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Executive Summary

The purpose of this report is to review water options for Adelaide under current and future
scenarios of population growth and climate change and to recommend more sustainable strategies
to cost-effectively meet Adelaide’s water requirements, while achieving the best possible
associated environmental and social outcomes.

Adelaide’s water supplies are at immediate risk with historically low flows in the River Murray and
this will be a long term problem as climate change accelerates. Under expectations of continued
population growth and climate change the traditional approach to water management of importing
water to Adelaide in continually larger amounts from ever increasing distances, or by ever
increasingly costly methods, while continuing to discharge stormwater and treated effluent to
downstream rivers, estuaries or the sea is obviously an inherently unsustainable direction.

Adelaide has a combination of hydrological characteristics which sets it apart from all the other
capital cities in Australia. First, the plains areas of Adelaide are underlain by a series of quaternary
and tertiary age aquifers, with the latter virtually free from past pollution. The total storage capacity
of water in these aquifers is not accurately known but is many times the total storage capacity of
the reservoirs in the Mt Lofty Ranges. This opens up the potential for Aquifer Storage and
Recovery. Second, despite Adelaide and its hinterland receiving the lowest rainfall of all the
Australian capital cities, because it has most of its urban areas built over unstable flood deposition
fans and ancient flood plains it has a very high risk of severe damages in large flood events. While
our focus during the early years of the twenty-first century has been much engaged with drought, if
a storm similar to that which occurred over North Adelaide in February 1925 were to occur again
under our present development situation, it is reasonable to suggest that lives could be lost and
property damage would be extensive.

Defining sustainability for urban water systems is a critical first step in comparing water supply
options. Since water supply is essentially associated with water diversions, storages and quality
modifications, the effects of water supply operations cannot be divorced from their impacts on other
aspects of water management. The authors have developed a definition of sustainability as related
to urban water management and have compared the currently considered urban water supply
options for Adelaide against performance criteria related to this definition. Principles to be adopted
for attaining sustainable water systems and the need for a transition strategy to make the
necessary changes are also outlined.

Table A shows the ranking of the options against the sustainability performance criteria. The
scoring and ranking of the options are inevitably subjective. However, if the definition of
sustainability is accepted in some form as presented, the authors believe it will be difficult to
dramatically change the relative ranking of the options. Also provided in Table A are order of
magnitude estimates of the quantities of supplies that could be made available via these options in
the near future.
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Table A. Analysis and ranking of water options along with order-of-magnitude estimates of

preferred, feasible supply sources.

Score Gigalitres
Category Assessment (out of 50) | (GL)
Demand Highly cost effective with excellent
. . . 41 64
management environmental and social benefits.
As above, but particularly compatible with
St t L
h ormv;/.a er reduction in flood damages and urban 41 60
arvesting amenity. Has future growth potential
Existing Existing catchments are a proven and
. . 35 82
catchments reliable option.
Offers great potential for large scale future
Wastewat cost effective supphgs with high
astewater environmental benefits, but problems to be 32 15
reuse overcome for immediate re-use in urban
areas.
Rainwater tanks While p.opular W|.th. the community relatively o8 6
expensive and difficult to manage.
Groundwater extraction without recharge is
Groundwater use | inherently unsustainable, but offers scope for 26 0
immediate emergency supplies.
Useful measure of last resort but expensive
Desalination and energy intensive therefore not an 22 0
immediate priority.
River Murray Thg River Murray is failing and should not be 19 0
relied on as a long term supply.
Increased Storage relying on River Murray inflow and
storage/Mount subject to climate change impacts is not 9 0
Bold expansion recommended.
| Based on conservative estimates exceeds 007
Tota current water use.
Current water 216

use

Table A shows that demand management, stormwater harvesting, existing catchments, wastewater

reuse and rainwater tanks can supply all of Adelaide’s water requirements with excellent

environmental, social and financial outcomes. The volumes of stormwater and wastewater will grow
as the city develops and thus have significant future potential. Adoption of these options will lead to

reduced costs and much greater benefits in the long term.

Continued extraction of water from the River Murray, desalination and/or increasing reservoir
storage do not fit with the sustainable directions outlined.
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Climate change is now widely accepted as a reality, along with planned future growth for Adelaide.
Water planning is in crisis through past fragmentation and low levels of resourcing. While
sustainability is widely touted, it has received very little analysis. The authors are convinced that
sustainability in respect to water planning requires a ‘Total Water Cycle’ approach which addresses
the use, re-use and close management of local water sources before casting the net wider to other
sources.

It is recommended that the following actions be undertaken in parallel as a matter of the greatest
urgency:

Establish a comprehensive long term demand management program with a residential
target of 140 litres/person/day and a commercial/industrial target of 20% improvement in
water use efficiency. As part of this, change the pricing structure for water by increasing
the volumetric costs and reducing other charges to provide more incentive for users to
reduce their demand to meet the overall target levels.
Undertake an assessment of the capacity of the aquifers beneath Adelaide to support
temporary groundwater ‘mining’, with treatment as necessary, as an emergency water
supply, and commence determination of the limits of the aquifers for storing and recovering
bulk water harvested from treated stormwater and wastewaters. Research means for
exploring and raising the limits, as warranted.
Commence implementation of a major metropolitan-wide stormwater harvesting program in
partnership with local governments and SA Water.
Identify and pursue strategies for making the total flow of treated wastewater acceptable
for urban or peri-urban water supplies in a manner that directly or indirectly reduces the
demand by the urban users on non-sustainable water sources by an amount equal to the
total of the wastewater flow.
Provide a single State government department with responsibility for multi-purpose,
participatory, total water cycle planning, within the context of the State Water Plan. The
Plan to cover the whole gamut of natural and engineered water systems. The department
to be responsible for the immediate Water Security investigations.
Broaden the present Water Security investigations to better define the costs and benefits of
the long-term water options for Adelaide using total water cycle principles and judged on
sustainability criteria as laid out in this report, but with a greater level of resourcing
including:

o consultation with Local Government and others who have successfully initiated

and developed the more sustainable options to date; and
o aprogram of information and consultation with the broader community on the
implications, benefits and costs of the options as they emerge and progress.

Put on hold funding proposed for desalination and reservoir storage and redirect to more
sustainable options once the above assessments have confirmed the preferred options as
feasible.
Protect and improve existing catchments.
Prescribe quaternary aquifers to prevent excessive extraction (this will be a specific issue
as other sources of water become more scarce).
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1. Introduction

Traditionally, as water demands have continued to grow, supplies have been imported to Adelaide
in continually larger amounts and from ever increasing distances — first from the Mt Lofty
catchments and then from the River Murray. At the same time, the volumes of stormwater runoff
and sewage effluent, generated as a direct consequence of the growth of Adelaide, have been
discharged in ever increasing quantities to downstream rivers, estuaries or the sea.

While the systems that have been established have brought about great benefits in public health,
prosperity and convenience, the upstream environments from which the water is diverted, and the
downstream environments which receive the unused and polluted waste flows, have all suffered.
The flood risks within the urban areas have also escalated to a dangerous level, while the
extensive concreting and undergrounding of the urban drainage networks have reduced amenity
and significantly reduced habitat for biodiversity.

Now Adelaide’s water supplies are at immediate risk with historically low flows in the River Murray
and this will be a long term problem as climate change accelerates. Under expectations of
continued population growth and climate change the traditional approach to water management
can only lead to increased environmental and social damages and rapidly rising costs for water
supply and discharge. It is obviously an inherently unsustainable direction.

The purpose of this report is to review water options for Adelaide under current and future
scenarios of population growth and climate change and to recommend more sustainable strategies
to cost-effectively meet Adelaide’s water requirements, while achieving the best possible
associated environmental and social outcomes. It should be noted from the outset that reviewing
water options for Adelaide covers a far broader scope than water supply only. In fact it can be
argued that the development of water supply systems without paying due attention to the bigger
picture has brought us to this point where we obviously have to make changes. This report sets out
to define sustainability for urban water systems as a critical first step in comparing water supply
options.

Printed on 100% recycled paper 6



Sustainable Focus

2. Defining sustainability for urban water systems

Target 3.9 of the State Strategic Plan is ‘Sustainable water supply: South Australia’s water
resources are managed within sustainable limits by 2018’. However, despite a careful search the
authors have not been able to find a definition of water sustainability that is used by the State
Government in relation to its urban water planning, nor any ranking of options for urban water
systems to address the present and emerging water management problems.

The closest that the Government has come to this exercise recently is embodied in the ‘Water
Proofing Adelaide’ (WPA) project. However, while the report discussed aspects related to its
identified alternative sources, there was no ranking of them to support the choice of a preferred

supply mix.

