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Executive Summary
This paper is a response from CSIRO to the request fkom the Environment & Natural Resources
Committee of the Parliament of Victoria for a written submission into Melbourne's future water
supply. While it is possible to source water supplies from any of the means mentioned in the Terms of
Reference, it is important to recognise that selection of the optimum portfolio of sources for any one
city will depend on a range of factors.
This submission discusses each water supply option mentioned in the Terms of Reference . It also
provides comment on the level of science behind each option, areas where significant knowledge gaps
exist and the research which may be applied to reduce those knowledge gaps
Unless there is a significant breakthrough in the technology associated with residential water use, it is
unlikely that any large reduction in water consumptZon below that achieved in 2006107 will be
sustainable in the long term. Consequently, prudence dictates that long term planning of water supply
assumes a total consumption (including industry, commerce and residential supply) for Melbourne of
around 300 litres per person per day, with the aim of reducing this to perhaps 250 litres per person per
day as new, inore efficient water saving technologies enter the market.
An investigation by CSIRO in conjunction with SKM Consultants has found that there is capacity in
groundwater aquifers to store and recover about 100GLlyr in the Melbourne area. Much of this is
in aquifer systems from north of Werribee to Geelong at depths of 200 to 400 metres and
consequently moderately expensive to access. A trial would be necessary to determine recharge and
recovery rates and the consequent economics of ASR for this area.

Stormwater harvesting via wetlands and aquifers for drinking water use is being trialled by CSIRO
and partners in Adelaide at the City of Salisbury and looks promising and economic. Without such
studies, it is not possible to comment on the applicability of such a concept to Melbourne. However if
it were practical and economic, this approach has the potential to reduce urban water consuinption by
as much as 100 GLIannum.
Australian Guidelines for Managed Aquifer Recharge (MAR) are due for release later in 2008, to
provide a scientifically based approach to establishing MAR projects that will protect human health
and the environment. Victorian EPA Guidelines have also been developed in consultation with
national guidelines and will inform proponents on approval processes for projects in Victoria

Recycled water has potential to have a significant impact on potable water demand if it can provide a
substitute for potable water uses. This can be done in a number of ways including:
Recycling Class A water to households where it can substitute for water use in toilets, washing
machines and the garden
Finding large scale industrial uses for the recycled water which currently use water available
for potable use e.g. power stations
Production of potable water from the treated sewage and recycling back into drinking water
supply reservoirs (indirect potable reuse)
The third option, while not currently supported by Victorian Government policy, is being adopted in
Brisbane. For the first option, Melbourne Water currently estimates that over the next 20 years about
40,000 new homes and businesses will use an additional 5.3 billion litres of recycled water per annum
via such schemes for toilet flushing, garden watering and industrial processes.
Although this figure could be significantly expanded by an aggressive roll out of dual pipe or localised
recycle schemes, this still represents only between 2 to 4 percent of the current annual water supply
volume. In general, it is only viable to fit a dual pipe system in green field developments where both
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pipes are installed at the same time. Consequently, the impact of such developments on water supply
volumes can only be gradual and long term.
However, for all of the above options detailed analysis is required to assess their economic, social and
environmental viability. Several studies have recognised the potential for recycling water from the
Eastern Treatment plant in Melbourne back into the water supply reservoirs at Cardinia and Silvan.
However, this option has not been pursued because of current Government policy.
If desalination of groundwater in the Werribee area is being considered, then brine disposal is still an
issue, unless a pipeline is built to transfer effluent to the ocean outside of Port Phillip Bay.
Consequently, it is difficult to see a role for small, locally based desalination plants in Melbourne.
The real need for any city is to select the optimum portfolio of water supply options which best fit the
local circumstances. Defining an efficient portfolio of water sources has to deal with risk and
uncertainty, particularly in view of the possible impacts of climate change. Choosing an efficient
portfolio of water supply options for any city is a complicated task and one that needs considerable
investigation and data to support decision making.
"The devil is in the detail" and options which may sound attractive on a cursory analysis can become
unworkable or very expensive on closer analysis. For example, virtually all future water supplies will
be more energy intensive, including long distance pumping of water and even household rainwater
tanks.
CSIRO has developed a number of tools and technologies which can be applied to the development of
more efficient urban water systems, including:

