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Executive Summary 

Study Context and Objectives 
Melbourne is a rapidly growing urban centre that has experienced the risks and variability associated with climate 
change, as an extended drought saw water supply dam levels fall to approximately 25% capacity during 2009.  
Since this time issues around water supply and cost, both now and into the future, have assumed increasing social 
and political significance.   

One response to this issue is to explore the extent to which alternative water sources can contribute to Melbourne’s 
Water Supply and Demand balance.  As much of the water we use in the home, such as for toilet flushing, and in 
our communities, such as watering parks and sports fields, does not need to be drinking quality water, alternative 
water sources could make a significant contribution to providing fit-for-purpose supply options.    

The Development of an Alternative Water Atlas project was funded by the Smart Water Fund, with stakeholders 
including Melbourne Water (MW), City West Water (CWW), South East Water (SEW), Yarra Valley Water (YVW) 
and the Department of Sustainability and Environment (DSE).  The findings directly contributed to the Water Supply 
Demand Strategy (WSDS) for Melbourne. 

The primary objective of this project was to explore, quantify and cost the opportunities for alternative water sources 
across Melbourne in a strategic and systematic way, taking into account the spatial variability inherent in these 
opportunities.  The study was also designed to score and rank the alternative water sources in regard to factors that 
take into account the wider social and environmental impacts of the source. 

A secondary objective of the study was to engage with the stakeholders of the project in a meaningful way to make 
best use of the collective knowledge of the industry, and to make the outcomes relevant to them. 

Study Scope 
The study area covers the Melbourne Water Drainage Basin, which includes the CWW, YVW and SEW regions.  
The study broadly required the consultant to analyse four alternative water sources including Rainwater Harvesting, 
Stormwater Harvesting, Centralised and Decentralised Wastewater Recycling.  The key year of interest was 2060, 
with interim timesteps of 2012, 2018 and 2030.  

An overview of the study process is shown below: 

 

Environmental Values 
The Environmental Values Mapping task analysed and mapped where the use of alternative water could have a 
positive or negative impact on the local environment, as an input into the Rapid Assessment Methodology.  The 
following table summarises the three elements mapped. 

Environmental 
Value 

Description 

Environmental 
flows 

 

Issue: Water extraction for agriculture, public open space, and centralised water supply use 
reduces the volume of water available for the environment. 

Alternative Water opportunities: Substitution of current supply with alternative water sources 
can partly offset environmental deficits. This includes substitution of local and centralised 
scale water sources.   

Preferred source: recycled water is preferred because it’s harvesting has no impacts on 
regional flow regimes.  However if a regional STP is contributing stream flows this rule is 
reversed as these flows might make a positive contribution to the environment.  Beyond a 
priority ‘flow stressed’ area, there is no preferred source. 

Urban 
stormwater 

 

Issue: Urbanisation of catchments results in altered surface water flow regimes and 
groundwater flow patterns, causing increased flood peaks, a reduction in base flow 
conditions and the transport of pollutants to waterways and bays. 

Alternative Water opportunities: Stormwater Harvesting involves the capture and storage of 
runoff from impervious surfaces, promoting more natural flow regimes or groundwater 
patterns. This can support ecosystems and habitats. 

Preferred source: Rainwater as first choice because it removes stormwater at source.  
Stormwater is the second choice with Centralised and Decentralised recycling providing no 
beneficial or detrimental impact. 

Benefits are substantially less outside hot spot areas (ie high DCI areas), but are still 
included. 

Receiving Water 
Quality 

Issue: Pollution from urban stormwater runoff, agricultural runoff and sewage discharge 
threatens water quality in the Bays 

Alternative Water opportunities: Reducing the volume of waste water discharged (through 
stormwater harvesting, rainwater harvesting and sewer mining) directly reduces the amount 
of pollutants reaching the receiving waters. 

Preferred source: recycled water as it has the highest nitrogen (N) concentration if 
discharged to the Bay (by an order of magnitude), followed by stormwater then rainwater.   

Rapid Assessment Methodology 
The Rapid Assessment Methodology (RAM) was designed to be a systematic, transparent and repeatable method 
to represent the different environmental and social impacts of each alternative water source.  It was designed to 
take into account the different impacts across the project area for each alternative water source, as well as the 
differences between alternative water sources.    

RAM criteria were chosen that were suitable for ranking options taking into account costs and benefits at the local 
scale.  The premise was that the same alternative water scheme could have a different impact depending on local 
conditions; the Environmental Values task was an important input to this.  For example, a stormwater harvesting 
scheme will provide different benefits in terms of improvement of water ecosystem health, relative to a wastewater 
recycling option, depending on its location.  The RAM was heavily influenced by stakeholder consultation, with the 
criteria and their weightings decided on through a workshop and voting process.  The following table summarises 
the final criteria used.   

 

Project Inception Collate and Develop 
Input Data 

Analyse Opportunities 
for Alternative Water 

Sources 

Develop 
Environmental Values 

Layers 

Develop Rapid 
Assessment 

Methodology 

Apply Rapid 
Assessment 
Methdology 

Deliverables Key 
Stakeholder 

Input 
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Criterion Score represents Weighting 

Yield The Average Annual Volume Supplied at 2060 NA 

Reliability The Percentage of Annual Substitutable Demand met NA 

Net unit cost 
(levelised cost) 

The cost of a project over time discounted to today’s dollars accounting for 
the volumes of water provided by the option 

NA 

Land Ecosystems The extent to which option protects and enhances existing land ecosystems  18% in 
total 

Land Ecosystems 
Land Take 

Footprint of option (area of land disturbed by option) 12% 

Land Ecosystems 
Solid Waste 

Amount of solid waste generated 6% 

Water Ecosystems The extent to which the option protects and enhances existing water 
ecosystems. 

26% in 
total 

Water Ecosystems 
Environmental Flows 

The impact on stream flows required for the environment 8% 

Water Ecosystems 
Urban stormwater 

The impact of urbanisation on the flow regime (including peaky flows) 9% 

Water Ecosystems 
Water Quality 

The impact of pollutants on water quality 9% 

Net Energy Intensity  The extent to which the option minimises the net operational energy intensity 
of water supplied. 

10% 

Small scale 
(nuisance) flood 
mitigation 

The extent to which the option reduces the human impact or inconvenience 
associated with small scale flooding. 

4% 

Perceived Human 
health risk reduction 

The extent to which the option reduced or avoids possible human health 
risks (pathogens, toxic, and hazardous chemicals) as perceived by the public 

23% 

Resilience The extent to which the option provides Melbourne’s Water supply system 
with greater resilience to climate change or other short or long term 
perturbations. 

19% 

Outcomes 
The following tables and graphs provide a non-spatial summary of the outcomes of the analysis.  As the output of 
this project is an Alternative Water Atlas, the following pages show the outcomes in mapping form.  

 2012 2018 2030 2060 

Population (million) 4.359 4.752 5.490 7.436 

Residential Water Demand (GL) 256.9 262.8 277.1 343.6 

Non-Residential Water Demand (GL) 112.0 113.5 112.2 129.5 

Open Space Water Demand (GL) 49.4 50.6 52.9 59.9 

Existing Golf Course Water Demand (GL) 11.7 11.7 11.7 11.7 

 

 

Yield RAM Cost ($/kL) 

Number 
of 
Localities 

 Total 
(GL) 

Median 
(ML) Max (ML) Min Median Max Min Median Max Count 

Centralised Recycling 38.3 144.5 3259 48 57 67 1.7 4.4 7 87 

Decentralised Recycling 9.0 60.0 547 65 72 74 3.6 5.0 32 85 

Rainwater Harvesting 48.9 23 1955 46 49 60 2.7 10 35 599 

Stormwater Harvesting 47.7 50.5 1900 46 60 69 0.4 4.0 76 296 

Rapid Assessment Method  

The following graph shows the clustering of Decentralised Recycling Options with the largest RAM scores and 
Rainwater Harvesting with the lowest scores.  Note that Centralised options are mid-range.   

 

Cost 

The following graph shows the range of costs over each alternative water source, with some clustering of 
Centralised Recycling and Stormwater Harvesting at the lower end of the scale, with key outliers in the higher end.   
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Yield 

The following graph shows the spread of yields of the different alternative water sources.  Note that when Rainwater 
Harvesting is combined at the locality level, rainwater tanks can offer a wide range of yields.   
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Preferred Options
Centralised Recycling
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Rainwater Harvesting
Stormwater Harvesting
No Identified Options

The analysis of yield shows that good volumes can be achieved by all of the alternative water sources.  
Centralised and Decentralised Recycling have the greatest reliability as well as large yields, and therefore
are preferred in regard to yield.  The Preferred Option by Greatest Yield map does not take this reliability
into account, as it intends to show the types of volumes available from the different alternative water
options.  Please see the maps on each Alternative Water Source for Reliability Maps. 
This analysis also shows that Stormwater Harvesting schemes have the potential to supply significant
volumes of water, and could make up an important part of Melbourne's water supply.

Reliability: 100% Reliability: 100%

Reliability: 40 - 100% Reliability: 19% - 100%
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Decentralised Recycling scores very well in the Rapid Assesment Methodology.  It receives high
scores for the Reslience due to its local scale and climate independence.  It also scores highly for
Perceived Human Heatlth Risk Reduction as the consequence for harm is low, due to the types of
demand served, and the probability is also low due to control measures.  Decentralised Recycling scores
well for the Water Ecosystems criteria as it does no harm to the local waterways and has no detrimental
effects on environmental flows.  Therefore, the RAM scoring suggests that where decentralised recycling
options are available they are to be preferred.
Stormwater Harvesting options are also particularly favourable in Melbourne's growth areas, and even
in more existing urbanised areas.  Stormwater Harvesting scores well in the Water Ecosystems criteria
and also Net Energy Intesity, due to the nature of Stormwater harvesting schemes.
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The lower rainwater and decentralised percentages reflect the level of certainty of the costing method.  Centralised and
Stormwater use a 40% contingency instead of 30% because of the spatial nature / high level nature of the cost estimating.

Contingency
Rainwater
Harvesting

 Stormwater
Harvesting

 Centralised
Recycling

Decentralised
Recycling

Project Delivery 10% 20% 20% 20%

Estimating Contingency 20% 40% 40% 30%

Large Decentralised and Centralised Recycling Schemes as well as large Stormwater Harvesting Schemes perform best
in costing in this project. It can be expected that the larger the volume a scheme can supply, the better the cost per kL of the
scheme; however there is a point where transferring water longer distances to provide larger yeilds causes the costs to escalate.
For Centralised, Decentralised and Stormwater Harvesting, schemes where the use is clustered around the source are
less expensive than those that have to transfer water large distances. 
Note that this costing is done at a broad scale and represents the costing based on a number of different factors, with large
contingencies as discussed below.  It intends to represent a cost that can be compared within this project and with the City
Scale Alternative Water Project.

Notes on Contingencies in Costings
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Glossary 

The following is a list of key terms, acronyms and definitions used throughout this report: 

Alternative Water: Fit-for-purpose water that may be used to substitute potable water supply. 

Avoided Cost: The avoided cost of a water supply scheme, in the context of this report, comprises the avoided 
potable water transfer energy cost and the avoided wastewater treatment and transfer energy costs. 

Blackwater Treatment: Treatment of the wastewater stream generated from high rise buildings for reuse. 

Central Activity District (CAD). 

Centralised Recycling: Re-use of recycled water from Melbourne’s existing and future treatment plants to supply a 
range of demands. Includes major and regional STPs, as well as large scale sewer mining treatment plants. 

City West Water (CWW). 

Decentralised Recycling: Extraction and treatment of wastewater to Class A standard for re-use at sites remote 
from centralised major or regional STPs. Includes both smaller scale sewer mining and blackwater treatment plants 
(lot scale). 

Demand / Demand Centre: Water demands that may be substituted with alternative water sources (e.g. residential, 
industrial, open space, golf course etc.) 

Department of Sustainability and Environment (DSE). 

Department of Planning and Community Development (DPCD). 

Directly Connected Impervious (DCI): Impervious areas which flow directly to a storm water drain, channel or 
waterway without flowing over any pervious surfaces. 

Eastern Treatment Plant (ETP). 

Environmental Values: Aspects or qualities of the natural environment that would benefit from the utilisation of 
alternative water. ‘Environment’ in this context refers exclusively to the physical and ecological environment, 
excluding recreational or aesthetic values. 

Geographic Information Systems (GIS): Software system that captures, stores, analyses, manages and presents 
data that is linked to location(s). 

Levelised Cost: The ratio of the net present value of community costs and the net present value of water supplied 
for a water supply scheme (expressed in $/kL). 