Defining sustainability for urban water systems is a critical first step in comparing water supply
options. Since water supply is essentially associated with water diversions, storages and quality
modifications, the effects of water supply operations cannot be divorced from their impacts on other
aspects of urban and regional water management such as flooding, pollution, biodiversity
conservation and amenity. Energy and greenhouse impacts of water supply must also be quantified
and managed, particularly where the options for increasing water availability are energy intensive.
A holistic definition of sustainability in relation to urban water management is therefore required. It
must cover all these aspects of water management and must therefore include the other major
urban water systems of drainage and sewerage, as well as water supply. Table 1 provides a
definition of sustainability as related to urban water management developed by the authors against
which urban water options may be judged.

Table 1. Definition of and criteria for assessing sustainability of urban water systems

Category Assessment criteria
Reliability of Reliable water supply and other water services for household and industry into
services the foreseeable future including access to sufficient clean water for recreation,

amenity and aesthetics and freedom from interruption by accident or malice.

Affordability

Affordable water supply for household and industry into the foreseeable future.

Current
availability

Adelaide is facing a water crisis. The speed at which proposed supply options
can be brought on line is of critical importance at present.

Human health

Healthy water supply and disposal for people including the supply of water that
is fit for purpose including potable and non-potable water and the removal of
stormwater and wastewater from living areas to avoid disease and
inconvenience

Protection from
flood damage

Minimal damage to persons and property from floods (or sea storms) up to a
nominal recurrence interval of one in 100 years, but also building in the ability
to survive more infrequent, but ‘catastrophic’, storm events occurring (say)
once in 500 years.

Upstream and

Upstream (of Adelaide) and in-stream (in Adelaide) environmental protection

in-stream including the promotion of biodiversity and quality habitat through:
environmental e minimising diversion of water from supporting environments and
protection maintaining environmental flows in our river systems

e minimising land impacts on native vegetation
Downstream Avoidance of downstream (of Adelaide) environmental impacts from the
environmental discharge of excessively polluted water (including nutrients and sediments) to
protection land, river systems and/or coastal marine habitats.
Greenhouse Reduce greenhouse emissions of Adelaide’s water supply compared with 1990
emissions levels in line with South Australia’s Strategic Plan and Tackling Climate

Change Strategy by dealing with emissions from construction and operation of
water supply and treatment infrastructure (mainly associated with energy use).
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The key to achieving sustainability for urban water systems will lie in the design of a system of
water infrastructures and operations that can best satisfy these criteria.

Once criteria have been established setting targets can be addressed. Even without formally
addressing definitions and criteria it is noted that several agencies have already set targets that are
implicitly related to definitions and criteria for sustainability. Among these are:

1) The Australian Coastal Waters Study provides specific targets as follows:

e The total load of nitrogen discharged to the marine environment should be reduced to around
600 tonnes (representing a 75% reduction from the 2003 value of 2400 tonnes).

e A 50% load reduction in particulate matter (from 2003 levels) would be sufficient to maintain
adequate light levels above seagrass beds for most of the time.

2) The Adelaide and Mount Lofty Ranges NRM Plan provides twenty year Regional Targets of 75%
stormwater use and 100% of wastewater reuse.

3) The State Strategic Plan includes Target T3.1 ‘Lose no species: lose no known native species
as a result of human impacts’.

The Stormwater Management Authority has been established with responsibility for coordinating

the assessments of flood risk and drawing up plans to reduce the level of incipient flood damages
in Adelaide.
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3. Water related characteristics unique to Adelaide

One of the main barriers to progress in water reform is the tendency of authorities to seek ‘one size
fits all’ solutions to our many water problems. Thus the same solutions tend to be slavishly copied
from area to area across the whole of Australia with little regard to the local conditions, i.e. the
industry acts globally without thinking locally first.

Adelaide has several hydrological characteristics which, when taken together, set it apart from all

the other capital cities in Australia. Some of these characteristics, and their implications, are central

to the investigation of sustainability and the layout of sustainable urban water systems at least cost.

Unfortunately, since sustainability itself has not been previously defined in relation to urban water

systems, it is not surprising that these features have not been adequately recognised, investigated

and incorporated into a coherent water policy across the full water management spectrum. Two

major characteristics are the:

. topography of Adelaide in relation to its flood potential; and

o existence of major underlying aquifer systems suitable for bulk storage of water captured for
future supplies in drier years.

The first will cause problems for the sustainability of Adelaide unless it is addressed. The second is
a potentially major advantage in addressing the sustainability of water supplies.

3.1 Flooding

Australia is widely recognised as a land of droughts and floods. With respect to the former,
Adelaide and its hinterland share the lowest rainfall of all the Australian capital cities. However, it is
less well recognised that, at the other end of the water spectrum, Adelaide has most of its urban
areas built over unstable alluvial flood sedimentary fans, terraces and flood-out areas and is thus at
a high risk of severe damages in large flood events.

The present system of stormwater drainage can deal relatively successfully with minor and even
medium flood events. However, above this threshold, flood water will spill out of the perched
channels and travel by pathways that are very difficult to predict. In a major flood, overflows will
originate in the eastern suburbs. Fast travelling water will spill down roads and through gardens
creating debris dams which will cause major erosion and damages. The water will slow, deepen
and pool as it enters the western suburbs.

Taken in conjunction with the present drought crisis, the above information points to the conclusion
that the past water management and development regimes have delivered Adelaide a position
where it cannot claim to be sustainable in respect of foreseeable risks in either flood or drought
conditions.

Moreover, as the city and its population expand and the potential for intensified floods and droughts
associated with climate change emerge, these inherent problems will only worsen. While our focus
during the early years of the twenty-first century has been much engaged with drought, if a storm
such as that of February 1925 were to occur again (when 125 mm of rain fell over North Adelaide
in 3 hours), it is reasonable to suggest that, following the subsequent development of the western
suburbs and continued encroachment of development onto flood plains, many lives could be lost
and property damage would be extensive.

3.2 Aquifer systems

The plains areas of Adelaide are underlain by a series of quaternary and tertiary age aquifers. In
general, the upper quaternary aquifers are shallow, individually limited in extent and often saline.
However in places, mainly where these aquifers are recharged from surface flows, good but limited
supplies of water can be extracted with salinities within potable standards. Of greater potential,
however are the two deeper, thicker and more homogeneous tertiary aquifers, which are presently
used for larger irrigation and industrial supplies.
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In the past, a sustainable level of extraction from the tertiary aquifers has been limited by the slow
rate of their natural recharge. The aquifers are separated from direct vertical recharge from rainfall
and surface flows by thick layers of overlying clay. The main path for recharge is horizontal, via
relatively low salinity surface flows entering via the extensive fault lines at the foot of the hills face
areas. Because of the slow rate of horizontal recharge over the long distances from the recharge
areas to the areas where supplies are taken, local over extraction has taken place and large areas
of reduced pressure now exist.

Over the past 15 years recharge has been shown to be feasible by drilling into the aquifers and
recharging with surface water. This dramatically short-circuits the longer and slower natural
recharge process and greatly enhances the possibility of using the aquifers for storage of larger
volumes of lower salinity water.

The total storage of water in these aquifers is not accurately known but is generally estimated by
hydrogeologists to be many tens or even hundreds of times greater than the total storage capacity
of the reservoirs in the Mt Lofty Ranges. However, since most of the water in storage in the
aquifers is only of marginal quality and could not be removed without causing major subsidence
problems, it is the potential to progressively exchange increased volumes of the marginal quality
stored water with artificially introduced and easily recoverable fresh water that is of greater interest.

This is further discussed in the next sections.
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4. Adelaide and regional water balance

4.1 Present water balance

Table 2 shows the present sources of water used for water supply to Adelaide in comparison to the
unused outflows, as given in the 2005 Water Proofing Adelaide (WPA) report. The inflows cover

the present levels of water demand.

Table 2. Current Water Balance for Adelaide

Average Dry year
INFLOWS to the Supply System Year (GL) (GL)
River Murray 80 171"
Adelaide Hills 121 30
Groundwater 9 9
Rainwater tanks 1 1
Stormwater reuse and recycled
wastewater 5 5
Total 216 216
OUTFLOWS
Stormwater (including hills face runoff) 160° 50
Treated effluent from coastal wastewater
treatment plants 70° 70
Total 230 120
Notes 1. Pumping from the Murray is higher in dry years to offset reduced inflows from the Adelaide Hills

2. Appears high. 115 GL more likely. Dry year appears correct at 50 ML
3. Appears low. Should equate to about 40-50% of supply

The tabling of the water balance in this way gives a broad indication of the general supply and
demand situation but does not address many of the more detailed problems, particularly those
associated with water quality and the amount of storage required to overcome flow variability. The
table does however indicate that the existing and potentially available sources of water in an
average year, represented by the addition of both the inflows and outflows, at 446 GL/annum, are
well in excess of the existing level of the average year demand of 216 GL/a. In fact the outflows
alone are higher than the required inflows in an average year. Average water quantities, per se,
therefore do not appear to be a major problem at present in relation to average levels of demand,
although the challenges of securing adequate drought storage, reducing flows due to climate
change and increasing demand due to population growth must obviously all be addressed. The
future water balances under climate change and population growth are addressed below.

