
top rainwater harvesting for various CN values are established for the selected stormwater mitigation
efficiency. The XRSWMM model is then used to simulate the runoff volume and peak flow for

various CN values. NaHi community in northern Taiwan is selected to verify the results obtained by
this study.

Rainwater Tanks for On-site Detention in Urban Developments in
Western Sydney: An Overview

M. van der Sterrent, A. Rahmart, G. Barker?, G. Ryarf, S. Shrestha
School of Engineering, University of Western Sydney ,Em&543479@student.uws.edu.au
BarkerRyan Consulting Pty Ltd, Sydney

Abstract

Increases in population, pollution and environmental controls require government authorities to
review policies towards sustainable water management. A holistic approach is increasingly becoming
popular to integre water demand, supply and stormwater management in urban developments. This
is likely to affect current osite detention and rainwater tank practices:stda detention, a common

feature of modern urban drainage systems, is to cope with under capeeitylginage and for flood

and erosion control purposes. Rainwater tanks though primarily used for water supply can be used for
onsite detention. Some councils and government authorities have combinid detention systems

and rainwater tanks to aele an overall cost saving. This paper presents a brief overview of-the on

site detention and retention practices adopted in greater Western Sydney. It has been found that
policies differ significantly for different councils. Recent studies have focusdéueouse of ogite

retention instead of esite detention, which has raised the question on the scale of modelling. A
research project has been set up to compare the flow characteristics and water quality of conventional
onsite detention system with ainwater tank fitted with appropriate WSUD device on redeveloped
properties in Western Sydney to enhance the applicability of total water cycle management.

Decentralized Rainwater Management - Part of decentralized
environmentally sound water and sanitation systems

T. Schuetze
Technical University Delft, Faculty of Architecture, Berlageweg 1, 2628 CR Delft, Netherlands, e
mail: t.schuetze @tudelft.nl

Abstract

Decentralized rainwater management measures cakdrettadevelop and restore sustainability in

rural and urban areas. Examples carried out in densely populated urban areas withpeateeable

soils showed that to decentralize rainwater management is possible. At present this type of
decentralized managhent primarily contributes to a failufieee function of mixed sewer systems and
wastewater treatment plants. So far none of the examples observed in existing urban housing in
densely populated areas has avoided the connection to urban sewers in éavimoamentally sound
integrated systems for decentralized rainwater and domestic sewage water management. The author
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examined the degree to which the introduction of such systems can contribute to sustainable sewage
management and ensure safe drinkingewedsources in cities worldwide. Different systems in

housing estates in Hamburg, Germany, and Seoul, South Korea were examined. The necessary
measures can be adopted with relatively low effort when refurbishing buildings. Centralized systems
costs can beeduced over the long term by not constructing an urban sewerage system.

Keywords: urban development, sewage, decentralized rainwater management, sustainability

WSUD Case Studies

Paired Catchment Storm Event Monitoring: Assessing the
Performance of a Bioretention System (rain gardens)

S. Lloyd, T. Wong
EcologicalEngineeringsara@ecoeng.com.au

Abstract

Treating urban runoff at its source offers to protect receiving waters by modifying flow characteristics
and mproving water quality. This paper presents the findings for a paired catchment storm event
monitoring program undertaken at a residential development, the Lynbrook Estate, Victoria, Australia.
The monitoring program compares catchment runoff charactsrisitween a landscaped bioretention
system and a conventional concrete pipe system located in adjacent urbanised subcatchment. Results
indicate the extent to which bioretention systems function as hydrological buffers depends on their
design attributes a@hin-situ geology, antecedent moisture conditions at inflow and storm magnitude.
Reductions in total runoff volume, duration and peak flows discharged from the bioretention system
than from the piped system were observed. Small, frequently occurring eweots are completely

retained by the system. Pollutant loads are reduced by a combination of catchment runoff retention
and physical and/or chemical treatment processes, with the former being the dominant process for
nutrients and the latter being domim#or suspended solids. Analysis of pollutant load reduction for

the 10 events showed gross pollutant load was reduced by 100%; suspended sediment (TSS) by 68%;
total phosphorus (TP) by 60% and total nitrogen (TN) by 57%.

Assessing WSUD Measures in Canberra, Australia

B. Phillips’, J. Neaf

'Director, Cardno Willing (NSW) Pty. Ltd, Sydney, Australimett.phillips@cardno.com.au
2Principal Officer, Water, ACT Planning and Land Authority, Canberra, Alistr
john.neal@act.gov.au

Abstract

New WSUD guidelines have been prepared to guide development of new neighbourhoods and estates
as well as ralevelopment or Hiill development within the existing built envinment in Canberra,
Australiabés national capital. It is intended t
developers, planners and consultants.

h a
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A feature of the guidelines is that tools have been recommended for assessments of mains water
reduction, stormwater quality and stormwater quantity. These assessment tools are overviewed.

Guidance is also given on the parameters to be adopted for various stormwater quantity and quality
models when assessing WSUD measures. These parameters asediaaalsthe supporting analyses
are ovetviewed. The calibration of rainfall/runoff parameters against five gauged catchments and the
determination of water quality parameters for the MUSIC and xpaqualm catchment based water
guality models are also desazih

It is concluded that the guidelines will assist in the implementation of WSUD in the ACT in
accordance with the objectives of the Think Water Act Water strategy. It is also concluded the
recommendation of assessment tools and parameter values wik #mst WSUD assessments are
undertaken on a consistent and comparable basis across Canberra.

Rain garden: design, construction and maintenance
recommendations based on areview of existing systems

N. Somes, M. Potter?, J. Crosby*, M. Pfitzner®

'Ecodynanits, nick.somes@ecodynamics.com.au

’Melbourne Water Corporatiomatthew.potter@melbournewater.com.au
®Kingston City Council

Abstract

In order to better understand factors that contribute to the successful implementation of street scale
Water Sensitive Urban Design (WSUD) assessments were undertaken at 22 sites across Melbourne.
The sites use a variety of treatment methods with most usimg&dens. The review was undertaken

in response to concerns regarding poor plant growth at a number of sites. The inspections found civil
works and maintenance (weed and litter control) were generally undertaken well. Some issues
identified with civil works include the use of inappropriate mulches and loss of extended detention
storage due to overfilling of filters. Infiltration rates of filters were quantified via insitu and laboratory
methods. Most sites tested had infiltration rates of less than 80 infilthation rates below design
specifications results in reduced pollutant removal as systems bypass more frequently. Low hydraulic
conductivity of the systems resulted from use of filter material or mulches containing fines which
impeded flow. Surfacelagging was not evident. Plant growth was variable with poor growth often
linked to water logged soils due to soils with very low hydraulic conductivity. In response to these
findings a revised specification for the design and implementation of rain direlenwas

developed.
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Bridgewater Lifestyle Village: A Case Study in Innovative Urban
Water Management

J. Hunt!, S. Jamiesof G. Ho®, M. Anda®
1Murdoch University).Hunt@murdoch.edu.au
2National LifestyleVillages

3Murdoch University

Abstract

Bridgewater Lifestyle Village has implemented many sustainable practices in its design, construction
and running of the village. These include solar passive orientation and design of all buildings, native
gardens thraghout the village, recycling centres and of most relevance to this paper many water
sensitive designs and practices including greywater recycling systems on every home, vegetated
roadside swales, rainwater harvesting and a third pipe bore water irrigatioork. The developer

has aimed for best practice in sustainability while still aiming to provide an affordable housing option.
This balancing act of best practice and maintaining a low cost product has meant that systems in place
at Bridgewater need toe sustainable across the triple bottom line. The purpose of this paper is to
highlight what this developer has achieved in producing a development that delivers appropriate water
management. It will also discuss a monitoring program that aims to quiwetigffect on water use

from what has been achieved.
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PAPERS
Climate Change and Water Conservation

Urban Water Systems: Drivers of Climate Change?

D.J.M. Flower, V.G. Mitchell, G.P. Codner
Institute for Sustainable Water Resources & eWater CRC, Departf@iMildEngineering, Monash
University, Victoria, 3800, emaiDavid.Flower@eng.monash.edu.au

Abstract

Urban water systems contribute to climate change both directly through the fugitive greenkouse ga
(GHG) emissions associated with water storage reservoirs and wastewater treatment processes, and
indirectly through significant energy and materials consumption. This paper presents the findings of
an investigation of the GHG emissions associated wignatimg a case study urban water system in
Melbourne, Australia. It was revealed that the appliances associated with the residential end uses of
water were responsible for significantly more GHG emissions than all upstream and downstream
operations. Thesindings led to the conclusions that any project seeking to minimise the energy
consumption and GHG emissions associated with urban water systems should: (a) consider the whole
system, including the end uses of water, in a holistic application of life tyicking, and (b) focus

on reducing the energy and water consumption associated with the end uses of water, since this will
yield multiple benefits upstream, downstream and at the point of use.

Climate Neutral Water Saving Schemes

S. Blunt, P. Holf?
1€ty of Melbourne sheridan.blunt@melbourne.vic.gov.au
’Ecological Engineering

Abstract

Sustainable water management is a key consideration for Australian cities including Melbourne. We
need to maage our existing supplies wisely to protect our ecosystems with a particular focus on the
health of our waterways.

Alternative water sources such as harvesting stormwater or reusing wastewater is a great way to

reduce our reliance on potable water. Aiddial treatment is required to produce a safe and reliable

water quality with energy also required for transportation (i.e. pumping). These additional energy
requirements can have environmental consequences in the form of extra greenhouse gas emissions.
This raises the questicrwhat is the consequence of using alternative water sources? Are we emitting
additional greenhouse gas emissions which contribute to global warming and climate change? This
paper explores the consequences of alternative water s@mndeheir interaction with greenhouse gas

emi ssions. A methodology, consistent with AGOO6s
recycling. Life cycle thinking utilised to extract key issues to ensure interactions with other social,
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environmendl and technical issues are recognised in methodology. The methodology is developed for
local government and is also applicable for a range of decision makers.

Keywords: water reuse, energy, climate neutral, local government, framework

Rainwater Harvesting: A Community's Technology for Coping with
Climate Change

J.C. Salas
President, International Rainwater Catchment Systems Association (IRCSA). Member from
Philippines. kahublagan@pldtdsl.netpjessie@yahoo.com

Abstract

When climate changes, water movements change and human technology adapts. Studies at the
International Rainwater Catchment Systems Association (IRCSA) for the last 25 years seem to
prepare the mind, the practice and the business for the cofréagh event. The paper shall give a

short introduction on how climate change may impact on the lives of people and how does the
variation challenge water resource management. The experience of climate variability and the
prospect of climate change mayange key hydrological variables which could turn to belimaar

and therefore bring surprises to unsuspecting communities. Knowledge that somewhere in the world
such extreme event is a regular happening survived by communities, allays fear. Thislpagler w

the stories and will highlight the use of rainwater catchment systems.

Flood and drought are extreme variations in the water regime and these have posed problems on

drinking water, food security, health and sanitation, and poverty alleviatiGnSIR6 s i nt er nat i o
regional and national conferences sponsored by members have produced papers and reports on local
actions that demonstrate the capacity of RWCS in coping with the extreme climate variations. When
drought and flood take turns in batteyivillages and cities, people begin to grapple and scramble for
mechanisms that will help them protect life, and property first of all. The present experience of many
communities in climate variability and the looming climate change has become notgustiaqul

threat but a real one measured in terms of losses.

It is appropriate to situate the technology search within a framework of a broader coping strategy. It is
helpful to see such technology in the test of the worst scenario and the test of ¢inaks. amd

predictions could shed light. As coping is a behavioral and emotional response, expressed hopes and
fears, and both local and expert opinions are valuable leads. Realizing the impact of climate change on
the world water regime, the rainwater caent system is given a second look in this paper.
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Efficiency of roof and traditional water supply catchments subject
to climate change

P.J. Coombe$ M.E. Barry?

School of Environment and Life Sciences, University of Newcastle, Australia.
p.coombes@newcastle.edu.au

BMT WBM, Brisbane, Australiamebarry@wbmpl.com.au

Abstract

A preliminary analysis has been undertaken to compare the relative efficiencaditairal

centralised watesupply strategies with decentralised rainwater harvesting approéidseshown that
both respond differently tdrought and climate change forcing, with decentralised rainwater
harvesting systems exhibiting a more unifgraformance across these stress8idficient data has
been generated to warrant ongoing researclst@adgthening of these results, and this work will form
part of a broader research programme.

Cool Green Water Wise Streets saving money while giving
stormwater, energy, comfort and quality of life benefits

S. Fjell
ESD Consultant & design facilitat@imonfjell@westnet.com.au

Abstract

Urban heat islands are not inevitable, but the product of dark root&, gaaement, and loss of

vegetation. A "cool communities" approach would lowercainditioning use and make the air
healthier. fACool Streetso reduce heat absorpti on
thus cooling through evaporatich.Gr een Street so6 i nclude of trees f
for trees in shade tree design for energy conservation, trees and vegetation for biofiltration resulting in
stormwater management benefits, major forestation/reforestation activitian,agriculture and
horticultural to reduce Afood milesd and i mprove
Streetso filter stor mwater, mitigate flood event
clean water to maintain envirommtal flows.

The extension of multidisciplinary design team facilitation processes demonstrated in this paper when
applied throughout the development process of both infrastructure and architecture can achieve cost
effective outcomes with the highest EBDut ¢ o me s . It sets forth actions
climate change and peak oil and will literally change the surface of urban streets.

BN

The ACool Green Water Wi se Streeto concept desig
north of Melbourné6 s CBD at Pentridge Village, Coburg, Vic
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Rain Tanks or Reticulated Water Supply?

N. Mithraratne, R. Vale
Landcare Research, Private Bag 92170, Auckland, New Zealand,
Mithraratnen@andcareresearch.co.n¥aler@Landcareresearch.co.nz

Abstract Reticulated water supply systems, standard practice in urban areas, suffer from water losses
due to leaks and pipe bursts, and for satistg service need a high level of investment and

intervention. Due to growing concern over future water shortages in urban areas, localized measures
such as rain tanks are being widely promoted as a more sustainable alternative: they can promote
improvedwater management through behavioural changes, thereby reducing the overall consumption.

The two systems, however, vary widely in terms of scale, useful life, and level of service, and it is
impossible to assess accurately the relative-tenm sustainabty performance without a detailed
life-cycle analysis. Using the results of addycle study of reticulated supply and rain tanks for urban
houses in Auckland, New Zealand, which concentrates purely on the environmental performance, this
paper arguesat rain tanks may not be the most sustainable option in all situatiemde rain tanks

are better in some situations, reticulated supply is better in others.

Key words: rain tanks, residential water supply, lfgcle analysis, lifecycle energy, cadn
emissions, lifecycle cost

Sustainable Water Management

Design and Construction of a Regional Scale Bioretention System

N. Some$, J. Mooré?
'Ecodynamicspick.somes@ecodynamics.com.au
’Melbourne Water Corporatiorjake.moore@melbournewater.com.au

Abstract

As part of their commitment to the reduction of nitrogen loads entering Port Phillip, Melbourne Water
constructs large scale stormwat&atment systems across metropolitan Melbourne. To date most of

the treatment systems have been wetlands. Treatment measures which use filtration through a
vegetated sand media obtain higher rates of nutrient removal per unit area than surface flow systems
i.e. wetlands. This has prompted Melbourne Water to consider using a large scale rain garden in a site
where a wetland would have traditionally been placed. Ecodynamics were appointed to undertake the
design and subsequent construction of the project.

The design process required the specification of a treatment train that included a sediment trap,
wetland area and rain garden. The rain garden has an area of approximately.3Y@0mber of

issues were faced during the design of the system includimgndeoutlet structures to cope with the
volume of water moving through the filter, specification of the filter materials and control of the
hydrology of the system. A number of innovations were made to control the hydrology and filter
behaviour, many ahese findings which will be suitable for other systems. Pollutant export modelling
of the treatment train found it was able to provide the same treatment as a wetland at several times
larger.
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Impacts of Innovative WSUD Intervention Strategies on
Infrastructure Deterioration and Evolving Urban Form

A. Barton®, P. Coombe} A. Sharm&

'University of Newcastle, School of Environmental and Life Sciences,
Andrew.Barton@newcastle.edu.au

“University of Newastle, School of Engineering

Abstract

This paper presents the initial stages of a research program where concepts and methods are being
developed fobetter understanding of ecological response in urban catchments. The aim of the
research is to provide impvedoutcomes for integrated urban water cycle solutions and related
ecosystems.

Important ecological concepts are introduced and discussed with the intention of providing more
appropriateconsiderations for complex interactions between urban watestinfcaure and

ecosystems. These include thiegrated nature of the urban water cycle, the importance of scale in
studying ecosystems and providisgjutions, the relativity of ecosystem improvements, and
ecosystem stability. This paper then introducesngeof methods to be used in subsequent studies to
investigate the ecological response of urban streams. irtohseée the use of flow duration curves,
peak flow frequencies and ecologically effective discharges, and@®sb methods involving time
selies analyses to allow for nestationary data and memory effects.

This work forms part of a research effort witkilWat er CRC i nvestigating Aini
interventionstrategies to counter deteriorating infrastructure and evolving urban form, and¢enhan
ecosyst em imended thahthedwork pgresented in this paper and related research will be

used as part of a framework whiemplementing water sensitive urban design strategies and assessing

likely impacts on connected ecosystems.

P1IMC and P1+2, two Community Based Rainwater Harvesting
Programs in Semi-Arid Brazil

J. Gnadlinger
Brazilian Rainwater Catchment and Management Association (ABCMAKAnng@abcmac.org.br

Abstract

P1MCi the Program One Mion Cisterns for Drinking Water and P1+2he Program One Piece of

Land and Two Types of Water are two examples of mainstreaming rainwater harvesting-in SAB
SemiArid Brazil. PAMC is being executed by the civilian society in a decentralized manner at
different levels. The goal of the program is to supply safe drinking water for 1 million rural
households (five million people). Until February 2006, more than 180,000 cisterns have been
constructed. P1MC is knocked on by P1+2, which signifies that ewsalyfamily should own one

piece of land (1), large enough to produce food and guarantee live on it in a sustainable way and two
(2) types of water, one for human consumption and the other one for food production. Here rainwater
catchment technologies &tey too: Besides the use of green water conserving technologies such as
contour tillage, vegetative soil protection and use of manure, other experiences provide blue water
such as cisterns for supplemental irrigation, recharged shallow wells, rockfstewater for
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livestock and subsurface dams. At the first step of the implementation, 144 pilot experiences of P1+2
are carried out by ASA in different parts of SAB.

Integrated Urban Water Modelling i Past, Present, and Future

V. Grace Mitchell? Hugh Duncan™*® Matthew Inman*? Mike Rahilly*? Joel Stewart?, Alison
Vieritz >2, Peter Holt®? Andrew Grant*? Tim Fletcher'? John Colemari Shiroma

Maheepald?, Ashok Sharmd? Ana Deletic-? Peter Breeri?

!nstitute for Sustainable Water Resces, Dept. of Civil Engineering, Monash University, Clayton,
VIC 3800, AustraliaGrace.Mitchell@eng.monash.edu.au

ZeWater Cooperative Research Centre, Australia.

*Melbourne Water, c/o Dept. @ivil Engineering, Monash University, Clayton, VIC 3800, Australia
*CSIRO, c/o PO Box 56, Graham Road, Highett, VIC 3190, Australia.

*Department of Natural Resources & Water, 80 Meiers Road, Indooroopilly, Qld 4068, Australia.
6Ecological Engineering,® Box 453, Prahran, Vic 3181, Australia.

Abstract

The technical and practical challenges of implementing the Integrated Urban Water Management
paradigm provide the setting for the IUWM modelling review presented in this paper, which presents
thefindings® a revi ew o fofthelae toui mentUWMs matde |l | i ng. |t
recent years there have been significant advances in the development of IUWM modelling tools, and a
growing body of knowledge of the scientific and technical challengk$ViM modelling. However,

there are still sizable gaps in modelling capacity and in the knowledge underpinning the models,

which require concerted research effort to adequately address. This paper discusses the background,
features, and shortcomings of nt IUWM modelling, and proposes directions for future research.