Locality: VicMap locality boundaries that represent suburbs; smaller than the SLA and Postcode spatial unit. 

Melbourne Water (MW). 

Principal Activity Centre (PAC).  

Project Unit: Spatial scale of the study based on Localities that have been split where necessary at Water Retailer 
boundaries. 

Rapid Assessment Methodology (RAM): Methodology developed for the rapid assessment of wider social and 
environmental costs and benefits of the alternative water sources. 

Rainwater Harvesting: The capture and storage of untreated roof water to supply residential, non-residential or 
open space demands. 

Reliability:  refer Yield Reliability. 

Sewage Treatment Plant (STP), also TP. 

Sewer Mining:  The practice of extracting sewage from a sewer and treating it to provide recycled water.  

South East Water (SEW). 

South Eastern Outfall (SEO). 

Spatial Analysis:  Analysis that makes use of the geographic properties (spatial location) of entities.    

Spatial Water Demand Dataset: Polygon spatial dataset which represents the spatial distribution of key land 
use/water demand categories. 

Statistical Local Area (SLA): Geographic area, or spatial unit, as defined in the Australian Standard Geographical 
Classification (ASGC) - Cat. No.1216.0.  

Stormwater Harvesting: The collection and reuse of stormwater - rainwater runoff from paved surfaces and roof-
tops - from urban areas, treatment to fit-for-purpose standard, and transfer and distribution to supply a range of 
demands. 

Stormwater Quantification Tool (SWQT): Tool that provides stormwater runoff data, at a daily time-step, for all 
sub-catchments in greater Melbourne, for different stages of future development; it is based on the same rainfall 
data that was used in the rainwater harvesting modelling.  

Substitutable Demand: refer Demand. 

Supply Volume: refer Yield. 

Urban Growth Boundary (UGB). 

Urban Development Program (UDP). 

Water Supply Demand Strategy (WSDS). 

Western Treatment Plant (WTP).  

Yarra Valley Water (YVW). 

Yield: The annual volume of alternative water supplied in a given future year. (Note that for climate dependant 
sources this corresponds to the mean annual value from a multi-annual (+100 years) time series of climate data). 

Yield Reliability:  ‘Annual reliability of supply, by volume’ or ‘volumetric reliability’; the proportion of the annual 
substitutable demand that is supplied by the alternative water source, that is, the ratio of the yield to the annual 
demand. This quantifies the extent to which the demand is supplied by the alternative water source on an annual 
basis and therefore the reliance on potable water back-up. (Note that the reliability is variable for climate dependant 
sources, and is assumed to equal 100% for climate independent sources). 
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1. Introduction 

1.1 Project Context 
Melbourne is a rapidly growing urban centre that has experienced the risks and variability associated with 
climate change, as an extended drought saw water supply dam levels fall to approximately 25% capacity 
during 2009.  Since this time issues around water supply and cost, both now and into the future, have 
assumed increasing social and political significance.   

One response to this issue is to explore the extent to which alternative water sources can contribute to 
Melbourne’s Water Supply and Demand balance.  As much of the water we use in the home, such as for 
toilet flushing, and in our communities, such as watering parks and sports fields, does not need to be 
drinking quality water, alternative water sources could make a significant contribution to providing fit-for-
purpose supply options.  

The Development of an Alternative Water Atlas project was funded by the Smart Water Fund, with 
stakeholders including Melbourne Water (MW), City West Water (CWW), South East Water (SEW), Yarra 
Valley Water (YVW) and the Department of Sustainability and Environment (DSE).  The findings directly 
contributed to the Water Supply Demand Strategy (WSDS) for Melbourne. 

1.2 Study Objectives 
The primary objective of this project was to explore, quantify and cost the opportunities for alternative water 
sources across Melbourne in a strategic and systematic way, taking into account the spatial variability 
inherent in these opportunities.  The study was also designed to score and rank the alternative water 
sources in regard to factors that take into account the wider social and environmental impacts of the source. 

A secondary objective of the study was to engage with the stakeholders of the project in a meaningful way 
to make best use of the collective knowledge of the industry, and to make the outcomes relevant to them. 

1.3 Scope of Study 
The study area covers the Melbourne Water Drainage Basin as shown in Figure 1, which includes the 
CWW, YVW and SEW regions.   

The study broadly required the consultant to analyse four alternative water sources including Rainwater 
Harvesting, Stormwater Harvesting, Centralised Recycling and Decentralised Recycling.  These are 
discussed in detail in Section 4 Analysis of Alternative Water Sources.  

The key timeslice of interest was 2060, with interim timesteps of 2012, 2018 and 2030. 

A summary of the steps that were undertaken to complete the project are show in Figure 2.   

 

 

 

MELTON

ROMSEY

SEYMOUR

SUNBURY

MACEDON

GEELONG

GISBORNE

PAKENHAM

WERRIBEE

WARRAGUL

LEONGATHA

MELBOURNE

MANSFIELD

ALEXANDRA

WONTHAGGI

MORNINGTON

CASTLEMAINE

HEALESVILLE

250,000

250,000

300,000

300,000

350,000

350,000

400,000

400,000

5,7
00

,0
00

5,7
00

,0
00

5,7
50

,0
00

5,7
50

,0
00

5,8
00

,0
00

5,8
00

,0
00

5,8
50

,0
00

5,8
50

,0
00

5,9
00

,0
00

5,9
00

,0
00

180 Lonsdale Street Melbourne VIC 3000 Australia    T  61 3 8687 8000    F  61 3 8687 8111    E  melmail@ghd.com    W  www.ghd.com

LEGEND

0 10 20 30 405

Kilometres

Job Number
Revision

31-27530

Date 20 Oct 2011

Smart Water Fund
Development of an Alternative Water Atlas

Study Area
G:\31\27530\GIS\Maps\Working\3127530_Project_units_A4_page.mxd

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 55

1

©  2011. Whilst every care has been taken to prepare this map, GHD and DATA CUSTODIANs make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept
liability and responsibility of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being
inaccurate, incomplete or unsuitable in any way and for any reason.

Data source: VicMap, DSE. 2011.  UDP & UGB, DPCD 2011. Melbourne Water 2011  Created by: KWilliams

C L I E N T S   P E O P L E   P E R F O R M A N C E

1:1,100,000

Major road

Major water course

MWC Drainage and Waterways Boundary

Figure 1 Study Area



 

2 

 

Figure 2 Study Overview 
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2. Approach 

The Alternative Water Atlas explores the potential opportunities for the use of alternative water sources to contribute 
to Melbourne’s urban water supply system over the next 50 years.  A single future scenario for greater Melbourne 
was used in the study which aimed to represent, to the extent that it is possible, a realistic or likely vision of growth, 
development, land use, and water use in the year 2060. This was a high level and strategic study that was 
fundamentally spatial in nature. 

The general approach adopted for exploring these opportunities was to conduct a water supply-demand balance for 
all of the alternative water sources. This involved an assessment of future substitutable demands across the study 
area and the design of water supply schemes for each of the water sources to supply that demand. This enabled 
direct comparison of different alternative water sources supplying demands in the same location, or comparison of 
one alternative water source supplying demands in different locations. In this context, the approach taken in all 
stages of the project was to design consistent, objective and transparent analysis techniques that could be applied 
to a large study area, including a large number of project units, and to future analysis periods (i.e. 2012, 2018, 2030 
and 2060).  This meant that the development or collation of datasets and information, preferable in a spatial format, 
was most useful for the analysis.   

Another key part of GHD’s approach to this project was obtaining direct stakeholder contribution and involvement at 
various stages throughout the project. 

This section of the report provides an overview of the logic behind the approach to key elements of the study. 

2.1 Future Scenario 
A key piece of information required for this project is the demand for alternative water sources in the future i.e. who 
or what will be using water, how much and where?  Thus a key task of this project was to project Melbourne’s 
growth and form out to 2060 to analyse future demand and opportunities.   Our approach to projecting this future 
was to develop a single likely or median scenario based on existing information.  A likely scenario was projected out 
to 2060 based on discussions with the Growth Areas Authority (GAA) and the Department of Planning and 
Community Development (DPCD).   

Section 3.2 describes the information and method in detail.   

2.2 Water Supply-Demand Balance 
The water ‘supply and demand’ relationship was assessed across the study area. This involved matching the water 
demands in each project unit with various future supply opportunities, to enable development of schemes to supply 
those demands.  

The water ‘supply and demand’ balance was assessed for a single demand scenario, for the years 2012, 2018, 
2030 and 2060. The ‘supply and demand’ concept involves recognition that water supply and water demand are not 
independent, but are intrinsically linked. For example, the availability of recycled water from a treatment plant or 
stormwater runoff from urban areas to supply future residential growth in the region is dependent on the occurrence 
of that residential growth. The adopted process is summarised in Figure 3:  

Figure 3 Supply-Demand Diagram 

 

 

2.3 Spatial Analysis 
As the name of the project suggests, the opportunities for use of alternative water sources are spatial in nature and 
can be mapped in an atlas.   

The key factors of supply and demand are spatially located and spatially variable and mapping these together builds 
up a picture of opportunity for an alternative water source.  The adopted approach to spatial analysis is summarised 
in Figure 4.   

Figure 4 Spatial Analysis Concept 
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developments or other demand centres that can be met by stormwater harvesting.  Finding the area where the 
supply and demand match up identifies the areas of opportunity for the source. This is then a key input for the 
calculation of supply yields and costs for the opportunity. 

The development of cost estimates is also influenced by the spatial aspect. For example, the cost of trenching pipes 
varies based on soil type across Melbourne. Additionally, the spatial location also plays a role in analysing the social 
and environmental costs and benefits of the opportunity. This logic leads directly to the mapping of environmental 
values as described in Section 3.5. 

2.4 Costing 
The approach taken for costing the water supply schemes in the Alternative Water Atlas was to develop an 
automated and generalised method, based largely on high level spatial data and analysis, so that levelised cost 
estimates could be produced for any number of schemes on a consistent and repeatable basis. This was 
considered necessary due to the nature of the project. 

Levelised costs were calculated for the alternative water schemes analysed in the Alternative Water Atlas. Levelised 
cost has been used as it is considered the most useful measure for comparing water supply options at various 
scales on an equivalent basis (Fane et al 2003). The cost estimates developed reflect total community costs. Key 
points are: 

 The levelised cost of a water supply scheme (expressed in $/kL) is the ratio of the net present value of 
community costs and the net present value of water supplied. This has been calculated at two discount rates, 
5.0% and 7.5%.  

 The net present value of all community costs incorporates all capital and operating costs, regardless of who 
bears the cost (e.g. government, water service provide or consumer), as well as avoided potable water supply 
costs and avoided wastewater treatment and transfer costs.  

Base cost estimates were typically based on unit costs, cost curves and GHD experience. Important aspects of the 
methodology and assumptions adopted are summarised below: 

 Project delivery costs of 10% - 20% and cost estimating contingency factors of 20% - 40% were applied to base 
cost estimates to arrive at a total estimated project cost. The following factors were applied: rainwater 
harvesting (10% & 20%), stormwater harvesting (20% & 40%), centralised recycling (20% & 40%) and 
decentralised recycling (20% & 30%). 

 A variable energy cost, increasing annually, was applied to reflect the increased cost of energy to meet GHG 
emissions reduction targets over the next 50 years. 

 Spatial data and analysis were relied on to a large extent to incorporate variables such as site and ground 
factors (to apply to base costs), as well as providing the basis for estimating infrastructure requirements (e.g. 
transfer pipelines, pump stations, distribution mains).  

 Typically, project specific requirements or factors could only be included to the extent that spatial data was 
either available or could be readily created (e.g. salt reduction treatment for sewer mining schemes based on 
mapping of salinity levels).  

Preliminary cost estimates were developed for the purpose of comparing and evaluating the alternative water 
sources and schemes considered in the Alternative Water Atlas. They are sufficiently accurate to serve this 
purpose. They cannot be used for budget setting purposes as the scope of the works has not been fully defined. 
The cost estimates are based on concept level projects developed with limited information, and should not be 
treated as definitive. 

 

 

2.4.1 Avoided Costs 

The avoided cost of a water supply option may include any of the following costs: potable water treatment 
(chemical), potable water transfer energy, wastewater treatment energy, wastewater transfer energy, desalination 
and augmentation or upgrade of the water supply or sewerage systems. In the context of this project, the avoided 
costs only include the following avoided energy costs – potable water transfer, wastewater treatment and 
wastewater transfer. A pragmatic approach was taken in this project, whereby avoided costs that either could not be 
calculated or were so minor that they would not impact upon the results, were not included. 