Despite the above, Adelaide’s water supplies are at immediate risk due to low flows in the River
Murray combined with over-allocation of upstream flows. Other serious underlying problems are the
rising salinity of the River Murray and the potential for algal blooms’ within South Australia. These
emerging problems have been widely recognised over the past two decades during which time very
little planning has been undertaken to secure alternative, additional sources of water for Adelaide.

In view of the above, emergency measures may now have to be taken to access supplies from
alternative sources that can be brought on line quickly. It would obviously be advantageous if these
sources were those that will go on to be developed further into the future.

4.2 Future water balance

The information in Table 2 assumes present day average levels of demand and outflow. However,
this information is insufficient for future planning under expectations for population growth to two
million persons (State Strategic Plan Target 1.22), and climate change with an expectation of

' CSIRO, Oct 2003,"Is the River Murray Water Quality Deteriorating? A Salinity Perspective”.
MDBC, Dec 2007, “River Murray System Drought Update No 11”
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reduced rainfall, higher temperatures leading to higher evaporation rates and more extreme
weather patterns.

The WaterCress water systems planning model, used by the Department of Water Land and
Biodiversity Conservation and local governments for their water resource assessments and water
systems designs, has been used to simulate the Adelaide and regional water flows and to assess
the feasibility of supplying demands from different combinations of source waters (Clark, 2003).
These results have been reworked to investigate the way in which the Adelaide water balance will
change under scenarios of population growth, urban development and climate change. The rate of
change of all these factors is highly uncertain. The following assumptions have been made for
illustrative purposes when the population reaches two million in about 2030-2050.

Ongoing urban expansion and consolidation is assumed, including smaller gardens requiring
irrigation. A 13% reduction in rainfall is assumed which results in a 30% reduction in runoff from the
Mt Lofty and hills face catchments. Because of their higher runoff efficiency, the runoff per unit area
of the urban catchments only reduces by 17%, however, since the urban catchments, under a
doubling of the population, are assumed to increase in area by at least 1.5 times, the total
stormwater runoff actually increases. Wastewater has the largest increase since it is less
influenced by climate change and rises in direct proportion to the population growth.

Table 3 uses figures given in Table 2 above and shows that under the assumption that only 70% of
all wastewater and stormwater flows could be harvested, then, even under the assumed level of
climate change and a population growth to two million, the total harvestable flow would remain
greater than the demand, without either the River Murray or desalination as supplies. Whilst
estimates only, the figures illustrate the increasing and significantly large proportions of the total
future water budget that stormwater and treated effluent (in particular) could provide.

Table 3. Water balance for 2 million population and 13% reduction in rainfall

Now 2050
Water Demand GL/a GL/a
Potable water for internal purposes (discharged to wastewater 100 200
treatment plants)
Potable or non-potable water for external purposes and lost by 102 154

evapotranspiration

Total 202" 354

Estimated Potential Harvestable Water

Mt Lofty Ranges flow to the Adelaide reservoirs 121 85

70% of stormwater runoff (current total runoff assumed at 115 ML/a)2 80 100

85% of internal supplies returned as wastewater (suitable for non-

drinking purposes) 85 170

Total 286 355

Notes 1. Reduced from 216 GL shown in Table 1 by exclusion of present ‘non-mains’ supplies
2. 70% capture achieved by present stormwater schemes in Adelaide. Conservative estimate of runoff assumed

We believe the figures in Table 3 are conservative. They are estimates based on the amounts that
are being presently captured and supplied. These can be expected to increase as experience and
technologies progress. They confirm that even without desalination or the River Murray, the local
flows are sufficient to supply present demands and could potentially remain sufficient into a future
involving a doubling of Adelaide’s population and an expectation of reduced rainfall caused by
climate change.

The amount of storage required to carry the flows through drought conditions is addressed in
subsequent sections.
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5. Assessment of options

A range of water supply options are assessed against the criteria listed in section 2. Each option is
given a score from 0-5 based on its merits, apart from affordability which is scored out of 15 to
reflect the importance of an affordable water supply. Figure 2 shows the allocation of scores
against each sustainability criterion.

Figure 2. Sustainability criteria weighting

| Reliahility of services

M Current availability

Hurman health

m Affordahility

H Protection from flood
damage

W Upstream and in-stream
environmental protection

Downstream
environmental protection

W Greenhouse emissions

The criteria have been loosely grouped according to the three pillars of sustainability as follows:
e The blue criteria reflect social sustainability considerations (30%)
e The red criteria reflect economic sustainability considerations (40%)
e The green criteria reflect social sustainability considerations (30%)

Obviously many of the criteria reflect more than one sustainability pillar so this only provides a
rough guide. The sum of the scores gives the total for the option analysed. The higher the score
the better the supply option.

The 1994 EWS report “Future Water Supplies: 21 Options for the 21% Century”® contained a list of
21 possible options for future water supplies in SA. Included were options such as pipelines from
the Ord River, diversions of rivers inland, icebergs, etc. These options were all shown to have
major disadvantages and many would rank very poorly against the sustainability criteria defined
here-in. The current set of water supply options considered here-in include those which were rated

ZEWS (SA Water) Library Ref 94/4
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most highly in the EWS report and/or are still widely recognised as legitimate options under present
conditions. Options assessed are:

River Murray

Existing catchments

Rainwater tanks

Stormwater harvesting, wastewater reuse and groundwater extraction.

Demand management

Desalination and interconnector

Increased reservoir storage

Nogahrowd

Stormwater, wastewater and groundwater are considered in the same section since they are all
located within the Adelaide area itself and have close synergies in the manner in which they may
be developed.

The scoring and ranking of the options are inevitably subjective and should only be regarded as an
initial screening. It is hoped that the process draws attention to the definition of sustainability, the
inter-action that different water supply options have with the sustainability criteria and illustrates the
fundamental importance of the decisions that must be made with respect to our future water
supplies on the future development directions of Adelaide itself.

5.1 River Murray

The River Murray provides 80 GL or 37% of Adelaide’s water in an average year and 180 GL or
79% in drought years®. In fact 91% of the total water delivered state-wide in 2006/07 (245 GL) was
supplied from the Murray.*

It is now well documented that the River is failing, suffering from over-extraction and reduced
rainfall. Although urban water use only comprises a very small part of the total diversions from the
River Murray and further supply rights could be purchased, further diversions will be to the
detriment of other users and will be seen to be socially undesirable where alternative options for
Adelaide could be pursued that would not be detrimental to others.

Pumping from the River Murray is an energy, and therefore greenhouse, intensive process. In
2005/06 SA Water supplied 234 GL with only 48.7% sourced from the River Murray. The
associated electricity consumption for all water supply activities was approximately 280 GWh, an
overall energy intensity of 1.2 kWh/kL. However, in the dry year of 2006/07 SA Water supplied 245
GL® with 91% supply from the River Murray. The electricity consumption was approximately 530
GWh, an overall energy intensity of 2.2 kWh/kL. If the energy intensity is reduced 30% to include
only major pumping and water treatment and increased by 5% to lift the proportion of supply from
the Murray to 100%, the energy intensity of supplying potable water from the Murray is estimated at
1.6 KWh/KL.

Table 4 provides an assessment of the River Murray as an urban water option.

® Waterproofing Adelaide

* SA Water Annual Report 2007 http://www.sawater.com.au/NR/rdonlyres/FFAE4759-C70E-4322-
B6ED-00E74F92EAB0/0/SAWater AR Parliament 2007.pdf

> SA Water Annual Report 2007 http://www.sawater.com.au/NR/rdonlyres/FFAE4759-C70E-4322-
B6ED-00E74F92EA60/0/SAWater AR Parliament 2007.pdf
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Table 4. Assessment of River Murray

Category Assessment criteria Score
Reliability of Flows in the River Murray are steadily decreasing and becoming
services (5) more saline and there is a widespread acceptance of the need to 0
wean Adelaide off this source of water which is increasingly
unreliable.

Affordability At present pumping from the River Murray is affordable. As
(15) competition for water in the Murray and energy costs increase 9
affordability will reduce. WPA cost estimate $1.1-$1.3/kL.

Current At present water from the River Murray is easily accessible.
availability (5)

Human health | Water from the River Murray requires extensive treatment prior to
(5) potable use. Upstream inputs to the River Murray include sewage, 4
pesticides and fertilisers. Supplies presently meet potable standards.

Protection Supply from the River Murray does nothing to reduce flood risk for
from flood Adelaide. 0
damage (5)

Upstream and | Supply from the River Murray results in diversion of water from
in-stream supporting environments and reduces environmental flows in the
environmental | river system

protection (5)

Downstream Supply from the River Murray does nothing to reduce downstream
environmental | environmental impacts for Adelaide. 0
protection (5)

Greenhouse Greenhouse emissions from pumping water over such long distances >
emissions (5) are relatively high. Estimated energy intensity of 1.6 KWh/kL.
Overall (50) 19

5.2 Existing catchments

The total runoff from the Onkaparinga, Torrens, South and Little Para catchments into the Mt Lofty
Range reservoirs is about 180 GL/a of which 15 GL/a is lost by evaporation, 10 GL/a is diverted by
farm dams and 34 GL/a spills. Thus 121 GL/a or 56% of Adelaide’s reticulated supplies are
provided from these sources. This drops to only 30 GL or 14% in drought years®.