Assessing catchment water quality: The "Snapshot Study"

S.A. Lucas, P.J. Coombes, P.M. Geary, R.H. Dunstan
School of Environmental & Life Sciences, The University of Newcastle, NSW, Aiastral
Steven.Lucas@newcastle.edu.au

Abstract

Monitoring catchment water quality is typically based on monthly/weekly grab samplrgjtatover

a given length of time. Interpretation of water qualityada then usually based on threshold criteria
(ANZECC/ARMCANZ, 2000) and the catchment response evaluated relative to these values.

However, monitoring programs of this nature rarely capture all catchment processes operating at the

time of sampling and #refore evaluation of catchment response is limited. A recent approach to
characterising catchment water quality has been
on three fundamental criteria including categorising catchment landuse, desigaimglang/analysis

strategy based on catchment hydrology and knowledge of the climatic conditions before and during

the time of sampling. Results from various sotreeking techniques are then used to compare

relative contaminant contributions from mixkethduses. The snapshot study allows numerous sites

within a catchment to be sampled and results can be interpreted in the context of the hydrological
processes at the time. This provides a water qua
allowing an improved evaluation of potential contaminant sources and subsequent waterway health.
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However, the interpretation of contaminant contributions using different straténg techniques

resulted in contradiction in several scdiichments. This was codsred an important outcome

between sulzatchments and ultimately characterised-satchment water quality. The monitoring
approach is novel and this paper discusses the main outcomes from two snapshot studies undertaken,
whilst highlighting the complex tationships between landuse and catchmenisiichment water

quality.

The Hydraulic Efficiency of Simple Stormwater Ponds

K. Jansons, S. Law
Water Technologyketahj@gmail.com.gsel@watech.com.au

Abstract

This paper investigates the hydrodynamic characteristics of nine stormwater pond configurations.
These ponds represent an extension of earlier work by Persson (1999) who proposed the thirteen pond
configurations currety used as a guide in the hydrodynamic component of the Cooperative Research
Centre for Catchment Hydrology (CRCCH) Model for Urban Stormwater Improvement
Conceptualisation (MUSIC). The hydrodynamic behaviour of each pond has been studied using two
dimensonal depth averaged flow simulations (MIKE 21). The hydraulic efficiency of each
configuration is also evaluated. The configurations studied in this paper are intended to aid in the
conceptual design of stormwater treatment systems such as ponds andsv@lgcomes confirm

that configurations with the greatest length to width ratio result in the highest hydraulic efficiency.
This study also demonstrates that correct positioning of design elements such as islands can
significantly enhance the hydraulibaracteristics of a pond.

Sustainable Urban Water Resource Management Policy in Patiala

T.S. Brar', R.K. Jain®, D. Khar®

'Research Scholar, Architecture and Planning Department, |ITRk&aor
brartejwant@ediffmail.com

’Associate Professor and Former Head, Architecture and Planning Department, lITR, Roorkee
®Associate Professor, Department of WRDM, ITR, Roorkee

Abstract

Patiala an erstwhile Princely State Capital also known as city of gardens,asrtifiddrgest city of

Punjab (India) with a population of 3.5 lakhs in 2001. Water demand has continuously increased with
the growth of the city to 206.03 MLD and is expected to cross 400.00 MLD if city grows at its present
decadal rate of 35%. Ground wai® being used as the only source of water supply today. Water
supply network of Patiala presently consists of over 100 tubewells, which has resulted in fall of
ground water level from 3.3m in 1980 to 24.9m in 2004. Situation is deteriorating at amgleatai

as ground water level is falling at an annual rate of 0.15 m per year plus the total annual fall in the
Patiala block which is at the rate of 0.9m per year, hence total rate at which ground water level is
decreasing is 1.05m per year in the urbaaalf the situation is allowed to deteriorate further it will
result in decrease in water supply and increase in cost of water supply by as much as 20% per year.

The main reason for the problem is the neglect of water resources while preparing th@larase
the city. In spite of having a network of canals with sanctioned flow of 209.8 MLD per day and
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seasonal drains with annual discharge of 268 for 15 to 20 days. Average annual rainfall in the

city is over 800 mm but this water is also wastad drains out as runoff generated from the increase

in paved area due to growth of city resulting in decrease in ground water recharge. The wastewater
which is generated is 131.31 MLD and is expected to be 317.6 MLD in 2021. It is being discharged in
theseasonal drains without any treatment.

This approach towards the water resources in the city has resulted in many problemnstdase in
demand and shortage of water supply, lowering of water table at an annual rate of 0.15m due to
extraction exceedg recharge, Pollution of ground water by discharge of untreated sewage in the
drains. To overcome these problems there is a heed to integrate water resource management as an
integral part of master plan, which will include preparation of integrated wesieurce management

plan for the city.

This paper discusses the present water supply scenario in Patiala taking into account the future
requirements. It gives the proposal for the Sustainable urban water resource management for Patiala
2021.The proposalalls for Paradigm shift from conventional centralized water supply and sewerage
systems to nogonventional technologies likeRain water Harvesting, Ground water Recharging,
Decentralized wastewater Treatment System, Recycling of waste water om sstdufting the net

demand for water, and making them part of the master plan proposal itself so that necessary action
plans can be prepared and implemented It also details for the appropriate changes in building bye

to encourage this shift.

Water as a Detonator of a Model of Communitarian Sustainable
Development: The Case of Villa Garcia Marquez at La Barca,
Jalisco, Mexico

J. Gleason, F. Cordova, M. Gleason, F. Valencia, |. Ramire
University of Guadalajaragleason@cuaad.udg.mx

Abstract

The present work describes in general way a model of sustainable development applied to small
communities, from considering to the water as a development axis. This proposal would be located in

the community of Villa Garia Marquez, Municipality of La Barca, Jalisco Mexico, which comprises

the river basin of the Lake of Chapala, which is the most important natural water reservoir of the

country and it displays remarkable environmental problems and ckgpéaitation athe present

time. The community Villa de Garcia Marquez, have an important backwardness in its development
mainly because of the lack of fresh water, deforestation, low farming productivity, low quality of

urban services and urban image, high migratiomfromen t o t he United States,
integrated the population mainly, lack of job opportunities and human development.

The model would try to promote the results acquired in terms of: sufficient water and of good quality
for the human consumptiamith local solutions and technologies accessible; the generation of
communitarian organizations for management and administration of the water at local level;
improvement of the urban image and the territorial landscape taking advantage of the stormwater
overflows through domestic rainwater catchments systems and retention ponds; generation of job
opportunities and selufficient businesses in ecological tourism and ecological rural farms;
experience for the dissemination in the municipality and the megithe model.
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In the same way, it deals with to link through an integral vision: the training of the community in the
handling of its hydraulic resources; the elaboration and implementation for small projects for
conservation, supply and sanitation watke coordinated participation between community and
municipal government in the financing and management of the actions; the linking between civil
associations of young people, consulting companies and the University of Guadalajara for the
development Btechnical proposals of integrated water management and its application in urban and
productive projects; the improvement of the environment, the territorial landscape and the urban
image of the community; as well as the job generation and opportupitiegdl business with an
ecological tourism direction and sustainable rural development.

This project is integrated to the Integral Water Management Plan for the Municipality La Barca,
Jalisco Mexico, which is approach to get a planning and efficiemablid management of the
resource, as much in the urban zones as in the rural ones, orienting them to the sustainable
development in the management of the resource and to the water as a detonator axis for the
communitarian development.

Use of GIS to rationalise pressure in water supply systems

A. Fernandd', X. Zhang', N. Brown®
YUnitec New Zealand, Auckland, New Zealafdrnando@unitec.ac.nz
*North Shore City Council, Auckland, New Zealand

Abstract

Water isa valuable resource needing conservation. Excessive water pressure in water distribution
systems causes leakages leading to substantial losses of treated water. It also places additional strain
on networks reducing their efficiency and increasing annaattenance costs. Conversely, too low a

water pressure can be an inconvenient annoyance to the user and, more importantly, mean inadequate
conditions to meet fire fighting requirements. The North Shore City Council (NSCC) in Auckland, is

not free from theforementioned pressurelated problems.

This paper summarises the outcome of a study undertaken, using GIS technology, to identify areas
with potential pressure problems and suggest options for consideration to resolve pressure issues with
the intensiorof (a) reducing water losses, (b) providing customer satisfaction, (c) ensuring fire

fighting readiness, and (d) making long term savings by strategic capital investment in the water
supply network of the NSCC.

First, the clusters of properties with pati@l pressure problems were identified. A sensitivity analysis
was carried out to determine the optimum pressure for the key zones to minimise the number of
properties affected by either low or high pressure issues. Then, the optimum pressure foreach use
was determined while ensuring (a) a minimum supply head of 30m for each property, (b) a maximum
static head of 90m, (b) no property experiences a reduction in pressure exceeding 30m as a result of
the implementation of the remedial measures suggestedcra minimum residual pressure of 10m

at fire hydrants during firighting. Finally, a range of suggestions ranging from pressure zone
boundary adjustments to sample designs that can eventually lead to potential capital expenditure are
made.
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Providing Supplementary Water for Bangalore Towards Water
Sensitive Urban Design

Vishwanath Srikantaiah, Sarah Martin
www.rainwaterclub.orgzenrainman@gmail.com

Abstract

Situated on a ridge and at an elevation of 900 metres above sea level, Bangalore in South India has

one of I ndiads most difficult challenges to meet
day is pumped in to the city daily for a populatidrabout 6 million. Another 500 million litres per

day will be pumped with a new scheme. There is however a limit to water availability at around 1500

million litres per day. A recent award of a tribunal set up to adjudicate the sharing of river waters

between 4 states has capped the water availability to Bangalore city at a very low level. The city is
therefore actively supporting alternate source of water including rooftop rainwater harvesting. With an
annual average rainfall of around 970 mm, distribotezt nearly 60 rainy days the endowment of

rain is considerable. Over the cities geographical extant of 1250 square kilometres this translates to

nearly 3000 million litres per day. Industries and parks adopt rainwater harvesting in a big way.

Building bye laws now make rainwater harvesting mandatory for new buildings. 20 litres of storage or
recharge for every square metre of roof area is compulsory for all new constructions. Hydro

geological mapping of the surface shallow aquifer has also commencedrdrieghhis aquifer with

excess rainwater after storage is seen as of great benefit. Private initiative has also started on
regenerating and recreating manmade | akes call ed
number. The city is also incorporatiegasan alternatives in the form of composting toilets, small

scale decentralised water treatment and reuse systems and large scale decentralised sewage treatment
and reuse systems. Open wells, a traditional source of water in the past, are also betdgnithp

view to integrate them into the rainwater recharge system as well as in the functionality of water
provision. Approximately 10,000 million litres of rainwater is harvested every year. This paper will
document several case studies of rainwaterdsiing and water sensitive urban design in the

Bangalore context as well as the overall approach of the city to manage water in a sustainable way.

Rain Water Harvesting Towards Achieving Millennium Development
Goals in Sri Lanka

W.B.G. Fernandd', A.H. Gunapala®

!Assistant General Manager (Rural Water Supply), National Water Supply and Drainage Board, Sri
Lanka. emailruralwa@mymail.lk

2 Chief Sociologist (Rural Water Supply), National Water Supply and DrainagelB8ri Lanka.
email:csrws@eureka.lk

Abstract

Sri Lanka had safe drinking water coverage of 74% in 2006. Out of this about 2% coverage is
provided by rain water catchment systems (RWCS). Sri Lanka is determiaeldi¢ge Millennium
Development Goals (MDG). Accordingly it is expected to reach 85% and 100% safe drinking water
coverage in year 2015 and 2025 respectively. Policy makers tentative plans shows that contribution
from RWCS have to be increased up to 2% 4ftorespectively in 2015 and 2025 to achieve above
targets.
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Sri Lanka has a long history in small scale RWCS. But in the past it was only an option used sparingly
in arid areas and mainly by farmers and other poor sectors of the society. However due to th
increasing demand for safe drinking water and over dependence on ground and surface water sources
the policy makers have clearly identified the need of enhanced utilization of rain water as a reliable
drinking water supply option. This idea is furtheesgthened by the fact that Sri Lanka is a country
receiving average annul rainfall in the range of 1600mm. This paper illustrates proposed strategies for
improvement of RWCS in achieving MDG and associated challenges and how they are being
addressed.

R&D and Application on a New Kind of Flexible Rubber-plastic
Water-storing Equipment

Jianen Gad, Guangzhou Wang, Shiwei Yand, Pute WU, Delan Zhu', Fanghai Zhand, Jianwei
Guo?

1. Northwest A&F University, CAS and MWHRstitute of Soil and Water ConservatjcCollege of
Water Resource and Architectural Engineering, National Center of Efficient Irrigation Engineering
and Technology Researdfangling, Yangling, Shaanxi 712100, P.R.Chinanéil:
gaojianen@126.com

2. Qingdao Huahai Environmental Protection Industry Co. Ltd. Qingdao, Shandong 266400, China

Abstract

Aiming at disadvantages of traditional cells and present large plastic containers for rainwater storing,

new egqui pment was dev e ll dngaetdristicsivere pragegting watergualityd s t y p
and being folded for being transported expediently. The main materials of the equipment consisted of

two layers of canvas and three layers of rubber. In order to protect the water quality, a kind of special

coat of the inner layer was given. The inner layer was made of natural rubber (C5H8)n, food grade
softening oil, carbon black, nanometer calcium filler, antioxidant and sulfide. The result of primary
application indicated that the material had no bad effieatater quality, which could meet the related

national standards in China. Compared with traditional wstteing equipment, this equipment could

save in investment by 20-30 and 80 of construction time.

Towards An Institutional Capacity Assessment Framework For
Sustainable Urban Water Management

S. van de Meene, R. Brown
National Urban Water Governance Program, School of Geography & Environmental Science, Monash
University, Clayton susan.vandemeene@arts.monash.edu.au

Abstract

The need to change urban water management to become more sustainable is widely recognised.
Recently there has been considerable firmavestment in urban water reform; however these
reforms have not been as successful as anticipated, most likely because there is a lack of critical
analysis of existing capacity and/or capacity deficits. Understanding and assessing institutional
capady is crucial to addressing existing institutional impediments. Institutional capacity includes the
human resources, intaganisational, inteorganisational and/or external rules and incentives
capacity spheres. Institutional capacity assessment isteése form coherent and demand driven
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capacity development strategies. This paper proposes a tentative institutional capacity assessment
framework derived from a metmnalysis of empirical research, across five different disciplinary areas,
into capaciy attributes most likely to advance sustainable urban water managementwieorty
publications were reviewed and the most frequently determined capacity attributes identified. The
proposed schema of enabling capacities for sustainable urban water managerddne used by

policy makers and practitioners for cityide strategic planning of future investment in capacity
building. This would improve the opportunity for critically informing and improving the design of
current and future water reform practices

A Water Management Plan for the City of Fairfield, NSW

C. Romart, B.C. Phillips', M. Azmi®, N. de Silva
'cardno Willing (NSW) Pty. Ltd, Sydney, Australihristina.roman@cardno.com.au
3Fairfield City Council, Sydney, Australia,

Abstract

Fairfield City Council has previously undertaken and prepared a number of studies and plans
including but not limited to flood studies, floodplain management studies, drainage investigations,
stormwater (quality) m@agement plans, bushland and geomorphological studies. These studies have
resulted in a series of individual programs to implement prioritised projects and actions over a number
of years.

A city-wide Water Management Plan was prepared to consolidateianitige all recommended

actions and measures from relevant wagdasted Council programs and plans. A methodology to

score capital and ongoing costs and 11 benefit categories was developed and is discussed. The method
was used to rank the consolidatest bf actions and projects across the flooding, drainage, stream
restoration and/or water quality projects. The outcomes of ranking the actions and projects by benefit
indices only, cost benefit index or within each project category are discussed.

Itisconcluded thatthecitwi de Wat er Management Plan is a val uce
management plan. It is also concluded that the scoring approach will allow future actions and

measures to be included in the Water Management Plan which idedtemadapt and change as

projects are completed and as existing and new Council programs evolve in the future.

The Effect of Various Intermittent Dry-Wet Cycle on Nitrogen
Removal Capacity in Biofilter Systems

Y. Zinger, A. Deletic, T.D. Fletcher

Facility for Advancing Water Biofiltration (FAWB), Institute for Sustainable Water Resources, Bldg
60, Dept. of Civil Engineering, Monash University, VIC 3800, Australian@il:
yaron.zinger@eng.monash.edy.ana.deletic@eng.monash.edu.au
tim.fletcher@eng.monash.edu)au

Abstract

Stormwater biofilter systems have the potential to remove nutriemsurban runoff. These systems
operate in unique intermittent dwyet cycles that may affect their performance. Current consensus
suggests that sediment drying promotes the release of potentially significant amounisvailalde
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nitrogen and phosphorugpon rewetting. We sought to investigate the impact of drying/wetting

cycles on biofilter performance. Eighteen columns were planted with Carex appressa which reached
maturity after eight months. The recovery of biofilter systems was tested in a rafrgiagfperiods

from one to eight weeks with and without a Submerged Anoxic Zone (SAZ) and carbon supplement in
the filter media. In all experiments, moisture content, adjacent soil and ambient temperature were
logged in parallel to record the drawdownfeobehaviour. A freely drained biofilter configuration

was used as a control. The results indicated that having a submerged anoxic zone is critical for
nitrogen removal at dry periods greater than two weeks. In addition, the anoxic zone was able to
enhare biofilter nitrogen removal recovery and make it less dependent on drying/wetting.

Urban Rainwater Collection Strategy to Reduce Water Crisis in the
City of Mashhad (IRAN)

J. Tabatabaee Yazdi
Ass. Prof., Khorasan Agri. and Nat. Res. Research Centeil; Eabatabaee j@yahoo.com

Abstract

The ever increasing urban demand for water resources stemming from factors such as the population
increase, expansion of cities, and contamination of rainwater runofaithge residuals and

industrial chemical materials has posed great problems at present and created undesired lookout for
future generation living in urban regions. In this study the potential use of rainwater harvesting is
examined in the holly city of Mdnhad and framework is developed as a countermeasure for water
shortage which is now seriously exposed. Based upon the meteorological condition, long term records
are used to determine the average and maximum rainfall induced runoff. These data sujgeosed to
useful for designing conveyance structure and spillway. Daily records are used to examine the
required storage capacity with respect to proposed catchment size and acceptable crops requirement
shortages. A computer program is used to iterate a figlehdaily records during the recent 20 years
time for different catchment to crop area ratios. A design chart is developed to be used for other city
districts and towns with similar climate condition.

Phosphorus Retention Performance in Vegetated and Non-
Vegetated Bioretention Mesocosms using Recycled Effluent

W. Lucas, M. Greenway
Griffith University, School of Environmental Engineering, Brisbane, Australia
wlucas@integratedland.com

Abstract

Phosphate reaval from stormwater and wastewater is essential to prevent eutrophication of
waterways. The aim of our study was to evaluate phosphorus retention in vegetatedzegeteted
(barren) bioretention mesocosms. Existing vesliablished bioretention messows with sandy loam,

loamy sand and gravel media were irrigated with 69°d609 kgha') TP from recycled effluent

between August 2006 and March 2007. Initially, P retention in the barren loam and sand media
approached 100%, while gravel retention waly 20%. However, after application of this load,

retention by all barren media had declined substantially. In contrast, retention by vegetated treatments
remained very high, with 92% of the total mass load retained in the vegetated loam, 84% in,the sand
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and 55% in the vegetated gravel. These results indicate that the vegetated treatments provide far more
TP retention than the barren treatments.

Over the 31 week period, the difference in retained loads was 16%Rgin the vegetated loam
mesocosms,Bl9 gm? P in the vegetated sand mesocosms, and 2815/ in the vegetated gravel
mesocosms. These removal rates substantially exceed typical phosphorus uptake rates for plants,
suggesting that other plasbil-microbe interactions are influencing plpbsrus retention in the
vegetated mesocosms.