 

Figure 5 Avoided Potable Water Supply Energy 



 

5 

 

Avoided energy costs 
The avoided water supply cost and avoided wastewater treatment and transfer costs were included in the cost 
estimates. 

Spatial analysis undertaken by ISF and GHD was used to create a Melbourne wide ‘heat map’ of the marginal cost 
of water supply energy as shown in Figure 5.  

Following spatial analysis undertaken by ISF it was concluded that with the available information it was not possible 
to derive a spatial pattern for wastewater treatment and pumping energy rates. Therefore, an average energy rate 
was adopted from Kenway et al (2008) as the Melbourne average, and a lower energy rate was adopted for WTP to 
reflect the lower treatment energy relative to ETP. 

Avoided water treatment costs 
An avoided treatment cost was not included because the incremental chemical cost per ML is relatively minor 
compared to the levelised cost of alternative water supply (approx. 1%). This would have had a negligible impact on 
the results.  

Avoided desalination costs were not included in the analysis because it was not considered that a given alternative 
water scheme could either materially delay or reduce desalination output and thereby avoid any costs. 

Avoided capital (i.e. augmentation/upgrade) costs 
Cost savings associated with delaying or avoiding major water and wastewater system augmentation and upgrade 
works were not included in the analysis because they could not be quantified due to insufficient information. 

The capital expenditure required for augmenting and upgrading Melbourne’s water and sewerage systems can be 
significant. If alternative water supply options can delay or negate this expenditure then these avoided costs can 
legitimately be included within project cost estimates as a benefit. Where avoided costs cannot be quantified, then it 
is likely that the ‘true’ cost or benefit associated with the option is not accurately represented. This is an important 
point as often alternative water supply options are viewed as being more expensive servicing options, without 
accounting for their broader benefits. 

Based on information provided by Melbourne Water, the potential impact of alternative servicing options was 
considered in relation the following strategies: 

 East West transfer strategy 

 Growth and compliance projects in Water Plan 3 for Western Melbourne 

 Bulk Potable Water Servicing strategy for South East Water 

Although there was some costing and volume information available for the East West transfer strategy, the timing of 
works (within the next five years) meant that opportunities identified within the project could not reasonably be 
assumed to influence the requirements or timing of that strategy.  The other augmentation strategies were not 
considered in any detail due to insufficient information around details such as capital and operating cost estimates, 
net present value, transfer volumes and timing of works. Similarly, there was no data available for potential 
sewerage system augmentation or upgrades. 

Issues 

The main issue or obstacle with including avoided or deferred capital costs is that the projects for which there is 
sufficient data (e.g. costs, volumes, timing, etc.) are likely to have progressed past the planning stage. Conversely, 
there is insufficient data currently available for those Medium to long term projects which may in fact be delayed or 
avoided by implementation of alternative water supply projects. Refer to Section 7.2 where this is discussed further 
with regard to possible further research opportunities. 
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3. Key Information  

This section of the report describes in detail some of the key information and spatial data layers created or used in 
this study.  With the key concepts described in the previous section, these form the backbone of the project. 

3.1 Project Units 
The Alternative Water Atlas is a local scale analysis of alternative water sources, and thus one of the first tasks of 
the project was to select a study unit that allowed analysis at the local scale.  The recent Integrated Water 
Management study undertaken for South East Water successfully used locality (suburb) boundaries, and this was 
deemed appropriate for this project.  Locality boundaries are easily understood by Melbournians, are identifiable by 
name, and are a useful scale for analysing options.   

As the water retailer (CWW, YVW and SEW) boundaries were also important for this study due to the information 
these provided, where required the locality boundaries were split on these boundaries.  The units were identified 
with the retailer name when split – so Southbank, became Southbank CWW and Southbank SEW.  Each Project 
Unit was given a unique name and number for use in the study.    Figure 6 shows the project units to give an 
indication of scale.   

3.2 Estimating Future Demand  
In order to analyse the opportunities for alternative water sources, one of the key pieces of information required is 
the demand for the water – including the location, type and volume.  As discussed this project is at the local scale 
so an understanding of the volume of demand, and also the type of demand was required at the locality level at the 
four project time slices.  This section describes how this information was developed, first by mapping the location of 
the different types of demand at the four time slices, and then interpolating the volume from the demand location.   

3.2.1 Demand Mapping 

A map of demand location was developed for the four timeslices of this project, 2012, 2018, 2030 and 2060, 
showing the location of demand, and the type of demand.  The aim of this mapping was to represent a likely 
development level for each of these dates, taking into account the best information available in spatial form.  This is 
an important input to the Water Supply-Demand Balance.  The demand mapping represents the location and the 
type of the demand, the next section discusses how this was turned into demand volume.  The seven demand 
categories mapped are listed below, with the sub categories in italics that were flagged where required: 

 Agricultural, standard or high value; 

 Commercial/Industrial, existing or not developed; 

 Golf Courses; 

 Open Space; 

 Principle Activity Centres; 

 Residential, existing or not developed; and 

 Excluded Areas. 

The 2012 timeslice is the foundation for the demand mapping.  It is based on the following sources: 

 Vicmap 1:25,000 Planning Scheme; 

 Vicmap Features of Interest; 

 the DSE Parks and Conservation Reserves dataset; 

 PACs and CADs as listed by DPCD; 

 the Urban Development Plan for Melbourne 2030 (UPD)1. 

Table 1 summarises the data sources for the mapped demand categories at 2012. 

                                                           
1 For more information see:  http://services.land.vic.gov.au/maps/content/udpintroduction or 

http://www.dpcd.vic.gov.au/planning/plansandpolicies/urban-development-program   
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Table 1 Demand Mapping - 2012 
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Vicmap Planning 
Scheme 

Planning Scheme zones were 
grouped into 7 demand 
categories. Y  Y Y  Y Y 

UDP BH2010 Estates used to ensure 
current residential developments 
included, and areas that are to be 
developed in the future as “Not 
Developed” 

IND2010 used to identify 
Industrial/Commercial areas that are 
vacant as “Not Developed” 

Y  Y     

Parks and 
Conservation 
Reserves 

Areas unsuitable or unlikely for 
irrigation – such as National Parks       Y 

Vicmap Features of 
Interest 

Adding Golf Courses and Parks     Y   

DPCD Website Identified PACs by location  Y      

 

To build on this to develop demand mapping for 2018 and then 2030 the UDP data was used to identify the areas of 
future residential and industrial growth.  The assumption was made that urban growth to 2030 would be limited to 
the Urban Growth Boundary (UGB) as defined in the UDP dataset, and that Melbourne’s Green Wedges would be 
preserved.   

To extend this to 2060 was the most challenging aspect.  This task was undertaken in tandem with work for MW to 
map DCI at 2060.  GHD consulted extensively with GAA, DPI and others to map likely areas of inclusion outside the 
UGB where residential growth may occur.  Figure 8 shows the outcome mapping of the location of the different 
types of demand at the four time slices.   

3.2.2 Quantifying Water Demands based on Demand Mapping 

Current and future water demands were quantified for each project unit, for each time slice, utilising the spatial 
demand mapping as the basis. This involved determining the total water demands for residential, non-residential, 
open space, golf courses and high value agriculture; this also involved the determination of substitutable residential 
and non-residential demands. This is illustrated in Table 2 below. 

 

Table 2 Quantifying Total and Substitutable Demands  

Demand Centre Residential Industrial / Commercial Open Space Golf Course Agriculture 

Development Type Existing Future Existing Future Existing Future Existing Existing Future 

Total demand     

     

Substitutable demand     

 

The demand mapping exercise provided the template from which water demands were forecast for the three future 
time-slices. The key assumptions and sources of data used are listed below.  

Residential 
Residential water demand calculations were based on the number of high and low density dwellings forecast in 
each locality at each time slice, and the household water consumption forecasts for those time-slices provided by 
the water retailers. 

Dwelling forecasts 

Dwelling forecasts undertaken by GHD required the reconciliation of various data (i.e. development and population 
projections and forecasts) at various scales. This is summarised in Figure 7 below.  

Figure 7 Dwelling Forecast Data 

 

At the broadest level, the dwelling and population forecasts for 2018, 2030 and 2060 were consistent with those 
provided by the retailer water businesses (as part of the WSDS) for their service areas as well as the Victoria in 
Future 2008 (VIF) population projections for the whole study area.  

Project Unit 
Existing and future residential development areas, 
from spatial demand mapping, out to 2060. 

Statistical Local Area 
VIF 2008 population forecasts, out to 2026. 

Retailer Service Area 
Total dwelling/population forecasts for CWW, 
YVW and SEW service areas, to 2060. 

Greater Melbourne Study Area 
VIF 2008 population forecasts, to 2056. 
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Forecasts for each Statistical Local Area (SLA) were generally consistent with VIF population projections. However, 
these projections are only out to 2026 and so could only be used to inform the 2018 and 2030 time-slices. 

The distribution of new residential dwellings within each SLA, i.e. at the project unit scale, was largely based on the 
spatial demand mapping. This provided the location and areas of future Greenfield and Brownfield residential 
development across the study area. The distribution of infill development, which could not be specifically located 
through spatial analysis, was assumed to occur proportionally to existing development across each SLA. An 
exception was made for areas of major redevelopment/infill (e.g. PACs/CADs) where development forecasts were 
available. 

Water demand forecasts 

Average household water consumption was recently forecast by the three Metropolitan water retailers. These 
forecasts were undertaken as part of their Water Supply Demand Strategy work. The average household 
consumption rates were applied to the dwelling forecasts to generate the total residential demands in each project 
unit.  

The residential household demands are summarised in Table 3 below. Note that the substitutable demand 
represents the proportion of total household demand used for toilet flushing, clothes-washing and outdoor use. 
Where connection to the hot water service was considered for residential rainwater tanks, the substitutable demand 
also includes hot water use (note that rainwater to hot-water systems was only considered post 2018). 

Table 3 Residential Household Demands 

 Yarra Valley Water South East Water City West Water 

 2012 2018 2030 2060 2012 2018 2030 2060 2012 2018 2030 2060 

Low Density Dwellings             

Average Demand 
(kL/dwelling) 165.1 157.1 145.3 136.0 186.7 171.1 155.0 145.5 158.7 153.4 145.3 135.8 

Substitutable Demand 46% 44% 41% 38% 51% 51% 49% 45% 45% 44% 41% 37% 

Substitutable Demand 
(including hot water) 66% 64% 62% 59% 74% 72% 70% 68% 68% 67% 65% 63% 

High Density Dwellings             

Average Demand 
(kL/dwelling) 107.4 102.6 94.7 88.2 118.0 108.6 98.5 90.5 87.4 83.9 80.1 77.3 

Substitutable Demand 42% 39% 35% 32% 48% 47% 44% 39% 43% 41% 38% 33% 

Substitutable Demand 
(including hot water) 63% 61% 57% 53% 68% 66% 63% 59% 66% 65% 63% 60% 

Non-Residential 
The total and substitutable non-residential demands, i.e. industrial and commercial demands, were quantified 
separately.  

Total demand 

The total non-residential water demands, which were forecast by the Metropolitan water retailers as part of their 
Water Supply Demand Strategy work, were estimated for each project unit for the purposes of showing a likely or 
possible spatial distribution of non-residential demand. However, this data was not directly used for analysis of 
water supply options.  

The spatial demand mapping determined the total area of non-residential land use in each project unit. The current 
spatial distribution of non-residential demand was mapped to each project unit based on billing data and watermap 
data provided by the water retailers. The increase in water demand per hectare of non-residential land at each time-

slice for each project unit was assumed to be proportional to the increase in total demand across the 
whole study area. 

Substitutable demand 

Substitutable demand was estimated for new industrial/commercial developments. Due to the uncertainty involved, 
a conservative assumption was made that all new industrial/commercial areas were likely to be low water using 
industries such as logistics, warehousing or other light industry. Typical substitutable water consumption rates were 
adopted for developments in the East and West of Melbourne: 

 Melbourne (East Region): 400 kL/ha/annum 

 Melbourne (West Region): 500 kL/ha/annum 

The supply of alternative water to existing non-residential developments was not considered in this project due to 
the inherent uncertainty involved in determining future industrial water demands at small spatial scales, as well as 
the added uncertainty involved in quantifying the substitutable component of that demand. 

Open Space and Golf Courses 
Open space and golf course demands were calculated based on the spatial demand mapping which provided the 
total irrigation areas for each demand centre in each project unit. The open space demand includes all existing open 
space in addition to 10% of all new residential area. The golf course demand includes all existing golf courses. 