The total storage capacity of the Adelaide reservoirs is 222 GL. Further capture of the 34 GL/a
presently spilled would require about 3 to 6 units of storage for each unit of spill saved. Moreover,
evaporation losses and salinity rapidly increase as the storage sizes increase so that achieving an
average long term supply equal to the long term average inflow is an impossibility using surface
storages.

Further diversions could be sourced from catchments further north and south, but these sources
are also expected to reduce by 30% under predicted climate change scenarios and diversions
would create environmental damages.

An alternative is to release Mt Lofty Ranges water from the reservoirs for storage in the Adelaide
aquifers. This has been proposed by CSIRO and appears an attractive alternative to additional

® Table 1, Water Proofing Adelaide
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surface storages7. However, the limits to aquifer storage need to be assessed. Storage in the
fractured rock aquifers within the Mt Lofty Ranges should also be investigated. Environmental flow
requirements must still be met.

Table 5 provides an assessment of existing catchments as an urban water option.

Table 5. Assessment of existing catchments

Category Assessment criteria Score
Reliability of Flows vary significantly from year to year. Expected reduction of 32%
services (5) under climate change impacts with higher variation from year to year. 4
If flows can be stored (eg in aquifers), relatively high reliability.

Affordability Very affordable.

12
(15)
Current At present water from the existing catchments is easily accessible. 4
availability (5)
Human health | Water from the catchments requires treatment prior to potable use 4
(5) but is of a relatively high standard.
Protection Supply from the existing catchments already provides an important
from flood service in flood mitigation by reducing flows from the Adelaide Hills 3
damage (5) through the suburbs in storm events.
Upstream and | Supply from existing catchments results in diversion of water from
in-stream local supporting environments. Land impacts on biodiversity have >
environmental | occurred in the past.
protection (5)
Downstream Storage and supply from the existing catchments already reduces
environmental | stormwater discharges to the natural environment. Does not reduce 2
protection (5) sewage flows to the gulf.
Greenhouse Greenhouse emissions from pumping water from existing
emissions (5) catchments are relatively low. Assume emission intensity of 0.4 to 4

0.6 kWh/kL for conventional water treatment®.

Overall (50) 35

5.3 Rainwater tanks

Adelaide has more rainwater tanks per capita than any other Australian capital city and there is
great community interest in rainwater capture and reuse. Roof runoff is generally of potable quality
with little treatment however the captured rainwater is relatively expensive (due to the cost of
system installation) and maintenance requirements are not always managed well at the household

level.

The total amount of roof runoff generated in Adelaide is estimated to be about half of the total
stormwater runoff (say presently about 50 GL/a). This is the highest quality water available from
any of the sources. It also runs off with minimum losses in all rainfalls and therefore has a high
reliability. However, because of roof designs and tank capacity limitations, only part of this water
could be easily harvested by individual houses.

’ Verbal Peter Dillon, CSIRO
8 http://www.aph.gov.au/library/pubs/rb/2005-06/06rb02.pdf
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Rainwater tanks and water recycling appear to have greater immediate application in industrial
situations where economies of scale exist.

On-site storage capacity in the form of tanks can be used to reduce peak flows in mains water
supply. The benefit of tanks for mitigation of peak flow rates in water supply and the additional
benefit of reduction in stormwater flooding have not been adequately investigated.

Table 6 provides an assessment of rainwater tanks as an urban water option.

Table 6. Assessment of rainwater tanks

Category Assessment criteria Score
Reliability of Reliability will vary with year to year variations in rainfall, household 3
services (5) use and level of maintenance of systems.
Affordability Very expensive. WPA cost estimate $5.6/kL. NWC cost estimate $3-

. 9 3
(15) $11 depending on connected roof area.
Current Rainwater tanks can be relatively quickly installed and plumbed in. 3
availability (5)
Human health | Rainwater from roofs is considered as potable by the Department of 3
(5) Health but maintenance requirements should not be underestimated.
Protection Rainwater tanks plumbed into indoor uses will provide some flood
from flood mitigation benefits. 3
damage (5)
Upstream and | No negative impacts on the upstream environment.
in-stream 5
environmental
protection (5)
Downstream Some benefits in the reduction of stormwater discharges.
environmental 4
protection (5)
Greenhouse While greenhouse emissions are associated with tank manufacture 4
emissions (5) this is offset by relatively low energy use from direct indoor reuse.
Overall (50) 28

Improvements in rainwater tanks are seen to be a major growth area in conjunction with the
development of more sustainable homes (both existing and new). The development of on-site
systems, including solar energy, composting toilets, greywater recycling and rainwater (and other
water) storage devices should be encouraged by research, regulations and incentives. Until costs
can be reduced and maintenance standards improved, rainwater tanks and greywater recycling are
seen to only have a small role in Adelaide’s water supply mix. The greatest contribution may
initially come from the industrial sector. By 2050, this situation may have changed as on-site
technologies continue to develop.

5.4 Stormwater harvesting, wastewater reuse and groundwater extraction.

Stormwater harvesting, wastewater reuse and groundwater extraction are addressed together, but
in separate sub-sections, since they all have interlinkages with aquifer storage and recovery.

° The cost-effectiveness of rainwater tanks in urban Australia, Marsden Jacob Associates for the
National Water Commission

Printed on 100% recycled paper

17




Sustainable Focus

Based on WPA information present levels of combined stormwater harvesting and wastewater
reuse is about 5 GL/a and groundwater consumption is 9 GL/a. The present total stormwater and
wastewater flow is given by WPA as 230 GL/a. These sources are generated in almost direct
proportion to the growth in population and development; hence they have an intrinsic sustainability
in respect to their future availability as potential water supply sources.

Since the aquifers are spatially distributed over a wide area of central and western Adelaide and
recharge and recovery of stormwater and wastewater can only be established in sufficiently large
volume rates by spatially distributing the bores across the extent of the aquifers, the development
of these sources will be necessarily best accomplished via decentralised systems. This raises
particular issues in relation to land planning and building designs which are addressed in section 7.

As noted above, the total capacity of the tertiary aquifers is uncertain but may be of the order of
100 times the capacity of the Mt Lofty reservoirs. Clark (AWA 2003) addressed the amount of
storage required in surface and aquifer storages under various strategies in which stormwater and
wastewater were used to augment Mt Lofty catchment runoff in order to replace reliance on River
Murray water. Assumptions were made based on the experience gained by the demonstration
projects at Mawson Lakes and elsewhere. Clark assumed that because of limitations on open
space for wetlands to capture stormwater, only 70% of the stormwater could be harvested,
however 95% of wastewater could be recycled. Stormwater and wastewater would be stored by a
network of distributed bores in the upper and lower tertiary aquifers.

Clark’s modelling showed that only 50 to 250 GL of aquifer storage would have to be accessed in
order to reliably supply present day demands throughout a 100 year period receiving the past
record of historical rainfalls under various combinations of sources and supplies in which:

. Mt Lofty catchment water was mainly retained as the primary source for ‘in-house’ potable
demands

. treated wastewater was used as the primary source for non-potable demands including toilet
flushing and all garden and open space irrigation within the City, and

. stormwater was used in conjunction with the above, or as a fill-in for either or both sources

if/when they failed.

The large range of 50 to 250 GL of aquifer storage arose because of the different matching that
could be made between the different combinations of the supply sources and the demands, with
each having markedly different seasonal patterns, i.e. Mt Lofty runoff is markedly winter oriented;
stormwater is similar but also has a larger summer component; in-house demands and wastewater
flows are essentially seasonally constant, while irrigation demands are markedly summer oriented.
The use of rural catchment and stormwater runoff for supplying irrigation therefore requires large
storage volumes. The use of treated wastewater for toilet flushing and constant industrial purposes
requires virtually no storage at all.

In general, because of the lesser variability and greater reliability of stormwater and the constant
supply of treated wastewater flows, the amount of aquifer storage required to provide a reliable
supply over 100 years for a typical urban area when using a combination of these sources
(assuming they could be satisfactorily treated to acceptable standards), was found to be of the
order of 5 to 8 times less than the surface reservoir storage required when the supply was sourced
from Mt Lofty rural catchments.

Clark found that the space required for wetlands to capture 70% of the stormwater flow at any
location would constitute about 5% of the upstream urban catchment area. Since 12.5% of new
development areas is commonly assigned as open space, the wetlands could be sited within these
areas. However such open areas may not be suitably located, or may not exist where development
has been intensive. To date open spaces where wetlands could exist in already developed areas
have been located in parks, golf courses, airports and re-development zones.