Using WSUD to Resolve Competing Objectives: a Case Study of a
Sustainable Industrial Development

R. Wiese, M. Brown, M. Liebman
STORM_CONSULTING rod@stormcondting.com.au

Abstract

Located within the Hunter River floodplain at Heatherbrae and overlying the Tomago sand bed
drinking water aquifer, the development of the Kinross Business Park was frustrated by numerous
environmental constraints for many yearsisi$ite was constrained by the sensitive underlying

shallow aquifer, a sensitive receiving water and by the need to maintain floodplain storage and peak
flows. Being a sandy site, the plevelopment hydrological regime was one of infiltration. Runoff, it

was predicted, would have occurred from this sandy site less frequently than once in ten years. It was
not considered possible to develop this site using conventional drainage systems. However, the
careful, weltplanned application of water sensitive urlolsign has enabled each of the constraints to

be overcome.

Everything But The Kitchen Sink: Mywaterwisehome.com - A Case
Study In Water Sensitive Urban Design

I. White
Mywaterwisehome.coman@mywaterwisehosmcom

Abstract

This paper reports on a water sensitive urban design initiative by an owner builder at a private
residence in Ipswich, Australia. The project applies custom, emergent and established technologies to
t he management o fpreferbnees andprablensatic site cohditiens. yt is also an
innovative project from the perspective of current governance conditions, making use of previously
untried regulatory mechanisms. The project comprises two integrated components: rainwater
harvestng and onsite waste treatment, potentially offsetting household reliance on the mains water
supply by as much as 90% and offering further beneficial externalities. Rainwater is harvested from a
135m roof catchment through a conveyance system that indeafediverters and screens, though no

first flush diverter, to a 15kL PE storage tank. A high performance pump feeds the rainwater
successively through a filter and water meter to a Bianco Rainsaver which enables switching between
the rainwater supply andains water backip. Water is supplied throughout the house via &PE

water service to every outlet except the kitchen sink. The kitchen sink (plumbed separately)
permanently draws from the mains water supply, a necessity with Ipswich City Councilicegulat
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Flow restrictors and AAA (or higher) rated fixtures and fittings are used throughout the home and a

30-tube 315L Endless Solar hot water service is used. All waste water (black and grey water) is

processed onsite in an OzziKleen RP10A advanced sagotrdatment plant that features custom

modifications for this project (due to site conditions, but not affecting system performance).

Permission to install the OzziKleen RP10A system was obtained under s4 of the Queensland

Plumbing and Wastewater Code0BQwith this project as a test case. The paper presents the

aut hor/ ownerds experience researching, installin
addresses problems and resolution of relevant compliance and regulation issues, with nenclusio

drawn from these experiences. It concludes with plans to operate the site asoanmarcial

community education project.

Sub-Cathment Planning in Marrickville: The Urban Stormwater
Integrated Managment (USWIM) Project

F. Thomas, J. Orton?, R. Brown®

"USWIM Project Coordinator Marrickville Councénvuswim@marrickville.nsw.gov.au
“Manager Environmental Services Marrickville Council

3Senior Lecturer, Monash University

Abstract

The Urban Stormater Integrated Management (USWIM) project is a partnership between Council

and the School of Geography and Environmental Science at Monash University. It involves a
multidisciplinary team working closely with the community to identify-sabchment stormater

solutions that reflect the principles of sustainable urban water management. The ultimate outcome was
the development of a process for collaborative uslater planning that could be readily adopted by

local government.

The genesis of USWIM was ihé failure of local governments to achieve significangoound
improvements through the first generation of stormwater management plans. Research found that
planning deficiencies were the key impediment to sustainable urban water management (Brown and
Ryan 2000). USWIM sought to provide a new planning framework that addressed three problems with
current water planning:

e Thinking too smali traditionally, technical experts alone were expected to find
solutions to complex urban water problems. Other thskee also needed, including
social scientists and ecologists.

e Talking too littlei the people affected by urban water problems; residents, businesses
and community groups were usually not involved in planning; and

¢ Planning too big plans were designddr whole river catchments rather than created
locally with more appropriate, practical solutions specific to the local context.
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Rain Gardens, Infiltration and Bioretention

Treatment efficiency of biofilters; results of a large-scale column
study

T. Fletcher, Y. Zinger®, A. Deletic', K. Bratieres®

'Facility for Advancing Water Biofiltration (FAWB), Institute for Sustainable Water Resources, Bldg
60, Dept. of Civil Engineering, Monash University, VIC 3800, Australia

‘Laboratoire de GmiEnvieonn€mentald, IN®AtLyod, Grancegy ®n i e

(E-mail: tim.fletcher@eng.monash.edu,&aron.zinger@eng.monash.edy.au
ana.deletic@eng.monash.edy.au

Abstract

In order to evaluate the optimal design of biofilters for treatment of sediment, nitrogen and
phosphorus, 140 biofilter columns were constructed, using different plant species, differenaddpth
types of filter media, along with different storm volumes and input concentrations. All biofilters tested
were found to be highly effective for removal of TSS, reducing inflow concentrations by an average of
98%. Total phosphorus was reduced by arage of 80%, whilst nitrogen removal was much more
variable, including some configurations which yielded a net increase in nitrogen concentration.
However, careful selection of plants and media type was able to achieve a simultaneous reduction of
50-70% d nitrogen and 90% of phosphorus. Carex appressa and to a lesser extent Melaleuca ericifolia
performed very well in nutrient removal, whilst Dianella revoluta, Leucophyta brownii and

Microlaena stipoides did not, within the nine months of testing, effeativacilitating nitrogen

removal. Appropriate sizing of biofilters relative to their catchment area, as well as careful selection of
plants for climate condition may be critical for biofilter performance. Further research will be
undertaken to determimehether relatively poorly performing biofilter designs can be improved by
retrofitting a saturated anaerobic zone, to promote denitrification and enhance drought tolerance.

Sorption behaviour of nutrients in loamy-sand bioretention media
subject to different conditions (vegetation, enrichment and
incubation time)

Courtney Hendersort, Margaret Greenway and lan Phillips®

Ecological Engineering and Griffith Universit@ourtney@ecoeng.com.au
*Griffith Universty

3Alcoa World Alumina Australia

Abstract

Sorption is expected to be an important process in nutrient removal from stormwater by bioretention
systems. The sorption capacity of loagand media from experimental bioretention mesocosms with

and without veggtion and prior nutrient enrichment was tested, using two incubation times (24 hours
or 72 hours) and nutrient solutions comprising ammonium, organic nitrogen, phosphate, organic
phosphorus, and organic carbon, at concentrations representative of sesremwidhigher. At

stormwater concentrations, enriched media sorbed none or very little phosphate. When the equilibrium
concentrations were calculated for all compounds tested, they revealed that at the concentrations
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expected in stormwater, nutrients cobklexpected to desorb from the media to solution rather than

be removed from solution. No nitrate was extractable from the vegetated media, whereas considerable
guantities were extracted from enriched, wegetated media. The presence of vegetation eppea

reduce the risk of nitrate leaching from filter media. Sorption is not likely to be adomgsink for

nutrients in stormwater bioretention systems. Its role may be to extend the residence time of nutrients
in the media so that plants and microbase the opportunity to mineralise and assimilate these
compounds.

Water Quality Improvement by Base Course Aggregate in a
Permeable Pavement with Underlying Reservoir Structure

B Myers™?1 Sagi"? J van Leeuweri? S Beecharfi

'CRC for Water Quality an@ireatment,

’SA Water Centre for Water Science and Systems, University of South Australia
baden.myers@unisa.edu.au

Abstract

Permeable pavements are an emerging water sensitive urban design componémw tfaataisite
infiltration of stormwater while providing both a structurally supportive surface and full amenity value
of above lying land. This paper reports on research investigating the water quality effects of
modifying the structure of a permeable/pment to accommodate underlying water storage amongst
aggregate for harvesting and reuse. To investigate the effects on water quality of water storage in an
aggregate matrix, model pavement structures were constructed in a laboratory and a synthetic
stormwater was applied directly to the pavement reservoirs. The stored water was then monitored for
guality changes over a six day period. Results suggested an improvement in water quality is achieved
with storage within a dolomite and calcite substructure uBahs in heavy metal (Cu, Pb, Zn) and
phosphorous concentrations exceeded 90% in all cases. While an overall improvement in water
guality is achieved, increases in pH, alkalinity and dissolved solids were evident. Some reduction in
water gquality was obseed with storage when the stored volume was low and/or the settled material
was disturbed. The outcomes of this work will be used in further investigations on the effect of long
term storage and multiple infiltration events.

Application of Laboratory Experiment Results into Practice:
Clogging of Stormwater Infiltration Systems

N. Siriwardene, A. Deletic, T.D. Fletcher
Institute for Sustainable Water Resources, Department of Civil Engineering, Building 60, Monash
University, VIC 3800, Australiagilmini.siriwardene@eng.monash.edu.au

Abstract

Infiltration systems, which are a popular method to manage stormwater, have a history of failure due
to clogging within a relatively short period. As yet #hés not a single method available to predict the
clogging, despite the substantial amount of investments is being made in implementing these systems.
Therefore, a detailed laboratory study of stormwater infiltration systems was carried out with the aim

of gaining a fundamental understanding of the clogging process. One of the conclusions of the study is
that the sedi ment mass of sediment particles |

es
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clogging. The objective of the study presented in thispaps to simply assess clogging time of a
range of applications of infiltration systems using the laboratory findings. MUSIC was used to
generate the TSS inflows in to the systems installed at several catchments; flow and TSS were
modelled from low, standd and high density developments in, Melbourne and Brisbane. The
discharges were treated by infiltration systems that represented 1%, 2%, 5%, 10%, 15% and 25% of
the effective impervious areas of these catchments. By integrating the laboratory resdit$A6d
modelling, a number of loskp charts and tables were produced that could be used for a quick
estimation of the clogging time of infiltration systems.

Field Testing the Effectiveness of Pervious Pavements as a Water
Sensitive Urban Design Initiative

N. Kadurupokune®, N. Jayasuriy&

Postgraduate student, School of Civil Environmental and Chemical Engineering, RMIT University,
Melbourne hilmini.kadurupokune@rmit.edu.au

2Senior Lecturer, Schooff Civil Environmental and Chemical Engineering, RMIT University,
Melbourne hira.jayasuriya@rmit.edu.au

Abstract

Pervious pavements in car parks and driveways reduce peak discharge and the volunfie of runo
flowing in to urban drains and improve the water quality by trapping the sediments in the infiltrated
water. This reduces the risk of pollutants such as suspended solids and particle bound chemicals such
as phosphorous, nitrogen, heavy metals and nilshgdrocarbons entering receiving waters. The key
objectives of the study are to establish relationships between rainfall and pervious pavement runoff
and quantify improvements to infiltrated stormwater quality through the pervious pavement. This
paper f@uses on presenting results from field tests carried out in Melbourne to evaluate improvements
to water quality from stormwater infiltrating through the pervious pavement surface.

Insights From The Design, Construction And Operation Of An
Experimental Stormwater Biofiltration System

B.E. Hatt, J. Lewis, A. Deletic, T.D. Fletcher
Facility for Advancing Water Biofiltration, Department of Civil Engineering, Monash University,
Victoria, 3800 belinda.hatt@emnmonash.edu.au

Abstract

Biofiltration systems are being installed on an ewereasing scale, both for stormwater quality
improvement and as a component of stormwater reuse systems. However, there is currently a general
lack of knowledge regarding thadesign, implementation and performance. This paper reports on the
issues encountered and lessons learnt during the installation and operation of an experimental
biofiltration system. While the water industry familiarizes itself with biofiltration teabgjiek,

effective communication and clear guidance is required to ensure successful construction and
operation of biofilters. The studied biofiltration system consisted of three separate cells, each
containing a different, setbased media type. Compactiofifilter media, organic matter and moss

growth significantly reduce hydraulic conductivity, however root penetration and the addition of
vermiculite and perlite appear to assist in maintaining porosity. Preliminary treatment performance
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results indicatehat all three cells effectively remove sediment and heavy metals (lead, copper and
zinc), however they are all net producers of nitrogen and phosphorus. However, biofiltration systems
appear to be promising technologies for treatment of stormwater, hottufe and aquatic ecosystem
protection.

Water Demand and Conservation

The Impact Of End-Use Dynamics On Urban Water System Design
Criteria

M. Thyer?®, M. Hardy? P. Coombe3 C. Pattersorf

School of Engineering, University of Newcastigark.thyer@newcastle.edu.au

BMT WBM Pty Ltd, University of Newcastlanhardy@wbmpl.com.au

3School of Environmental and Life Sciences, University of Newcgstteombes@newcastle.edu.au
“School of Engineering, University of Newcastiénton.patterson@studentmail.newcastle.edu.au

Abstract

Demand reduatin strategies such as source substitution (rainwater tanks/water reuse) and the use of
water efficient appliances has the potential to significantly impact on urban water system design
criteria, such as average and peak demands/wastewater flows. Toyghéntihpact requires

knowledge of the dynamics of household-eisés (shower, toilet, washing machine, tap and outdoor
use). This study utilised higfuality enduse monitoring from a Newcastle house over a 2 month

period to investigate how eatse dynarits and demand reduction strategies impact on common

design criteria. The general insight was that reducing the mains water demand from regular water use
events such as shower/toilet use had a larger impact on the average demand/flows while reducing the
demand from the sporadic water use events such as outdoor and laundry use had the larger impact on
the peak demands/flows. For the study house the highest predicted demand reductions of 71% in
average demand and 83% in peak demand occurred when usingamkkb supply toilet, laundry,

outdoor and hotwater use and installing a 5 star washing machine. Significant future research is
required to quantify the i mpact of demand reduct
recent wat eepoténtial for smirastrdictuee savings this research is clearly a high priority.

An Integrated Approach to Water Conservation for Large Users

M. Werner?!, G. Hauber-Davidsorf
"Water Conservation Group Piyd, melaniew@watergroup.com.au
’Water Conservation Group Pty Liglienterhd @watergroup.com.au

Abstract

Water conservation programs targeted at large users will play an integral role securing wéiés supp
for Australian cities in years to come. A hierarchical approach to water conseiivegiuncing
consumption as a priority, then considering internalge of water and replacement of potable water
with alternative sourcésshould be the key prindpin sustainable water management.
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The application of this approach relies on a sound understanding of water consumption at a site: where
water is used, why, when and how. This entails smaad submetering of the water supply and
detailed analysis dfite activities to produce a site water balance.

The hierarchical approach can then be applied, and conservation options can be costed to assess
financial viability. O6Packagingdé measures with
along wih funding support available.

Based on implemented projects, an estimated 30% of potable water consumption within the
commercial and industrial sectors could be saved at attractive payback periods.

By adopting this sensible, integrated water conservatichmanagement approach the same

outcomes can be achieved with less potable water consumption. Appropriate source substitution is a
pillar of sustainable water supply, providing water at less environmental, social and financial cost than
the alternatives.

Impact of Spatial Variability of Rain fall on Predicted Irrigation
Demand: Case Study of Melbourne

V. Pappas, C.S.B. Grimmond’, V.G. Mitchell?, H.A. Cleugh®

d

'Geography, Kingdbs Col | ege;SueGridnond@kcLagc.nkd on WC2R 2|

’Civil Engineerng, Monash Univ., Clayton, VIC 3800, Augirace.Mitchell@eng.monash.edu.au
3CSIRO, Marine and Atmospheric Research, Canberra Australia

Abstract

Mel bourneds | and c oV e eriences a strpng maturallpriecypitatioa gradiarh | e a n d

from west to east. Using precipitation and potential evaporation data, along with land surface
characteristics for ten sites across Melbourne, this study investigates spatial differences in
evapotranspiratio and irrigation demand. Using a water balance model for outdoor water use only, it
was found that irrigation demand is largely dependent on the vegetated fraction (gardens and parks) of
the sites. Spatial variability of rainfall is also an important fiafiopredicting irrigation demand. The

study proved that large fractions of green space enhance evaporation, but they also result in increased
irrigation requirement.

A Hidden State Markov Model for Identifying the Long Term
Dynamics of Indoor Household Water Uses

L. Cui', M. Thyer*, P.J. Coombe§ G. Kuczera
School of Engineering, University of Newcastl§ie.cui@newcastle.edu.au
2School of Environment and Life Sciences, University of Newcastle

Abstract

The emerging integrated water cycle management paradigm places a greater emphasis esidfemand
management at the household/cluster scale than traditional design approaches. This is the motivation
for the development of models that capture the dyosuwaii household water use at smaller spatial and
temporal scales than those traditionally adopted for design of water cycle infrastructure. This study
utilised data from Hunter Water Corporation (HWC) that consisted of 161 houses with measurements
of montHy indoor water use over a period of 10 years. Temporal analysis of the dataset indicates that
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household indoor water use is mainly influenced by the household occupancy. Two major sources of
occupancy dynamics were hypothesized; permaneniteongchangg due to occupants permanently
moving infout and temporary shagrm changes due to the occupants going on holidays and/or

having visitors. In this study, a household indoor water use model was developed in which a hidden
Markov model (HMM) framework wasgsed to identity the lonterm dynamics of household

occupancy. The preliminary model diagnostics indicate that a reasonable fit was obtained for up to
40% of the households. Further challenges include identifying suitable drivers of therlmng
dynamicsand capturing the sherérm dynamics evident in the data.

Rainwater Harvesting and Sustainable Water Management

Rainwater Harvesting and Wastewater Reuse in Peri-Urban Areas

S. Lucas, P. Coombes, P. Geary, H. Dunstan
School of Environmental & Life Sciees, The University of Newcastle, NSW, Australia
Steven.Lucas@newcastle.edu.au

Abstract

Over the past decade, approaches to improve urban water cycle management have included water
saving devices ins@the home, the use of rainwater tanks, reuse of treated wastewater and water
sensitive urban design (WSUD) principles to manage stormwater runoff. When several integrated
water cycle management (IWCM) options are implemented in unison at an allsiraéntvarious

levels of mains water savings, wastewater flow reductions and stormwater runoff reductions can be
obtained. However, few studies in the literature have evaluated the impacts of implementing
wastewater options for a n@ewered area already usir@jnwater tanks and onsite septic systems
discharging to the environment. These scenarios are typical aifpan communities existing near
sensitive coastal/estuarine environments. This investigation primarily reports on wastewater reuse
options beingntroduced to a nesewered area already using rainwater tanks and onsite septic
systems.

The PURRS (Probabilistic Urban Rainwater and wastewater Reuse Simulator) (Coombes, 2002)
model was utilised to continuously simulate demand management (water davicgs) and the
performance of rainwater harvesting and wastewater reuse to explore the reductions in rainwater tank
demand, wastewater discharges and stormwater runoff that occur at an alktatenthis study
highlights how the introduction of wastater reuse in the study area significantly decreases
wastewater flows from the allotment, increases stormwater runoff volumes from the allotment and
reduces the efficacy of existing rainwater harvesting systems at the allsraéntSignificant

variatiors in the efficacy of rainwater harvesting were observed when increasing levels of wastewater
reuse were simulated, highlighting the importance of maximising use from the rainwater tank to
optimise rainwater harvesting potential, particularly in moderalégtorainfall areas. This is an

important insight into the fundamental paradigm of integrated water cycle management.
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Rainwater Harvesting In Ethiopia: Capturing Realities and
Harnessing Opportunities

Daniel Kassahun Waktola (PhD)
Environment Researchdtorum for Social Studies Addis Ababa, Ethiopia Email:
daniel.kassahun@gmail.coffel: 252111-572990 (Office); 25911-608030 (Mobile)

Abstract

In a bid to curb the threat of recurring crop failure, fowcurity, and drought quandaries, the
government of Ethiopia has rapidly expandedaim based rainwater harvesting (RWH)

interventions. Undoubtedly, the scheme has proffered numerous advantages to its beneficiaries, but it
was not without setbacks. Bhstudy has attempted to appraise the recently launched RWH activities
and analyze its performance in the light of key environmental and socioeconomic dimensions. Data
were drawn from sample households in the Amhara and Oromia Regional States. A @@al of 3
households, drawn from 12 rural kebeles, were engaged in the study. It was found out that while RWH
has contributed to the enhancement of land productivity and food production, the intervention has also
suffered from inadequate knowledge base, weakutishal integrations, emergence of malaria,

biases in approaches, gender and poor misrepresentation, distorted subsidy policies, etc. Policy issues
relevant to the intervention were identified, analyzed, and discussed.

