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Introduction

A major factor underpinning water authority planning, managemaedt @erations is

prevailing and anticipated climatic and meteorological comuti As Melbourne Water

(MW) has a major role in water management in the greater Melb@rea, we have an active
interest in understanding and managing our key business risks aatsdrivrom a climate

perspective, these can range from the short term impactsilpfrdimfall events and the

effects on streamflow, water quality and sewerage systauws fto the long-term potential

risks of climate change and the implications for water resouraasiply and management.

This paper and the corresponding presentation provides an overviegvfodrnework for
managing hydrometeorological risk being used in planning andgman&elbourne’s water
resources systems and highlights key climate and metrologfoaimation used to support
planning and operations. The paper covers:

e Background to Melbourne’s water resources systems and elimmgacts on these

systems

* Monitoring, management, data and decision support systems

« Strategies and long term planing

* Response plans

e Studies and implications

» Communication and awareness

* Research and development studies, including climate change

The purpose of the paper is to highlight how hydrometeorologiéaimation is used by
water agencies, and provide an insight into areas where futigarstanding of climate
issues on hydrological process may assist water agencigle the views reflect Melbourne
Water’'s experiences, and in particular in the management afater supply system, many
of the areas of discussion in the paper will be consistehtapproaches used by other water
agencies.

Background to Melbourne Water

Melbourne Water manages Melbourne’s water supply catchmentsyesrand treats most of
Melbourne’s sewage at two major treatment plants, and manages, rcreeks and major
drainage systems in the Melbourne region. Our customers indhedeng¢tropolitan retail

water businesses, other water authorities, local councils anchthddaelopment industry.

Our vision is to work with the community and stakeholdersnguee a sustainable
water future. Melbourne Water is owned by the Victorian Govemrwith the responsible
Minister being the Minister for Water. An independent Boardioéctors is responsible for
governance.

Melbourne Water is a significant business, managing $7.9 billioratfral and built
assets. Our organisational structure covers the range ofdiumecequired to ensure safe and
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reliable water systems for Melbourne now and into the futurees@tunctions include;
corporate, strategy and planning, operations, catchment manageivenst,and drainage,
water and sewage treatment, research, water quality, regylafinance, and asset
management.

Water supply system

Melbourne Water provides water and sewerage services wrttadl water companies: City
West Water Ltd, South East Water Ltd, and Yarra Valley Watie Melbourne Water also
provides water supplies to Gippsland Water, Southern Rural Waten\gestern Water.
Water supplied supports a city of more than 3.5 Million people.

An extensive transfer system links Melbourne's storageveiss with the city's three
retail water companies and their customdiise major storage reservoirs supply water via
large transfer mains to the service reservoir sitesattgalocated throughout the metropolitan
area to meet consumption needs. The water is then tratsterthe retail water companies,
which operate the reticulation network across the Melbourne area.

The water supply system has developed since the first stoedg€an Yean and
Toorourrong were constructed in mid to late 1800s. Developmeme e¥dter supply system
has occurred to the eastern ranges and Melbourne now drawsoessl rabst of its water
from streams and reservoirs in the Yarra Ranges and Mt BawaBeas to the north and east
of Melbourne. These catchments, streams and reservoirsoatly on the southern side of
the Great Dividing Range and are heavily influenced by lineatic conditions and weather
patterns around these areas. The history of development sfiphty system has also been
influenced by considerations of short and long term supply adeqoatigularly following
major drought periods.

The largest reservoir in the system is Thomson Reservoichwias a capacity of
some 1,068,000 ML. This reservoir has a storage capacity eaquiv@laround four times
the mean annual streamflow, meaning that storage volumesavéyhinfluenced by long
term demand and inflows.

The major driver for management of the water supply systseboth annual and
seasonal climatic variability. Severe drought periodextended low streamflow conditions
can result in significant draw on water storages over extepdeods of time. Annual and
seasonal variability influences system operations with miea@sferred between storages to
reflect variability of rainfall and catchment conditions aas the system and to manage
seasonal variability of water demand.

Sewerage system

Melbourne Water operates the larger main and trunk sewers and treplamtsand the three
retail water companies, City West Water, South East WatdrYarra Valley Water, manage
customer relations and operate the reticulation system frnoiiwmidual properties and the
branch sewers. This pipe network delivers flows to the trarssfstem and some small
regional treatment plants. Approximately 92% of Melbourneigesage is transferred and
treated at the Western Treatment Plant at Werribee and @berE Treatment Plant at
Bangholme.

The transfer system incorporates underground pipelines, pumpiaipns,

emergency relief structures and detention tanks. The sewersaljerteansfer flows by
gravity. However, a number of major pumping stations, whighrequired to lift sewage and
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enable continuous transfer in the system, are located at Hoppessing, Brooklyn, Kew and
North Road Caulfield.