In areas where development has left few open spaces, wetlands could be replaced by the adoption
of permeable paving, underground ‘buffer’ tanks and rainwater tanks. Alternatively, the water
quality and treatment aspects of wetlands could be foregone in favour of small-footprint rapid sand
filtration plants. In the extreme, high risk flood-prone buildings could be removed to make way for
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linear parks which could contain mini-wetlands, as well as creating walking and bicycling tracks and
enhanced public amenity and biodiversity.

Clark (AWA 2005) also showed that the largest peak flood flow rates in urban areas of Adelaide will
continue to occur in summer rather than winter. Flood detention dams situated in urban areas (as
are increasingly being required under urban consolidation trends) are generally required to be
larger than would be required for stormwater harvesting. Since stormwater harvesting will occur
mainly in winter, when the full capacity of the dams are not required for flood mitigation, the dams
can be used for both flood mitigation and harvesting at no additional cost.

Overall Clark’s modelling showed that approximately 900 bores would be required for aquifer
injection, storage and recovery under the supply strategy that entailed access to 60 GL of aquifer
storage.

The feasibility of storing large quantities of water in the aquifers beneath Adelaide is the key to the
use of stormwater and wastewater as new sources of low cost water supplies that will bring with
them all the other benefits of sustainability, as defined. Recent trials by CSIRO have shown that
aquifers can be used for water treatment and transmission in addition to storage. Water of potable
standard was extracted from an aquifer at Parafield which had been previously recharged by
stormwater, which had only been treated before injection by passing through a wetland. The
recovered water exceeded drinking water standards and was bottled as drinking water for publicity
purposesm. The ability to recharge in one location, and recover in another, offers the potential for
water trading between rechargers and users without the need for linking pipelines.

If however, the usable capacity of aquifer storage and recovery is found to have lower limits than
has been generally informally identified by hydrogeologists (about 60-80 GL), the option exists to
pump stormwater (possibly after pre-treatment) to the nearest existing reservoirs, after which it can
be treated to potable standards in the existing treatment plants. This may be a short term solution
while the broader planning aspects of a more decentralised system involving spatially distributed
wetlands and ASR bores is sorted out.

5.4.1 Stormwater harvesting

The total amount of stormwater generated is far in excess of the flows on the Adelaide plains
before urban development took place. The quality of the flows varies from very good (eg roof
runoff) to poor (eg runoff from arterial roads). The negative impacts of stormwater on coastal
environments are well documented.

Poor quality runoff is best treated at or near its point of generation. Where possible, this can be
done using wetlands, which then enhance biodiversity and urban environments and can assist in
flood mitigation. The cleaned water is then suitable for supply. It is in sufficient quantities to be
used for augmentation of potable supplies after storage in underlying aquifers and will grow in
volume along with the expansion of the city. Its volume is less affected by climate change than
supply from dams on rural catchments.

The location of capture and treatment storages can be made compatible with a program for
reducing flood damages.

Estimates of harvestable stormwater vary significantly, including:

e WPA assessment of 15 GL.

e Todd Hodgkin 50 GL"".

e The Cities of Salisbury, Playford and Tea Tree Gully are in the process of completing projects
to extract 20 GL by themselves'®. Most of the harvesting schemes are being designed for a
70% capture efficiency.

e The South Australian Liberals proposed 89 GL of stormwater capture and reuse'®.

' CSIRO publication

" Aquifer Storage Capacities of the Adelaide Region Report DWLBC 2004/47

'2 City of Salisbury press release 21/7/2005

'3 South Australian Liberals website http://www.martin2010.com.au/Pages/Article.aspx?1D=389
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The Adelaide and Mount Lofty Ranges NRM Plan provides a twenty year Regional Target of 75%
stormwater harvesting and use.

Over the past 15 years stormwater has gone from being generally regarded as a nuisance to being
a potential resource. The State Government is working with local governments on stormwater
harvesting and reuse through its Stormwater Management Authority. The Government is
contributing some funding to the Authority for projects incorporating floodplain mapping,
preparation of stormwater management plans and priority stormwater infrastructure works ™.

Most advances in stormwater management have been left up to individual local Councils,
developers and research organisations. Although considerable success has been achieved,
progress has necessarily been ad hoc and almost completely uncoordinated in respect to any State

policies, plans or strategies.

In view of the potential of stormwater, much more needs to be done, the question of responsibility
for planning needs to be addressed and the whole process needs to be accelerated by an order of

magnitude.

Table 7 provides an assessment of stormwater harvesting as an urban water option.

Table 7. Assessment of stormwater harvesting

Category Assessment criteria Score
Reliability of Flows vary from year to year but less than flows from catchments. 4
services (5) With flows stored through ASR relatively high reliability.
Affordability Relatively inexpensive. WPA cost estimate $0.1-$1.5/kL. 12
(15)
Current Will take some time to fully identify preferred configurations and 3
availability (5) | construct. Groundwater may be used in the meantime.
Human health | Relatively easy to treat to potable standards if required. 4
(5)
Protection Significant flood mitigation benefits subject to sufficient detention
from flood capacity. 4
damage (5)
Upstream and | No negative impacts on the upstream environment.
in-stream 5
environmental
protection (5)
Downstream Very significant benefits in the reduction of stormwater discharges.
environmental 8]
protection (5)
Greenhouse Relatively low greenhouse emission option. Assume 0.7-1.2 kWh/kL 4
emissions (5) for brackish reverse osmosis'°.
Overall (50) 41
' hitp://www.ministers.sa.gov.au/news.php?id=3228
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5.4.2 Wastewater reuse

Wastewater is excess to all previous flow regimes. It constitutes a present large pollution source.
The level of mandatory cleansing to make it acceptable for discharge to the environment makes it
suitable for irrigation, toilet flushing and other industrial purposes at little or no additional treatment
cost. However, under the existing system layout, where the sewage treatment plants are sited on
the coast, the cost of reticulating the treated water back for re-use is a potentially large cost.

To date wastewater reuse has focussed on peri-urban irrigation. The proximity between the
northern and southern wastewater treatment plants and the irrigation areas reduces the reticulation
cost. Some of this use replaces past unsustainable extractions of groundwater, however additional
allocation to new irrigation ventures requires a closer examination of the relative long term costs
and benefits of re-use by first users or use by the range of possible new users.

The flow of wastewater is essentially constant. It therefore has virtually zero need for storage if
used for supplying constant demands (eg toilet flushing and certain industrial uses). This is a large
advantage which greatly reduces its cost as an alternative water source.

Sections of the public have shown a strong aversion to acceptance of even highly treated
wastewater for drinking and washing, even when health standards are met or surpassed. Several
hierarchies of preferences for the use of treated wastewater have been obtained. These generally
indicate wide acceptance for garden irrigation with growing un-acceptance for more ‘personal’
uses. It is less well known that several towns along the Murray River and in the Mt Lofty Ranges
discharge their treated effluent into the creeks and rivers that inflow to the water supply reservoirs,
although on a minor scale overall, and that this practice of recycling effluent through river flows is
an accepted practice on a much wider scale in most water supply systems in Europe.

The Australian Coastal Waters Study provides specific targets for wastewater as follows:
e The total load of nitrogen discharged to the marine environment should be reduced to around
600 tonnes (representing a 75% reduction from the 2003 value of 2400 tonnes).
e A 50% load reduction in particulate matter (from 2003 levels) would be sufficient to maintain
adequate light levels above seagrass beds for most of the time.

The Adelaide and Mount Lofty Ranges NRM Plan provides a twenty year Regional Target of 100%
of wastewater reuse.

The Government has announced that it will spend about $426 million over four years on upgrades
and expansion of wastewater treatment plants and water recycling infrastructure to meet the
increasing demand of the State’s growing population. About $80 million will be spent in 2008/09.
The upgrades will increase the percentage of wastewater reused in South Australia from 29% to
45%. This includes the Glenelg Waste Water Treatment Plant to Adelaide Parklands project which
will be a first instance of bringing recycled water into Adelaide’s CBD. These schemes have not,
however, been framed within a long term integrated plan for managing Adelaide’s water systems.

Table 8 provides an assessment of wastewater reuse as an urban water option.

'8 hitp://www.aph.gov.au/library/pubs/rb/2005-06/06rb02.pdf
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Table 8. Assessment of wastewater reuse

Category Assessment criteria Score

Reliability of Consistent flows from year to year and proven re-use technologies 4

services (5) provide a high level of reliability.

Affordability Relatively inexpensive, but depends on treatment required. WPA 9

(15) cost estimate $1.0-$1.75/kL.

Current To develop and construct additional wastewater reuse schemes will >

availability (5) | take some time.

Human health | Not an issue for non-potable purposes. Cross-connection with

(5) potable supplies possible, but low risk even then. Can be treated to 3
potable standard, but very low level of present public acceptance.

Protection No significant flood mitigation benefits.

from flood 0

damage (5)

Upstream and | No negative impacts on the upstream environment. Can assist

in-stream upstream environments if used to replace upstream sourced 4

environmental | supplies.

protection (5)

Downstream Very significant benefits in the reduction of effluent discharges.

environmental 5

protection (5)

Greenhouse Low greenhouse emission option. 0.8-1.0 kWh/kL for wastewater 4

emissions (5) | reclamation'®.