Surface and Groundwater Dynamics of Rainwater Harvesting in
Rajasthan, India: A GIS and Tracer Approach

J.M. Stiefel', A.M. Melessé, M. McClain?, R. Price*

'Department of Environmental Studies, Florida International Univejsiy, stiefel @fiu.edu
‘melessea@fiu.edu

*mcclainm@fiu.edu

‘Department of Earth Science, Florida International Universiiger@fiu.edu

Abstract

As the largest and driest state in India, Rajasthan is faced with a daunting task of meeting many
different water demands every year. In light of this water scarcityweaer harvesting (RWH) has

been widely promoted in Rajasthan as a means to increase surface water supplies, as well as to
recharge local groundwater. In the midst of widespread adoption, a knowledge gap exists in the
understanding of the hydrologic impscin order to close this gap, a rainwater harvesting study was
carried out from Mayuly 2006 in the Wakal River Basin, Rajasthan, India. Within this study,
geographic information system (GIS) and tracer tools were utilized to investigate the surface wate

and groundwater dynamics of rainwater harvesting. Results of this study provide evidence that most of
the RWH structures in the study will fill up annually, even under the most conservative scenarios.
Furthermore, the hydraulic gradient provides evidehaegroundwateflows from the RWH
structures toward down s ¥OaedOras geedhdmical trafersmfavatéry , t
provides evidence of harvested rainwater in these nearby wells.

h e


mailto:daniel.kassahun@gmail.com
mailto:john.stiefel@fiu.edu
mailto:melessea@fiu.edu
mailto:mcclainm@fiu.edu
mailto:pricer@fiu.edu

Proceedings of the 13" International Conference on Rain Water Catchment Systems: Abstracts

Developing Sustainable Water Management Policy for Kogorah

G. Singh, I. Ghetti,, A. Chanan
Kogarah Municipal Councigurmeet.singh@kogarah.nsw.gov.au

Abstract

Kogarah Council éds previous Stormwater code was d
developments. Theode mainly focused on drainage issues providing solutions primari§it@n
Detention for flood control. Given the Council 0s

Management in Sydney region, it was time to increase the scope of the Code taatewmier

water cycle management issues. A Water Management Policy has therefore been developed to replace

the current Code, which adapts concepts of Water Sensitive Urban Design, and reflects the outcomes

of Kogaraho6s f |l oodpl managemerd gragnarast y and water cycl e

Kogarah Water Management Policy seeks to determine quantitative, focused and rational objectives
specific to the site to ensure that management measures employed will be sustainable and therefore as
cost effective as possible. The WtaPolicy considers the Total Water Cycle at the site level as well as

the catchment level. It integrates the fact that management measures can complement each other and
achieve multiple objectives. The Water Management Policy was developed in orderinateliany

potential inconsistencies in interpretation of the policy. The Policy provided an opportunity to collate

all water cycle management issues into one single document.

An innovative approach has also been incorporated for design of On Site @essistems for flood
control using catchment wide modelling. Gite stormwater detention (OSD) are commonly used as
onssite flood control measures to reduce the peak runoff. The current practice of determining OSD
requirements for a particular developmasés two primary factors, a Permissible Site Discharge

(PSD) and a Site Storage Requirement (SSR). The traditional approach uses single estimate of each
parameter either for the entire catchment or specific zone giving limited consideration to the site
characteristics and drainage hydraulics.

In order to deal with the common inconsistencies in the traditional methodology, a new approach,

using the calibrated hydrologic/hydraulic catchment models was developed for Kogarah. This method
provides a more realic estimation of PSD based on the degree of development, with incrementally

more stringent controls on development reaching its full potential. The revised Water Management

Policy includes a usdriendly webinterface. The welbased calculator requirédse proponents to

enter simple information about their proposed de
on this information, the calculator provides OSD and stormwater treatments requirements for the
proponents. Every development applicatiorereed by the Council has a print out from the web

calculator attached to it, thereby ensuring appropriate management measures are implemented on site

in order to achieve the set water cycle objectives and performance criteria.
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Rainwater Quality and Health

An evaluation of measures for improving the quality of roof-
collected rainwater

S. Abbott!, B. Caughley, A. Ward®, G. Gowart, J. Ashworth?
'Roof Water Research Centre, Massey University, New Ze&amail: S.E.Abbott@massey.ac.nz
2Opus International Consultants, Auckland, New Zealand

Abstract

Rainwater itself is free from pathogens and contamination levels of stored rainwater are generally low
if tanks are well protected with covers or lids but obviaugses of contamination of the rainwater

runoff can originate from faecal matter deposited by birds, frogs, possums, rodents, and dead animals
and insects, either on the roofs or in the gutters, or in the water tank itself. A number of national and
internaional studies have shown that the microbiological quality of-cotiEcted rainwater is usually

poor, often fails to meet drinking water standards, and frequently there is evidence of faecal
contamination in the stored roof water. In a significant nurobevof water supplies of private

dwellings in New Zealand where we found heavy faecal contamination, there was evidence of poorly
designed delivery systems and storage tanks, and failure to adopt physical measures to safeguard the
water against microbiogical contamination.

A variety of low maintenance products and systems are now available in New Zealand for reducing,
and in some situations even eliminating, microbial contamination of stored rainwater. In this paper we
present the results of a prelirany study in which we evaluated the effectiveness of some of these
products and systems. The study involved an intensive microbiological analysis-obltecfed

rainwater samples collected over nine months and covered a range of climatic conditions.

Metals & Non-Metals in Harvested Rainwater i Comparisons with
Mains Water & Effects of Locality & Roofing Materials

A. Morrow P. Coombes, H. Dunstan, C. Evans, A. Martin
School of Environmental and Life Sciences, The University of Newcastle, Australia
abigail.morrow@studentmail.newcastle.edu.au

Abstract

Samples from a variety of rainwater tanks and mains water supplies from different regions in the
Australian states of NSW, QLD, VIC, and SAere analysed for a range of elements by-M%
Investigations were performed to determine whether the distributions of elements in stored rainwater
varied depending on urban or rural location and roof typeRRieted steel, 55% Adn alloy coated
sted, Cement Tiles, or Galvanised Iron). Differences in elemental composition in stored tank water
and mains water samples were also investigated. Mains water samples were found to contain
significantly higher concentrations of sodium, strontium, barium, egigm, and molybdenum, and
significantly lower concentrations of manganese and zinc compared with tank water samples
(P<0.05). Urban tank water samples contained significantly higher concentrations of strontium,
barium, chromium, and molybdenum than ruaalk water samples and significantly lower
concentrations of iron, cadmium, manganese and copper compared with rural tank water samples
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(P<0.05). The concentrations of certain elements in samples from rainwater tanks with different roof
catchment materialwere also found to vary significantly (P<0.05). The majority of analysed samples
were below Australian Drinking Water Guideline values for metal anénmetal concentrations,

although 12% of samples exceeded guideline values for one or more elementrlgyrainwater

tank, elements, metals, nometals, roofing materials, water quality

A Critical Assessment Of Epidemiological Studies For The
Investigation Of The Health Risk Of Drinking Untreated Rainwater

S. Rodrigd, M. Sinclair?, D. Cunliffe®, K. Leder?

Monash University and the CRC for Water Quality and Treatnsend5@student.monash.edu.au
’Monash University and the CRC for Water Quality and Treatment

*Department of Health, South Australia

Abstract

Rainwater has been used for many purposes globally including drinking, however whether untreated
rainwater is a risk factor for health problems remains inconclusive. Rainwater tanks generally serve
households and in many instances illness may notguetesl. There are some published studies

which have investigated the role of rainwater in the occurrence of iliness. Additionally, several
outbreaks associated with rainwater have been reported in the literature. The many epidemiological
study designs whithave been used in these investigations will be discussed. This paper will critically
assess the advantages and limitations of the various epidemiological designs and present a design
which may provide a more conclusive answer to the role of rainwatbedrealth of persons who use

it for drinking. A current randomized controlled trial assessing the risk associated with drinking
untreated rainwater amongst people who choose rainwater as their primary source of drinking water
will be discussed.

The passage of direct precipitation to rainwater storage: A case
study; Newcastle, Australia.

Anthony R. Martin, Peter J. Coombes, R. Hugh Dunstan, Craig Evans and Abigail Morrow
School of Environmental and Life Sciences, University of Newcastle, Callaghan NSWaliaust

Abstract

The composition of dominant bacterial populations, along with selected elemental characteristics,
were assessed from direct precipitation, roof runoff, and two sampling points within a rainwater
storage tank located at an inner suburb ofiddestle, on the east coast of Australia. Direct rainfall was
found to contain 20+13cfu/mL of bacteria with no detectable cadmium, lead or mercury, while the tile
roof was found to be a contributor of lead contamination at 0.030+£0.031mg/L in the colleciéd r

that persisted within the water column of the rainwater tank at 0.020+0.012mg/L. The surface skim
layer of the tank provided the highest variability of recoverable bacteria with 2261+3917cfu/mL,
while the tankés tap o u brrespondimgleadlexaisakrage® 4 5 N136 1c f
0.022mg/L at the surface and 0.018mg/L at the tap outlet. Environmental bacteria including
Pseudomonas, Bacillus, Pantoea and Enterobacter species were among the most predominant
organisms consistently recovered from sangptollections. E. coli was only detected in one out of 8
events of the roof runoff collections at 18cfu/mL and twice out of 6 samples at 1cfu/mL from the


mailto:srod5@student.monash.edu.au

Proceedings of the 13" International Conference on Rain Water Catchment Systems: Abstracts

tankés tap outlet. The data suggested that the n
derived from dislodgement of accumulated deposits on the catchment surfaces. Faecal coliform

bacteria were negligible in this rainwater harvesting system. Despite evidence of bacterial and

chemical loading via catchment processes, the tank outlet samplesdstinat bacterial and selected

chemical components were reduced, suggesting active processes of contaminant regulation within the

tank.

Investigating Sediment Dynamics in a Laboratory Rainwater Tank

M.l. Magyar, V.G. Mitchell, A.R. Ladson, C. Diaper

M. I. Magyar-®, V.G. Mitchelf', A. R. Ladson1, C. Diap&t

Monash University, Institute for Sustainable Water Resources, Department of Civil Engineering,
Victoria, Australia Mirela.Magyar@eng.monaslae.au

2CSIRO Land and Water, Victoria, Australia

®CSIRO Water for a Healthy Country Flagship, Australia

Abstract

Rainwater tanks are viewed as an available source of alternative water supply at the house scale that
can help overcome the widespread jpeobof water scarcity in Australian cities. Building standards,
government support and incentives encourage the installation and use of rainwater tanks in new and
existing houses. Robust design of rainwater tanks is important to limit the problems thet amnch
occupants may face when using rainwater tanks, reduce maintenance requirements and help ensure the
ontgoing optimal performance of these rainwater tanks. This paper presents results of laboratory
experiments on a full scale tank that were undentatiénvestigate the effect of sediment

accumulation and tank design on the resultant outlet water quality. The experiments were run using
several sediment thicknesses, tank water levels and outlet configurations. Preliminary results found
that the conterdf particles in the outlet water sample, measured as TSS concentration, was sensitive
to the height of the outlet relative to the base of the tank and to the depth of sediment in the tank. An
outlet positioned nearer the base of the tank resulted irharhigiantity of sediment in the outlet

sample, confirming that sedimentgaspension occurs during inflow events. These results, together
with ongoing investigations of inlet positions, will help in the development of design solutions that
mitigate the inpacts of sediment accumulation anétspension on the end use water quality.

The microbiological quality of roof-collected rainwater of private
dwellings in New Zealand

S. Abbott!, Caughley* J. Douwes

YInstitute of Food Nutrition and Human Health, Magdniversity, New Zealand&Email:
S.E.Abbott@massey.ac.nz

Centre for Public Health Research, Massey University, New Zealand

Abstract

In this 5- year study we investigated the microbiological qualityoaficollected rainwater samples
of 560 private dwellings in New Zealand. At least half of the samples analysed exceeded the minimal
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acceptable standards for contamination and 41% of the samples showed evidence of heavy faecal
contamination. The likely soces of the faecal contamination were faecal material deposited by birds,
frogs, rodents and possums, and dead animals and insects, either on the roofs or in the gutters, or in
the water tank itself. Many of the roof water supplies surveyed revealed deisién the use of

rainwater catchment systems and components. In a significant number of supplies where we found
heavy faecal contamination there was evidence of lack of maintenance; inadequate disinfection of the
water; poorly designed delivery systears] storage tanks; and failure to adopt physical measures to
safeguard the water against microbiological contamination. The results of this study indicate that the
information on the safe collection and storage of-amifected rainwater seems not to kaching

many users in New Zealand. Roof water users need more information pertaining to their roof water
supplies but we believe improvements are necessary in the dissemination of this information.

Treatment of Roof-Harvested Rainwater Using Metal (Hydr)oxide-
Coated Sand Filter

V. Meera, M. Mansoor Ahammed

'Department of Civil Engineering, School of Engineering, Cochin University of Science and
Technology, Kochi 682 022, India

’Department of Civil Engineering, SV National Institute of Technology, Sus86 007, India.
Email: mansoorahammed@gmail.com

Abstract

Since many rural communities in developing countries usehafested rainwater as their primary

water source for drinking, there is a need teetigp low-cost, efficient and eadp-use point of use
devices/methods for treatment of harvested rainwater. Sand coated with iron (hydr)oxide and
manganese oxide are known for their capacity to remove bacteria and heavy metals, respectively, from
water. h the present study, a filter medium consisting of 7.5 cm deep manganeseaatietk sand

layer over a layer of 7.5 cm iron (hydr)oxideated sand was used to treat foafvested rainwater.
Shortduration column tests with this filter employing rdadivested rainwater showed the potential

of this filter. It removed more than 99% coliforms and 96% lead from the influent. Irdiaragion

column tests using the same filter, up to 500 bed volumes of harvested rainwater (pH 6.8, turbidity 2.7
NTU, total colforms 1500 MPN/100 mL, lead 0.38 mg/L) could be treated. The effluent

characteristics were: total coliforms-23aMPN/100 mL, heterotrophic plate count 2880 CFU/mL,

lead 0.010.03 mg/L and turbidity 0:0.9 NTU. The study thus showed the potential ef¢gAnd

coated with iron (hydr)oxide and manganese oxide as filtration/adsorption media for useastow
household water filters for purification of reb&rvested rainwater.

A Practical Solution to the Water Needs of Rural People Living With
HIV/AIDS in Papua New Guinea

S. Dindillo, S. Layton
atproj@online.net.pg

Abstract

With the growing epidemic of the AIDS virus in rural Papua New Guinea (PNG) with little indication
that the government is able to stop the spread of this virus, there is a grovdrignmeeeange of
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assistance programs to help the sufferers of this devastating virus to cope with everyday tasks that are
essential for their well being. ATprojects, an awatidning technology based NGO in the Highlands

of PNG, has for some time been winigkto develop a range of implements that can be used by rural
people inflicted with this disease.

One of the biggest concerns that has been highlighted by many agencies working in this sector is the
lack of access to clean drinking water. People with/AIBS are often denied access to traditional

sources of water as it is wrongly assumed that they can pass on the disease through contaminating the
water source. While this misconception can be corrected over time with awareness programs given the
inaccesdiility of many rural communities there was a clear need to address this issue by developing a
practical based solution that could be introduced by a@&dmical NGO, church and community
volunteers who care for people living with HIV/AIDS.

This paper otlines the research process and final production of a low cost portable integrated rain
catchment and storage tank that has been developed using both locally available materials and skills.
The unit is now ready for production and has generated a corgalamount of interest by both local

and international development organizations.

Fluvial dynamics of gutter debris systems in rainwater harvesting

J. Allison, G. Kuczera
Newcastle Universityjai.allison@gmailcom george.kuczera@newcastle.edu.au

Abstract

A gutter design that optimises self flushing potential is crucial in rain water harvesting at the dwelling
scale. Excluding and removing organic delndsn a gutter is essential for the maintenance of water
quality in water harvesting systems. There are existing debris exclusion products; however the
function, performance and suitability of these products is not well understood and application is

limited as they require ongoing maintenance. The aim of this study was to determine the water
harvesting gutter configuration that minimises the maintenance needs and optimises self flushing.
Investigation into the conditions and processes that influence tteemparfce of guarded and-un

guarded roofs found that the failure mechanisms of gutter guard products was due to the entrapment of
debris (above the guard) and infiltration of decomposed debris. A series of experiments was
undertaken to test a set of thre@htheses, regarding the most efficient shape and slope and

obstruction threshold . The results support the notion that thecgemliar gutter is the most efficient

cross sectional shape for a gutter. Increasing the slope of a gutter increaseddbé (sz=tiiment)

transport facility of a gutter, but had a negative effect on the removal of buoyant debris from the
gutter. The combination of gutter guard product s
semicircular high slope design conditis is likely to provide an effective self flushing and low
maintenance gutter.

WSUDsKki! - sustainable water management in alpine areas

M. Brown®, R Staples, N L4
!'STORM_CONSULTING mal@stormconsulting.en.au

’NSW Department of Environment & Climate Change
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Abstract

The alpine areas of Australia contain ski resorts which areurly@n areas nestled within sensitive
National Park ecosystems. There are numerous examples of WSUD to manage surfacepactsff im

in Australiads ski resorts. To date, however, na
cycle to decrease demand on potable water supplies. In the Perisher Range Resorts of NSW, the
situation is markedly different where potable watgdes are not sustainable in their current form to
meet future growth without action being taken. WSUD has the potential to meet this additional
demand while at the same time reducing peak flow and water quality impacts of stormwater runoff on
alpine ecogstems. The Department of Environment & Climate Change will expand a trial of roof

water harvesting in this cold climate to an active pilot site retrofitting an existing ski lodge where it

will be plumbed in for all uses. Modelling shows the system wile63-98% of mains water over a

snow season. With so many environmental, economic and social constraints to manage in the delivery
of secure potable water supplies in the Perisher Range resorts, W&idbifically roof water

harvesting offers an opportuity to facilitate truly sustainable development.

Stormwater Harvesting and Management

An evaluation of the design, implementation and operation of 3
stormwater reuse systems across Melbourne

M.J. Burns, V.G. Mitchell
Institute for Sustainable Water Resoes, Dept. of Civil Engineering, Monash University, Clayton,
VIC 3800, Australiamjbur2@student.monash.edwace.mitchell@eng.monash.edu.au

Abstract

Within Australia, stormwater reuse has recently become a popular method of augmenting existing

water supplies as well as providing a range of environmental, social and economic benefits. Despite
this, many uncertainties exist in regard to how suitaklgting stormwater reuse systems have been
designed and how these systems operate in relation to end use water quality requirements and operator
objectives. In this study, we collected design and operational information regarding 3 stormwater

reuse systemlocated in Melbourne as well as undertook preliminary water quality and quantity
monitoring through the collection of grab samples and flow metering. It was found that the design
objectives of each system had mostly been met. However, some of thevebjeatie rather

gualitative and so are difficult formally assess. The design of each reuse system did not accurately
represent what was actually constructed and this is likely limiting system performance. Preliminary
water quality monitoring indicated thsystems which do not have disinfection will more frequently

have e. Coli |l evel s which exceed the current Vic
drought has severely impacted on the volume of stormwater harvested from the two smaller systems.

In comparison, the larger Royal Park system has been able to provide significant amounts of
stormwater during this very dry period.
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Charging Ahead For Stormwater - A local perspective Stormwater
Management Services charge in NSW local governments

R. Fitzroy
Lismore City Councilcobyn.fitzroy@lismore.nsw.gov.au

Abstract
The NSW state government has introduced | egislat
(Stormwater) Act 20050 to enable Councils to int

(SMS)charge on property owners for specific residential and business properties within their LGA.
The legislation has been introduced to enable councils to fast track the introduction of the charge for
the 2006/07 financial year, as no ministerial approvagsiired.