Climate variability impacts on sewer flows as a resultindiitration and limited
illegal connections. Wetter periods, coupled with integearsevents can also increase the
risk of sewer overflows at relief structures throughout the system.

Drainage system

Melbourne Water is the drainage authority for the Greater MelbourneraddheaFlood Plain
Management Authority by delegation from the Minister resimbm$or the Water Act. MW is
responsible for regional drainage management, including laegesdrivers and creeks, and
works closely with local councils, who control local drajeasystems, and with the Port
Phillip and Westernport Catchment Management Authority. MelbourageMis also a
referral authority in the planning system and receives around Z{@igations per year for
subdivisions and other developments from councils.

With the recent Government initiatives outlineGuoir Water Our FutureMelbourne
Water will become responsible for drainage to WesternpuaitRort Phillip, excluding the
greater Geelong area. This will increases the area of drainage ibsippby around 40%.

Melbourne Water also carries out a wide range of drainageflaod protection
works including flood mapping, asset inspections and works aardieg basins and
vulnerable properties.

Melbourne Water is responsible for a range of infrastrucassets that manage
drainage, including 140 retarding basins, 193km of levee banks, daligtites and 1125km
of underground stormwater drains and 4500km of natural waterways.

Climate and weather impacts on design of the systems andtiopatly on peak
flows and flooding in the systems. Climate variability ng@avith consideration of catchment
water uses and flows in Melbourne’s streams also has smmiifimplications for in stream
environmental health.

Managing for climate variability and change

Planning and managing complex water systems to take accoomtieotial climate variability
and change and other uncertainties requires a complementary set okactidtuding:

« Data Collection and Management

« Decision support system and modelling

e Long term planning strategies to address climate and other risks aarthintes

« Short term response to climate events such as drought and flood events

« Communication on managing the water supply system

« Research and development

Data Collection and Management

Melbourne Water has a large data network that is usedstst agperations and long term
planning across the business. The data network area coversié@amnMt Macedon in the
west, Thomson in the east, Toorourrong in the North to Portsea in the South.

The data collection network, and the data bases comprising the data fremsitheicludes:



e 150 rainfall monitoring sites that have, in some cases, ddeagths dating back to
1855 (Yan Yean Reservoir). This data comprises of pluviographadatdulk rain
gauges. Some of this data, eg O’'Shannassy and Toorourrong islegrae the
Bureau of Meteorology for inclusion in long term data sets.

* 20 meteorological stations including temperature and evaporation data.

e 175 streamflow sites that are used for water supply systematmpes, for the
monitoring of rivers and streams within the catchments and flood vggpuimposes.

e 340 private rain gauge operators scattered throughout thepuoktan area that
provide valuable data where telemetry sites are not awaildhlsome cases the data
extends back 30 to 40 years. These data sets tend to have dballity than the
rainfall monitoring sites, and are used mainly for floodnplag within the urban
area, particularly where storm information is being interpretedagizé level

e 450 network flow monitoring sites that monitor flows throughthg water supply,
sewerage and drainage distribution systems.

» 70 physical and chemical water quality monitoring sites

The data collected from these sites is stored in varmumsaits ranging from spreadsheets to
telemetry systems such as MOSAIC and HYDSYS. These sygiemuide an effective basis
for storing and analysing rainfall and flow data for different timp stsolution.

Presently, MW is processing paper record data comprising oéonwddgical
observations, streamflow and operational observation thattiqvailable in an electronic
format. The information mostly covers the water supply systenthe period 1860 to 1940
and has been located in old office files, and in the Public Record Office.

The information collected and stored represents a detailecateliistory of
Melbourne and forms a core element of the knowledge bagdafuming purposes and is used
as the basis for analysis of the performance and adequdley wfater management systems
for Melbourne.

Decision support systems

An extensive set of models have been developed and maintairseghbgort planning and
operational decisions that require high quality time serievent based hydro-climatic data.
These models help assess behaviour of systems in a rardienafe conditions against
defined performance objectives and are central to maintainirey @ad reliable, water
sewerage and drainage systems.

The range of models include models covering water demand, majer supply and
sewerage system behaviour, hydraulic conditions in major traaséets, catchment rainfall
runoff models, assessment of flooding at local levetmydflwarning models, and wetland
performance models.

In addition to these models, a range of hydrological techniqeessad to infill or
generate data sets based on observed data. These techniqueghieclsgeof stochastically

generated streamflow data at major reservoir sites basdioeostatistical parameters of the
observed data sets.