Average irrigation demands were adopted for the East and West regions of Melbourne: 

Table 4 Open Space and Golf Course Irrigation Demands 

 Open Space Golf Course 

Melbourne Region Demand 
(ML/ha/annum) 

Irrigation Area Demand 
(ML/ha/annum) 

Irrigation Area 

Melbourne (East Region) 2.0 75% 4.5 40% 

Melbourne (West Region) 3.0 75% 5.0 40% 

The ‘irrigation areas’ shown in Table 4 represent the proportion of the open space or golf course area that is actively 
irrigated. For open space, an allowance has been made for non-irrigated surfaces such as roads, car-parks, paths, 
buildings and green areas that are unlikely to be irrigated. An irrigation area of 75% was chosen based on a visual 
inspection of numerous areas of open space across the study area. For golf courses, typically the irrigated playing 
surface (fairway area, greens and tees) will constitute approximately 40% of the total area. It is acknowledged that 
these are broad assumptions and that there will in practice be a wide variation in irrigation practices.  

Agriculture 
Agricultural demands were calculated across the study area for areas of Intensive or High Value Agriculture. 
Average application rates (i.e. irrigation requirements) and the potential expansion of these areas was assessed by 
Phillips Agribusiness for the City Scale Options project (Smart Water Fund, 2011). These areas were mapped for 
each time-slice as part of the demand mapping, enabling the calculation of irrigation demands for the relevant 
project units. 

3.2.3 Issues/recommendations 

The mapping and forecasting of growth in Melbourne is a controversial and uncertain activity, as it is largely driven 
by future political decision making, and also by the political agenda of the day.  This however, does not mean that it 
is not a necessary task.  The interest that this task attracted from the water retailers shows that this information is 
useful to them for planning their assets in to the future.  As the detailed mapping of demand was not the main focus 
of this project this task was done with as much care and effort as could be accommodated in with the project 
schedule and budget.  It is recommended that as new datasets are released by DPI that this work be updated and 
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that the stakeholders maintain a common understanding of potential future growth, through a formal process with 
DPI. 

3.3 Supply Information 
Two key data sources were provided to GHD that formed the basis of the water supply calculations for stormwater 
harvesting and sewer mining (decentralised recycling). These are: 

1. Stormwater Quantification Tool, and 

2. Sewer flow data from Melbourne Water‘s macro model. 

3.3.1 Stormwater runoff data 

Stormwater runoff volumes were supplied for use in this project from the Stormwater Quantification Tool (SWQT) 
(MW 2011). SWQT modelled stormwater runoff from a number of sub-catchments across the study area.  These 
sub-catchments followed flow paths based on Melbourne Water main drains and major waterways.  The tool was 
run on a daily time-step using daily rainfall data from 1900 to 2008 and modelled the following scenarios: 

 pre-development (natural);  

 current development (current); 

 development in 2030; and 

 development in 2060. 

The modelled future scenarios included adjustments to the impervious fraction to represent changes in the level of 
development, and adjustments to the rainfall data to allow for climate change. 

3.3.2 Sewer flow data 

Flow data for the trunk sewer system was provided from the Melbourne Water macro model for use in the sewer 
mining analysis. This included both current ‘available’ flows as well as total current and future projected flows. 
Available flows were defined as the maximum volume that could be extracted from the sewer, whilst ensuring a 
minimum base flow would be retained in the sewer such that adequate minimum scour velocity is achieved at 
average dry weather flow (ADWF). 

3.4 Climate Data 
Daily rainfall data developed by CSIRO/SEACI was provided for use in this project by the WSDS team to represent 
the future under certain climate change scenarios. This includes: 

 Baseline Historical Rainfall: Observed rainfall from 1 January 1895 to 31 December 2008, derived on a 0.05o 
(~5 km) grid over south-eastern Australia; and 

 Future Climate Projections: Rainfall projections for 2030 and 2060 (1o and 2oC warming respectively), 
developed relative to baseline historical rainfall data using a daily scaling technique. 

This data is summarised in Table 5.  

Table 5 Rainfall Data 

Year Data Source  Period 

2018  Historic baseline data CSIRO/SILO 1895–2008  

2030 1oC warming 

CCCMA-t47 model (Canadian Centre for Climate 
Modelling and Analysis) 

CSIRO/SEACI 
(http://www.seaci.org/index.html) 

1895–2008 

Year Data Source  Period 

2060 2oC warming 

CCCMA-t47 model (Canadian Centre for Climate 
Modelling and Analysis) 

CSIRO/SEACI 
(http://www.seaci.org/index.html) 

1895–2008 

The data is described in greater detail in the ‘Guidelines for the development of a water supply demand strategy’ 
(Melbourne Water 2011) (‘WSDS guidelines’) and the corresponding ‘Technical supplement for section 3.5 (and 7.5) 
– Forecasting supply’ (Melbourne Water 2011). The use of the data is recommended by the WSDS guidelines and 
the DSE. Additionally, the data was used for the Storm Water Quantification Tool (SWQT) Project (Melbourne Water 
2011) from which stormwater runoff outputs have been used in this project. 

There is a possible limitation in the use of this data for the future climate change scenarios, in the context of 
undertaking a daily time-step water balance analysis for calculation of potential yields from stormwater or rainwater 
harvesting systems. It is broadly understood that the effect climate change will have on rainfall in the future will be 
an overall reduction in the annual volume of rainfall, an increase in rainfall intensities and a reduction in the number 
of rain days. The daily scaling technique used for the future climate projections adjusts rainfall intensities 
seasonally, but does not adjust the number of rain days. A limitation potentially arises because the temporal pattern 
of the synthetic rainfall data (and hence stormwater runoff data) does not display the features that are predicted 
under a climate change scenario. The reliability of rainwater harvesting and typical stormwater harvesting schemes 
is generally sensitive to changes in the distribution of rainfall throughout the year. Relatively limited storage volumes 
often fill early on during a rainfall event, due to a large total volume of runoff, and may therefore not be particularly 
sensitive to a small reduction in the total volume of runoff (i.e. overall reduction in the annual volume of rainfall). In 
contrast, because small storages are generally emptied quickly, they are sensitive to longer periods of no rainfall 
(i.e. less rain days). For larger scale water collection systems, such as the dams in the major water supply 
catchments, where the size of the storage is much more significant compared with the volume of runoff, the number 
of rain days is less significant. However, a potential consequence of using the supplied rainfall and stormwater 
runoff data is that the sensitivity of these schemes is underestimated.  

3.5 Environmental Values Mapping  

3.5.1 Introduction 

The Environmental Values Mapping task analysed and mapped where the use of alternative water could have a 
positive or negative impact on the local environment, as an input into the Rapid Assessment Methodology (see 
Section 6).  The Environmental Values were spatially mapped, as the qualities or aspects of the natural environment 
that are sensitive to alternative water use vary across the Melbourne landscape.    This section of the report 
describes the outputs and logic behind this task. 

3.5.2 Definition 

In the context of this project, Environmental Values are aspects or qualities of the natural environment that are 
influenced by the way in which Melbourne’s water cycle is managed.   This includes consideration of where water is 
harvested from (and the effects of taking too much) as well as issues associated with the discharge of water back to 
the environment (in terms of pollution and hydraulic effects associated with sewerage and stormwater discharge).   

"Environmental" is confined to the physical and ecological environment, excluding recreational or aesthetic values. 

3.5.3 Environmental Values 

The three key environmental values that vary spatially were perceived to be Environmental Flows, Urban 
Stormwater and Receiving Water Quality.  Table 6 defines and describes the logic behind these aspects, how they 
were mapped, and how they are impacted by alternative water use. 
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Table 6  Environmental Values 

Aspect Description Mapping Method 

Environmental 
flows 

 

Issue: Water extraction for agriculture, public open 
space, and centralised water supply use reduces the 
volume of water available for the environment. 

Alternative Water opportunities: Substitution of 
current supply with alternative water sources can partly 
offset environmental deficits. This includes substitution 
of local and centralised scale water sources.  This 
makes assumptions about the fate of water savings. 

Indicators: Water extraction (Surfacewater and 
Groundwater) coinciding with environmental values or 
environmental flow requirements. 

Receptors: Watercourses, wetlands, aquifers, 
groundwater dependant ecosystems (GDEs). 

Preferred alt source: recycled water is preferred 
because it’s harvesting has no impacts on regional flow 
regimes.  However if a regional STP is contributing 
stream flows this rule is reversed as these flows might 
make a positive contribution to the environment.  
Beyond a priority ‘flow stressed’ area, there is no 
preferred source. 

Trajectories polygons (see below) with 
flow management as an action, 
including upstream catchments if farm 
dams are an issue. 

Waterways where river flows don’t 
meet environmental flow 
recommendations 

 

Urban 
stormwater 

 

Issue: Urbanisation of catchments results in altered 
surface water flow regimes and groundwater flow 
patterns, causing increased flood peaks, a reduction in 
base flow conditions and the transport of pollutants to 
waterways and bays. 

Alternative Water opportunities: Stormwater 
Harvesting involves the capture and storage of runoff 
from impervious surfaces, promoting more natural flow 
regimes or groundwater patterns. This can support 
ecosystems and habitats. 

Indicators: Directly connected imperviousness (DCI) 
and urban growth areas 

Receptors: Watercourses 

Preferred alt source: Rainwater as first choice 
because it removes stormwater at source.  Stormwater 
is the second choice with Centralised and 
Decentralised recycling providing no beneficial or 
detrimental impact. 

Benefits are substantially less outside hot spot areas 
(ie high DCI areas), but are still included. 

Areas of low  DCI (current and future) 

Trajectories polygons  (see below) 
with DCI management as an action – 
including upstream catchments 

Areas of future urban development 

 

Aspect Description Mapping Method 

Receiving 
Water Quality 

Issue: Pollution from urban stormwater runoff, 
agricultural runoff and sewage discharge threatens 
water quality in the Bays 

Alternative Water opportunities: Reducing the 
volume of waste water discharged (through stormwater 
harvesting, rainwater harvesting, sewer mining, and ) 
directly reduces the amount of pollutants reaching the 
receiving waters. 

Indicators: Nitrogen loads discharged to the bays via 
stormwater or STP discharges. 

Receptors: Port Phillip Bay, Westernport 

Preferred alt source: recycled water as it has the 
highest N concentration if discharged to the Bay (by an 
order of magnitude), followed by stormwater then 
rainwater.  There is no projected N benefit of recycling 
ETP water in 2060 due to full recycled water reuse. 

No spatial discrimination is needed for 
Rainwater and Stormwater Harvesting. 

For Centralised and Decentralised 
Recycling, differentiate whether the 
recycled water was going to end up at 
ETP or WTP. 

Trajectories Polygons 
Melbourne Water commissioned the Trajectory Reports (Alluvium) to develop its Healthy Waterways Strategy 
covering key topic areas, including: Birds, Fish and Platypus.  These values are relatively observable, accessible 
and understood indicators of Environmental Condition, as defined for this project, and they have therefore been 
adopted. 

The values have been identified spatially, along with identification of priority areas for river health works to improve 
their condition. Only actions with a high likelihood of success were included in order to prioritise effort. 

The specific actions related to the management of the urban water cycle have been drawn out to inform the 
Environmental Values layer.   

The Trajectories reports have several limitations when used for the WSDS: 

1. Their focus is on rehabilitation actions, rather than actions to maintain existing values. 

2. They focus is on existing threats, rather than new or emerging threats.  

3. They focus on actions over the next 5-7 years, rather than the 50 year horizon of the WSDS. 

Therefore while the Trajectories reports form the underlying basis of the Environmental Values layer, additional data 
has been used to ensure that the full range of environmental values are considered, as described in Table 6.    
Other data will include known areas of environmental flow stress and areas where urbanisation is expected to 
create new urban stormwater impacts if not properly managed (directly connected imperviousness of catchments). 

The descriptions have be arranged into Environmental Benefit categories by considering them in the context of 
Alternative Water opportunities, and relevant policies such as the State Environment Protection Policy (Waters of 
Victoria), and the Living Melbourne, Living Victoria Roadmap (Living Victoria Ministerial Advisory Council, 2011). 
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4. Analysis of Alternative Water Sources 

4.1 Introduction 
Four alternative water sources were analysed in the Alternative Water Atlas: 

 Rainwater harvesting 

 Stormwater harvesting 

 Centralised recycling 

 Decentralised recycling 

This section of the report summarises the approach and assumptions used in the analysis of each source.
 . 