Overall (50) 31

5.4.3 Groundwater extraction (without artificial recharge)

As a general principle long-term groundwater extraction rates should not exceed the long-term
aquifer recharge rates. While recharge rates rise to partly compensate for rises in extraction rates,
continued high extraction rates raise the risk of drawing high saline water into the existing usable
aquifer zones. While the lower tertiary aquifers are now under prescription, thus limiting the total
extraction from them, unconstrained extraction from the upper quaternary aquifers will continue

unregulated.

An average of 18 GL/a rising to 24 GL/a was withdrawn over the decade 1990-2000 via about
1,200 private irrigation bores over the Northern Adelaide plains. A similar rate of withdrawal had
been in existence for many years previously and is still continuing despite estimates that these
rates are many times in excess of the natural recharge rates. Since the aquifers extend over at
least double this area, the withdrawal of emergency supplies of about the same order would appear

to be feasible.

Groundwater can be brought on-line quickly as an emergency supply. In areas with buildings or
flood prone land extraction of groundwater needs to be carefully managed to avoid the possibility of
subsidence if Hindmarsh Clay is dewatered or pressures are excessively reduced.

'8 hitp://www.aph.gov.au/library/pubs/rb/2005-06/06rb02.pdf
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Table 9 provides an assessment of groundwater extraction without managed aquifer recharge as
an urban water option.

Table 9. Assessment of groundwater

Category Assessment criteria Score

Reliability of The large volume available ensures high reliability over the short

services (5) term, but recharge is required over the longer term to sustain higher 2
supply rates.

Affordability Relatively inexpensive. Can be accessed close to demand. Will 12

(15) require treatment. Estimate $0.75-$1.00/kL.

Current Can be brought on line very rapidly as ‘emergency’ source.

availability (5) | Groundwater has been a traditional source of emergency supplies 5
with last use in Adelaide during the drought of 1954.

Human health | Relatively easy to treat to potable standards if required. Some 3

(5) shallow groundwater sources chemically contaminated.

Protection No significant flood mitigation benefits unless used in conjunction

from flood with stormwater harvesting and ASR. 0

damage (5)

Upstream and | Unsustainable for additional supply without artificial recharge. Rates

in-stream of natural recharge are poorly known. No particular benefit to 0

environmental | upstream environments

protection (5)

Downstream Unsustainable supply without recharge. No particular benefit to

environmental | downstream environments 0

protection (5)

Greenhouse Low greenhouse emission option. 0.7-1.2 kWh/kL for brackish 4

emissions (5) | reverse osmosis'’.

Overall (50) 26

5.5 Demand management

There is a widespread tendency to focus on the sources of water supply during drought. However,
there is the opportunity to reduce the amount of water we use in the first place. This is not a trivial
matter. In South East Queensland, per capita mains water consumption reduced from 300 litres per
day in 2005 to 129 litres per day in 2007 — a reduction of 57%'®. This followed the introduction of a
comprehensive demand management program Target 140, a campaign to achieve a regional
average water use target of 140 litres per person per day.

The Target 140 program included':
¢ The Residential Excessive Water Users Compliance Program under which households
which use above a specified allocation without a legitimate reason are exposed to
penalties.
e Water restrictions.
¢ Requirements for industry to implement Water Efficiency Management Plans.

7 hitp://www.aph.gov.au/library/pubs/rb/2005-06/06rb02.pdf

'® Queensland Water Commission http://www.qwc.ald.gov.au/tiki-read article.php?articleld=260
'° Queensland Water Commission http://www.qwc.gld.gov.au/Demand+management
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e Requirements for new houses to substitute 70,000 litres per annum from rainwater or local
recycling and to incorporate water efficient fixtures.

e A comprehensive water rebate scheme.

e Pressure and leakage reduction programs. Brisbane City Council has saved 20 megalitres
(ML) of water per day under such a program.

The Target 140 program has recently been slightly softened to Target 170 to reflect the reduced
scarcity of water at this time.

In 2006/07 average residential consumption per household in the metropolitan Adelaide area was
246 kL for an estlmated population supplied of 1,095,000%'. Based on an average household size
of 2.4 persons® this gives a daily per capita water consumption of 280 litres. If a program similar to
Target 140 is introduced this has the potential to reduce Adelaide’s residential water consumption
by 50%. Sustainable Focus has taken into account the different climate and in particular rainfall
amount and distribution in making this recommendation.

Average daily per capita consumption including commercial, industrial and residential use was 388
litres in 2006/07° By deduction, commercial and industrial water consumption is approximately 108
litres per person per day. A twenty percent reduction in industrial and commercial water
consumption could be expected through a targeted water efficiency program based on the practical
experience of Sustainable Focus.

Overall, the potential saving from a strong demand management program (supported with pricing
reform — refer below) targeting residential and commercial/industrial users would therefore be in the
order of 160 litres per capita per day, equivalent to 64 GL per annum.

The South Australian State Government has a rebate package to encourage the harvesting of
rainwater and to reduce water use in the home. Rebates are available for water efficient
showerheads, t0|Iets washing machines and garden products, home water audits and installation
of rainwater tanks®. This program is a beginning. A much more comprehensive approach is
needed. This should include making the program as simple and non-bureaucratic as possible and
including additional measures. An example of an additional measure is reducing mains pressure at
each household or the neighbourhood level to less than 500 kPa. Above this pressure most water
efficient fixtures are not guaranteed to function and water wastage is inherent. Obviously fire and
other systems require higher pressures but 500kPa is more than sufficient for all household needs.

Pricing is an essential component of managing demand. In South Australia the two-tier structure for
residential customers for 2007/08 includes:

e $0.50/kL for water use from 0-125 kL.

o $1.16/kL for water use above 125 kL.
The new three tier structure for 2008/9 is:

e $0.71/kL for water use from 0-120 kL.

e $1.38/kL for water use from 120-520 kL.

e $1.65/kL for water use above 520 kL.?°

Costing water in the vicinity of $1 per tonne provides little incentive to reduce consumption. While
the new tariffs are higher, the increases are most heavily weighted towards the lowest water users
(42% increase below ~ 125kL compared with 19% increase above 125kL). This effectively

20 Brisbane City Council http:/www.brisbane.qgld.gov.au/BCC:BASE::pc=PC 2452

2 SA Water Annual Report 2007 http:/www.sawater.com.au/NR/rdonlyres/FFAE4759-C70E-4322-
B6ED-00E74F92EA60/0/SAWater AR Parliament 2007.pdf

22 Australian Bureau of Statistics
http://www.censusdata.abs.gov.au/ABSNavigation/prenav/ViewData?&action=401&tabname=Sum
mary&areacode=405&issue=2006&producttype=QuickStats&textversion=true&navmapdisplayed=tr
ue&&breadcrumb=PLD&

% SA Water Annual Report 2007 http://www.sawater.com.au/NR/rdonlyres/FFAE4759-C70E-4322-
B6ED-00E74F92EA60/0/SAWater AR Parliament 2007.pdf

24 http://www.ministers.sa.gov.au/news.php?id=3228

% http://www.ministers.sa.gov.au/news.php?id=2515
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disadvantages more efficient water users. Pricing for commercial users also needs to be
addressed. Based on an average residential consumption per household in the metropolitan area
of 246 kL the direct unit charge for water supply would be only $203 per annum. However, the
overall cost of water is much greater than the unit charge. There are annual fixed supply charges
for water supply of $160 and sewer at $1.42 per $1,000 property value. Based on a median house
price of $420,000 the fixed charges total $756 — this is almost four times the variable cost.

If a 50% reduction in household water use was targeted, the average household’s water bill would
only reduce by 10%. Again, this provides little incentive for householders to reduce use and would
likely soon reduce the momentum of any demand management plan. Redressing the balance
between fixed and variable charges is urgently required.

One option proposed by Mike Young (University of Adelaide) and Jim McColl (CSIRO) proposes a
flat rate charged per kilolitre of water with no water supply charge. This has been modelled by
Intelligent Software Development which has shown that the existing tariff structures disadvantage
low income households and low water users and that shifting to a flat tariff would redress the
balance significantly®®. We believe this rationale could be taken even further by removing all
standing water and sewer charges and putting in place a tariff that allows for a reasonable amount
of water at a reasonable price and then rises steeply to provide incentives for water efficiency and
management. The average cost per household could remain the same. Table 10 provides an
assessment of demand management as an urban water option.

Table 10. Assessment of demand management

Category Assessment criteria Score
Reliability of If well designed and implemented, demand management programs 4
services (5) are a proven and reliable option

Affordability Highly affordable option. Small changes made at the household 15
(15) level. No significant infrastructure required.