Long-term strategies and planning

Like most major cities, Melbourne has a long history ahping water resources systems to
provide for the long-term water needs. Early planning decismmlelbourne included the
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catchments being set aside for the water supply purposesHeoi850s and the setting aside
of land and the establishment of the Werribee Sewage Treatment plant in the 1890s

Over the years Melbourne has seen a range of planning andi@mpdratrategies to
plan for growing populations and changing water needs with thedtmx of Melbourne’s
variable climate. In recent decades these have included mvager resources strategy
assessments in the 1960s, 1980s, 1990s and the 2002 Water Resourogg fetrdte
Melbourne area. These strategies have evolved from being nfagugsed on servicing
future water demands with additional supply side activitiesntweased consideration of
whole of water cycle supply and demand management options \hihioontext of variable
climate and the potential for climate change. The long teater needs are currently being
reassessed in the Water Supply Demand Strategy for Melbowrsie tfie findings of the
recent CSIRO and Melbourne Water climate change study (discussed below).

Drainage Planning for Melbourne has evolved from the focus ofgbbhlth and
risk, conveyancing and disposal to now one of consideratidheoimplications of flow and
quality on flora, fauna and habitat and broader social, amenitgsvand sustainability and
conservation issues including water sensitive urban design.

Sewerage strategies have been undertaken since the establishrtientsewerage
systems for Melbourne in the 1890s as a result of public heatibems. Like water and
drainage, through the years these have moved from considevatwaste conveyance and
disposal to greater attention to source control, and regyolpportunities. Ensuring public
health, as in water and drainage considerations remains a dwsideration in the
development of any planning initiatives.

Until the last decade, water, sewerage and drainage planni;gehded to be
considered independently. In recent years, as a result of ainatimb of increased
awareness of water resources scarcity, greater awarehesustainability principles and
advances in technologies, greater attention is being ditecityegrated whole of cycle water
management. As systems and their operation become moreatategne demands for high
quality data, decision models and the understanding of climategéiski® optimise system
performance and infrastructure investments over a range edafes is receiving greater
attention.

Climate, particularly climate extremes, is a key variahlenany planning studies for

major infrastructure. These influences include:

» Drought severity, duration and frequency are the main driveradsessing water
supply yield and have implications for system operations anearmtenvironmental
health.

e Annual and seasonal climate variability impacts on catchment rainfelff rates

» Drought conditions can lead to higher risks of bushfires within catnohareas

e Variability in rainfall and streamflow has implications feater quality entering the
water supply system

« Estimates of probable maximum rainfall influence design of majtways

e Seasonal variability of temperature and rainfall influendesamflow variations at
major harvesting sites and water demand and seasonal watsfets within the
system

» Peak day temperatures influence design of assets for peawatay demands in
water transfer studies

« Storm frequencies and intensities influence design of urban drainfigstructure
and the potential risk of sewer overflows

» Storm characteristics across Melbourne influence infiiratiates in sewers and
operation of treatment processes
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e Storm intensity, frequency and duration influence flood risk aneénguality in the
Yarra catchment

Information that provides further understanding of the conditions iakd of these events
improves the provision of safe, reliable and sustainable water managentemtssys

Short-term response to climate events

While climate risks are addressed in the planning of reeamanagement systems, systems
are not designed to cover the full extent of potential climatebility. To address the risks
of extreme events a range of response initiatives, camtgygplans and actions have been
developed. Those that have a connection to climate variability include:

* Drought Response Plans. These plans, which were developin lyetropolitan
water companies, include consideration of drought severity, tangge volumes in
the development of trigger volumes for water restrictitm reduce water use. The
plan also includes obligations for monitoring hydro-meteorckgiconditions
including Bureau of Meteorology Seasonal Climate Outlooks.

e Flood monitoring systems and response activities. MelboMyager maintains an
extensive data collection network comprising of rainfall a@mdr levels throughout
the area of responsibility. This data is provided to the BureMeteorology, which
then notifies the State Emergency Services, councils and the media.

Communications and awareness

The metropolitan water companies fund the Victorian GovernmentisWater Our Future
community information and education program. This program is aiatedostering
behavioural change in relation to the responsible use of dgnkiater.This program has
been successful in increasing community awareness of watersaaree resource, and
building knowledge and awareness of how to save water as part of peoplydagMives.