The introduction of this legislation for the SMS charge is recognition that Councils are not able to
appropriately fund stormwater management activities required to be undertaken as part of their various
management plans and policies. As a resudiny of the stormwater actions and maintenance

programs (as required by the state government) have not been undertaken and remain unfunded.

6Governments and in particular, the NSW Gover nme
managedinanintegtae d manner 6 ( Minister for Local Governnm
assumed that as Council will be required to undertake more sophisticated and complex activities,

especially in environmental management, that by not utilising the arrangementsginvitie state,

such as the stormwater management services charge, then funding will have to be provided via
council s gener al revenue and/ or borrowings.

The paper discusses the Lismore City Council perspective in regards to the problems associated with
gaining Council approval to implement the charge, the institutional change required, the works
undertaken and projected and the lessons learnt in the first year.

The other New South Wales Councils which have implemented this charge in its initial yebedave
surveyed and the findings discussed. The general Council and community acceptance or other, the
institutional changes undertaken, the types of work undertaken and the projected works and the
lessons learnt. The essence of this paper is to provioieriafion and contacts for those Councils
already undertaking the charge as well as for those Council still considering its implementation. In a
basic yet useful form, the information collected may allow the further development of water sensitive
urban degjn by promoting its benefits and learning from our collective experiences.

Stormwater to the Rescue: Regional Stormwater Harvesting for
Ecosystem Protection and Potable Water Yield

S. Leinster', G. White?
'Ecological Engineeringshaun@ecoeng.com.au
“Wyong Shire Council

Abstract

The creation of new urban development to support population growth leads to environmental stress at
a number of levels, most notably in water regime. Urbanisation and the assocrathatiian of
impervious surfaces can lead to significant changes to hydrology and increased pollutant export from


mailto:robyn.fitzroy@lismore.nsw.gov.au
mailto:shaun@ecoeng.com.au

Proceedings of the 13" International Conference on Rain Water Catchment Systems: Abstracts

catchments which in turn can result in irreversible impacts on sensitive aquatic ecosystems.
Additionally, the increased demand for water withew urban zones places a significant requirement

on water supply systems to the point where substantial infrastructure investment is required to
increase capacity. Therefore, when planning for new urban development the water cycle needs to be
carefullyconsidered to ensure the intended land uses can be supported whilst also affording adequate
protection to the sensitive receiving aquatic ecosystems. This paper outlines the importance of urban
stormwater harvesting in this regard, which when appliedegianal scale can have multiple

benefits of protecting downstream ecosystems and providing a valuable water supply source. The
significant potential of urban stormwater harvesting is established in the context of other water supply
alternatives and desigmolutions for realising this potential at a regional scale are suggested.

The paper describes the application of regional stormwater harvesting within the large urban
development zones being planned for Wyd¥grnervale, north of Sydney. In this case, th

stormwater harvesting strategy has been specifically conceived to achieve the objectives outlined in
Water Sensitive Urban Design of Catchment above Natural Wetla@i@ssifying Wetlands and

Setting Objectives (Wong & Breen 2006) to ensure protectioRdrters Creek Wetland, one of the
largest natural freshwater wetlands in NSW. The outcome is a large scale stormwater harvesting and
reuse strategy that ensures protection of Porters Creek Wetland and delivers a substantial potable
water yield (up to 7Glyr) in the context of the current Gosfevdyong region demand for water
(30GL/yr).

Residential Subdivision; Close- to- Source Stormwater
Management Application

B. Rhynd', N. Mark-Brown?
MIPENZ, CPENg, IntPEhronwyn@stormwatersolutions.co.nz
’MIPENZ, CPENg

Abstract

A South Auckland residential subdivision, for a private developer, has adopted-dataserce

approach to the stormwater management. This paper will describe the background to the project,
which includes a summary of the cat@mhcharacteristics and the previously proposed and consented
catchment management plan (CMP). It was necessary to develop options that were an alternative to
those suggested in the catchment management plan to provide a workable solution and a subsequent
variation to the consented CMP was required.

A discussion of the design of the clgsesource stormwater management options will include the
various natural and built environment constraints as well as large rainfall event management.

Close liaison witiCouncil and the client was integral to the project and resulted in a requirement for
an assessment of performance risk as well as operation and maintenance costs for the medium and
long term operation of the proposed treatment devices.

This project requied exploring and analysing an extensive array of considerations to ensure that
implementing a noitonventional approach to stormwater management met both the client and
Council 6s needs. Risk and benefit aappoachwass was
adopted for this project using treatment devices that have a very limited track record in New Zealand.
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Strategic Planning for Stormwater Water Quality Infrastructure A
Practical Theory to Long Range Conceptual Planning for Local
Governments

D. McGarry, Y. Rowlands
Maroochy Shire Councimcgarryd@maroochy.gld.gov.awwlandsy@maroochy.gld.gov.au

Abstract

Commitment to long term invesant in stormwater water quality requires a strategic plan for the
provision of its associated infrastructure. To generate a strategic water quality infrastructure plan the
region under consideration first needs to be divided into manageable plannin@noésestablished,
each planning units can be prioritised on the basis of its pollutant generating potential. This potential
is assumed to be a function of the land use within each planning unit and can be further refined to
reflect sensitive receiving emgnments or other factors such as topography.

A conceptual selection of water quality infrastructure for each planning unit can be made using
relationships between the likely pollutants from each of the land uses within the planning unit and the
expectedemoval efficiency of a range or combination of water quality treatment styles. The inclusion
of a financial relationship for each treatment style allows for a conceptual cost of infrastructure to be
allocated to each planning unit. In addition to actjoisicosts the financial relationship may also

include an anticipated maintenance profile. The maintenance profile may include both the financial
and physical resources required to maintain the treatment infrastructure.

This paper discusses how a stratqgan for water quality infrastructure may be derived by

combining prioritised planning units with a conceptual infrastructure treatment selection to provide a

local government authority with a long range forecast for infrastructure expenditure andharaiate

resource requirements. These forecasts may be tailored to match future capital works planning or

mai ntenance budget forecasts for the region. Mar
Coast, has used this theory to establish an infrastrudtarges schedule for the provision of water

quality infrastructure across the Shire.

Rainwater Management Facilities and Devices: Case Studies from
Germany

K.W. Kbnig

Dipl.-Ing., freelance architect, on the board of fbr , member of German DIN committed&/BIAW

ARai nwater Harvesting Systemso,; Architekturbg¢r o,
++49(0)755161305, Fax ++440)755168126,mail@klauswkoenig.com
http://www.klauswkoenig.conFachvereinigung Betrieband Regenwassernutzung e.V.(fbr),

Havelstr. 7 A, 64295 Darmstadt / Germany, Tel. +{@)&151339257, Fax ++490)6151£339258,

info@fbr.de, http://www.fbr.de

Keywords

Utilization, Cistern, Pressurebster, Washing machine, Cooling with rainwater, DIN 1989, Floating
extraction device, Health concerns, Percolation, Earth filter, Rainwater runoff, Water fee, Potential
savings, Nature Protection Act.
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Water Sensitive Urban Design

Water Quality and Maintenance Costs of Constructed Waterbodies
in Urban Areas of South East Queensland

M.L. Bayley, D. Newton
"Wet Feet Aquatis, mark@wetfeetaquatics.com.au
’South East Queensland Healthy Waterways Partnership

Abstract

Artificial waterbodies are a popular feature of urban development in South East Queensland (SEQ)
and across Australia. However, anecdotal reports from local government officers within SEQ indicate
that many of these waterbodies regularly fail setrtheir design water quality objectives. This often
results in poor ecological function and the degradation of the waterbody. The costs to prevent such
problems and/or restore degraded systems are thought to be substantial, but are not well documented
in the SEQ region. In late 2006, the South East Queensland Healthy Waterways Partnership initiated a
survey of local governments in SEQ to collect available data on water quality and maintenance costs
of existing artificial waterbodies in urban areas. Respsiirom 6 of the 18 local governments in the
region provided data on 83 urban waterbodies with a combined total surface area exceeding 490 ha.
Nutrient concentrations in existing waterbodies were found to exceed relevant water quality

objectives, particalrly for phosphorus. This resulted in elevated algal biomass and prolific

macrophyte growth in many of the waterbodies. In the 2005/06 financial year, three of the surveyed
councils spent an estimated total of nearly $4.8 million on maintenance actoitgsconstructed

urban waterbodies. About twthirds of this amount was spent on routine maintenance and the
remainder on corrective maintenance required to restore deteriorated or malfunctioning components of
a waterbody. Management of aquatic vegetatias identified as the most significant routine

maintenance cost.

Rain Gardens - A Local Government Perspective

A. West
Kingston City Councilalan.west@kingston.vic.gov.au

Abstract

Localgovernmet acr oss Australia are approving increasi
as bioretention systems) within residential streetscapeisher as part of new developments or

integrated into their own capital works program. The environmental beokfés) gardens are rarely

guestioned, however Council officers are now asking themselves about thet&yngeractical

implications; how much will they cost and how do we manage these assets effectively?

In my role as Team Leader of the Design Depantne at t he City of Kingston

southern suburbs), | 6ve been involved in the pla
100 rain gardens over the | ast 7 years. | 6ve gen
onsomd water quality objectives and design princi

full appreciation of the practical issues faced by Local Government. Examples include community
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expectations, public safety, service authority assets, treg paoking needs, maintenance practices
and budgetary constraints.

To further advance our understanding, Kingston Council recently teamed up with Melbourne Water

and 6Land & Water Constructiond to review the pe
Melbourne. The main objective of the review was to investigate the quality of vegetation and filter

media in order to identify the design, construction and maintenance factors that contribute to (or

impede) successful outcomes. Based on my experienceanestiits of this study, | would

recommend the following initiatives to enhance the likelihood of implementistgisable rain

garden projects

e Encourage all Council departments responsible for planning, design, construction and
maintenance activities fee actively involved from the beginning of each project.

eEach Council to develop their own 6design st
local area in a practical manner.

o Specify the soil filter media very clearly and test its hydraulidaoetivity during
construction. The review identified a high p
media containing topsoil with very low infiltration rates.

e Ensure that all of your thouse departments clearly understand their roles and
responsibilities. Treat your rain gardens as another asset that needs to be recorded and
managed effectively.

¢ Ensure that your Council understands and allocates appropriate funding for ongoing for
ongoing monitoring and maintenance activities.

e Devel orpmadtiindmo brochuresé to assist with ongo
awareness.

I would encourage all Councils to get involved, experiment and develop systems and standards that
are appropriate for your Council operations and your local needs. The goois tiesigain gardens

can be very effective and should be encouraged. The bad news is that they also require a lot of time
and effort to ensure successful lelegm outcomes.

The use of water sensitive urban design (WSUD) to minimise
iImpacts of urbanisation on natural stream low flow regimes

A Leel, G Hewd, D Pezzanitf, J.R Argue'
'School of Natural and Built Environments,
“Water Science and Systems Centre, University of South Austalig, Lee @pograds.unisa.edu.au

Abstract

As a catchment becomes urbanised the natural hydrological processes are significantly altered and this

|l eads to a deterioration of the streamb6s ecol ogi
useful hydrologial statistical indicators for assessing the health of an ecosystem. An investigation

was carried out to assess the capacity for WSUD
characteristics when a catchment is urbanised. A calibrated Storm Water Maniyedel

(SWMM) of a natural catchment in South Australia was developed using historical rainfall and stream

flow data. The calibrated model was then modified to generate flow data for three selected urbanised
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scenarios by altering the percentage of effedmpervious areas. Two selected Water Sensitive

Urban Design (WSUD) strategies were applied to one of the urbanised scenarios and low flow
characteristics were examined. Flow duration and, spell duffiigoency statistics of the urbanised

cases wereompared against those of the natural catchment. The study revealed that urbanization
causes more frequent dry spells during both the wet and the dry seasons. As expected, the frequencies
of the dry spells with duration up to 20 days increased dramatdiadiyo urbanization. Both WSUD
measures were capable of achieving similar frequ
frequency of low flow spell duration events was reduced as WSUD measures were applied to the
urbanised catchment case, indieg that the low flows with WSUD measures will generally be higher

than those without WSUD. For case study catchment, WSUD infiltration measures that are capable of
diverting up to half of the natural groundwater input will enable low flow characteltistins

maintained.

Key words: Low flow, Urbanization, Environmental flow, WSUD

Estimation of MUSIC Rainfall-Runoff Parameters for Urban
Catchments in NSW

M. Wainwright, T. Weber
BMT WBM, mewainwright@wbmpl.com.au

Abstract

This paper outlines the resuticontinuous simulation rainfatlnoff modelling undertaken for 7

urban catchments within NSW and the ACT. The models were developed to estimate appropriate
MUSIC rainfallrunoff parameters for urban catchments in NSW. Parameter estimates were derived
through a detailed calibration and verification process and yielded some important insights into the
use of these parameters in MUSIC.

In the majority of cases, the urban catchment models were found to provide reasonable estimates of
the observed flows. Thesults indicated that the urban catchment models were primarily sensitive to
the estimated effective impervious area (EIA), with little effect observed when pervious surface
parameters were averaged. Importantly, it was found that above a threshgicbafraptely 10%

EIA, the pervious parameters were far less influential than accurately estimating the EIA.

This suggests that focusing on accurately estimating the EIA is more critical for urban catchments
than fine tuning the calibration of pervious swwe parameters. It also indicates that the current
version of MUSIC may not be the most appropriate model to use for predicting runoff from
catchments where pervious surface runoff dominates.
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Urban Design Solutions for Stormwater Treatment On Flat Sites

A. Hoban', M. Eadi€?, L. Rowlands’

1Ecological Engineerin@lan@ecoeng.com.au

2Ecological Engineeringnalcolm@ecoeng.com.au

3 Caloundra City Council,Rowlands@caloundra.gld.gov.au

Abstract

This paper considers the challenges of stormwater management for urban developments on flat terrain.

It employs the philosophy and principles of Water Sensitive UrbargD€@$/SUD) to develop a case

for the wuse -soofurdciesdt rhiibourteetde nmitaiton systems as a co
alternative to traditional approaches to stormwater management on flat terrain.

To support its position, the paper presenéesthpr o s a n-d o a b n 8 0 -@ffpn faefde n d
technologies for stormwater treatment and flow attenuation on flat terrain. Potential synergies between
road design, traffic management, landscape design and stormwater management are examined in the
paper,as well as 'tricks' and techniques that can be employed in the urban design to deliver best
practice stormwater management whilst maintaining high urban densities and conventional road
reserve widths.

The challenges and perspectives of local governméiner involved in the assessment of innovative
stormwater treatment techniques are presented in this paper. Discussion is provided on organisational
resistance to change, integrated assessment, de a
solutions Ways to address these challengeiher through design or processese also discussed.

Keywords: WSUD, urban design, bioretention, biopods, flat terrain

Impact of Bathymetry on a Case Study Stormwater Treatment Pond

S. Law!, K. Jansong
Water Tetinology,sel@watech.com.au
“Water Technologyketahj@gmail.com

Abstract

This paper evaluates the hydrodynamic behaviour of the Valley Reserve Stormwater Treatment Pond
(Melbourne). A twaedimensional hydrodynamic model (MIKE 21) was utilised to evaluate flow

patterns in this pond under steady state conditions. The influence of bathymetry changes and wind
effects on the hydraulic efficiency of the system has also been tgatesti This paper endeavoured to
ascertain the differences in hydraulic behaviour between the hypothetical, designed and actual terrain;
providing an insight into the achievable performance. Outcomes of this study highlight the importance
of layout on theéreatment capacity of stormwater treatment ponds.
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Rainwater Catchment Systems

Rainwater Use System Combined with Rooftop Vegetation as an
Environmental Solution

l. Kita*, K. Kitamura 2, J.Tospornsampari

Faculty of Life and Environmental Science, Shimaméversity, kita@life.shimaneu.ac.jp
’Faculty of bioenvironmental Resources, Ishikawa Prefectural University

*TEAM Consulting Engineering and Management Co. Ltd.

Abstract

In urban areas, we suffer fraemvironmental problems, such as urban flood and heat islands. They are
due to that the ground surface is covered with the artificial structures and that green space decreases
with increases in the covered area. In addition, we confront another problemrtbat future there

will be very little dumping ground because of increasing amount of waste. To solve the above
mentioned problems, it is proposed that a rainwater storage facility is installed on the rooftop of the
buildings instead of its undergrouadd that it is combined with the rooftop vegetation using a

recycled material that is made of waste glass and very lightweight. In present researedgaenall
combined system with rainwater use and rooftop vegetation was constructed. It consistegbofstwo

for rainwater storage and for vegetation. The experiments were performed to observe whether
vegetation could grow, whether stored rainwater could be supplied vegetation with and whether it can
reduces the temperature of rooftop. The result suggsstdlows; 1) Vegetation can grow well. 2)

Water stored lower part can be sullied well by capillary action. 3) Temperature of soil surface with
vegetation decrease compared to that without vegetation.

Rainwater catchment systems: an overview of the Italian situation

C. Paciarotti, F.E. Ciarapica, G. Giacchetta
Dipartimento di Energetica, Universita Politecnica delle Marche, Ancona, ltaly,
E-mail: c.paciarotti@univpm.it

Abstract

The aim of this paper is tagvide an overview of the Italian situation concerning the use of rainwater
catchment systems analysing the topic from different points of view. Daily rainfall data from more
than three hundred meteorological stations, located homogenously on the #ali@ular area, were
collected and analysed. The efficiency of the rainwater tanks of different volumes in each station was
tested. In the analysis, the different conditions were compared taking a typical user as point of
reference, characterised by thpital demand of each regional area. To decide the value of demand,
the total demand for drinking water was considered first and then the percentage that could be
replaced by rainwater was analysed. To deal with the problem from an economic point of view a
fundamental step was a research on the inhomogeneous prices of drinking water in Italy, in addition to
the study of the cost of the system. Finally, through a questionnaire given to several firms working in
the hydraulic installation sector throughout doeintry, interesting information was gathered on the
diffusion of rainwater catchment systems, their use, market conditions and the methods actually
adoped to calculate the tank size.
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Proposition of the Decentralized Rainwater Management and its
applications for mitigation of natural disaster on Jeju Island, Korea

M. Kim, M. Han, J. Yang, K. Lee
Seoul National Universithmw337@snu.ac.kr

Abstract

Management of wateelated disasters on the island of Jeju isntlost difficult in the world because

of the islandbdés environment al characteristics;
simultaneously. There is a limitation to the existing water management plan for mitigation of natural
disasters, and a new mageament plan is needed which will apply to Jeju Island. In this study, we
introduce the new paradigm of decentralized rainwater management. The starting point of this new
paradigm is that the disasters are local problems. In order to prevent them, ittehdeddt under

local control. Rainwater management in the new paradigm sets a goal in which water management
should be performed at the source not by linear means such as the stream and the drainpipe.
Considering the environmental characteristics of Bfund, we selected several technologies suitable

for decentralized rainwater management and designed systems suitable for group of buildings, roads,
streams, mountains, and households. We are suggesting building feasibility methods for the
decentralizedainwater management strategies. And we expect to find a solution for the water

problem on the Island, as these plans are applied across Jeju Island, and to achieve a good engineering
and scientific result.

Keywords: Decentralization, Jeju Island, floododight, rainwater management

Rainwater Utilization at Lighthouses in Taiwan

K.F.A. Lo, Y.J. Lan, H.C. Yeh
Department of Natural Resources, Chinese Culture University, Taifay043@ms5.hinet.net

Abstract

Rainwater utilization has gradually been forgotten due to the widespread convenience of municipal
water supply. The use of courtyard rainwater catchment systems has been implemented in many
countries for a long period of time. These include rainwategroistin Roman Empire (about 4,000

years ago), underground water cellars in rural China, and farm ponds in Taiwan. Although rainfall is
not evenly distributed in time and space in Taiwan, rainwater remains the best alternate water source.
Efficient rainwate use not only reduces valuable tap water demand, it may even lower the loading in
urban floodwater. Lighthouses usually are located in remote areasf-pipe of the public water

supply system or isolated islands with limited supplemental water sugalywater collection and
utilization means a lot to the daily water consumption of the lighthouse workers. This study aims at a
detailed survey of the lighthouses that still use rainwater in Taiwan. Their rainwater collection
facilities along with their opration are assessed throughsiie observation visits. Results of this

study would further promote rainwater utilization and enhance public water conservation awareness,
hoping to achieve the sustainable water resource goal in the foreseeable future.