Current Demand management programs can be brought on-line quickly. 4
availability (5)

Human health | No issues with human health, if suitably structured. 5
(5)

Protection No flood mitigation benefits.

from flood 0
damage (5)

Upstream and | Demand reduction will assist in returning water to upstream

in-stream environments. 4
environmental

protection (5)

Downstream Significant benefits in the reduction of effluent volumes.

environmental 4
protection (5)

Greenhouse Lowest greenhouse emission option. 5
emissions (5)

Overall (50) 41

26

http://www.intelligentsoftware.com.au/files/Fairer%20Water%20Pricing%20Policy%20for%20Adelai
de%20Residents-Public.pdf
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5.6 Desalination

A $1.1 billion 50 GL desalination plant at Port Stanvac was recently announced. This option will
provide a source of water regardless of rainfall. It is however very difficult and energy intensive to
remove salt from water — it is much easier to remove other common impurities. The saltier the
water the higher the difficulty and the greater the energy use. This means that desalinating
groundwater, stormwater or even wastewater is much easier than desalinating sea water. Overall,
this makes desalination of sea water a relatively high cost, high greenhouse intensity option.

An associated $304 million inter-connector pipeline, to be completed in 2014, is proposed to
connect reservoirs in the North and South of Adelaide, providing greater flexibility in managing
Adelaide’s water distribution system?’. This has been proposed as part of the sea desalination
scheme. While not stated, the pipeline would presumably be needed as a result of the location of
the desalination plant towards the south of Adelaide while the bulk of demand is in the north.
However, the bulk of the stormwater, wastewater and groundwater storage is in the north of
Adelaide and thus the establishment of the pipeline without taking future options into account could
disadvantage the viability of these future options.

Table 11 provides an assessment of desalination as an urban water option.

Table 11. Assessment of desalination

Category Assessment criteria Score
Reliability of Consistent flows regardless of rainfall and proven technologies 4
services (5) provide a high level of reliability.

Affordability Relatively expensive. WPA cost estimate $1.50-$2.00/kL (assume 6
(15) based on operating costs, excluding National Emissions Trading
Scheme). The true cost would be much higher as the $1 billion
capital cost needs to be paid off.

Current Will take time to construct and commission proposed plant. 3
availability (5)

Human health | Water will be treated to meet potable standards. 4
(5)

Protection No flood mitigation benefits. 0
from flood

damage (5)

Upstream and | Only marginal benefits on the upstream environment. 4
in-stream

environmental
protection (5)

Downstream Significant negative impacts on the downstream environment 1
environmental | resulting from brine discharge to the Gulf. No improvement to
protection (5) existing impacts from stormwater and wastewater discharges.

Greenhouse Highest greenhouse emission option. 3-5 kWh/KL for reverse 0
emissions (5) osmosis of seawater®®. Aimost ten times more energy intensive than
standard water treatment and four times more energy intensive than
reverse osmosis of stormwater or wastewater.

Overall (50) 22

2 http://www.ministers.sa.gov.au/news.php?id=2515
% hitp://www.aph.gov.au/library/pubs/rb/2005-06/06rb02.pdf
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5.7 Mt Bold expansion/increased resetrvoir storage

The State Government is continuing to pursue increased storage capacity. This was initially
foreseen as involving the doubling of the capacity of the Mt Bold reservoir to two years of storage‘?g,
but now appears to be including other possible sites with a target of 384 GL. Since increasing the
storage associated with existing Mt Lofty catchment inflows will only provide a very small increase
in supply, the storage is presumably to be filled with water from other sources. These have not
been identified, but are believed to mainly involve the River Murray.

It is estimated such a project would take up to ten years to design and build. Given the long lead
time, climate changes would need to be projected out to at least 2050 to determine the value of the
project, which is highly sensitive to the effects of climate change. The authors share the
Conservation Council of South Australia’s (CCSA) concerns regarding destruction of unique habitat
(in the case of Mt Bold) which will impact on threatened species®.

The authors agree that additional storage is required to attain adequate water security for Adelaide.

However, in semi-arid climates such as Adelaide’s, groundwater storage is preferable to surface
storage if it can be found. Investigations into increased surface storage capacity in the Mt Lofty
Ranges appear premature until the capacity of the groundwater aquifers and the sources of the
waters to be stored have been adequately examined. Table 12 provides an assessment of
increased storage capacity as an urban water option.

Table 12. Assessment of increased storage capacity

Category Assessment criteria Score
Reliability of Provides additional storage but probably reliant on River Murray 1
services (5) inflows which will be increasingly uncertain.
Affordability Highly expensive storage option at a minimum cost of $850 million 1
(15) with very little additional benefits.
Current Will take up to 10 years to construct. 0
availability (5)
Human health | Water is assumed to be treated to potable standards. Refer River 4
(5) Murray.
Protection Could be designed to have additional flood mitigation benefits.
from flood 2
damage (5)
Upstream and | Major negative impacts on the upstream environment through the
in-stream possible destruction of habitat with dependant threatened species. 0
environmental
protection (5)
Downstream No downstream environmental benefits.
environmental 0
protection (5)
Greenhouse Claimed quadrupling of the carbon footprint®'. 1
emissions (5)
Overall (50) 9
2 http://www.ministers.sa.gov.au/news.php?id=3228
% Water in a Changing Climate, Conservation Council of South Australia, June 2008
% Water in a Changing Climate, Conservation Council of South Australia, June 2008
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6. Summary of options

The various water options have been ranked using the scores in the Tables in section 5.

The use of the sustainability criteria separates the options quite dramatically. While the scoring has
been subjective, it is difficult to envisage that using the criteria others would not reach a similar
overall ranking of the options. The authors believe that the criteria can be justified on the basis that
their adoption will support the needs of present and future generations of Adelaideans.

While the amounts that can be supplied from the various high ranked ‘preferred’ options cannot be
known accurately at this time, it is possible to suggest and examine a supply mix compatible with
the ranking. The authors have therefore allocated a nominal preferred supply for each option
assessed in Table 13 below. While these figures are based on limited information, they show that
demand management, stormwater harvesting, wastewater effluent re-use and rainwater tanks have
the capacity to augment existing supplies from the Mt Lofty catchments into a next era of urban
water management, that is specifically directed towards long term sustainability. Neither
augmentation from the River Murray or from desalination of sea-water will be required.

Only 15 GL/a of wastewater is initially included in this calculation. The reason for this is that
wastewater is seen by the authors as the giant ‘sleeper’ amongst water supply options. Once
sustainability has been accepted in some form as presented, the importance and potential of
wastewater recycling will be fully appreciated. The challenge to the water industry will be to find
ways to solve the actual and perceived problems of turning wastewater into a resource for public
acceptance as a future water supply, recognising that this does not have to be as a potable supply.
The implications for this transition are discussed in the next section. We recommend additional
reuse outside of the metropolitan area to further reduce downstream environmental impacts in the
interim.

The authors recognise that further investigation is required to clarify several areas of present
uncertainty associated with making stormwater and wastewater primary water sources for future
water supplies. However, these sources of water fit so closely the sustainability criteria that any
present areas of uncertainty or ambiguity should be addressed as problems to be overcome rather
than barriers to not proceeding at all.

Desalination and/or increasing reservoir storage in the Mt Lofty catchments do not fit with the
sustainable directions outlined. Stormwater harvesting and temporary groundwater mining can be
brought on line as quickly, at lower overall cost, and in a manner compatible with the longer term
sustainability strategy outlined in this report.

The authors preferred supply mix will take some time to come on line. In the case of a short term

emergency arising with the present water supply system, the mining and possible treatment of
groundwater is recommended.
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Table 13. Summary and ranking of options assessed

Score Gigalitres

Category Assessment (out of 50) | (GL)
Highly cost effective. Using water more efficiently is hard to beat. Propose ‘supply’ of 64 GL

Demand management based on reducing residential use to 140 litres/person/day and a twenty percent reduction in 41 64
commercial and industrial water use. Comprehensive program required.
Offers a cost-effective water supply option and provides very significant downstream

Stormwater harvesting environmental benefits. Propose supply of 60 GL within estimates made by others based on 41 60
50% capture. Urgent action required to make this happen at a large scale.
Existing catchments are a proven and reliable option. Propose supply of 82 GL after early

_— climate change impacts taken into account and in the interim while larger volumes of

Existing catchments ; . : 35 82
wastewater are brought on line. Protection of catchments and reducing system losses a
priority.
Offers a cost-effective water supply option and provides very significant downstream
environmental benefits. Propose supply of 15 GL based on 30% recycling with metropolitan

Wastewater reuse o . : 32 15
areas post demand management. Recommend additional reuse outside of the metropolitan
area to further reduce downstream environmental impacts.
While popular with the community relatively expensive and difficult to manage. Propose supply

Rainwater tanks of 6 GL additional to stormwater harvesting (up to 4 GL from mandated tanks, additional from 28 6
point of sale legislation and voluntary take-up).
Groundwater extraction without recharge is inherently unsustainable. Propose supply of 0 GL

Groundwater use : 26 0
unless used as emergency supply or (coupled with stormwater or wastewater reuse).