These programs have also assisted in increasing awarenésslioks between climate
and weather impacts on managing water, sewerage and drainagassy&txamples of these
activities, several implemented in collaboration with thep&rtment of Sustainability and
Environment and the retail water companies under the Vict@mrernment'sOur Water
Our Future(OWOF) program include:

e Providing information on:

0 Real time rainfall and streamflow information on Melbourne téWa
telemetered sites
o Storage levels and water usage informationd@OF Billboards at Flinders
Street and Punt Road
o Daily updates of storage levels to Yellow Taxis through rtheiernal
messaging system
o Information on ninemsn website and links from Melbourne Wategbsite
to other sites such as Bureau of Meteorology
o Distribution of a weekly water report that includes storageels,
consumption data, rainfall information.
o Drought and water conservation dedicated websites
e Publications and online resources suchTag Sourcemagazine, which aims to
increase awareness of water management issues to a bchedca. Recent articles
on climate related issues have included information on the Melbd/Vater climate
change study and the Bureau of Meteorology publication Drought, dhalsDeluge
(BOM 2004)

e Educational resources, including the Melbourne Water discovenyrecavhich

includes interactive displays on Melbourne’s water, sewerage aimhge systems
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and includes water cycle and sewer virtual tours, and online Ech&lamaterial,
online resources on water management and conservation inclBgiimg rain, don’t
go away, ‘Every drop countsand Rain Hail Shine’

» Partnerships with Government and water companies and other garjemote
sustainable water practices,

While the focus of the information is on water management,riftmation is aimed at
increasing awareness of the implications and challengesaofigimg these systems for
Melbourne’s variable climate and the potential implications of cénehainge.

Research and climate change

A range of strategic research and development programmsdegtaken in collaboration with
research agencies, and other parties such as; Governmentagaoademic institutions and
consultants. This research is undertaken with the objectives of:

« Increasing efficiency and productivity

« Minimising exposure to environmental and public health risks

« Enhancing knowledge for strategic purposes, and

« Addressing potential changes in regulatory standards and practices.

The three major research areas are water quality, trea@nearine and waterways &
wetlands that cover the traditional functions of “water, seggemnd drainage”. There is also
a major research effort on water recycling and water consemvati

As part of this research program studies into the imptinatiof climate change and
variability have been commissioned. A key recent study res the CSIRO and Melbourne
Water collaborative study on the implications of climateange for Melbourne’s water
resources. This report is available on the websitenv.melbournewater.com.au Key
findings from the study include:

« Increases in average annual temperature of 0.3 t01.0°C in 2020&mgjel ©.5°C),

and 0.6 to 2.5°C in 2050 (mid range 1.4°C).

« Changes in rainfall in Melbourne’s catchments of between —-5%9%n¢mid range —

2%) in 2020 and between —13% to 1% in 2050 (mid range —4%)

- Potential for drier conditions with more hot, dry days, but ireedaainfall intensity

during storms.

- Potential for increases in water demand as a result of drier and hoitiérars.

« Reduction in average annual streamflow into Melbourne’s materwaservoirs of

between 3% and 11% by 2020 (mid range —7%) and between 7% and 35% by 2050
(mid range -18%). Streamflow reductions of this magnitude waddae the average
volumes available from the water supply system (or sysield) by 8% in 2020 and

20% by 2050.

In response to the potential water yield reductions Taragefoir is to be reconnected
by 2011 to help provide a buffer from the impact of climate change. Water supplstiprage
also indicate that a number of actions in the Victorian GowentOur Water Our Future
(2004) may have to be brought forward. This will require furtiheestigation of further
water conservation, recycling and providing new or alternatvager sources; including
stormwater harvesting, desalination, aquifer storage and rgcawer major recycling and
water substitution opportunities from the main sewage treatmenspla

There are rigorous planning processes in place to addregsyibarly Water Supply-
Demand Strategies, the State Water Report, and other SustaWatdr Strategies that will
provide the framework for ensuring sustainable water supplies.



The climate change study took two years to complete and irdralN@rge number of
people in the supporting studies. This highlights the compléxitglved in assessing local
impacts of climate change on water systems and the need for cdildargproaches.

Melbourne Water is also completing research with the Urityeo$§ Melbourne in
conjunction with water resources academics from CaliformiaSouth Africa on the potential
implications of hydro-climatic variability on the watsupply system and implications for
variability in supply system yields in wetter and drier phademacterised by shifts in the
Pacific Decadal Oscillation.

These studies have highlighted a number of areas where fuliinate based research
would assist in identifying adaptation options for managilimgate variability and change,
including:

e Periodic review of climate change scenarios based on availablgtelchange research.

« Development of a better understanding of climate varigppiarticularly decadal rainfall
variability and how variability may interact with climate change.

« More site specific research into changes to rainfallgptamporal patterns and intensities
associated with storm events to assist local planning iniiativ

Review and development

The above initiatives are also subject to on going redrwt development to ensure business
decisions are sound and risks are appropriately addressed. penEgbc reviews build in
any changes to underlying assumptions, including climate based assumptions.

Conclusion

Climate, and its variability over a range of timescales gigsificant implications for the
planning and management of water, sewerage and drainage systems.

Melbourne Water maintains a series of on-going initiatite collect, plan, respond
and provide information on the range of climate influences omtheagement of water,
sewerage and drainage systems. This paper has outlined thvéstand some recent
research on climate based studies.
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