J
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Planning for WSUD

Developing WSUD Policies in the City of Sydney

R. Thomsort, L. Collier? L. Contziu®, D. Fitzpatrick*

'Project Engineer, Cardno Lawson Treloar, Sydney, Australja,thomson@cardno.com.au
“Manageii Environment, Cardno Lawson Treloar, Sydney, Australia

%Green Square & Development Projects Manager, City of Sydney, Australia

*Assistant Planner, City of Sydney, Australia

Abstract

The City of Sydney Council is currently creating a new L&talironment Plan (LEP) and a new
Development Control Plan (DCP). These plans are the principle means by which development is
implemented within the City of Sydney, which includes both the unique area of the Central Business
District (CBD) and surroundingesidential and industrial areas. The new plans seek to integrate City

of Sydneybés existing policies, and update these

As a part of this update, the City of Sydney are developing a detailed water managgatientfor

their LEP and DCP. This water section covers a number of facets of water management, including
flood-liable land, Water Sensitive Urban Design (WSUD), stormwater drainage aneralated

elements of foreshore development (eg design wateislemder elevated water level scenarios). The

LEP and DCP integrate the various components of water management, to ensure a holistic approach is
adopted for water management.

This paper overviews these components of the plans and the approach adioptgdatie the
elements together. At this time of preparation of this paper, the plans had not yet been exhibited for
public comment.

The WSUD components of the plans have been completely updated to reflect current best practice for
water reuse, water eftiency, stormwater quality and stormwater retention. The various controls
implemented in the plans are reviewed as a part of this paper.

It is concluded that the outcomes of this LEP and DCP development will lead to better water
management practices fimture development within the City of Sydney Council area.

Key Words : WSUD, DCP, LEP, City of Sydney

Testing and Refining a Policy and Methods Framework for Water
Sensitive Urban Design

M. van Roon
School of Architecture and Planning, University of Aaald, New Zealand
m.vanroon@auckland.ac.nz

Abstract

An important means of facilitating the uptake of Water Sensitive Urban Design, which has much in
common with o6l ow i mpact ocal gogvgpnmenaptahsersd practices ateo ensur
underpinned by an appropriate set of principles. A research programme in New Zealand, that is
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facilitating the uptake and implementation of low impact urban design policies and practices, has
developed principles asfaundation for policy development in local government statutory and non
statutory plans and guidelines. Each principle is related to practical implementation methods many of
which use sustainable technologies that need to be tested for their feapitaititicality and

effectiveness. Stakeholders can use this framework as a guide or checklist against which to measure
implementation progress, or compliance, of developments currently under design or (re)construction
or even already established. In this gagase study projects from Australasia are assessed in relation
to the policy framework. Compliance is typically higher in cases that are situated close to or beyond
metropolitan urban limits as they are forced to achieve a degree-sfiffalfency withrespect to the

water cycle. Cross case analysis provides feedback on commonalities and the appropriateness and
comprehensiveness of the principles within the policy framework.

Implementing Water Sensitive Urban Design Through Regulation

Matthew Potter, Sharyn RossRakesh
Melbourne Water Corporatiomatthew.potter@melbournewater.com.au

Abstract

Implementation of water sensitive urban design to meet established stormwater quality objectives in
Melbourne has until recently occurred through Melbourne Water drainage scheme requirements and
funding programs to local government. Significant advances in the regulatory framework for new
development to incorporate WSUD have been delivered through tteraide Neighbourhoods

Clause 56 of the Victoria Planning Provisions. The successful implementation of Clause 56 involves
local government requiring incorporation of WSUD into residential subdivision development and for
management of sites during constioi. The provisions advance the application of treatment close to
source rather than traditional end of line treatments. To assist local government, several tools have
been developed. These include practice notes and a dedicated officer to provideassistadvice.

While the Victorian State Planning Provisions now require stormwater quality objectives to be met for
all new greenfield residential subdivisions there is still a significant amount of development that is not
yet effectively regulated, su@s industrial and commercial subdivisions and allotment scale
development. Currently investigations are underway for inclusion of stormwater quality objectives to
be incorporated into the 5 Star provisions of the building regulations in Victoria.

Determining WSUD Project Benefits using a Multi-Criteria
Assessment Tool

M. Urrutiaguer ', S. Lloyd?, S. Lamshed

Melbourne Watemnarion.urrutiaguer@melbournewater.com.au
“Ecological Engineering

*Melbourne Water

Abstract

In early 2006, the Victorian Government released the Yarra River Action Plan, which allocated $20
million towards tackling urban stormwater pollution. To ensure this money is allocated in an equitable
and transparent manner ag@@dl metropolitan local governments a multiteria assessment tool has
been developed. This paper presents an overview of theantdtia assessment tool developed and
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adopted for selecting structural Water Sensitive Urban Design (WSUD) projedsetiedigible for

funding through Mel bourne Waterods Stor mwater Pro
indicators: environmental, engagement (engagement with stakeholders and local government capacity
building), and financial. Within each categorysaies of descriptive indicators of different

weightings are applied to score a project: an overall score of 0.45 being required for the project to be
accepted. Where initial concept designs do not satisfy this criterion, additional work is undertaken to

refine and improve the project. The tool and its use are illustrated with a case study.

Institutional and Social Capacity

Synthesis Of A Theoretical Framework For Understanding Factors
That Catalyse And Influence Household Adoption Of Rainwater
Harvesting.

| White
CRC for Water Quality and Treatment, Griffith Universi3191013@student.griffith.edu.au

Abstract

This paper examines the experiences of South East Queensland (SEQ) households concerning
rainwater harvesting (RH). Although the adoption of household RH is currently booming after
extended stagnation at around 8% in SEQ, what actually motivates this adoption is not well
understood. This paper reports on the pilot study for my doctoral tivsisy has the three aims of

(a) characterising household RH adoptions in the SEQ community, (b) evaluating an original synthesis
of Ecol ogi cal Moderni sati onds systewmentedper spect.i
perspective as a framework todemstand household RH adoption to (c) determine a valid, reliable

and robust way of describing or predicting the household adoption of RH technologies. 61 Ipswich
households, in three groups (existing RH, retrofitted RH, no RH) completedaalgeifisterd 200+

item written survey spanning RH system characteristics, issues that catalyse and influence household
RH adoption decision making, household behaviours, beliefs and demographics. The empirical rigour
of the synthesis is examined by overlaying quatiti¢ and qualitative survey data on core elements of
the theories. 11 constructs emergent in the synthesis of the theoretical positions are developed
conceptually and empirically to arrive at a framework that provides theoretical refinement of
perspective on the household RH adoption phenomena.
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Why A Community Engagement Framework Is Fundamental For
Healthy Waterways

R. Catchlové, S. Lloyd’, B. Armstrong®, J. Castlé, S. Bright’
"Melbourne Waternobert.catchlove@melbournewater.com.au
“Ecological Engineeringsgara@ecoeng.com.au

3Melbourne Waterhen.armstrong@melbournewater.com.au
“Leiceger St Alliancejim@Ilsalliance.com.au

*Leicester St Alliancesteve@Isalliance.com.au

Abstract

Melbourne Water is the caretaker of river health in the Gréég#yourne area and aims to improve

the water quality in all rivers and creeks that flow into Port Phillip and Western Port Bays. The health
of Mel bourneds waterways is closely linked to
Traditionally Melbourne Water has focused on bank and riparian planting and consulted primarily
with existing local environmental groups, landowners and local government on specific issues. A key

t

h

area of engagement from Mel bour ngovelif@mdnteand s per s pe

through local government with the general public.

Water sensitive urban design (WSUD) promotes the integration of the water cycle across the urban
landscape using a distributed treatment approach to protect aguatic ecosystems (angl tiverefo
health) and conserve water. The community is crucial to achieving these outcomes. The community

are the beneficiaries of work to improve the environmental and social aspects of rivers and creeks. The

community are also contributors to generatioytion and altering flow regimes.

This paper describes the Community Engagement Framework (the Framework) that is being

devel oped and refined for Mel bourne Waterods Stor

working with the community for improved wateay health.

Community Understanding of the Use of Alternative Water Sources
for Irrigation of Golf Courses: Ku-ring-gai Council Case Study

M. Schwecké, P. Davied

'Cooperative Research Centre for Irrigation Futures and University of Western Sydney,dBcho
Natural Sciencenelanie.schwecke@irrigationfutures.org.au

?Ku-ring-gai Council pdavies@kmc.nsw.gov.au

Abstract

As Australian citiehave grown, the demand for potable water has gone close to matching, and in
more recent times has exceeded, the sustainable supply. Whilst many water authorities procrastinate
on constructing new supply schemes, others are increasingly turning to denmaggment and

alternative supply options to achieve a more sustainable balance. New initiatives rely on customer
acceptance, understanding and appreciation of the limited supply of potable water and the proposed
alternatives.

This research project assessedimunity awareness of and receptivity toward a proposal to use
alternative water sources to irrigate two golf courses. The project was based inrthg-#ai
Council local government area, located in the northern region of Sydney. The results were also
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compared against a 2004 social research study that investigated community receptivity to using
rainwater and grey water as alternative domestic water services.

The results reveal very strong support for the use of alternative water supplies for irridaidf

courses. Public health was the major issue identified by respondents that could affect the feasibility of
the proposed water recycling scheme. Users of the golf course were slightly more supportive than
residents, and were also more concernel thig cost of such a proposal. A comparison of data from

this project with the 2004 study showed slightly higher levels of acceptance of the use of alternative
water as a potable supply. While the use of recycled water for various domestic purposes was not
specifically examined in this current study, the results suggest a growing understanding, awareness
and confidence in the use of new technasdb meet urban water demands.

Sustainable Urban Water Management Champions: What Do We
Know About Them?

A. Taylor
National Urban Water Governance Research Program, School of Geography and Environmental
Science, Monash Universitgndretaylor@iprimus.com.au

Abstract

This paper describes what is currently knowo abt e mer gent | eaders (O6champi
change agents to promote the philosophy of sustainable urban water management. First, | suggest that
the current context of urban water management in Australia increases the need for, and value of,
leadershipincluding emergent forms like championship. | then draw on the findings of an

international literature review, to highlight the significant role that champions play in processes of
change, like the transition from traditional to more sustainable formbahwater management in
Australia. Finally, | present a preliminary conceptual model of sustainable urban water management
championship based on the findings of the literature review. This model is being used as a theoretical
platform to conduct irdepth,contextsensitive research on these champions within Australian water
agencies and to develop practical strategies to promote the emergence and effectiveness of these
leaders.

Alternative Water Sources: The keys to unlocking the inhibitors of
innovation and diffusion in metropolitan Melbourne

R. Roberts, R. Brown
School of Geography and Environmental Science, Monash University,
rmrob3@student.monash.edu.Rebekah.Brown@arts.monash.edu.au

This social research project investigated drivers and inhibitors of the diffusion of alternative water
sources (AWSSs) in metropolitan Melbourne, resulting from the increasing pressure to secure a reliable
watersupply due to drought and predicted population increase. This was done using a qualitative case
study approach, drawing on multiple sources of evidence. including a historical review, policy and
regulatory review, case study reviews at the developmenéimgaitation level, and sersiructured
interviews with stakeholders at the implementation level. Technology diffusion and transition theories
were adapted as analytical tools for understanding the role of drivers and inhibitors across the Multi
Level Perspetive (MLP). It was revealed that due to the significant drought driver at the macro level,
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and the consequential innovators/entrepreneurs at the development/implementation level trying to
alleviate this stress, there is a disconnection between the mitroeso levels. In this case, these
levels relate to the implementation and the policy and regulatory development. Soluticosrtoget
these levels and achieve a secure more reliable water supply are to use adaptive management
processes, improving tlewnnectivity between these levels. For this to occur, greater communication
is necessary at both levels, to generate proactive and effective diffusion (and transitions to the
implementation) of these technologies in order to alleviate water supply stress.

Organisational Change: Transdisciplinarity in Urban Stormwater
Quality Management Programs.

P. Edwards, S. Lamshed, M. Francey
Melbourne Watermphil.edwards@melbournewater.com.au

Abstract

Transdsciplinarity has recently gained favour as an effective strategic approach when dealing with
complex environmental issues. The following discussion will show by example how the Urban
Stormwater Quality Management (USQM) industry, dealing with a specjjecasf waterway

health, has adopted transdisciplinary theory and is moving towards securing a paradigm shift in the
way water quality for waterway health is managed. Melbourne Water is seeking to work with local
government in a different way from the nidisciplinary relationship that has traditionally divided the
public realm. The work is being undertaken as part of the Yarra River Action Plan which has set aside
$20 million aimed at water quality i mpriotione ment
Mel bourne Waterds Stormwater Quality Programs wo
governments in and around Melbourne. These programs aim to change the way local governments
manage urban stormwater runoff. Each of these thirty eight oegiamis is at a different stage of

change, examples of which will be drawn upon to demonstrate a transdisciplinary process of change
towards sustainability in USQM.

Identifying Social Attitudes and Barriers to Water Conservation - A
Community Water Survey

H.Lane', C.Krogh!, L. O®Farrell
'Eurobodalla Shire Counciharvey.lane @eurocoast.nsw.gov.au
’Department bEnvironment & Water Resources

Abstract

In 2003, Eurobodalla Shire Council adoptedntegrated Water Cycle Management Strategy

(IWCMS), which suggested that appropriate levels of Demand Management could be achieved

through targeted customer rebate and community education programs. Whilst various education and
incentive programs targetivgater conservation had been previously run, it was felt they lacked a
Afdocumentedodo strategic approach, adequate monito
| ocal peopleds attitudes to and t hevilgdeviees. of wupt

Council therefore undertook a Community Water Survey in 2006. The survey was designed to identify
the residential communityés awareness of water ¢
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water conservation practices throughowt tlome and garden and the barriers preventing the uptake of
any practices. This information can then be used to increase the effectiveness of any future education
or incentive programs by ensuring they always target the most appropriate audience angl messag

This paper outlines the approach taken to undertaking the survey and then discusses the strengths and
weaknesses of the survey and the surveyds key fi
community programs targeting various aspects aém@onservation, including rainwater tanks.

Barriers to Advancing Sustainable Urban Water Management: a
typology
R. Brown, M. Farrelly

National Urban Water Governance Program, School of Geography and Environmental Science,
Monash UniversityRebekah.Brown@arts.monash.edyMagan.Farrelly@arts.monash.edu.au

Abstract

Sustainable urban water management (SUWM) requires an integrated, adautidenated and
participatory approach. Current urban water policies are beginning to reflect this understanding yet the
rhetoric is often not translated to i mplementat.
management remains a complex and frageg: area relying on traditional, technical, linear

management approaches. Despite widespread acknowledgement of the barriers to change, there has
been little systematic review of what constitutes the scope of such barriers and how these should be
addresse to advance SUWM. To better understand why implementation fails to occur beyond ad hoc
project interventions, a metmalysis of observed and studied barriers was conducted. Drawing on

local, national and international literature from the field of intesgtairban water management and

other similar fields, 53 studies were assessed, resulting in a typology of 12 barrier types. The analysis
revealed the barriers are largely seicistitutional rather than technical, reflecting issues related to
community, reources, responsibility, knowledge, vision, commitment and coordination. Furthermore,
the metaanalysis demonstrated a paucity of targeted strategies for overcoming the stated institutional
barriers. Evaluation of the typology in relation to capacity lingjdsuggests that these systemic issues
require a sophisticated program of change, that focus on fostering social capitakéhoeal

professional development, and intgganisational coordination.

Hotspots - A Methodology For Identifying, Prioritising And Tackling
Litter In Urban Environments

R. Catchlove, M Francey
Melbourne Waterobert.catchlove@melbournewater.commaatt.frarcey@melbournewater.com.au

Abstract

Litter has a major impact on the Yarra River. There are social and environmental impacts as well as
significant cleanup costs. There is also a strong desire from the community and government agencies
to reduce litter o the streets and in our waterways, particularly the Yarra River.

Fundamental to reducing litter at its source is focussing on those areas that generate the greatest
volume of litteri | 1 t t er Ahot spot so. So, what baemndo wher e ar e
comprehensive approach that enables agencies to identify and prioritise litter hotspots, and more
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importantly apply this methodology to areas outside the boundary of one municipality. This paper
presents a new approach to developing a systemagssasent of litter across the catchment, which
can then form the basis for preventative strategies.

This paper details the limitations of using planning zones (the residential, commercial, industrial
distribution) and also the weakness of using catchimaumdaries to determine hotspot boundaries. It
also details the problems in verifying hotspots.

This methodology has identified 15 hotspot precincts within the lower Yarra. This constitutes 2.5% of
the land area of 14185 hectares. Various strategies theleower Yarra Litter Strategy are now in
progress to look at how to prevent litter in these hotspots.

Turning the Super-tanker: Drawing on Social Theory to Enable the
Transition to Sustainable Urban Water Management

R. Brown, N. Keath
National Urban Watr Governance Program, School of Geography and Environmental Science,
Monash UniversityRebekah.brown@arts.monash.edurana.keath@arts.monasghlu.au

Abstract

Worldwide, urban water managers and strategists are grappling with the challenge of managing water
resources in new ways to ensure healthy environments and communities in the future. Numerous
commentators have highlighted significantiaband technological barriers to the uptake of new
approaches and some are calling for a major decianical transition in urban water management.

Social research and theory is an increasingly important factor in understanding and responding to the
chalenges associated with evolving a more sustainable society. This paper draws upon key social
theories around change to propose a framework for transition policy that can be applied by urban
water strategists when designing reform initiatives to progrestaisable urban water management.

Modeling and Urban Water Management

Needs Analysis: An assessment tool to strengthen local
government delivery of Water Sensitive Urban Design

A. Bolton®, P. Edwards, S. Lloyd®, S. Lamshed

Melbourne Wateramanda.bolton@melbournewater.com.au
’Melbourne Water

®Ecological Engineering

“Melbourne Water

Abstract

The development of a Needs Analysis Tool by Melbourne Water builds on previous social research

and oher investigations into local government capacity for sustainable urban water management. The

Tool provides a snapshot of internal commitment and resourcing for the management of stormwater

guality and Water Sensitive Urban Design, and forms one comporfent Me | bour ne Wat er 6 s
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Stor mwater Programbs assess me ndructraldtorrdvatere | op men't
management initiatives with local government.

This Tool offers a practical and rapid way to track changes in the capacity of local govemment t
deliver sustainable improvements in stormwater quality, with the benefits of the Needs Analysis Tool
being two fold. Firstly, it identifies individual needs of local government, and allows for projects to be
designed that address these specific caphuitgling requirements and intganisational issues.
Secondly, it provides for a facilitative, partnership approach between local government and
Melbourne Water that maximises the strengthening of internal capacity through effective project
design and devery. This multilayered innovative approach is a move away from more traditional
water grants programs and provides for a more sustainable funding model agdweteimental
partnership approach.

An Evaluation of the Performance of the application of the
urbanCycle Model to a Gauged Urban Catchment

M. Hardy !, G. Kuczerd, P. Coombed E. Barbour?, K. Jurd®

'BMT WBM,. mhardy@wbmpl.com.au

’School of Engineering, University of Newcastle

¥School of Environmentaind Life Sciences, University of Newcastle
“Webb McKeown & Associates

*Newcastle City Council

Abstract

This paper details and evaluates the application and performance of the urbanCycle integrated urban
water cycle modelling framework, on a gaugedanrbatchment. The urbanCycle modelling

framework, developed at the University of Newcastle, was used to develop a model of the Kotara
Roof to Creek Project catchment, located in Newcastle NSW. The Kotara Roof to Creek Project is
being jointly conducted biewcastle City Council, Hunter Water Corporation, The University of
Newcastle, and the (former) NSW EPA Stormwater Trust. A primary aim of the project was to
develop a suburban scale demonstration site for implementation of Integrated Urban Water Cycle
Management (IUWCM) techniques, within an established urban area. Additionally the project was
developed in an attempt to address the environmental impacts downstream of the Kotara catchment.