m

The Victorian Regional Stocks and Flows Framework -which can be used for exploring the
physical implications of pursuing different development pathways or policy options and can
be readily applied to water policy planning.
Hydro Planner - which is particularly usefhl for predicting and quantifying the performance
of proposed urban water management options and is being applied to urban water planning in
Canberra and South East Queensland.
Research projects on reducing water losses either through leakage or evaporation being
pursued in South East Queensland. These include advanced leakage detection systems as well
as a range of techniques to reduce evaporative losses,
Better membrane systems to reduce energy consumption in desalination ,water recycling,
steam recovery and other filtration applications (under development).
Harvesting of urban stormwater and reclaimed water and recycling via aquifers for nonpotable and potable uses
Research on indirect potable reuse of water via a reservoir in South East Queensland
addressing public perception, water quality, technical and environmental issues

While some options are covered under the Terms of Reference, it is worthwhile mentioning some
other possibilities which could evolve over the next 50 years. One option for the future is to consider
removing black water (toilet waste) from the sewer and handling it in a separate system. Although a
separate system would need to be constructed to handle the black water, a number of advantages,
including a reduction in household water consumption and the recovery of energy and nutrients, could
arise from this approach.
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Introduction
Like many Australian cities, Melbourne is currently facing a severe shortfall of rainfall and runoff into
its main water supply catchments. Averaged over the period 1913 to 2006, the average inflow into
Melbourne's storages was 588 GWannum, but this inflow has declined sharply to 453 GLIannum
when averaged over the period 1997 to 2006. In 2006, the inflow was only 165GL. Even with a 22%
reduction in per capita water consumption in Melbourne from the average of the 1990s, the volume of
water supplied by Melbourne Water in 2005-06 was 444 GL. The rapidly approaching nexus between
water supply and demand is thus obvious for all to see.
In response to this dramatic decline in storage inflows, a number of planning studies were undertaken
to identify and define water supply strategies for Melbourne out to 2055 (Watersmart working group,
2006)). These studies did consider and investigate a wide range of possible water supply options.
However, the recycling of treated water back into water supply reservoirs (indirect potable reuse) and
the construction of new dams were not investigated in great detail, as both options are not supported
by current Victorian government policy.
In essence, the study considered five potential sources of water available to Melbourne. These are:
rivers and reservoirs
groundwater
recycIed water
rainwater and stormwater
seawater
While a range of possibilities were identified for each particular source, the recommendations to
Government from this inquiry related largely to conservation measures and water use efficiency. In a
later 2007 report (Dept. of Sustainability & Environment, 2007), five options were put forward to
address the immediate and long term water supply challenge facing Melbourne. These options were :
A new desalination plant of capacity 1SOGLIannum located near Wonthagi (note - a GL is a
billion litres)
Modernisation of the irrigation systems in Victoria's Goulburn Valley and the diversion of
one third of the water saved from this upgrade (75 GL/annum) to Melbourne
An expansion of Victoria's water grid to provide interconnectivity between different water
systems and the ability to transfer water to where it is most desperately needed
A progressive expansion in the use of recycled water, particularly from the Eastern Treatment
Plant (ETP) at C m m
Increased support to existing and new water conservation programs
This paper is a response from CSIRO to the request from the Environment & Natural Resources
Committee of the Parliament of Victoria for a written submission into the future of Melbourne's fbture
water supply. In particular, the Committee requested comment on the 'relative merits of
supplementing Melbourne's water supply by some or all of the following means:
1,
2.
3.
4.
5.
6.

further water savings that can be achieved by increased conservation and efficiency efforts
the collection of stormwater
the re-use of treated waste water
the use of groundwater
small locally based desalination plants
any other optional water source which appears to he appropriate"

The comments contained in this submission are based on information contained not only in the reports
referred to above, but also from a range of CSIRO research reports which relate to urban water
systems. While it is possible to source water supplies from any ofthe means mentioned in the Terms
of Reference, it is important to recognise that selection of the optimuln portfolio of sources for any one
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city will depend on a range of factors. These factors were discussed in detail in the paper 'Water for
Our Cities' presented to a meeting of the Prime Minister's Science, Engineering and Innovation
nJune, 2007. The paper was prepared and presented by an independent working group
containing two senior scientists fkom CSIRO.
This submission discusses each water supply option mentioned in the Terms of Reference in the light
of all of the information referred to above. It also provides comment on the level of science behind
each option, areas where significant knowledge gaps exist and the research which may be applied to
reduce those knowledge gaps.