4.2 Rainwater Harvesting 

4.2.1 Introduction 

Rainwater harvesting was analysed as an alternative water supply opportunity for residential, non-residential and 
open space demands. Rainwater harvesting involves the capture, gravity diversion, storage and re-use of untreated 
roof-water. Three main categories were considered: 

 Residential: rainwater tanks at new and existing dwellings (lot scale); 

 Industrial/commercial: rainwater tanks in new industrial/commercial developments (lot scale); and  

 Open space: rainwater harvesting from existing industrial areas to supply adjacent areas of open space.  

Refer to Appendix A for full details of the modelling method and assumptions used. 

4.2.2 Purpose 

Rainwater harvesting results are presented at the project unit scale. The intention is to provide a comparison of the 
locality wide adoption of rainwater tanks as compared with recycled water or stormwater. The lot scale potential for 
rainwater tanks is not investigated. Rainwater tanks were considered in this project for the purpose of water supply, 
not for stormwater detention or environmental purposes.  

4.2.3 Climate Change 

The impacts of climate change on future rainfall patterns were taken into account by using rainfall data modelled 
under likely climate change scenarios. 1oC and 2oC warming scenarios were used for the years 2030 and 2060 
respectively.  Refer to Section 3.4 for a description of the rainfall and climate data. 

4.2.4 Residential rainwater tanks  

The use of lot-scale rainwater tanks as a residential water supply option, for both new and existing dwellings, was 
analysed across the whole study area. Key assumptions include: 

 Tanks for low density (detached) and high density (semi-detached, row/terrace house, etc.) dwellings. 

 Tanks at all new dwellings, and at a majority of existing dwellings currently without a rainwater tank. 

 Results for modelled dwellings adopted as representative of average locality results. 

The end-uses supplied and dwelling characteristics for the modelled dwellings are summarised in Table 7 below.  

Table 7 Residential Rainwater Tank Assumptions 

Residential Rainwater Tank 
Assumptions 

Model Low Density Dwelling  Model High Density Dwelling  

Existing New 
2012  

New 
2060  

 
 

Existing New 
2012  

New 
 

End Uses 

Outdoor        

Toilet        

Laundry        

Hot Water Service        

Dwelling Characteristics 

Connected Roof Area (m2) 80 120 120  40 60 60 

Tank Size (kL) 3 3 3  2 2 2 

 

Tanks were sized based on a preliminary analysis of potential rainwater tank yields, for a selection of localities from 
different climate regions and water businesses service areas (i.e. variable rainfall patterns and demands). Size 
selection was based on maximising yield and minimising storage volume and cost. An example sizing curve is 
shown in Figure 10. 

Figure 10 Example Rainwater Tank Sizing Curve - Residential 

 

4.2.5 New industrial/commercial rainwater tanks 

Lot-scale rainwater tanks were analysed for new industrial/commercial developments. As average substitutable 
water demands were assumed for new developments as a function of area (e.g. 400 kL/ha), a single storage 
volume was selected per hectare of new development. Key assumptions include: 

 20 kL storage per hectare of new industrial/commercial area 

 Supplies toilet flushing, landscape irrigation and wash-down demands 

2060
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 Connected roof area is equivalent to 30% of new industrial/commercial area. 

4.2.6 Open space irrigation 

Roof-water harvesting schemes were developed for the harvesting of roof-water from large roof areas in existing 
industrial and commercial developments for irrigation of large areas of adjacent open space. This involves the 
diversion of rainwater from roof catchments, via gravity, to on-site storages. An example scheme is shown in Figure 
11. Potential schemes were identified through a spatial analysis using the following rules:  

 The near edge of the catchment area must be within 50m of open space.  

 Catchment area more than 100m from open space is excluded. 

 Only industrial areas that have an equal or higher elevation than the adjacent green space are considered, so 
that gravity transfer from catchment to storage can be achieved.  

Schemes were designed to achieve a yield to storage ratio of 10 to 1. An assumption was made that this rule of 
thumb provides an optimal sizing estimate (Hauber-Davidson 2010). Storages were not sized to achieve certain 
reliabilities, as rainwater in this context is considered as a supplementary water source.  

Figure 11 Example Rainwater Open Space Irrigation Scheme 

 

Preliminary storage sizes were selected for each scheme from sizing tables/curves developed for series of results 
generated for combinations of demand, catchment area, and storage size. An example is shown in Figure 12. As a 
single nominal rainfall pattern had been used for the preliminary size estimates, the water balance model was 
iterated using revised storage volumes to achieve the yield to storage ratio of 10:1. This approach provided an 
automated method for sizing and optimising storage volumes for hundreds of unique schemes on a consistent 
basis. 

Figure 12 Example Rainwater Storage Sizing Curve – Open Space Irrigation 

 

4.3 Stormwater Harvesting 

4.3.1 Introduction 

Stormwater harvesting was analysed as an alternative water supply opportunity for residential, non-residential, golf 
course and open space demands. Stormwater harvesting involves the collection/diversion, storage, treatment to a 
fit-for-purpose standard and reuse of rainwater runoff from paved surfaces and roof tops. A stormwater harvesting 
scheme was developed for each sub-catchment, as this corresponded to the spatial scale of the stormwater run-off 
data. 

The water demands that schemes supplied did not prioritise between demands, and may include any combination 
or all of the following: 

 dual pipe supply to residential users; 

 dual pipe supply to non-residential users; 

 irrigation of open space; and  

 irrigation of golf courses. 

The main purpose of the analysis was to undertake a water balance to quantify scheme yields, and reliabilities, and 
was not designed to analyse the potential environmental benefits from stormwater harvesting.  

4.3.2 Stormwater runoff 

Stormwater runoff data was supplied from the Stormwater Quantification Tool (SWQT). The runoff volumes used in 
the water balance analysis were defined as ‘harvestable’ volumes: the difference between pre-development 
(natural) runoff and development runoff for the relevant time period (e.g. development in year 2060). 



 

15 

 

4.3.3 Storage 

Locations and storage sizes for potential alternative water storages were previously identified by the report Rapid 
Appraisal of Options for the Storage of Alternative Water (GHD 2010). In sub-catchments where there were no 
identified storage opportunities, construction of new underground storage was assumed. However, previously 
identified storage opportunities were adopted in preference to the construction of new storages.  

Schemes contained one or more of the following types of storage: 

 excavation sites; 

 existing recreational lakes; 

 existing retarding basins ; 

 existing wetlands; and 

 new under-ground and above-ground storages. 

4.3.4 Treatment 

Stormwater harvesting refers to the capture and re-use of treated stormwater. A minimum level of treatment of UV 
Disinfection and Chlorination was adopted. This is used for schemes supplying open space of golf course irrigation 
demands. For schemes, or portions of schemes, that supply dual pipe recycling systems it is assumed that 
additional Ultrafiltration treatment is required to achieve Class A quality. 

4.3.5 Reuse 

The design of all stormwater harvesting schemes, for the purposes of developing cost estimates, includes the 
transfer and distribution of the treated stormwater. This comprises transfer pump stations and distribution mains for 
all schemes, and balancing storage for dual pipe recycling schemes. 

4.3.6 Scheme development process 

Stormwater harvesting ‘schemes’ were developed using a supply-demand water balance analysis based on the 
identified (or assumed) storages and the SWQT stormwater runoff data. This involved an iterative spatial analysis to 
balance potential demands with the available supply volumes. The following general rules applied:  

 Schemes are independent, in that they cannot supply demands serviced by other stormwater schemes 
schemes. 

 Design target reliability of 90%. 

 Water balance model iterated to supply the greatest demand volumes at the target reliability. 

 Prioritise demands closest to source. 

 No prioritisation between demand centres supplied (other than fit-for-purpose application of recycled water that 
is not Class A standard). 

 For schemes supplying all possible identified demands and that exceed the target reliability, the water balance 
model was iterated to achieve the target reliability using smaller storage volumes. 

 For sub-catchments where construction of new underground storages was assumed (predominantly in areas of 
new residential development), a variable storage volume was adopted for a fixed supply area (i.e. demand). The 
smallest storage volume that achieved the target reliability was adopted.  

4.4 Centralised Recycling 

4.4.1 Introduction 

Centralised recycling was analysed as an alternative water supply opportunity for residential, non-residential, golf 
course, open space and limited agricultural demands. Centralised recycling involves the transfer and distribution of 
recycled water from existing and future, major and regional sewage treatment plants for both dual pipe recycling 
and irrigation end-uses. 

An assessment of available recycled water volumes for re-use from all treatment plants was made. Centralised 
recycling schemes were then developed based on a water balance, used to match available supply volumes to the 
existing and future demands. 

Note that two large scale sewer mining schemes  have been included in centralised recycling and not decentralised
due to their spatial/supply scale. Unlike the other centralised schemes, the design of these sewer mining

 schemes also involve  extraction, treatment and bulk storage.  

4.4.2 Recycled water availability 

The availability of recycled water from all treatment plants was assessed, and is summarised in Table 8. This 
enabled the development of centralised recycling schemes for the treatment plants with available recycled water. 
The following assumptions were made:  

 Current commitments for recycled water use are excluded from future available volumes. 

 Available recycled water was calculated on an annual basis on the assumption that seasonal storage is 
provided at the STP and/or by customers. 

 In lieu of projections provided from the water businesses, the serviced population at the nominated time slices 
were those used for the calculation of recycled water demands. 

Table 8 Available Recycled Water from STPs 

  Availablity by Year  

 Current 2018 2030 2060 

Number of available STPs (#) 15  20  21  21  

Total Available Volume (ML/year) 232,514 246,836 276,176 303,509 

4.4.3 Supply and demand balance 

Centralised recycling ‘schemes’ were developed for the treatment plants with available recycled water based on a 
supply-demand analysis. This involved an iterative spatial analysis to balance potential demands with the available 
supply volumes. The following general rules apply:  

 Schemes are independent, in that they cannot supply demands serviced by other centralised schemes. 

 If demand is greater than supply, then design for 100% re-use. 

 Prioritise demands closest to source. 

 No prioritisation between demand centres supplied (other than fit-for-purpose application of recycled water that 
is not Class A standard). 
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4.4.4 Schemes 

A summary of the schemes supplied by the STPs analysed in this project, and the demand centres supplied is 
shown in Table 9. 

Table 9 Centralised Recycling Scheme Summary 

  Demand Centres Supplied 

  Dual Pipe Recycling Irrigation 

STPs Studied Schemes Residential Industrial/ 
Commercial 

Open Space Golf 
Course 

Agriculture 
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4.5 Decentralised Recycling 

4.5.1 Introduction 

Decentralised recycling was analysed as an alternative water supply opportunity for residential, non-residential, 
open space and golf course demands. Decentralised recycling involves the extraction and treatment of wastewater 
to Class A standard, transfer and distribution of recycled water for re-use at sites remote from centralised major or 
regional STPs. Two main categories were considered: 

 Sewer Mining: involves the extraction of wastewater from sewer mains (upstream from sewage treatment 
plants) and subsequent treatment at small onsite facilities (local/precinct scale); 

 Blackwater Treatment Plants: involves the on-site capture and treatment of wastewater generated from high 
rise buildings in PACs and CADs for on-site re-use (lot scale).  The STPs are located within the buildings 
served;  

Sewer mining schemes were developed following the identification of sewers with available flows, identification of 
suitable extraction and treatment locations and a water supply-demand analysis to match available supply volumes 
to existing and future demands. Blackwater treatment plants were analysed for high rise buildings in PACs and 
CADs that are not supplied by a sewer mining scheme. 

4.5.2  Available wastewater flows 

Wastewater flows available for extraction and treatment for re-use were obtained from modelling provided by the 
WSDS team. This data consisted of the available daily flow (ML/day) that could be extracted from Melbourne 

 16 10 8 15 9 2

Water’s trunk mains. A limitation of this approach is that sewer mining opportunities from sewerage assets owned 
by the retail water businesses were not included. 

4.5.3 Extraction locations 

Extraction sites and treatment plant locations for sewer mining were identified through spatial analysis. This 
involved the selection of large open space areas (> 5 ha), that were within 1 km of a suitable sewer (< 15 m depth), 
and had available wastewater flows.  

The result of the spatial analysis was hundreds of overlapping and co-located extraction/treatment locations. 
Therefore prioritisation rules were used based on minimising sewer depth, minimising distance between extraction 
location treatment site and extracting from sewers with greater available flows. 

4.5.4 Treatment 

All sewer mining schemes were designed for treatment to Class A standard. Where necessary due to high salinity 
levels, this also included salt reduction treatment. 