S Reliable source of water regardless of rainfall. However, desalination of seawater is expensive

Desalination . . ) . >~ 22 0
and energy intensive. Useful measure of last resort but not immediate priority.
The River Murray is failing and should not be relied on as a long term supply. Allow for

River Murray environmental flows and other users. Propose supply of 0 GL per annum (except while in 19 0
transition to new system).

Increased storage/Mount | Storage relying on the River Murray and highly sensitive to climate change impacts is not 9 0

Bold expansion sensible. Propose supply of 0 GL per annum. Redirect investment to other options.

Total Based on conservative estimates exceeds current water use. 227

Current water use 216
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7. Transitioning to a sustainable urban water system

7.1 Principles

The authors have found that a very large body of research, discussion and practical experience
with alternative urban water systems has been accumulated worldwide, in Australia and here in
Adelaide.

The main interest in alternative systems has been driven by the realisation that they offer a
potential quantum improvement in efficiency in delivering water services in urban areas. Seeking
sustainability has been the goal of many researchers, entrepreneurs and innovative agencies in the
face of growing and unsustainable demands for water, dwindling supplies, increasing costs,
reducing biodiversity, escalating flood risks and damages, and general degradation to upstream,
downstream and in-stream urban environments. ‘Total water cycle’, ‘closing the loop’, ‘integrated
water systems’, and ‘water sensitive urban design’ are all names under which the general
movement towards exploration and adoption of the alternative systems travel. Taken together the
common theme for moving towards sustainable water supplies in urban areas is water recycling
within an integrated multiple objective plan for the city and its water systems.

The workshop report of the US National Science Foundation “Creating Blue Waters in Green
Cities” July 2006 is a very comprehensive source of information relevant to this report. The
recommendations of the workshop cannot be bettered as recommendations for the future water
supplies and water systems for Adelaide. Selected priority recommendations which are particularly
relevant to the Adelaide situation are given below.

1. Water is a central and essential organising element in a healthy and sustainable urban
eco-system.

2. New approaches are needed to manage urban water systems which should include:
a. moving towards an integrated system approach based on the total hydrologic cycle
that addresses all of the uses and impacts of water in the urban environment;
b. building multiple benefits into all water projects and programs that contribute to the
economic, social and environmental heath of cities; and
c. promoting new, innovative water systems design concepts that incorporate natural
system restoration, replication and enhancement.

3. A cornerstone of a realistic vision of future cities is the decentralisation of wastewater
treatment and localisation of drainage networks to provide multiple benefits.

4. Considerations of healthy urban water systems should be incorporated into the ‘front-end’
of land-use planning and development decisions.

5. Institutional and regulatory barriers should be addressed where they inhibit trialling and
adoption of non-traditional, innovative and competitive approaches.

6. Planning and regulating authorities should have skills and resources broad enough to
encompass all components of, and interactions between, urban watersheds and receiving
aquatic ecosystems and should move towards an integrated system approach addressing
all uses and impacts of water.

The importance of integrating urban planning with water systems planning should not be
underestimated. If stormwater and wastewater become the main supply sources, as is likely in
many parts of the world, urban dwellers will have to recognise that they are inhabiting their own
water supply catchments. The same rules and regulations that many city dwelling bureaucrats have
imposed on rural dwellers in the name of catchment management will now have to be imposed on
themselves and their urban neighbours.
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7.2 Network considerations

The present water supply system provides one quality of water, drinking quality, via a reticulation
network that connects every customer to the single major supply system. A single quality of water
is used for all purposes, even though most purposes do not require such a high standard. The
potable water that is reticulated is gravity fed from the raw water source catchments to treatment
plants located along the eastern side of Adelaide, where it is treated by disinfection, aeration,
coagulation and filtration to drinking water quality. This water is then gravity and/or pump fed by an
extensive pipe network to each service point.

A common justification for continuing with this system is a claim that it enjoys significant
‘economies of scale’. However, CSIRO and others have demonstrated that our present urban water
systems, when taken as a whole, do not have significant (if any) economies of scale. While
economies of scale exist in individual components, this is largely offset by the need to join the
enlarging system together by long lengths of ever increasing diameter pipes. In recognising this,
the Productivity Commission also notes that a new generation of smaller scale, but more
sustainable systems, based on local stormwater harvesting and wastewater recycling, intrinsically
contain large opportunities for ‘economies of scope’ which will greatly exceed any real or imagined
economies of scale *. The economies of scope, as defined, are those that accompany the break-
up of large monopolies, freeing innovation and enterprise.

If stormwater and wastewater become primary sources of supply, a total re-design of the water
systems is called for. This is because both the sources of these supplies and the demands for the
services are spatially distributed and the storage and treatment infrastructure can be provided most
economically when sited at a small scale within the local urban fabric.

At present, at least 70% of all the capital costs of urban water systems lie in the three sets of pipes
and channels that bring water into, or take water back out of, the urban area. If the stormwater that
is generated locally can be captured, treated, stored, used for in-house ‘first-class’ purposes,
disposed via the wastewater system, then recaptured and treated again, stored again and re-used
again, the off-site pipe networks would be very significantly reduced in size and cost.

In line with the above, several researchers have shown that the savings in the size and length of
the import and export pipes and channels can more than counter any increased costs associated
with the greater complexity of the decentralised and integrated systems. However, there are two
main options in respect to the design of the reticulation systems that will require a decision to be
made:

a) Since the existing single pipe system exists, it may be cheapest to treat all additional water
to drinking standard and inject it into the pipe network as close to the location as it is
harvested.

b) Second class water for garden watering and toilet flushing could be reticulated via a
second pipe running in parallel with the existing pipe network. This is the solution provided
at Mawson Lakes and Rouse Hill in Sydney.

It is probable that different approaches could be adopted for different locations and for different
stages of the progressive restructuring of the system.

A transition to this direction has been already started by some local governments in Adelaide.
Longer term transition will require research and cooperation between all levels of government. The
main cost reduction strategy will involve the progressive replacement of ageing components of the
present ‘centralised’ water supply, sewerage and drainage systems with a new generation of
decentralised, multi-objective water systems.

% Productivity Commission “Toward Urban Water Reform”
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8. Conclusions and Recommendations

Section 6 of this report provides a ranking of the urban water supply options for Adelaide against
the sustainability criteria and identifies that a mix of the higher ranking options that could form the
basis of a new generation water supply system conforming to sustainability principles and public

expectations.

It is concluded that demand management, stormwater harvesting, improved efficiency of existing
catchments, wastewater reuse and rainwater tanks can supply all of Adelaide’s water requirements
with excellent environmental, social and financial outcomes into the foreseeable future.

Desalination and/or increasing reservoir storage do not fit with the sustainable directions outlined.

Climate change is a reality and the focus needs to shift from knee-jerk drought response to long
term planning under expectations of a changing climate and future population growth. This is a time
of great opportunity to move to more productive and efficient water systems. The State and Federal
governments have recognised that Adelaide is facing a water crisis and are prepared to invest in
new infrastructure.

It is recommended that the following actions be undertaken in parallel as a matter of the greatest
urgency:

e Establish a comprehensive long term demand management program with a residential
target of 140 litres/person/day and a commercial/industrial target of 20% improvement in
water use efficiency. As part of this, change the pricing structure for water by increasing
the volumetric costs and reducing other charges to provide more incentive for users to
reduce their demand to meet the overall target levels.

e Undertake an assessment of the capacity of the aquifers beneath Adelaide to support
temporary groundwater ‘mining’, with treatment as necessary, as an emergency water
supply, and commence determination of the limits of the aquifers for storing and recovering
bulk water harvested from treated stormwater and wastewaters. Research means for
exploring and raising the limits, as warranted.

e Commence implementation of a major metropolitan-wide stormwater harvesting program in
partnership with local governments and SA Water.

e Identify and pursue strategies for making the total flow of treated wastewater acceptable
for urban or peri-urban water supplies in a manner that directly or indirectly reduces the
demand by the urban users on non-sustainable water sources by an amount equal to the
total of the wastewater flow.

e Provide a single State government department with responsibility for multi-purpose,
participatory, total water cycle planning, within the context of the State Water Plan. The
Plan to cover the whole gamut of natural and engineered water systems. The department
to be responsible for the immediate Water Security investigations.

e Broaden the present Water Security investigations to better define the costs and benefits of
the long-term water options for Adelaide using total water cycle principles and judged on
sustainability criteria as laid out in this report, but with a greater level of resourcing
including:

o consultation with Local Government and others who have successfully initiated
and developed the more sustainable options to date; and

o aprogram of information and consultation with the broader community on the
implications, benefits and costs of the options as they emerge and progress.

e Put on hold funding proposed for desalination and reservoir storage and redirect to more
sustainable options once the above assessments have confirmed the preferred options as
feasible.

e Protect and improve existing catchments.

e Prescribe quaternary aquifers to prevent excessive extraction (this will be a specific issue
as other sources of water become more scarce).
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