Response to the Terms of Reference
I. Further Water Savings

1

Water conservation efforts have already reduced household water consumption significantly
Ongoing efforts are required to maintain these gains
There is limited scope to hrther reduce consumption levels below those achieved in 2006107

For the last 10 years, most Australian water authorities have been strongly encouraging water
conservation and efficient water use by residential, commercial and industrial customers. One measure
of the effectiveness of these measures is the 15% decline in average household water consumption
across Australia between 2001 and 2006. This figure needs to be compared with the 10% increase in
average household energy consumption during the same period.
For Melbourne, the encouragement of water savings and the imposition of water restrictions has seen
average daily water use decline fkom 1,320 MLlday in the 1990s to 1,128 MLIday in 2007107. This
15% reduction in average daily supply occurred while Melbourne7spopulation grew by about 15%.
Table 1 gives an indication of the changing pattern in urban water consumption on a per capita basis.
It can be seen that the major impact of water restrictions is on external residential water use, although
consumer concerns and the impact of more efficient water appliances has also reduced internal
consumption. In comparison with the 06/07 figure for Melbourne of 150 litres per person per day,
average internal water consumption in northern European households is 125 litres per person per day.
This comparison indicates the prospect for further water savings if a higher adoption of water efficient
appliances can be achieved. From these figures alone, Melbourne wide achievement of northern
European internal household consumption levels would save about 35 GL/annum or about 8% of the
total 2006107 supply.

Report 2006107
>Table 1. Breakdown of Melbourne's Water Consumption*

It is important to distinguish between permanent water use reductions that may be achieved through
long term demand management initiatives, as against temporary drought restrictions.
Probably the largest and most systematic long term demand management program in Australia has
been occurring in Sydney (Sydney Water Corporation, 2006107). This has resulted in a 77GLIy (12%)
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reduction in baseline dmand since 2000, independent of reductions achieved through drought related
water restrictions. This equates to a permanent city wide reduction in demand of 37 litres/capita/day.
These outcomes have been achieved through active leakage detection and repair (26 GLly), a range of
residential indoor and outdoor end use efficiency and potable substitution programs (20 GLIy), a
major business sector water efficiency program (16 GLIy), plus recycled water schemes that replace
potable consumption in industry and residential developments (1 5 GLIy). The planned ongoing
delivery of this strategy is expected to reduce demand a further 80 GLly by 201 1, largely due to the
increasing influence of appliance efficiency and urban planning regulatory measures, growing
business sector reductions, pressure management programs and some maintenance of outdoor
reductions once restrictions are lifted.
Drought related restrictions in all capital cities have resulted in significant demand reductions,
depending on the level of restrictions imposed and the ratio of discretionary demand (largely outdoor
irrigation) in individual cities. In Sydney, reductions of 80 GLIy were achieved immediately following
the introduction of restrictions. In Brisbane, where outdoor water use is about 45% of residential
demand, household water use reduced from 300 Vpld to 130 l/pld through the setting of community
demand targets. While the above restriction results are impressive, they have been achieved under
extreme circumstances and do not reflect sustainable long term community acceptance. However, they
do highlight that there is further potential to manage water more efficiently, particularly through
smarter outdoor irrigation practices that support green cities with reduced water consumption.
In the industrial and commercial sectors it has been demonstrated in various Australian cities that
demand reductions of 10-20% are routinely possible through better operational practices and with
minimum capital investments on more efficient end use technologies. There are also multiple
examples of high water using industrial enterprises achieving potable demand reductions of up to 80%
through the implementation of on-site water recycling systems.
Leakage from water distribution systems is an issue that has gained considerable public attention
during the current drought. By international standards, Australian water utilities control their water
leakage to relatively low levels with Melbourne utilities at the forefront of leakage management in
Australia Typically, water losses are managed to meet the "economic level of leakage". In simple
terms this means that over a period of time investment in leakage control activities equates to the cost
of purchasing water to meet water losses. This is sensible economic system management and means
that as the incremental cost of supplying water from new sources increases over time, investment in
water loss control will also increase. It should be noted that the cost of the next water saving increment
from leakage control tends to increase exponentially.
While this analysis c o n f m s the value in continuing to pursue water savings in homes, commerce and
industry, it needs to be realised that there is a minimum level of water consumption that is needed to
preserve household amenity and the aesthetics of parks and gardens. The 2006107 consumption figures
for Melbourne occurred while the city was under significant water restrictions and the concept of the
'Garden State' was brought into severe question. At the same time, Brisbane has achieved average
residential water consumption levels of 140 litres per person per day, while under very severe Stage 6
water restrictions. However, it is expected that this consumption level will rise after the recent easing
of Stage 6 restrictions. Economic studies by Marsden Jacob Associates (personal communication)
have indicated a significant negative economic impact of the current severe water restrictions in
Brisbane.
Unelss there is a significant breakthrough in the technology associated with residential water use, it is
unlikely that any large reduction in water consumption below that achieved in 2006107 will be
sustainable in the long term. Consequently, prudence dictates that long tenn planning of water supply
assumes a total consumption (including industry, commerce and residential supply) for Melbourne of
around 300 litres per person per day, with the aim of reducing this to perhaps 250 litres per person per
day as new, more efficient water saving technologies enter the market.
From what water sources this demand is met is an important question fiom a sustainability
perspective.
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2. The Collection of Stormwater
Stormwater runoff volumes can equal those for water supply
Recovering stormwater for household use can be limited by quality and space considerations
Water sensitive urban design initiatives could potentially provide significant water volumes,
but feasibility can only be determined by engineering studies