4.5.5 Supply and demand balance 

Decentralised sewer mining schemes were then developed, based on the previous identification of 
extraction/treatment locations, and a supply-demand analysis. This involved an iterative spatial analysis to balance 
potential demands with the available supply volumes. As the number of the sewer mining schemes was less than 
30, this enabled a more careful selection of demands to be supplied. The following general rules applied:  

 Schemes are independent, in that they cannot supply demands serviced by other centralised schemes. 

 If demand is greater than supply, then design for 100% re-use. 

 Prioritise demands closest to source. 

 The supply of demand centres was prioritised in some cases to illustrate the wide range of possibly supply 
options from sewer mining schemes. For example, some schemes supplied only golf courses whilst others 
supplied PACs or major brownfield redevelopment areas. 

4.5.6 Schemes 

A summary of the schemes analysed in this project, and the demand centres supplied is shown in Table 10. 
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Table 10 Decentralised Recycling Scheme Summary 

Scheme Name Demand Centres Supplied 

Dual Pipe Recycling Irrigation 

Residential Industrial / Commercial Open Space Golf Course 

CHP1     

GCR4b     

HBM6     

LPM7     

MCR8     

MEL14     

MEL15     

MPM1     

NWS61     

NYM1a     

NYM2     

NYM6     

RIR4     

SET9     

SYM1     

SYM4     

UMP4     

WES1     

YEM1     

YEM3     

YVW1     



 

18 

 

5. Yield and Cost Results 

The spatial results presented for yield, cost, and RAM scores are at the project unit scale (i.e. locality/suburb scale) 
to enable comparison of each alternative water source at the same spatial scale. Many sewer mining schemes and 
stormwater harvesting schemes cover multiple project units, and some of the centralised recycling schemes 
encompass whole regions. Therefore to enable comparison of options on varying scales it is necessary to 
disaggregate the results to a uniform scale. 

Note however that for the purposes of analysis in this section, some results are discussed at the scheme scale.  

Yield and reliability results are presented for the year 2060, and the costs presented are the levelised cost 
calculated out to 2060 using a 5.0% discount rate (unless otherwise shown). 

5.1 Rainwater Harvesting 

5.1.1 Rainwater harvesting yield: lot scale residential 

The yield achieved from use of a rainwater tank at a typical low density dwelling across the study area is shown in 
the map over page.  As is to be expected, the highest yields occur in the Eastern and South-East regions of 
Melbourne and the lowest occur in the Western and North-Western regions. The greatest yields are achieved within 
the Yarra Ranges, Cardinia and Knox local government areas. The next best regions include the Mornington 
Peninsula, Casey, Frankston, Greater Dandenong and Kingston. The regions receiving the lowest yield include 
Wyndham, Melton and Hume. 

There is a noticeable reduction in yield volumes across the study area at the years 2030 and 2060 relative to 2018. 
It is observed that the decline in yield volumes for these future years is due to both the impact of climate change on 
rainfall and the forecast reduction in residential household demand. To illustrate this point, Table 11 below shows 
the impact of these two factors on the yield achieved from the use of a rainwater tank at a typical low density 
dwelling. 

Table 11 Yield Reduction for Residential Tanks 

 Yield Reduction Relative to 2018 

Yield Reduction Variable 2030 2060 

Climate Change -4% to -6% -8% to -12% 

Reduced Household Demand + Climate Change -8% to -14% -17% to -28% 

Note that results are for a rainwater tank installed at a typical low density dwelling connected for toilet flushing, laundry, and outdoor use. 

5.1.2 Rainwater harvesting yield: project unit scale 

The total yields across the whole study area from rainwater harvesting are summarised in Table 12 below.  

Table 12 Yield – Rainwater Harvesting 

Total Yield Total Residential Industrial / 
Commercial 

Open Space 

 (ML/year) Total New Existing 

Yield, 2060  48,910 43,870 30,090 13,770 4,600 450 

Reliability Range 40-97% 37-97% 37-82% 50-97% 68-93% 20-92% 

 

The total potential yield in 2060 of over 43 GL/annum using residential rainwater tanks is very large, as the 
installation of tanks was modelled for all new dwellings and a majority of existing dwellings currently without a tank.  

The potential yields from rainwater harvesting in new industrial areas and from existing industrial areas for 
irrigation of open space are much lower. It should be noted however that in practice there is likely to be greater 
opportunities for these demand centres that were not able to be represented spatially for the purposes of this 
project. Firstly, this project did not assess the potential for on-site re-use of harvested roof-water from existing 
industrial developments. Secondly, this project assumed all new industrial developments had low water 
consumption requirements.  

5.1.3 Rainwater harvesting cost 

The levelised cost of rainwater harvesting is shown in Table 13 below. There is a large variation in cost across the 
study area, with the lowest cost regions coinciding with the areas in which the greatest yield can be achieved.  

Table 13 Levelised Cost – Rainwater Harvesting 

Levelised Cost Total Residential Industrial  Open Space 
 $/kL Total New Existing 

5.0% Discount Rate  $2.7 - $35 $5.9 - $35 $5.1 - $18 $7.2 - $35 $4.1 - $5.1 $1.2 - $3.3 

7.5% Discount Rate $3.6 - $43 $7.3 - $43 $6.2 - $21 $8.9 - $43 $5.3 - $6.4 $1.5 - $4.3 

The lowest cost rainwater harvesting options in this project are the schemes for irrigation of open space areas 
adjacent to existing non-residential areas. For the parks, gardens or sports fields where these schemes can be 
implemented, they may in fact provide the lowest cost alternative water option. However, as a total measure across 
the study area the opportunities may not extensive (i.e. greater than 1 GL).  

The cost of rainwater harvesting in new industrial and commercial areas is slightly lower than the lowest cost 
residential options, even though much of the new non-residential development is occurring in the lower rainfall 
regions of the West and North-West. Additionally, non-residential developments with higher water consumption 
(than was assumed in this project) will achieve greater cost efficiencies. 

The range of residential rainwater harvesting costs is wide, and is generally consistent with that reported in the 
literature. It should be noted once more that these costs represent the adoption of rainwater tanks across a project 
unit (i.e. suburb or locality), and do not represent the greater yields and cost efficiencies that may be achieved at the 
lot scale for dwellings with higher water demands or larger connected roof areas. 
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5.2 Stormwater Harvesting 

5.2.1 Stormwater harvesting yield 

Stormwater harvesting schemes varied extensively in terms of yields, geographic location, development density 
(e.g. Greenfield, brownfield, PACs) and demand centres supplied. A summary of scheme yields and levelised costs 
are presented in Table 14.  

Table 14 Yield and Levelised Cost – Stormwater Harvesting 

 Levelised Cost ($/kL) 

Schemes 0 - 1 1 - 2 2 - 3 3 - 4 4 - 5 5 - 7 7 - 10 10 - 20 + 20 

Number of schemes 5 14 33 30 22 26 21 47 80 

Minimum Yield (ML/year) 55 81 17 19 12 12 23 6 27 

Maximum Yield (ML/year) 296 862 682 736 420 1,659 509 1,395 454 

Total Yield (ML/year) 656 4,009 5,434 5,367 2,141 8,778 2,956 10,177 9,825 

Cumulative Count 5 19 52 82 104 130 151 198 278 

Cumulative Yield (ML/year) 656 4,665 10,099 15,467 17,607 26,385 29,341 39,518 49,344 

Annual scheme yields range from less than 10 ML to over 1,600 ML, and the total calculated annual yield is over 49 
GL. Many of the schemes are dual pipe recycling schemes and, approximately 45% of the demand that is supplied 
is residential. 

Although the greatest stormwater harvesting yields occur in the growth areas in the East, West and North, there are 
significant opportunities across the whole study. As the project unit areas tend to be much smaller closer to the city, 
it should be recognised that many of the inner city and brownfield localities have the potential to supply large water 
demands.  

5.2.2 Stormwater harvesting cost 

The levelised costs calculated for stormwater harvesting schemes vary substantially. Although significant yields can 
be achieved in the growth areas, the lowest cost schemes are typically located in urban brownfield and inner city 
areas.  Some general observations are as follows: 

 Schemes that convert existing storage opportunities have a typically lower cost than those requiring the 
construction of new underground storages. This is because conversion costs for existing storage opportunities 
are lower than the cost of new storages. 

 There is an economy of scale as schemes supplying larger yields, particularly those greater than 100 ML/year, 
generally have lower costs than small schemes. 

 Generally, schemes supplying third pipe demands (residential and/or industrial) have higher costs than irrigation 
schemes (golf course and/or open space) due to higher treatment and distribution costs. 

 However, there are a number of competitively priced ‘third pipe schemes’, particularly those that utilise existing 
storages. For example: there are 44 sub-catchments that may be defined as third pipe schemes that use 
existing storages; 8 of these schemes have a cost of less than $4/kL and a combined yield of over 3,500 
ML/year. A further 15 schemes have a cost of less than $7/kL with an additional combined yield of over 7,100 
ML/year. In contrast, of the 114 sub-catchments that may be defined as third pipe schemes with new 
underground storages, only 2 schemes had a cost of less than $7/kL. 

5.3 Centralised Recycling 

5.3.1 Centralised recycling yield 

A summary of STP yields and levelised costs is provided in Table 15 below. There are significant opportunities 
to re-use the available recycled water from both existing and future treatment plants across the study area.  

The supply-demand analysis illustrates the vast potential to service Melbourne’s growth areas with dual pipe supply 
of recycled water.  

There are also potential opportunities for the re-use of recycled water from the other treatment plants. Some
have the potential to supply recycled water to golf course users and open space demands;
 whereas others have the potential to provide dual pipe supply to future residential growth in their regions.

 

Table 15 Yield and Levelised Cost – Centralised Recycling 

 Yield (ML/year) Levelised Cost ($/kL) 

Minimum 21  1.7 

Median 723  3.1 

Maximum 6,691 6.6 

Total 38,342 - 

5.3.2 Centralised recycling cost 

The lowest cost options tend to be the schemes supplying golf course and open space demands 
whereas dual pipe schemes are typically more expensive due to the higher cost of distribution 
infrastructure. An allowance for the higher cost of construction in predominantly hard rock areas (compared to 
predominantly sandy or clay areas) led to higher cost estimates for schemes in West and North-West.

 
Note also that for the purposes of developing cost estimates for centralised recycling schemes, only the cost of the 
transfer and distribution of recycled water was included. This was because of the following assumptions: 

 Where upgrades to STPs are required to supply Class A recycled water, with or without salt reduction for 
particular demands, it was assumed that these upgrades will be undertaken by the water businesses.  

 Construction of future STPs is assumed to be undertaken by the water businesses as a result of the need to 
sewer new residential areas. 

 

STPs
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5.4 Decentralised Recycling 

5.4.1 Decentralised recycling yield 

A summary of scheme yields and levelised costs for sewer mining schemes is provided in Table 16 below. The yield 
map shows there is significant potential for the decentralised treatment and re-use of recycled wastewater in urban 
areas across Melbourne.  

It should be recognised that this project only analysed opportunities from Melbourne Water’s sewer mains that have 
been the subject of modelling of future flow, and that there will be additional sewer mining opportunities from the 
retailer owned assets that have not been considered. 

Table 16 Yield and Levelised Cost – Decentralised Recycling 

Scheme Yield (ML/year) Levelised Cost ($/kL) 

CHP1 266 4.8 

GCR4b 276 4.7 

HBM6 86 7.4 

LPM7 596 3.6 

MCR8 98 8.0 

MEL14 123 8.0 

MEL15 146 9.0 

MPM1 326 4.8 

NWS61 288 4.6 

NYM1a 465 4.4 

NYM2 336 6.6 

NYM6 343 5.3 

RIR4 783 3.7 

SET9 757 3.6 

SYM1 351 4.5 

SYM4 154 6.2 

UMP4 282 4.6 

WES1 477 3.6 

YEM1 239 5.0 

YEM3 309 6.9 

YVW1 824 4.3 

Total 7,525 - 

5.4.2 Decentralised recycling cost 

The cost of decentralised recycling in each project unit is shown in Section 7 Outcomes. Sewer mining scheme 
costs range from $3.6 to $9 per kL, whereas blackwater treatment plant costs for high rise buildings range from $14 
per kL upwards.   

General observations in relation to sewer mining costs are: 

 There is a clear economy of scale. For example, the seven schemes with the greatest annual yield are also the 
seven lowest cost options.  

 Irrigation schemes are typically cheaper than the dual pipe supply schemes (see LPM7, SET9, WES1 and 
RIR4), however this is partly due to economies of scale as the schemes with the greatest yields are mostly 
irrigation schemes. 

 There are some comparatively low cost dual pipe supply schemes (see YVW1, NWS61 and CHP1).  