The evaluation of the urbanCycle model focuses on its abilitypmieaand represent the underlying

hydrol ogy of the catchment and explores the rela
and capabilities in predicting the impacts of the introduction of a simple IUWCM strategy. The

insights and comparisons #adle through the application of continuous simulation are also

examined and compared and contrasted against those of design event modelling and recommendations

on the application of the model are made.
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Best Practice for Modelling Sustainable Urban Drainage System
Structures

R. Kirkham !, C. Rayner
Clear Environmental Consultants L&hona.Kirkham@clearltd.com
%Claire.Rayner@wallingfordsoftwarmm

Abstract

Sustainable Urban Drainage Systems (SUDS) design has traditionally been simplistic, using basic
equations and Arules of thumbod often |l eading to
available advising planners about the efiént types of SUDS structures available it is often left to

engineers to build or develop hydraulic models to quantify how these structures will operate for a

range of operating conditions. This paper will explore how SUDS design on a range of reakife c

studies compare using a detailed modelling approach against traditional approaches. The results show
the benefits of modelling from a SUDS perspective, where traditionally little modelling has been
undertaken.

Intelligent Sizing of Detention Basins Using a Dynamic Hydraulic
Model

M. Sharkey
Bentley Systemstl Ltd, mal.sharkey@bentley.com

Abstract

Stormwater detention basins are an important part of Water Sensitive Urban Design (WSUD). When
designing sug a structure it is critical to size the basin correctly, but the problem of determining the

correct size for a detention basin is far from trivial. Fortunately, pusipoiiehydraulic modelling
computer programs can per fwy ml iinklowng gnfinedrstee comput
make a better estimate of required detention basin size. This paper investigates the use of one such
hydraulic model (CivilStorm by Bentley) in the design of a detention basin (and associated

appurtenances) in a hypotioatl urban design scenario.

This paper demonstrates how the model converts rainfall into catchment runoff, routes the runoff
through a stormwater system and then presents the results to the engineer. This paper then shows how
it is possible to optimize ¢hsize of the detention basin for the particular system and design event

using output from the model. Finally the paper will highlight some of the possible consequences of
sizing a basin incorrectly.

What's so hard about Stormwater Modelling?

A. Pugh
Wallingford Software Pty Ltdann.pugh@wallingfordsoftware.com

Abstract

A common misconception of stormwater modelling is that it is simple. While we seem to intuitively
understand that rain water wilbw away to the lowest point the physical processes are not always
well understood or predictable.


mailto:Rhona.Kirkham@clearltd.com
mailto:Claire.Rayner@wallingfordsoftware.com
mailto:mal.sharkey@bentley.com
mailto:ann.pugh@wallingfordsoftware.com

Proceedings of the 13" International Conference on Rain Water Catchment Systems: Abstracts

This paper will discuss the physical hydrologic and hydraulic processes taking place, and how
computer models replicate these processes. As these prazssesvery complex, it is also
important to carefully consider the different types of computer model available. This paper will
provide key points for users to consider when deciding on what level of modelling to undertake to
achieve the desired outcomes

Bagging Industrial Drains: A Solid Media Survey of Stormwater
Contamination

S. Marshall', V. Pettigrove®, M. Potter?, T. Barrett®, M. Pfitzner®

!Centre for Environmental Stress and Adaptation Research (CESAR). The University of Melbourne,
Parkville, Vidoria 3010s.marshall@zoology.unimelb.edu.au

’Melbourne Water Research and Technology, Melbourne Water Corporation, PO Box 4342
Melbourne, Victoria 3001

®City of Kingston, PO Box 1000 Mentone, Vicia 3194

Abstract

Conventional approaches to stormwater quality evaluation combine continuous flow rate monitoring
and automated sample collection for chemical analysis to derive an event mean concentration for each
pollutant of concern. This approacquires expensive flow monitoring and automated sample

collection equipment and the costly analysis of high numbers of water samples. Consequently, such
monitoring is prohibitively expensive and is rarely conducted. We trialled an alternative monitoring
aporoach using adsorptive solid media, developed to evaluate a stormwater education and enforcement
(E&E) program targeted at industrial precincts in the City of Kingston. Adsorptive solid media are
secured in stormwater drains for subsequent analysis wimatated pollutant concentrations, thus
providing an integrated measure of pollutant concentrations after a standard period of exposure. This
approach is more cosffective than continuous monitoring as the lower variability of pollutant
concentrations isolid media compared to water obviates the need for analysis of high numbers of
samples.

Rainwater Harvesting and Water Conservation

Saving Water using Monitoring, Auditing and Modelling

R. Butler
Government Architect 6s Of f ired.butler@®cSnhelenpvagotame n t of

Abstract

Water supply resources in Australia are coming under growing pressure from an increasing demand,
coupled with the likely effects of climate change resuliimmore variable rainfall in catchment areas.

To extend the available supply to meet our needs, the available supply must be used more carefully
and wastage eliminated.

The Water Savings Section of the NSW Government Architects Office has conductedusléteof
government, industrial and commercial buildings across NSW and Australia including part of Sydney
Wat er 6s Every Drop Counts business program.
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The audits involve monitoring of water usage with stdtéhe-art telemetry devices attached to
metersnstalled across the sites. Water usage data logged imfivge intervals is sent by GPRS
communications to a web server and presentdihenUsers are given access to the Wwabed
monitoring so that they can see where, when and how much watedigubeir daily processes.

Water Savings staff review the areas of major water usage and investigate leakage. In conjunction
with site management they recommend options available to either reduce the usage through increased
operational efficiency and/oeplace potable water consumption with more fit for use water such as
stormwater, treated effluent or recycled process water.

Modelling of alternatives can be done more accurately with usage data at five minute intervals to
correlate to continuous simtilan rainfall modelling. As a result, treatment and storage requirements
of water can be sized to more accurately and-efisttively suit the demand.

Life Cycle Costing of Rainwater Tank as a Component of Water
Sensitive Urban Design

J. Dbais, A. Rahman P. Ronaldson, S. Shrestha
School of Engineering, University of Western Sydreeyahman@uws.edu.au

Abstract

Water conservation has become a major issue in Australia in recent times. Additional fresh water
suppies are constantly being sought after and rainwater tanks are emerging as a possible solution.
Studies have previously focussed on water saving potential of rainwater tanks used in domestic
applications but little research has been undertaken on lardierstouey applications. This paper
presents an investigation of the life cycle cost analysis of a 75kL rainwater tank in a hypothetical
multistorey residential building in Sydney. An Excel based model was developed and sixty years of
rainfall data were awsidered to determine potential water savings based on different scenarios
including varying roof areas and number of floors. A sensitivity analysis was performed based on
varying water prices and discount rates. The most favourable scenario for a naianlatg 75kL

size was found to be at a water price of A$1.634/kL, a 5% nominal discount rate and 4.5% inflation
for water price, which presented a payback period of 38 years.

Rainwater Potential for Domestic Water Supply at Pen-Hu Island
Taiwan

C. Liaw', W. Huand’, Y. Tsaf', J. Cher?

!Department of River and Harbor Engineering, National Taiwan Ocean University, KeEhingn,
chliaw@ms41 .hinet.net

’Deputy Division Head, Water Conservation Division, Wé&esources Agency, Ministry of
Economic Affairs, Taipei, Taiwan.

3Assistant Professor, Department of Leisure & Recreation, Aletheia University, Tainan, Taiwan

Abstract

The mean annual precipitation in the offshore islands of Taiwan is around 1000 nmimisadricund
40% of that of the main island. Reservoirs, groundwater, and desalination are main water resources.
Owing to economic development in these islands, alternative water resources development has
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become urgent. Among them, rainwater harvestingciseasingly attractive because of its low cost

and low environmental impact during development. Penhu county, which comprises 64 small islands
and has a land area of 126.862k'm chosen as the study area. For practical consideration, Maku city
and HuchiBysha and Chiyu towns are considered. Three different rainwater collection and utilization
methods are considered namely rooftop rainwater harvesting for buildings, integrated rainwater
harvesting at a construction site, and commubéged rainwater hagsting. Rainwater is used only

for toilet flushing. Analytical results reveal that the total economical rainwater storage volume is
34,386 IV? the total volume of annual water supply is 381,1236.'Md the total construction cost is
NT$259,450,000 (US$ =30T$). If other water usages of rainwater are considered, then a larger
rainwater storage volume is required and more rainwater can be used more efficiency.

Keywords: Rainwater harvesting, water supply, water resources, small islands.

Financing Mechanisms for Roofwater Harvesting An example from
Uganda

H. Hartung, C. Rwabambari
FAKT, Stuttgart, Germanyhansfthartung@aol.com
CCS, Mbarara, Ugandayabambari_c@yahoo.oo

Roofwater harvesting in Africa has too long been implemented only within an aid projects setting.

Work and further development has been concentrated on the hardware aspects (like optimised
construction of the tank, simple guttering systemsflaish devices, filters, etc.). The software part

such as influencing the national water policy to integrate roofwater harvesting, developing suitable
strategies for mainstreaming or advocacy on different levels has long been neglected. The paper wants
to show tle importance of software aspects, especially financial mechanisms for roofwater harvesting

to support its further spread. An example from Uganda underlines the importance of financial issues.
Microfinance institutions report a significant increase in thegputation and membership due to their
engagement in roofwater harvesting. The development of different financial mechanisms is traced

back and the implications discussed, including possible replication in other regions/countries.
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COMMERCIAL PAPERS
Development of the rainwater and mains water interconnection
market in Australia

M. Ekins
Market Manager Davey Water Productsax@davey.com.au

Abstract

Demand exceeding supply is a classic economic and marketing fdrvdrange. This is the case with
metropolitan water supplies in Australia. Rainfall patterns have changed, lowering catchment inflows
and storage levels, while demand from consumers has continued to rise. As a result, alternative water
sources are beingpnsidered as one of a number of solutions to the shortfall in supply. Rainwater has
taken a leading position, principally because of our cultural connection to the corrugated tank in our
backyards, and because it offers an abundant, safe and economisouate. However, the paradigm

shift required in the minds of regulators and water authorities to facilitate its uptake was significant.
How can this alternative supply be safely and economically integrated into the existing regime? Davey
Water Productsds recently completed the journey through this landscape from a banned concept to a
nationally approved product that helps bridge this gap in supply. An account of the steps required,
friends made and lessons learnt offers revealing insights into theimgistry.

Fine Sediment Removal Using a Continuous Deflective Separation
Unit

L. Herngren, B. Wolfgramm, M. Powell
CDS Water)ars.herngren@cdswater.com.au

Abstract

Fine sediments play an importante as a pollutant transport tool in runoff from urban areas. The
adsorption of hydrophobic pollutants such as heavy metals to finer particles is of particular concern
since adsorption to sediment surfaces is important for the growth and survival of nganigrms

native to the aquatic environment.

Urban stormwater management structural measures generally have limited impact on the removal of
fine sediments, especially pieatment measures such as gross pollutant traps. This can lead to very
high loads 6fine sediment reaching secondary treatment such as wetlands and ponds or receiving
waters and ultimately lead to significant costs in maintenance and degradation of water quality. This
paper will report on a study carried out at the Louisiana State tditiven the United States where a
Continuous Deflective Separation (CDS) unit tested in the field for fine sediment removal. The study
found that by carefully choosing screen aperture and introducing secondary flow paths, a relatively
high percentage ofrfe sediments could be removed in the unit. It found that more than 90% of
particles above 75gm could be removeéd5xsn vaenldl
up to 43% of particles smaller than 25¢gm.

as
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POSTERS

Learnings From Retrofitting Water Sensitive Urban Design Into
Council Civil Projects

B. Armstrong®, E. Baer, K. Ayrey?

'Melbourne Waterbenarmstrong@melbournewater.com.au
’Melbourne Water,

3City of Yarra,

Abstract

To be successful, a project needs a project leader that can pightdreSensitive Urban Design
(WSUD) component through the various challenges a project endures from initial concept to actual
implementation on the ground. The ideal leader should be able to gather-disaiftinary team

around the project, to help laledown or effectively work across any potential organisational silos, to
deal with any perceived barriers from external organisations and to distribute the responsibilities for
project development and implementation. However, management or-teghkespport and a

dedicated WSUD officer within the council can considerably facilitate the work of the project leader
and the acceptance of WSUD into Council projects.

The key | earningbs that the authors have found i
A Involvement of a multdiscipline project team from the beginning;
A Senior management support in WSUD;
A Effective engagement, both to internal staff and the community;
A A dedicated WSUD project officer may be advantageous for Council, especially in the initial

period of WSUD implemesation;

o

Internal procedures for shifting costs between departments will help sustain WSUD
implementation in the long run;

Continual capacity building of staff and the industry;
Adequate detailed design;
Preconstruction meeting with relevant people;

Testing the filter material before it is delivered on site; and

o o Io Do P>

Constant site inspections.
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Integrating automatic fire sprinkler systems with rainwater
catchment

E.W. Bob Boulware
DesignAire Engineering, Indianapolis, Indiana USA 4628202, Websitewww.desigraire.com
Email: bboulware @desigaire.com

Abstract

Rainwater catchment is commonly thought of as a domestic water source for buildings on the fringes
of civilization. But in the cities of the Virgin Islands, Bermuda, and other island nations, captured
rainwater is also used with fire suppression sprinkler systemseserve life and property.

Water volume needed for fire protection depends on Occupandyesign Area, Discharge Water

Density, Flow Durdbn, type of sprinkler systemvét or dry type), and Hazard Classification, which

is based on type of construction and facility use. For economy, water for fire suppression and for

domestic water is commongtored in the same cistern. However,tbeimeof water used for fire
suppression, called the AFire Reserveodo, is separ
pump to only draw down to the | evepumdearsdraggnat ed &
water from the lowest part of the tank, which is then pumped into the sprinkler system designed by a

fire sprinkler design professional. This paper focuses on how to determine the volume needed to

support a fire suppression system and tenoes of delivering this water pided from rainwater

catchment.

Finding the right bioretention soil media

K. Burge, S. Leinster, P. Breen, D. Thomson
Ecological Engineeringserrie@ecoeng.com.au

Abstract

Thesuccessful functioning of a bioretention system depends on the use of suitable soil media.
Predictive computer modelling of a bioretention system (e.g. using the MUSIC software) assumes
specific characteristics of the soil media to achieve a certaindéswrmwater treatment. Therefore,
the soil media used in the construction of a bioretention system must exhibit the required
characteristics. The use of inappropriate soil media can result in failure of a bioretention system,
ranging from a reduced lelvef stormwater treatment through to a total lack of infiltration through the
soil media and the associated ponding of water on the surface of the system.

This paper describes the soil media characteristics that are critical to the successful furaftening
bioretention system and outlines the methodology behind the developmenCaofidedine

Specifications for Soil Media in Bioretention SystéffsWB, 2006). Some of the challenges

associated with obtaining soil media that meet the specifications@mesaed, including: (i)

determining the acceptable range of saturated hydraulic conductivity for the filter media; (ii) assessing
the suitability of orsite topsoil for use as filter media; (iii) accounting for the variability in laboratory
soil test resliss; (iv) relating laboratory soil test results to likely performance in a constructed system;
(v) assigning responsibility for obtaining and verifying soil media, and; (vi) sourcing appropriate soil
media from suppliers. The importance of good soil mddign specifications, quality controls for

the supply of soil media, and detailed construction procedures are stressed.
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Characteristics of rainfall & its effect on storage volume for
rainwater harvesting in south and north cities in China,

W. Che', N.Y. Tang!, H.Y. Li*, H. Liu? G.H. Mend, H.L. Wang®

!nstitute of Environmental and Energy Engineering, Beijing University of Civil Engineering and
Architecture No.1 Zhanlanguan RdBeijing 100044 P. R. of Chinachewu812@163.com

“Beijing Water Conservation & Management Centre, Beijing 100871, P. R. of China,
whling88@sohu.com

Abstract

It is very important to develop of urban rainwater harvesting system and to plan orafesiggh

efficient system available for local conditions that understanding various rainfall characteristics in
south and north cities of China. In this article, four typical cities were chosen respectively from south
and north to be analyzed. Averag@aal and monthly rainfalls in these cities were statistically
analyzed. On this basis, it was concluded that the characteristics would affect the plan or design of a
rainwater harvesting system, especially the volume of storage basin would be affectald. e a
reference for decisieamaking and design of rainwater harvest system in south and north cities of
China.

Keywords Rainfall characteristics; South/north cities; China; rainwater harvesting; Storage volume

Assessing the quantity and quality of runoff from an urban roof
catchment

C. CheaH, J. Ball2, R. Cox, W. Peirsort

Water Research Laboratory, School of Civil and Environmental Engineering, The University of New
South Wales, Enail: chinhong@wrlunsw.edu.au

“Faculty of Engineering, University of Technology, Sydney

Abstract

A literature review highlighted a deficiency of information pertinent to the Australian context in
regards to rainwater quality and runoff from roof surfaces. In this studgyel approach has been
developed to determine the runoff volumes and pollutant loads from a roof catchment for different
storm events. Rainwater samples were also taken. Details of the field monitoring station installed as
part of this project and sonpeeliminary results are included herein. The runoff collection system was
designed not only to obtain hydrologic data such as rainfall depths and runoff volumes but also to
collect runoff samples concurrently, with the data being transmitted wimesvia General Packet

Radio Service (GPRS) to an Internet server for storage. Trace metals, being one of the major
pollutants in the urban environment are the main focus of the pollutant loads. It was found that the
rainwater samples were acidic, with a piHga from 3.77 to 5.63. Rainwater also contributed to the
dissolved metals found in roof runoff. High copper concentrations were recorded, suggesting roofing
materials as sources of roof runoff contamination. Only particulate Cu experienced first flash in o
event. Future work will include obtaining samples from more storm events and identifying the
relationships between water quality paramaters.
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Integral water management, oriented to the renovation and urban i
architectonic sustainable planning, of the el palomar development

F. Cordova, J. Gleason, A. Rojas, G. Carvajal, M. Campos
'University of Guadalajardcordova@cuaad.udg.mx
“University of Guadalajara

Abstract

The present work describes of general way to the Project of Integral Water Managemeted@ien

the Renovation And UrbanArchitectonic Sustainable Planning, of the EI Palomar Development at
Municipality of Tlajomulco de Z%figa, Jalisco, N\
economic level in the Metropolitan Zone of Guadalaamad bel ongs to fAlLa Pri mav
is at the upstream of t h-asiidihe LA&rmSBaptagb®iver.Gass i n  wh i
last basin is the most important in western of México.

Even though it is a zone of high risk, this is closelpted to environmental and urban problematic of

AEl Ahogadod basin. The proposal tries to establ
hand with the improvement of their urban infrastructure and house orienting it to the renovation of

their distribution system, to solutions of local cleaning and the rainwater harvesting to urban and local

|l evel ; and by another hand to the conservation
devel opment of a gr een s paawstageoithellandscaging potestiah o f v
that generates by smalls rainwater micro basin systems at urban level.

Rainwater catchment and the sanitation system of architecture
school of the University of Guadalajara

J. GleasonF. Cordova, J. Garcia, J. Jimerez, V. Reynoso
University of Guadalajaragleason@cuaad.udg.mx

Abstract

The present paper describes the Rainwater Catchment and Sanitation Projects of the Art, Architecture

and Design Center of the UniversifGuadalajara or CUAAD (Spanish abbreviations). CUAAD

bel ongs to the University of Guadalajarads net wo
investigation, is the relation between urban design and architecture with the environment.

In terms ofadministration and management of the water resources CUAAD has problems such as:
infrastructure of supplying and sanitation on the limit of its life utility; inadequate disposition of
wastewater which is throw awa keadvantagetoEland®eapingne o f
potential of the location; and lack of planning and incapacity in the hydisaritation network.