Stormwater is often seen as a potential water source for cities, as usually more rainwater falls on a city
than it uses. For Melbourne in 2004105, stormwater discharge averaged about 9OkL/person/annum
compared to a water consumption figure of 120 kllperson/annum ie about 75% of total supply. In a
year with average rainfall, stormwater discharge can reach 120kLlpersonlyear, about the same as the
total water supplied. However, there are many factors which need to be taken into account in assessing
the viability of stormwater as a reliable water supply. Some key factors are:
Water quality - stormwater often contains both chemical and microbiological pollutants which
require advanced water treatment
Suitable sites to capture and store water need to be identified in a dense urban environment,
without compromising flood prevention
Because of the intermittent nature of stormwater flows, the infrastructure required to capture
and treat stormwater has a low level of utilisation.
The capture and use of stormwater has not been widely practiced in Melbourne, the only major
example of its application being to replenish Albert Park Lake. A detailed feasibility study into the
capture of stormwater at Dight's Falls and its return to Sugarloaf Reservoir as a drinking water source
has identified significant technical and environmental constraints that make this option unattractive.
While there are stonnwater retention basins around Melbourne that could serve as possible sights for
stormwater capture, it is possible that detailed analysis of these options would reach the same
conclusion as that found for Dight's Falls.
One possible means of storing stormwater prior to its reuse is to inject it into subsurface aquifers.
There are a number of potential advantages to this approach, including :
ability to store water close to its point of use when land availability is limited
the avoidance of evaporation losses
improvement in water quality as it is filtered through the aquifer
Trials are currently being undertaken to assess the applicability of this approach to Melbourne. Some
outcomes from this investigation are described below under the use of groundwater.
Another approach to the utilisation of stormwater involves the concept of Water Sensitive Urban
Design (WSUD). This concept results in a significant change to the design of stormwater drainage
systems away from the use of concrete drains towards the application of grassy swales, porous
pavements and 'rain gardens'. The perceived advantage of this approach is a reduction in peak
stormwater flows and an improvement in water quality as the stormwater is fiItered through gravel and
sandy soil before release to the local watercourse. Melbourne Water has been adopting this approach
to the on-going development of the stormwater drainage system with some success, resulting in
improved public amenity and water quality in some areas.
It has also been proposed that the capture and storage of rainwater in rainwater tanks and in
underground tanks or aquifers in combination with WSUD initiatives could be a cost effective option
for increasing residential water supply. There is potential for the buffering capacity provided by the
rainwater collection tanks to offset the need for large stonnwater drains capable of handling peak
flows in times of intense storms. The stored rainwater could be plumbed into households where it
could be used for clothes washing and toilet flushing as well as irrigation of gardens and parks.
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However, a detailed engineering study is required to accurately assess the economic and hydrological
viability of this approach in any particular situation.
Stormwater harvesting via wetlands and aquifers for d r i i g water use is being trialled by CSIRO
and partners in Adelaide at the City of Salisbury and looks promising and economic (Dillon et al,
2008). Without such studies, it is not possible to comment on the applicability of such a concept to
Melbourne. However if it were practical and economic, this approach has the potential to reduce urban
water consumption by as much as 100 GLfannum.