5.5 Conclusions 
The assessment of potential water supply volumes that can be achieved across Melbourne using fit-for-purpose 
centralised recycled water, decentralised recycled water, stormwater and rainwater illustrates the vast potential for 
use of alternative water to diversify Melbourne’s water sources. The cost estimates developed shows the wide 
variation in cost for different alternative water options across the study, ranging from relatively inexpensive to 
prohibitively expensive. 

The geographic variation in yield and cost across Melbourne clearly illustrates the fact that a ‘one size fits all’ 
approach is not appropriate. It emphasises the need to investigate all possible supply options for any given area, 
including physical integration of supply sources, to provide the most beneficial solution. The next section of the 
report deals with the Rapid Assessment Methodology (RAM), which provides a means to assess the supply options 
in any given area within a social, environmental and community benefit framework. 

In relation to yield and cost estimates, there are some general observations relevant to the results that are worth 
noting: 

 The large decreases forecast for residential substitutable demand in the future leads to a reduced cost 
efficiency for distribution infrastructure in this project (i.e. the same infrastructure is required for lower supply 
volumes). Residential water consumption forecasts show a large decrease in average household water use in 
the future, particularly by the years 2030 and 2060. In addition, the substitutable demand expressed as a 
percentage of the total demand is also forecast to decrease. For example, the average low density household 
water demand in the YVW service area is forecast to decrease by almost 20% between 2012 and 2060, 
whereas the decrease in substitutable demand is over 30%. 

 A similar point applies to non-residential users. The assumption that new industrial and commercial 
developments are low water users means that distribution infrastructure is supplying relatively small supply 
volumes. It should be recognised that the costs shown in this study are for the supply of these new low water 
use industrial/commercial developments, and that greater cost efficiencies could be achieved for larger or high 
intensity non-residential water users. 
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6. Rapid Assessment Methodology 

6.1 Introduction 
This section of the report describes the Rapid Assessment Methodology (RAM) developed for the Alternative Water 
Atlas.  The objective of the Alternative Water Atlas is to analyse the potential for local scale alternative water 
sources across Melbourne, and to identify priority locations for investment in alternative supply options. The RAM 
was designed with the aim of being a systematic, transparent and repeatable method that would represent the 
environmental and social impacts of each alternative water source across the project area.  Criteria were therefore 
chosen that were suitable for ranking options taking into account costs and benefits at the local scale.  For example, 
a stormwater harvesting option will provide different benefits in terms of improvement of water ecosystem health, 
relative to a wastewater recycling option, depending on its location.  

6.2 Developing Criteria 
The criteria for assessment were chosen through a stakeholder workshop, attended by 30 industry representatives 
Figure 14 was presented in the workshop to illustrate the spectrum of costs and the distinction between 
those costs that are readily able to be quantified, and those that are best assessed using deliberation by
stakeholders, as undertaken in this workshop.   The criteria chosen were designed to represent the "externalities"

 on this diagram.   

This project is at a strategy level; hence the level of information by which criteria can be judged and scored needs to 
be consistent with this level of analysis. This has led to the emergence of three types of criteria: spatial, alternative-
based, and class-based. For some criteria there are spatial differences within an alternative supply, such as 
rainwater harvesting yield, which differs spatially because of rainfall differences and different retail utility 
assumptions about demands. These criteria are termed ‘spatial’. Other criteria, such as land take, differ only 
between alternative supplies e.g. between raintanks and stormwater. These criteria are termed ‘alternative-based’.  
Finally, some criteria differ only between classes of alternatives. For these criteria, there is no significant difference 
between smaller and larger scale sewage recycling, but there are distinctions between sewage recycling and, say, 

stormwater recycling.  These criteria are termed ‘class-based’. Table 17 describes the criteria and how each one is 
scored in the RAM.  

Table 17 Criteria Summary 

Criterion Score represents Weighting 

Yield The Average Annual Volume Supplied at 2060 NA 

Reliability The Percentage of Annual Substitutable Demand met NA 

Net unit cost 
(levelised cost 

The cost of a project over time discounted to today’s dollars accounting 
for the volumes of water provided by the option 

NA 

Land Ecosystems The extent to which option protects and enhances existing land 
ecosystems  

18% in total 

Land Ecosystems 
Land Take 

Footprint of option (area of land disturbed by option) 12% 

Land Ecosystems 
Solid Waste 

Amount of solid waste generated 6% 

Water Ecosystems The extent to which the option protects and enhances existing water 
ecosystems. 

26% in total 

Water Ecosystems 
Environmental 
Flows 

The impact on stream flows required for the environment 8% 

Water Ecosystems 
Urban stormwater 

The impact of urbanisation on the flow regime (including peaky flows) 9% 

Water Ecosystems 
Water Quality 

The impact of pollutants on water quality 9% 

Net Energy Intensity  The extent to which the option minimises the net operational energy 
intensity of water supplied. 

10% 

Small scale 
(nuisance) flood 
mitigation 

The extent to which the option reduces the human impact or 
inconvenience associated with small scale flooding. 

4% 

Perceived human 
health risk reduction 

The extent to which the option reduced or avoids possible human health 
risks (pathogens, toxic, and hazardous chemicals) 

23% 

Resilience The extent to which the option provides Melbourne’s Water supply system 
with greater resilience to climate change or other short or long term 
perturbations. 

19% 

6.3 Calculating Criteria Weightings 
There are various methods to assign weighting to criteria.  The key considerations are whether weighting is done by 
a group or by individuals, and whether the approach is ‘top-down’ or ‘bottom-up’. Taking the first consideration, it is 
generally better to work through a facilitated discussion to arrive at a consensus, or at least an accommodation, of 
the views in the room.  However, this takes a great deal of time, and was deemed beyond the scope of this project, 
so the weighting was undertaken in the form of a survey of stakeholders.   

Taking the second consideration, top-down approaches start with the whole, and ask stakeholders to assign 
percentages to the criteria, such that the set of criteria adds to 100.  This approach appears to be simple, but it 

Figure 14 The Full Spectrum of Costs and Benefits                                               From Mitchell et al., 2007 
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encourages participants to game the outcome.  Bottom-up approaches, such as the pair-wise comparison used in 
this project, avoid this because they build up the outcomes from a structured set of relative judgements.  Weightings 
are arrived at through the calculation of eigenvectors from the pair-wise comparisons using basic matrix 
mathematics.  Immediately following the RAM workshop, stakeholders were asked to individually weight the criteria. 

In this project, each stakeholder assigned a statement to each of the pair-wise comparisons, using the options 
shown in Table 18.  The statements were transposed into values using the scores shown in the table. Eigenvectors 
were calculated for each participant’s scores.  The set of eigenvectors was then subjected to some basic statistical 
analysis: means, standard deviations, and medians were calculated for each criterion.  Because the variation in 
responses was very high (standard deviations ranged from 50-95% of the mean values), median values were 
deemed to provide a more representative score for the group of stakeholders as a whole.  Median values were then 
normalised to arrive at a set of weightings.  The outcomes of the weighting is summarised in Table 17. 

Table 18  Weighting Scores 

Category Score 

is overwhelmingly more important than 9 

is very strongly more important than 7 

is strongly more important than 5 

is moderately more important than 3 

is equally important as 1 

is moderately less important than 1/3 

is strongly less important than 1/5 

is very strongly less important than 1/7 

is overwhelmingly less important than 1/9 
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7. Outcomes 

As this project is in the form of an Atlas, most of the outcomes presented in this report will be in the form of maps, 
as they were provided to inform the WSDS. 

The maps have been inserted in the following order: 

 Rainwater Harvesting 

 Stormwater Harvesting 

 Centralised Recycling 

 Decentralised Recycling 

For each alternative water source there are 3 pages of maps showing the Criteria of the Rapid Assessment Method, 
the Cost, the Yield and the Reliability.   
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Combined Rapid Assessment Methodology Score

Land Ecosystems
Land Take -  Weighting 12% Solid Waste - Weighting 6%

Small Scale Flood Mitigation
Weighting 4%

o0 30 6015

Kilometres

Score: 95 -100 Score:100 Score: 0 - 3.5

Score: 45 - 60

Rainwater Harvesting
Rainwater harvesting is defined in this project to mean the capture and storage of untreated roof water to supply residential, non-residential
and green space demands.
Please refer to the Rainwater harvesting document for futher details on how this scheme was modelled.

Interpretation Notes
Rainwater Harvesting appears most beneficial in the areas of high urban growth on Melbourne's fringes.

This is mainly due to the existing good quality waterways that need to be protected from the negative impacts of urban runoff in the future.
This can be seen in the Water Ecosystems Criteria.

Rainwater Harvesting Schemes score well in Resilience, as each rainwater tank only supplies a small number of people, and thus
any shocks to the system (such as a bushfire) will have a limited consequence.

Rainwater Harvesting Schemes score poorly against the Perceived Human Health Risk Reduction Score as they are controlled by the
householder, not by specialists from utility companies.  This increases the probability of a negative impact on human health.

Rainwater Harvesting schemes overall score poorly when compared with the other sources, as the large storages that stormwater harvesting
schemes can utilise far outweigh the combined volume of rainwater tanks.
Note: Rainwater tank sizes were selected for the purpose of rainwater supply, and not stormwater detention.
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Combined Rapid Assessment Method Score

Yield
Volume (ML/Year 2060) Volumetric Reliability (%) Cost
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Rainwater Harvesting
The areas that show the highest yield for Rainwater Harvesting are the growth areas of Casey/Cardinia, the Northern Growth
Corridor, and also smaller areas in the west.  This is partly due to the additional opportunities within new houses to internally plumb to
toilets, and also after 2018, to hot water services.  In addition, yields presented are for locatlities that vary both in terms of area and
population.  Larger localities, particularly those in the growth areas, have greater number of dwellings and therefore higher total yields. 
When reviewed by unit area key suburbs that stand out as providing excellent yields include:  Clyde, Clyde North, Langwarrin South and
Officer South in the east.  
Kalkallo and Donnybrook perform well in the north
Tarneit and Truganina in the outer west, and Maribyrnong and Plumpton in the west.
These last two are particularly interesting, as they demonstrate that it is new housing developments and how rainwater is utilised that
is driving yield, and masking the impact of climatic differences across Melbourne.  Refer to the "Yield of Rainwater Harvesting -
2060" Map to see the variation in yield for a model household across Melbourne.
It can be seen that the reliability of Rainwater Harvesting schemes tend to improve east of the CBD, but where there is increased
demand to be met, the reliability can also drop significantly.  
This is obviously the result of rainwater harvesting schemes being climate dependant, and this can also be seen in the relatively
lower cost per kL in the east than the west.
Rainwater Tanks are shown to cost between $2.2/kL and $34/kL.  This represents the total cost per kL at a locality scale,
i.e. at the lot scale an individual rainwater tank will not provide better yield per $ than this. 
For example the costs for rainwater harvesting show the following range:
Total - $2.2/kL - 34/kL
Residential - Existing Homes -  $7.1/kL - 34/kL
Residential - New Homes -  $5.0/kL - 18/kL
Non-residential - $4.2/kL - 5.2/kL
Green-areas - $1.3/kL - 3.3/kL

$/kL

Notes:
Yield (ML/Yr) = Volume of alternative water supplied in 2060

Cost ($/kL) = Levelised cost (discount rate 5%)
Volumetric Reliability (%) =  The proportion of yield to the annual substitutable demand
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Stormwater Harvesting

Stormwater Harvesting has been defined as rainwater runoff from paved surfaces within urban areas used for dual pipe recycling
in new residential and industrial developments (infill and greenfield), and for irrigation of existing green space and golf courses.
Stormwater harvesting schemes score quite consistently in the rapid assesment methodology, however the schemes in the
west tend to have the higher scores.  This relates to the additional energy required to supply potable water to the west of Melbourne,
and to the relatively large storage opportunities that contribute to the Small Scale Flood Mitigation Criterion.
Stormwater Harvesting schemes score very well in the Water Ecosystems criteria, and this contributes to identifying the
highest scoring schemes which are in Mickleham, Altona Meadows, Laverton and Tarneit.
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Volume (ML/Year 2060) Volumetric Reliability (%) Cost
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Stormwater Harvesting

$/kL

Notes:
Yield (ML/Yr) = Volume of alternative water supplied in 2060

Cost ($/kL) = Levelised cost (discount rate 5%)
Volumetric Reliability (%) =  The proportion of yield to the annual substitutable demand

Stormwater Harvesting can be seen to provide good yields at relatively low costs, with good environmental outcomes
as evidenced in the Rapid Assessment Method Scoring.  
Stormwater Harvesting schemes provide good volumes in both greenfield and brownfield areas, which relates to the different
types of demand that can be served, including golf courses and residential demand.
Schemes that have lower reliabilities are mostly related to large demands. This could be reviewed at the project level to either
increase storage size, or reduce the areas serviced. 
Schemes that have particularly low costs are those that have storages already available, such as around Edithvale,
and Patterson Lakes.
This analysis found that stormwater harvesting schemes are rarely limited by the amount of stormwater available, with the
large majority of schemes providing above 90% reliability.
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Centralised Recycling
Centralised recycling as an alternative water source is being considered in this project as it provides an
opportunity to supply fit-for-purpose water from existing and future treatment plants for a range of end
uses in Metropolitan Melbourne. Centralised recycling is defined in this project as meaning the transfer
and distribution of Class A recycled water to supply a range of demand including residential, Principal
Activity centres (PAC), Central Activity Districts (CAD), industrial, green space, golf course, agricultural
and environmental.