The proposal tries to link many aspects in integral way such as: rainwater catchment actions, which
can be oriented to the iragjon, the regulation of stormwater overflows by ponds integrated to a
landscape proposal; the hydratd@nitation infrastructure restoration actions, (correction and
renovation of the water supply and drainage networks), and the separation of dramatenmvater

and sanitary system; the removal of the old septic tank grave that at the moment is in use and the
implementation of Biodigesters.
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Institutional, policy development and capacity building for
promotion of rain water harvesting in Sri Lanka

A.H. Gunapald & D S S Abeysuriyd

Chief Sociologist National Water Supply and Drainage Boaf@i Lanka, Email: csrws@eureka.lk
“Project Secretariy ADB Third Project- National Water Supply and Drainage Boagd Lanka,
ruralwa@mymail.lk

Abstract

At Present, Sri Lanka has high rainfall volume being about 5900cu.m/ capita per year. By its
geographical position and the location of its central hills, it is blessed with bmweaans namely; the
South West (MaySeptember) and North East (Decemlbabruary), interspersed by two inter
monsoons. Islandide receive some amount of rain annually even though varying in intensity, but
never fails entirely.

Currentl y, usationis abauh20 aniflien am cgmmunities in most of the areas scarcity of
safe drinking water. However, present coverage of safe drinking water is 74%. The country has to
reach the coverage of 85% and 100% respectively in 2015 and 2025 to achieviéeti@uvh

Development Goals. The Rain Water Harvesting (RWH) also contributes to achieve above targets. In
this context, Sri Lanka has to develop a policy and strategy as well as legislative support for
introducing rain water harvesting system to encouthgeommunity and the institutions. All those
arrangements have to be targeted to promote rain water harvesting system as one of the options for
drinking water. This paper illustrates the policy objectives, institutional arrangements and capacity
building programmes that are to be introduced in Sri Lanka in order to promote RWH.

Marching ahead towards water sustainability of Delhi 7 a public
interest litigation by tapas

Vinod Kumar ! Jain, D. Chakraborty?
'Founder Chairman, TAPAS, New Delhi, India. Ph: 989312;tapasngo@vsnl.net
’Scientist, Central Ground Water Board, New Delhi, India. Ph: 9868188080y 09@yahoo.co.in

Abstract

Delhi, the capital city of India is &ng today an acute water crisis reflecting the tragedy of the

commons. The problem attributed is not only the shortage of water, but also the lack of proper
management of the water resources. In India, the traditional water harvesting structures and the
community based management practices and wisdom have been ignored apace since the onset of the
British colonial rule. The British introduced a highly centralised bureaucratiddem management

system for water management based on profit making and theificivision of conquest of nature.

The people, including the local elites who played an important role in the past, were given no space to
contribute to promote better water management.

The need of the hour is to draw an integrated innovative resppnssolve the water crisis. This

would require a coordinated and systematic effort on the part of the different players in the arena of
civil society. Such a united endeavour would lead to the reorientation and major shifts in the
management system towarnsoplecentredness. A balanced blending of the traditional and the
modern, scientific visions would be essential. The Authorities would not change much its system on
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its own and the civil society has to be strengthened and invigorated to make thesptatsive to

create an enabling environment for affecting a paradigm shift in water management which would
adequately address the related social and ecological problems. The need is, in fact, for a structural
change of the system and would not be possiliteowt social awareness gaining accelerated
momentum and aiming at change of the system.

Assessment of raindrops size distribution to natural precipitation in
Kurdistan province, Iran

H. Khaledian®, S Shaho&

'Researcher in Agriculture and Natural ResosifResearch Center of Kurdistan, Iran,
hkhaledian@yahoo.com

’Researcher and Instructor in Agric. and Natural Resources College. University of Kurdistan, Iran

Abstract

Using two methods, stain and flepellet, the effect of natural raindrops was assessed in seven

Synoptic meteorology stations in Kurdistan province. Calibration equations of the above methods
were determined by dropping raindrops from a certain height at terminal velocity and using them in
turn anddiameter of raindrops was calculated. Then the correlation between the diameter of the drops
and the rainfall intensity was investigated. The mean and median (d50) of raindrops diameter were
maximum in Marivan station and minimum in Zarineh station. Thtissical analysis of the data

using GIm distribution which is appropriate for unequal data was used. It was determined that the
different between the two methods was significant and also the Duncan test was used to compare the
means. It showed that thest method is more appropriate than flour pellet method.

Key words: Raindrop size distribution, Rainfall, Soil Erosion, Stain method, Flour pellet method.

Design of rainwater management system for eco-housing complex

R.H. Kim, S. Lee, J.H. Lee, Y.M. Kim
Korea Institute of Construction Technology, Koreéee @kict.re.kr

Abstract

Recently, rainwater management is considered as an essential means for recovering natural
hydrological cycles in urban area. However, a laictechnical knowledge on the design of rainwater
management system has been identified as a major hurdle preventing widespread application of
rainwater management. This study focused on the application of design methods for rainwater
management system.rAodel was developed and used to estimate the changes in runoff under various
scenarios of rainwater management. The simulation results indicate that the surface runoff increases
three times after the construction of the housing complex without rainwatergement. It is also
demonstrated that rainwater management with capacity of storage and infiltration could recover the
distorted water cycle due to urban construction. A process for rainwater treatment consisting of first
flush treatment and metal membedcartridge filter was suggested for use in the housing complex.

Keywords: Rainwater management, Urban water cycle, Design, Software, Simulation
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Innovative and Multipurpose Rainwater Management: Ordinance
and Practice in Seoul Metropolitan Government, Korea

M. Kim !, M. Han*, K. Kim?
!Seoul National Universitthmw337 @snu.ac.kr
’Seoul Metropolitan Government

Abstract

Recently, in urban areas flooding and drought have increased in severity due to climate change
couplad with urbanization. The city of Seoul has been suffering from frequent floods and has come to
recongnize the need of rainwater management as an alternative solution to urban flooding. In 2005 the
city made a ordinance on rainwater management. Many msdjgdhe rainwater management have

been initiated according to the ordinance in Seoul. In this study, we introduce a new paradigm for
rainwater management, the ordinance on rainwater management of Seoul metropolitan gorvernment
and the Star City Projeat KwangjinGu, Seoul. The new paradagm we suggest is a multipurpose
rainwater management system. An ideal management model for the rainwater management would
encompass all major items including flood mitigation, drought management, dry river restordtion an
combatting mountain fires. The main purpose of the ordinance is to mitigate urban water flooding and
to conserve water. It is meant to ensure the safety of the city and improve the well being of citizens as
a result.

Keywords: Rainwater management, Mpitipose, Ordinance, Climate change, Seoul, Korea

Rain-net: Management of rainwater utilization facilities under
ubiquitous computing environment,

R.H. Kim, S. Lee, I.H. Lee, Y.M. Kim
Korea Institute of Construction Technology, Koreéee @kict.re.kr

Abstract

Although rainwater utilization has potential to solve many environmental problems in urban area,
relatively few works have been done for developing technologies to improve the efficiency of
rainwater utilizatiorin large cities. Of particular interest in rainwater utilization is a proper

management of decentralized facilities. Thus, this study aimed at developing technologies for efficient
management of rainwater utilization system in urban areas-{{R#jn Remaee monitoring and real

time controlling of facilities were implemented in a falale rainwater utilization system. Upon
combining proper operation and maintenance techniques based eNeéRatihe rainwater utilization

system developed here appears teffieient for decentralized water supply as well as integrated
stormwater management in urban area.

Keywords: Rainwater utilization, Remote control, Urban area, Mobile device


mailto:bmw337@snu.ac.kr
mailto:s-lee@kict.re.kr

Proceedings of the 13" International Conference on Rain Water Catchment Systems: Abstracts

The challenge of rainwater harvesting: Creating awareness and
education

Klaus W. Konig

Dipl.-Ing., freelance architect, on the board of for, member of German DIN committee NAW V 8
iRai nwat er Ha r, Archiekturbiirg, Wigstosstr. 8, 188662 Uberlingen / Germany Tel.
++49(0)755161305, Fax ++440)755168126 mail@klauswkoeig.com,
http://www.klauswkoenig.confachvereinigung Betriebsnd Regenwassernutzung e.V.(fbr),
Havelstr. 7 A, 64295 Darmstadt / Germany Tel. +@®%151339257, Fax ++490)6151339258,
info@fbr.de,http://www.fbr.de

Environmental protection can be defined as the basic provision for the continuing existence of
mankind. Unfortunately the awareness of such understanding is not automatically available even
though everybody mutigontribute towards it.

I noted with interest the remark by the Hamburg Environmental Authorities that rainwater utilization
does play a main part in this respect. In their opinion the utilization and processing of rain water will
help bring about a growg awareness of environmental problems to other trade branches such as
heating, road traffic, etc.

Experimental study on performance of permeable sidewalk
pavement using reused construction wastes

C. Liaw", M. Liang?, Y. Tsaf, W. Huang"

President, TaiwaRainwater Catchment Systems Association, PO B48®, Keelung, Taiwan,

ROC; Email: chliaw@ms41.hinet.net

*Professor, Department of Civil Engineering, China Institute of Technology, Taipei, Taiwan, ROC.
®Assistant Professor, Department of Leisure and Recreation Department, Altheia University, Tainan,
Taiwan ROC.

*Ph D. Candidate, Department of River and Harbor Engineering, National Taivean Oaiversity,
Keelung, TaiwanROC.

Abstract

In this paper, a permbke pavement using reused construction wastes for sidewalk (pedestrian
way/footpath) is introduced. The failure or demolished quartz porcelain tile and the waste concrete
derived from demolished concrete structures are taken as the recycled aggregédeefind base

layers, respectively. Using smaller sized aggregate, EK307 (Acrylic epoxy resin was developed as a
cohesive agent.) and super plasticizer in the permeable sidewalk pavement can enhance the
compressive strength of permeable sidewalk pavermaetpermeable sidewalk pavement materials

that consisted of a surface layer and a base layer were made. The compressive strength of the
composite can reach 151.52cm/kg, the flexural strength 9.63cm/kg, tensile strength 2.352cm/kg, and
permeability coeffiient 4.15310x18cm/s. The water perpetration and pollutant removal are also

very good. It can be applied to the sidewalk. It is an environment friendly pavement material.

Keywords: Acrylic epoxy resin; Construction waste; Sidewalk; Permeable pavemiutariRo
removal.
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Rainwater quality in water cellars and pollution-prevention
measures

S. Lushen, L. Huilong, W. Yongsheng
Yangzhou University, China, emaslhalusheng@126.com

Abstract

Water is the substance thliannot be lacked or be replaced in human life and production. In China,
the loess plateau of the Northwest, the arid areas of the north, coastal islands andlsakergly

karst areas are short of fresh water resources. Roofings, courtyards, fieldadgmdre often used to
collect rainwater. Many rainwateollection projects, e.g. water cellars, cisterns and waters tanks,
have been constructed to supply human beings and domestic animals with drinking watarsimguse
water and supplementary irrigati water during dry seasons or at intervals of rainfall.

According to statistical report, up to 2004 over 17 million rural people, which occupied 1.85% of total
rural population, used watepllection facilities among which only small proportion were prbli

In the course of collecting and storing rainwater, due to the pollution by atmospheric deposits, solid
wastes (e.g. animal droppings and garbage), chemical fertilizers, pesticides;soolske pollutants

and human activities, water quality in watellars in some areas cannot meet the demands of the
sanitary standard for drinking water and organoleptic characters and bacteriological indexes of
collected rainwater are often below the relevant standards. In order to study the methods to solve the
problem of water quality in water cellars and to promote the extended application of rainwater
collection and storage projects, this paper analyzed the cause of the pollution in water cellars and
suggested the pollutigorevention measures, based on the invatig and measurement over water
guality in some water cellars.

The Treatment Of Rainwater For Potable Use

C. Nash
General Manager, Sales & Marketing, Davey Water Prodaectésh@davey.com.au

Abstract

This paper explores the development and applicatiovatér treatment systems for rainwater.
Rainwater has been traditionally used as household potable water in rural Australian and New
Zealand.

Individual householders have been responsible for their own water quality and this paper explores the
various treanent options currently employed in rural markets to ensure potable water. Some of the
potential threats to human health from rainwater and subsequent treatment solutions are discussed.

The use of rainwater tanks has now rapidly spread from Rural to MEtaopwomes in Australia due

to water shortages in our major cities. This paper looks at the current non potable usages of this
metropolitan rainwater. Future trends towards using the water for potable purposes in metropolitan
Australia and potential treaent options are also discussed.
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The Effectiveness Of Local Stormwater Treatment Devices T A
South East Queensland Case Study

D. Niven!, R. Tomlinsor?
'Cardno Lawson Treloadaniel.niven@cardno.com.au
*Griffith Centre for Coastal Managementpmlinson@giffith.edu.au

Abstract

The impact of urbanisation on stormwater runoff has included increased amounts of pollutants

entering the waterways, which causes problems ranging from being aesthetically unpleasing to

causing immeasurable damage, suchasdesfoyinhe sea grass beds in Sout
Moreton Bay.

This paper summaries the outcomes of a recent research project that investigated the effectiveness of
installing | ocal catchment stor mwaterchgmaht 6y tr
water quality. This effectiveness was examined specifically for Soasth Queensland conditions by

using water quality data and modelling for the Carrara Catchment on the Gold Coast.

The research has shown that for typical Sdtdlkt Queensland wdments, local stormwater quality

treatment devices will improve the local water quality, but however it appears that the treatment
devices are |Iimited to a 6backgroundd concentrat
beyond which no adddnal improvement of the stormwater quality is possible utilising treatment

devices.

The local treatment devices considered were shown to have an influence on the regional water quality,
but their effectiveness was limited by the untreatedcsithmentsThus to have an effective

influence on the regional water quality, every-salichment within a regional catchment would be
required to have a local treatment device.

It was demonstrated that a regional treatment device (i.e. a treatment device |atetehimhment
outlet) has the greatest influence on the regional catchment water quality rather than a sequence of
local treatment devices.

A Study on the Impact of Rainwater Tanks on Streamflow Runoff

A. Rahman', A. Craddock®
School of Engineering, Univsity of Western Sydney, Australiayahman@uws.edu.au
%SitePlus, Sydney, AustraliAndrew@siteplus.com.au

Abstract

Rainwater tank has become an Australian icowater conservation. This paper examines the

possible reduction in streamflow volume in a catchment due to installation of large number of
rainwater tanks. The study uses rainfall and runoff events data from the Bremer River Catchment in
southeast Queensld in Australia. This assumes hypothetical urban development on the catchment
covering 20%, 40%, 60%, 80% and 100% of the catchment area and a 10kL rainwater tank is fitted in
each household of the developed part of the catchment. The study found thateraianks could

reduce the streamflow runoff volume. For the study catchment, 20% urbanization resulted in about 6%
reduction in streamflow volume. For 100% urbanization, the reduction in streamflow volume was
about 30%. Reduction in streamflow volumesvwiaund to decrease with increasing rainfall intensity
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and total rainfall depth. The reduction in streamflow volume from event to event showed a wide
variability (1% to 17% for 20% urbanization and 1% to 86% for 100% urbanization).

Water crises and management through rain water in research
centre of Government of India

N.K. Sethi, S.M. Jalali, A.M. Kekre
Construction & Service Division, Raja Ramanna Centre for Advanced Technology,-#&R0&3,
India, emaili sethi@at.ernet.in

Abstract

Raja Ramanna Center For Advanced Technology is a research unit of Govt. of India, Department of
Atomic Energy located in the city of Indore ( Madhya Pradesh State). The Centre is spread over an

area of 700 hectares, comprising dfdeatories, housing colony, gardens, open space & some surface
water bodies.

The water demand of Centre comprising of domestic need, scientific need & industrial need
amounting to 1.50 MLD is met partly from city distribution system & partly by extragtiognd

water from the campus. Due to sudden & erratic growth of city, the share of water from city supply
has been curtailed drastically, which necessitates more & more extraction of ground water resulting in
to steep depletion of ground water table & nsaltee extraction of ground water uneconomical.

The scarcity of water in this region has considerably effected the activities of the Centre & as such
water management has been reviewed by adopting water shed & rain water harvesting programmes.
The programmeadopted includes:

1. Increasing percolation rates of excess rain falls during wet weathers to raise the ground water
tables.

2. Creation of more surface water bodies & their possible interconnections.
3. Pollution control of surface water bodies & restoring thxmok to health.
4. Study observation & control of evaporation losses from surface water bodies.

The above programme makes the Centre self sufficient & healthy in terms of water requirement,
ecological balance & from aesthetic point of view.

Four (4) Way Partnership Holds The Key To Overcoming Socio-
Economic Impediments To Urban Rainwater Harvesting

J. Sharmd, D. Chakraborty?

'President, Forum for Organised Resource Conservation and Enhancement (FORCE).
email:jyoti@force.org.in

’Scientist, Central Groundwater Authority

Objective

To demonstrate through case studies that the route to safe sustainable, widespread urban rainwater
harvesting lies in creating a responsive,-goarcive partnership between Local Self Helps,
Government, Technical experts and Corporate Entities.
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Effects Of Flood Spreading On Variability Of Soil Physical And
Chemical Propeerties In Southwestern Iran

R. Soleimant, M.H. Mahdian?, K. Kamali?, A. Pirani', A. Azami*, Z. Shafieé

!Agriculture and Natural Resources Center, llam, Iran, Natural Resources Center, P.O.Box 386 llam,
Iran. Email:Soleimanir@hotmail.com

2Soil Conservation and Watershed Management Research Institute, Tehran, Iran.

Abstract

Flash flooding is a disaster phenomena and flood spreading is one of important method for soil and
water conservation in arid and semiarid regions. Flood spreading not only reduces the dangerous
effects of floods, but also increases availability of coaramgoils (Orthents) of southwestern Iran.
Therefore, trend of this variabilitis was a major research requirement. Coarse grain sediments have
very low moisture capacity retention, so that rainfall will produce runoff. Spreading of flood decreases
the vebcity of water flux causing the settled of associated materials and sedimentation. Also flood
spreading induced the variability of soil properties. Simulation and monitoring of soil properties are
the methods of studding these variabilities. Monitorindpésdetermination of variation trend of soil
properties by using the sequential determination of important properties. Benchmark sampling is used
for monitoring. Sampling from the same locations was obtained and variability trend was carried out
in Musianstation. The objectives of the study were to compare the variability of soil properties in

flood spreading site in comparison with a control without soil conservation practices.
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Abstract

This paper deals with an effective and enhanced performance of rainwater harvesting systems using
rainfall regines, so that economical and efficient sizing of storage is met. These days, there are a
number of ways of rainwater harvesting technigues. One of the most effective option and technique is
harvesting from roof catchments for household and communal /pusfiestic water services. Roof
catchments gives very good roff coefficient value and produce better amount and quality of water.
Losses in the form of infiltration, interception or subsurface run off etc are in existent. However, and
most often, rainwatdrarvesting is designed based on the annual rainfall and catchments
characteristics. This approach (using the annual rainfall) results with higher storage value. On the
other hand storage in rainwater harvesting scheme is one of the component whickexpeasye. It
woul dnét be affordable by most of the househol ds
own features and variation (spatial and temporal). Depending on the geographic and other climatic
variables, some areas have tam seasons (bhodal type) and others can have one rainy season
(monomodal type). On top of this local variation, a given rainfall can have its own intensity, duration
and frequency. Rainfall with high intensities has short duration and rainfall wierauration has

low intensity in most of the cases.
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It is therefore, for those areas which have two rainy seasons followed by two subsequent dry periods
(like most part of Ethiopia), the capacity of the storage (tank) can be designed to harness #terrainw
from the first rainy season and to take care the subsequent dry season. The next dry season will be
taken care by the second rainy season. By so doing the capacity of the storage tank or cistern can be
reduced by half.

For this reason, the knowledgedathorough study of the rainfall distribution (regimes), its intensity,
duration and frequencies is very essential for an effective design and enhanced performance of
rainwater schemes.

It is therefore this paper is aimed and designed to provide tecHeiigh inputs for those
practitioners involved in rainwater harvesting interventions.