3. The Reuse of Treated Wastewater

Most current recycling efforts do not replace potable water use
Recycling Class A water to households via third pipe systems will only have a gradual impact
on water supply volumes
Indirect potable reuse can provide a major boost to supply volumes in tbe short term, but is not
supported by current Government policy
Treated wastewater has long been considered a resource which should be used where conditions allow.
Table 2 below gives some numbers on the volumes of sewage treated at Melbourne's two major
wastewater treatment plants in 2005106 and 2006/07 and the amounts recycled. While there are other
small wastewater treatment plants around Melbourne run by the retail authorities, these figures are
representative of greater than 90% of Melbourne" wastewater flows.

>Table 2 -Water Recycling at Melbourne's Major Wastewater Treatment Plants*

* data sourced from Melbourne Water's Sustainability Report, 2006107

As can be seen fiom the table, the percentage of water reused from Melbourne's two majar wastewater
treatment plants grew to greater than 22% in 2006/07. This was a result of both increased use of
wastewater and a decline in the sewage inflows to the plants as a result of drought and reductions in
metropolitan water use. However, it needs to be noted that about 65% ofthis reuse was associated
with onsite use of water at the treatment plant, while the vast majority of the remaining use was for
irrigation of agricultural areas or sporting grounds. Consequently, the impact ofthis reuse on water
supply demand was limited, as much of this use does not need to utilise potable water. The available
untapped supply of treated sewage as a source for water recycling is around 200 GL/year.
To have a significant impact on potable water demand, the recycled water must provide a substitute
for potable water uses. This can be done in a number of ways including:
Recycling Class A water to households where it can substitute for water use in toilets, washing
machines and the garden
Finding large scale industrial uses for the recycled water which currently use water available
for potable use e.g. power stations
CSlRO Submlsslon 08/31 1

Production of potable water fiom the treated sewage and recycling back into drinking water
supply reservoirs (indirect potable reuse)
The third option, while not currently supported by Victorian Government policy, is being adopted in
Brisbane. However, for all ofthe above options detailed analysis is required to assess their economic,
social and environmental viability.
Large scale recycling of Class A water can be undertaken at scales ranging fiom household level to
regional recycling plants. There are a number of examples of schemes covering all these possibilities
around the country. The Hunt Club residential estate in Cranbourne East is the first residential dual
pipe recycled water scheme in Victoria. The Inkerman Oasis Estate in St. Kilda is an example of a
localised scheme for grey water treatment and recycling. MeIbourne Water currently estimates that
over the next 20 years about 40,000 new homes and businesses will use an additional 5.3 billion litres
of recycled water per annum via such schemes for toilet flushing, garden watering and industrial
processes.
Although this figure could be significantly expanded by an aggressive roll out of dual pipe or localised
recycle schemes, this still represents only between 2 to 4 percent of the current annual water supply
volume. In general, it is only viable to fit a dual pipe system in green field developments where both
pipes are installed at the same time. Consequently, the impact of such developments on water supply
volumes can only be gradual and long tenn.
Management of small scale systems is also an issue which needs to be carefblly addressed if they are
to play a significant role in future water supply systems. Experience has clearly demonstrated that
small scale systems require close attention to management and maintenance, otherwise operational
failures can present significant health and environmental risks. Regulatory and institutional systems
need to be developed to allow proper over site of these issues.
The only water recycling option which allows centralised control and oversight and which can provide
a major boost to water supply volumes in the short term is indirect potable reuse. The major
consideration for this option is the risk associated with utilising a water source containing high levels
of human pathogens and a range of human and industrial derived chemicals. Advanced water
treatment technologies exist which can successfully remove these contaminants, and constant
vigilance is required in system operation to ensure plant or system effectiveness to protect public
health and the environment. In the South East Queensland situation, a "seven barrier" process is being
put in place to ensure system safety and reliability. National Water Recycling Guidelines for
Augmentation of Drinking Water Supplies have been approved by three joint state-federal Ministerial
Councils to facilitate safe adoption where this option is selected.
Even with such sophisticated system barriers in place, a considerable effort is required to gain
community trust and acceptance of indirect potable reuse. Experience in Queensland and other parts of
the country indicates that public acceptance of indirect potable reuse is in inverse proportion to the
levels of water in a towns reservoirs. In other words, communities appear to accept indirect potable
reuse when they don't see any other viable option!
Having said the above, indirect potable reuse can be a more viable option than seawater desalination in
some circumstances. In South East Queensland, it is impossible to locate a seawater desalination plant
in Moreton Bay because of concerns with water quality and brine disposal. Consequently, the
desalination plant at Tugun is located some 130 kilometres from the Mt. Crosby water treatment plant
from where Brisbane's water supply is distributed. It is probable that most of the water from the
desalination plant will be used in the Gold Coast region and only under the most severe drought
conditions would pumping of this water to Wivenhoe Dam be considered.
Several studies have recognised the potential for recycling water from the Eastern Treatment plant in
Melbourne back into the water supply reservoirs at Cardinia and Silvan. However, this option has not
been pursued because of current Government policy.
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4. The Use of Groundwater
r