Centralised Recycling scores moderately in a number of criteria in the Rapid Assessment Methodology.
It gets no points for Small Scale Flood Mitigation and the Urban Stormwater part of Water Ecosystems due to the nature of Centralised Schemes.
Note that where local treatment plants are supplying environmental flows in the Yarra Valley Centralised schemes also score poorly as they endanger
the volumes that might be discharged into the streams.  Note however, that by replacing agricultural demand these schemes may actually be neutral
for Environmental Flows.
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Centralised Recycling
Centralised Recycling Schemes can provide large volumes, at 100% reliability, at relatively a low cost.
The extension to the recycled water supply from ETP is cost effective, while having good Rapid Assessment Method Scoring.  

$/kL
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Notes:
Yield (ML/Yr) = Volume of alternative water supplied in 2060

Cost ($/kL) = Levelised cost (discount rate 5%)
Volumetric Reliability (%) =  The proportion of yield to the annual substitutable demand
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Decentralised Recycling
Sewer Mining and Blackwater Treatment Plants

Decentralised recycling involves the capture of sewage and treatment to Class A standard at sites
remote from centralised major or regional STPs.
Two types of source opportunities have been considered as follows:
     Sewer mining for dual pipe recycling in new residential and industrial developments (infill and
greenfield), and for irrigation of existing green
space and golf courses.
       Blackwater treatment plants for new high rise buildings in PAC and CAD (infill and greenfield).

Interpretation Notes
Decentralised Recycling scores well in the Rapid Assessment Method as it provides good Water Quality Outcomes, has no detrimental
impacts on Environmental Flows, and has a low perceived Human Health Risk, as the schemes are controlled by utilities, while only
providing water to limited users.
Decentralised Recycling has quite consistant RAM scoring due to there being limited variability in the water quality, and energy intensity
of all the schemes considered in this project.
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Decentralised Recycling
Rapid Assessment Outcomes        Page 3 of 3

Combined Rapid Assessment Method Score

Yield
Volume (ML/Year 2060) Volumetric Reliability (%) Cost

0 30 6015
Kilometres

Score: 0 - 547 Score: 100% Range: $3.6 - $32

Score: 64 - 75

Decentralised Recycling
Sewer Mining and Blackwater Treatment Plants
 Interpretation Notes 
The cost of decentralised recycling varies quite widely, due to the high cost per kL of blackwater treatment plants.  The sewer mining schemes
themselves come in between $3 and $8 per kL, with blackwater treatment starting at $15/kL.  Schemes with
higher demand close to the extraction point, have a lower cost per kL.
Key schemes that show a low cost, and a high RAM score are:
A sewer mining scheme in the Vermont South / Ringwood area that includes a golf course in each suburb and parks and gardens.
A sewer mining scheme in Digley and Braeside that includes a golf course in each suburb and parks and gardens
The more expensive sewer mining schemes include transfer of water in brownfields areas.
Yield is not an important differentiator for decentralised recycling, as the schemes were developed to a similar size.

$/kL

Reliability
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30 - 40%
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70 - 80%
80 - 90%
90 - 100%
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$0
$0 - $1
$1 - $1.5
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Notes:
Yield (ML/Yr) = Volume of alternative water supplied in 2060

Cost ($/kL) = Levelised cost (discount rate 5%)
Volumetric Reliability (%) =  The proportion of yield to the annual substitutable demand



 

37 

 

7.1 Preferred Options by Yield, Cost and RAM Score 
The maps in this section show the preferred options on the three axes studied: 

 Yield; 

 Cost; and 

 Rapid Assessment Method Score. 
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Yield Outcomes                  Page 1 of 1

Preferred Option by Greatest YieldYield (ML/Year) in 2060 by Alternative Water Source
Rainwater Harvesting Stormwater Harvesting

0 30 6015
Kilometres

Comments on Preferred Options by Greatest Yield

Yield (ML/Yr)

Centralised Recycling Decentralised Recycling

Yield (ML/Yr) = Volume of alternative water supplied in 2060
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1ML - 10ML
11ML - 20ML
21ML - 40ML

41ML - 60ML
61ML - 80ML
81ML - 100ML
101ML - 200ML

201ML - 500ML
501ML - 1000ML
1001ML - 2000ML
2001ML - 3258ML

Preferred Options
Centralised Recycling
Decentralised Recycling
Rainwater Harvesting
Stormwater Harvesting
No Identified Options

The analysis of yield shows that good volumes can be achieved by all of the alternative water sources.  
Centralised and Decentralised Recycling have the greatest reliability as well as large yields, and therefore
are preferred in regard to yield.  The Preferred Option by Greatest Yield map does not take this reliability
into account, as it intends to show the types of volumes available from the different alternative water
options.  Please see the maps on each Alternative Water Source for Reliability Maps. 
This analysis also shows that Stormwater Harvesting schemes have the potential to supply significant
volumes of water, and could make up an important part of Melbourne's water supply.

Reliability: 100% Reliability: 100%

Reliability: 40 - 100% Reliability: 19% - 100%
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Cost Outcomes

Preferred Option by Least CostCost ($/kL)in 2060 by Alternative Water Source

Rainwater Harvesting Stormwater Harvesting

o0 30 6015

Kilometres

Comments on Preferred Options by Least Cost

Cost ($/kL)

Centralised Recycling Decentralised Recycling

Cost ($/kL) = Levelised cost (discount rate 5%)

Preferred Options
Centralised Recycling

Decentralised Recycling

Rainwater Harvesting

Stormwater Harvesting

$0

$0 - $1

$1 - $1.5

$1.5 - $2

$2 - $3

$3 - $4

$4 - $5

$5 - $10

$10 - $15

$15 - $20

> $20

The lower rainwater and decentralised percentages reflect the level of certainty of the costing method.  Centralised and
Stormwater use a 40% contingency instead of 30% because of the spatial nature / high level nature of the cost estimating.

Contingency
Rainwater
Harvesting

 Stormwater
Harvesting

 Centralised
Recycling

Decentralised
Recycling

Project Delivery 10% 20% 20% 20%

Estimating Contingency 20% 40% 40% 30%

Large Decentralised and Centralised Recycling Schemes as well as large Stormwater Harvesting Schemes perform best
in costing in this project. It can be expected that the larger the volume a scheme can supply, the better the cost per kL of the
scheme; however there is a point where transferring water longer distances to provide larger yields causes the costs to escalate.
For Centralised, Decentralised and Stormwater Harvesting, schemes where the use is clustered around the source are
less expensive than those that have to transfer water large distances.
Note that this costing is done at a broad scale and represents the costing based on a number of different factors, with large
contingencies as discussed below.  It intends to represent a cost that can be compared within this project and with the City
Scale Alternative Water Project.

Notes on Contingencies in Costings
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Rapid Assessment Methodology Outcomes

Preferred Option by Rapid Assesment ScoreRapid Assesment Scores by Alternative Water Source
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o0 30 6015

Kilometres

Comments on Preferred Options by Rapid Assesment Score

Rapid Assessment Score

Centralised Recycling Decentralised Recycling

Preferred Options
Centralised Recycling

Decentralised Recycling

Rainwater Harvesting

Stormwater Harvesting

No Identified Options

0

1 - 20

21 - 40

41 - 45

46 - 50

51 - 55

56 - 60

61 - 65

66 - 70

71 - 75

Decentralised Recycling scores very well in the Rapid Assesment Methodology.  It receives high
scores for the Reslience due to its local scale and climate independence.  It also scores highly for
Perceived Human Heatlth Risk Reduction as the consequence for harm is low, due to the types of
demand served, and the probability is also low due to control measures.  Decentralised Recycling scores
well for the Water Ecosystems criteria as it does no harm to the local waterways and has no detrimental
effects on environmental flows.  Therefore, the RAM scoring suggests that where decentralised recycling
options are available they are to be preferred.
Stormwater Harvesting options are also particularly favourable in Melbourne's growth areas, and even
in more existing urbanised areas.  Stormwater Harvesting scores well in the Water Ecosystems criteria
and also Net Energy Intesity, due to the nature of Stormwater harvesting schemes.
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7.2 Recommendations 
This section outlines some topics that were identified throughout the course of undertaking this project that the 
Smart Water Fund or the water industry could investigate further.  These recommendations are preliminary in nature 
and are meant to be a guide to further discussion only.  

System Augmentation Information 
Information about major future system augmentation works provided for use in this project for the purpose of 
identifying the avoided or deferred costs of implementing alternative water options lacked the detail required for it to 
be meaningfully integrated into the analysis.  The costs of these projects are significant, and without detailed costing 
information, as well as information regarding the impacted demand/supply areas, the costs of these projects could 
not adequately be included as avoided or deferred costs.  This disadvantages the costs of the alternative water 
sources analysed in this project in comparison with traditional supply options.  It is a recommendation that a 
method/template be designed to allow clear calculations to be made and reported on these major future projects. In 
addition, the availability of information regarding sewerage, water supply and stormwater system capacity 
constraints would provide a similar benefit; by enabling the incorporation of the avoided costs of system upgrade 
works into decision making.  

Future Demand Mapping 
A fundamental requirement of the Alternative Water Atlas was a representation of future demand that was spatial in 
nature and could thus be easily linked with potential sources.  This information was built up from many information 
sources (as discussed in Section 3.2.1) and represents a single likely scenario.   

Demand Mapping was undertaken as required for the scope of the Alternative Water Atlas, however there is 
potential to improve this information, to create a common understanding of future demand for use by the retailers 
and Melbourne Water.   Areas for improvement could be: 

• Scenarios.  A future demand dataset could be developed for a number of scenarios – for example, different 
levels of population growth, different densities of residential development.  This could help inform decision 
making, and understand sensitivities. 

• Industrial Substitutable Demand.  Understanding the future opportunities for alternative water use for 
industry is linked to the substitutable potential for different types of industry.  Developing a more detailed 
picture of industrial demand, and potential substitutable industrial demand might identify more alternative 
water options. 

Energy Mapping 
A region wide map of the energy intensity of water supply and waste-water removal and treatment is fundamental in 
understanding the costs and benefits of alternative water sources.  Alternative water supply options can reduce 
water transfer and wastewater treatment and transfer requirements. In some cases, this energy saving may be 
more than the energy required to deliver the alternative water source.  Developing robust and complete datasets of 
the energy embedded in traditional water and waste water systems would be a useful exercise to help in this study.   

Daily Future Climate Model 
Daily rainfall data developed by CSIRO/SEACI was provided for use in this project by the WSDS team to represent 
the future under certain climate change scenarios.  This data represents a seasonally adjusted model of future 
rainfall.  This data is not specifically designed to be used in daily models, and does not represent some of the key 
potential changes in Melbourne’s rainfall pattern, including heavier but more intermittent rain events.  Sourcing 
datasets specifically designed for small scale (e.g. raintanks) daily models would generate more certainty in the 
outputs of the rainwater harvesting and stormwater harvesting analyses.   

Combining Alternative Water Options 
The Alternative Water Atlas supplies information about alternative water opportunities at a specific location as 
unique supply options, however it does not provide information about the potential benefits of combining these 
options.  For example, the design of an alternative water supply option might include sewer mining and stormwater 

harvesting, with shared storage and reticulation.  This combined alternative water project could improve 
the reliability of the single source option, while sharing infrastructure; combined options have the ability to reduce 
costs, improve yield, reliability and climate dependency, and potentially provide greater environmental or social 
benefits.  

Environmental Values Mapping 
The Environmental Values Mapping was seen as a very useful exercise.  This work could be expanded to build in 
additional environmental values, such as the impact on Groundwater and Groundwater Dependant Ecosystems.  In 
addition further analysis of the environmental impacts of the current water and waste-water regime might allow for 
better analysis of the impacts of alternative water sources.   
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