Hydraulic controls on Melbourne groundwater complicate its use
A major groundwater storage in the Werribee region is too saline for immediate use, but
could provide a basis for storage and recovery of stormwater andlor treated wastewater
New Australian Guidelines for Managed Aquifer Recharge will provide a scientific basis
for exploiting the Werribee aquifer

In general, Melbourne has not been dependent on groundwater for potable supply or other uses.
However, up to 33 Gigalitres (GL) of groundwater is currently licenced for use in the greater
metropolitan area, primarily for watering market gardens and golf courses. The hydrogeology of
Melbourne is quite varied with Tertiary volcanic basalt sequences in the west and north, Mesozoic
sedimentary sequences in the northeast and Quaternary alluvials and sediments in the southeast.
Consequently, the hydrogeolic controls on groundwater in the Melbourne area are complex and varied
(Mudd et al, 2004).
One of the largest groundwater storages in the area is located in the Werribee region. However, this
water is saline and little is known about its source and what volumes of water could be sustainably
extracted without affecting surface water flows or triggering ground subsidence. The water would also
require desalination before use.
An alternative use of such an aquifer is to use it as a storage for captured stormwater or treated
wastewater. This approach, referred to as aquifer storage and recovery (ASR) has been successfilly
applied in the northern plains of Adelaide. An investigation by CSIRO in conjunction with SKM
Consultants has found that there is capacity in aquifers to store and recover about 100GLIyr in the
Melbourne area (Dudding et al, 2006, Dillon et al, 2006). Much of this is in aquifer systems from
north of Werribee to Geelong at depths of 200 to 400 metres and consequently moderately expensive
to access. A trial would be necessary to determine recharge and recovery rates and the consequent
economics of ASR for this area.
Experience in Adelaide in formations with moderate transmissivity at a depth of 100 to 200111 ASR
indicate levelised costs of approximately 80cIKL for stonnwater and 40c/KL for treated
effluent, without accounting for stonnwater capture or wastewater treatment costs. The difference in
costs is due to availability of water and therefore amortising capital over different volumes.
Priced as storages, costs are about 1% to 4% of the costs of equivalent tank storages (without
accounting for cost of Iand) and occupy 4%
of the area of land required.

Ln Melbourne with deeper aquifers, costs would increase by 0% to 100% depending on the
permeability of those aquifers at the well locations. There is no substitute for running trials to
accurately estimate costs and viability.
Australian Guidelines for Managed Aquifer Recharge (MAR] (Natural Resource Management
Ministerial Council, 2008) are due for release later in 2008, to provide a scientifically based approach
to establishing MAR projects that will protect human health and the environment. Victorian EPA
Guidelines have also been developed in consultation with national guidelines and will infonn
proponents on approval processes for projects in Victoria.

5. Small Locally Based Desalination Plants
Brine disposal requirements will limit opportunities for local desalination plants
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A key issue for seawater desalination is disposal of the brine effluent. While the effluent is usually
only twice seawater concentration and can be readily dispersed into strong offshore currents, location
of such a plant in Port Phillip Bay would be problematic. This is the major reason for the location of
Melbourne's desalination plant near Wonthagi. If desalination of groundwater in the Wemibee area is
being considered (see groundwater section above), then brine disposal is still an issue, unless a
pipeline is built to transfer effluent to the ocean outside of Port Phillip Bay. Consequently, it is
difficult to see a role for small, locally based desalination plants in Melbourne.

Design & Selection of the Optimum Water Supply Portfolio and the
role of scientific research
Choosing an efficient portfolio of water supply options for Melbourne is a complex task
which requires reliable data and good research support
All new water supplies, including rainwater tanks, will be more energy intensive than
existing conventional supplies
There are alternative systems designs, implementable in the long term, that could provide
significant offsets or savings of energy

As can be seen from the list of options referred to above, the real need for any one city is to select the
optimum portfolio of water supply options which best fit the local circumstances. Defining an efficient
portfolio of water sources has to deal with risk and uncertainty, particularly in view of the possible
impacts of climate change. Consequently, a number of points need to be considered in detail. These
include:
The level of service that is acceptable to the community and economic growth. In particular,
the severity, duration and frequency of acceptable water restrictions needs to be clearly
defined and communicated
All supply options need to be identified and given a broad feasibility assessment, with
shortlisted options proceeding to more detailed analysis
The impact of climate change and variability need to be clearly factored in to the reliability of
each option
Costs, including financial/economic,social and environmental, as well as the quantities of
water that can be delivered and the time scale for their delivery need to be defined. Costs and
benefits should also account for environmental flows preserved, potential enhancement to
receiving water quality and coastal ecosystems and costs avoided or imposed elsewhere in the
water or wastewater system
The quality of water from each source needs to be assessed in light not only of the treatment
technology required but also of the potential threat to human health
Estimates of planning and construction time for potential new sources need to be assessed to
identify options which can contribute in the short term or that may be available in the longer
term
The flexibility and security of supply achieved by combining different sources in an
interconnected system in responding to climate variability needs to be clearly understood and
injected into system planning
The key message from the above list is that choosing an efficient portfolio of water supply options for
any city is a complicated task and one that needs considerable investigation and data to support
decision making. It is a fact that the devil is truly in the detail and options which may sound attractive
on a cursory analysis can become unworkable or very expensive on closer analysis.
Melbourne is not unique in facing a looming nexus in its balance of water supply and demand. While
there is a wide range of options for Melbourne to consider in enhancing its water supplies, it needs to
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be recognised that virtually all hture options will be both more expensive and more energy intensive
than current supplies. Currently, Melbourne has one of the least energy intensive water supplies in the
country at 336 GJiGL, largely because the bulk of supply is high quality water fed by gravity from
protected mountain catchments. This figure is in stark contrast to that for Adelaide, which in 2006-07
had an energy intensity of 6,600 GJ/GL, largely because of the extensive pumping of water fiom the
Murray River during drought conditions.
Table 3 gives a dramatic illustration of the energy intensities that apply to alternative water supplies
either in operation of under consideration.

* estimated from process design, all other numbers obtained from operational data

# GJ = a billion ~oulesof energy, GL = a billion litres
>Table 3: Energy Intensities of Alternative Water Supplies

The key message from Table 3 is that virtually all future water supplies will be more energy intensive,
including long distance pumping of water and even household rainwater tanks. The information on
rainwater tanks is taken from a highly instrumented study of a new urban development in Brisbane
(Gardner et al, 2006 and 2008), where rainwater tanks and grey water treatment systems are used to
reduce demand from the conventional water supply. The figure includes energy associated with both
pumping and UV disinfection required to meet Class A water quality standards. The variations in the
energy intensity of seawater desalination are the result of pumping energy required to transport the
desalinated water to the major distribution reservoir. The energy intensity for the seawater desalination
process itself is around 12,600 GJ/GL.
A major study by CSIRO on energy required for Australia's projected urban water supplies out to
2030 (CSIRO Water for a Heaalthy Country Flagship, 2008) has found that the total energy used in
urban water systems, including water supply and wastewater disposal will increase by between 200 to
300 percent over that period, depending on the volumes of water supplied and the supply options
chosen. However, this energy use will still represent only 3-4 percent of household energy
consumption and no more than 45 percent of the energy used for heating domestic hot water. In the
worst case situation where all new supplies are derived from seawater desalination, an improvement in
the efficiency of domestic hot water production of around 25 percent would save as much energy as
that used for all new water supplies.

CSJRO has developed a number of tools and technologies which can be applied to the development of
more efficient urban water systems. These include:
The Victorian Regional Stocks and Flows Framework - this model defines the key stocks and
flows of materials, including water and energy, in Victoria and the interconnections between
them. It can be used for exploring the physical implications of pursuing different development
pathways or policy options and can be readily applied to water policy planning.
Hydro Planner is a linked modelling tool which can simulate both water flows and quality in
an integrated urban water system. It is particularly useful for predicting and quantifjling the
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performance of proposed urban water management options and is being applied to urban water
planning in Canberra and South East Queensland.
Research projects on reducing water losses either through leakage or evaporation are being
pursued in South East Queensland. These include advanced leakage detection systems as well
as a range of techniques to reduce evaporative losses. These latter techniques include
management of near surface heat stores, shallow water partitioning in storage reservoirs to
minimise surface to volume ratios, as well as partial covering and manipulation of turbulence
fields around storages to enhance the evaporation reduction effects of applied monolayers.
Better membrane systems to reduce energy consumption in desalination, water recycling,
steam recovery and other filtration applications are under development
Harvesting of urban stormwater and reclaimed water and recycling via aquifers for nonpotable and potable uses
Research on indirect potable reuse of water via a reservoir in South East Queensland
addressing public perception, water quality, technical and environmental issues

The urban water systems of the future will not consider water supply in isolation from wastewater
disposal, but will involve an integrated approach to urban water management that includes water
supply, wastewater disposal and stormwater management. This integrated approach opens up a
number of possibilities for the evolution of urban water systems, which have significant implications
for water supply and energy consumption.
While some of these options were covered under the Terms of Reference and were outlined earlier, it
is worthwhile mentioning some other possibilities which could evolve over the next 50 years. One
option for the future is to consider removing black water (toilet waste) from the sewer and handling it
in a separate system. Although a separate system would need to be constructed to handle the black
water, a number of advantages could arise from this approach. These include:
A 20% reduction in internal household water consumption, as the new toilet system could be
based on either urine separating and composting toilets or a low water volume, vacuum
assisted short run sewer to a local treatment plant
Black water contains about 90% of the nitrogen, 75% of the phosphorus and 50% of the
organic carbon in sewage in a relatively concentrated form, which enables the efficient
recovery of a solid slow release fertiliser (struvite) and energy in the form of methane (natural
gas).
The conventional sewer will now contain only greywater, which will not only reduce costs
and energy associated with treatment (particularly nitrogen removal), but will also make it
much safer and more suitable as a source of water for potable recycling. This source will be
close to the point of use and thus avoid the very high energy costs associated with long
distance water transportation.
Calculations indicate that this approach has the potential to reduce or offset (via fertiliser and
energy production) between 50 to 100% of the greenhouse gas emissions of Australia's
future urban water industry

The practicality of this approach will depend on the costs and operability of implementing a new
system to handle black water. Initially, it could only be applied to green field developments with a
gradual ingression into brown field redevelopments, before final implementation across the entire
urban area Consequently, roll out time for such a scheme would be around 50 years. However, this
time frame is currently being studied by urban water authorities around the country, as they consider
the lnplications of climate change and the imposition of a carbon trading system on their long term
operations.
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Conclusions
This submission contains the considered viewpoint of a number of CSIRO research scientists working
in the field of urban water and draws on information covered in a number of reports and publications
detailed below. It is NOT a definitive analysis of each water supply option, as such analysis would
require extensive work and investigation as described in the text. Consequently, the views and
information expressed may evolve in the light of more detailed or accurate information on the various
water supply options.
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