CHAPTER 9
WILL PERTH HAVE ENOUGH WATER
FOR ITS DIVERSE NEEDS IN A DRYING CLIMATE?
Don McFarlane
INTRODUCTION
he ability of the Perth metropolitan area to meet its future
water demands can be viewed either pessimistically or optimistically. A pessimist can point to a drying climate and rapid
growth in population and industrial water demands. Over a fiftyyear period dams have gone from supplying almost all of Perth’s
drinking water to none in very dry years. An optimist can point
to Perth being in the most water-rich part of the west coast, the
population being small (compared with long-settled parts of the
world) and the availability of membranes which make it economic
to separate salt from seawater and pollutants from wastewater.
The provision of drinking water has therefore become a matter
of community acceptance with regards to which water sources to
treat and of modest cost increases.
The future availability of water for non-potable use is more
complex and interesting. This water supports the irrigation of
public and private lawns and gardens, periurban horticulture,
light- and heavy-industry and rural lifestyle blocks. High groundwater levels also maintain throughflow wetlands, which have very
high environmental, cultural and social values in a seasonally dry
landscape. These wetlands have been estimated to add more than
$4 billion to surrounding land values, so declining groundwater
levels are causing concerns for both residents and local governments. Adding stormwater to these wetlands can help, but those
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flows are also reducing. Treated wastewater is a water resource
that reliably grows with population. Recharging the aquifer using
appropriately treated wastewater can raise groundwater levels and
push back the salt water which is gradually intruding on the
aquifer from both the estuary and ocean. However, its use is
controversial, possibly because after a long history of using septic
tanks, most of Perth is now sewered and returning this water,
even in a much cleaner form, can be seen as going backwards.
Because most of Perth sits on top of an unconfined aquifer
that supplies both drinking and non-drinking water, there are
complex interactions between land and water from both a supply
and a demand perspective. Under a drying climate, low-density
garden suburbs now generate insufficient recharge to the aquifer
from roof and road runoff to compensate for extraction by about
176,000 private bores and by local government when they irrigate
public open space. Newer suburbs have smaller blocks, minimal
gardens and very few bores. Groundwater from confined aquifers
is increasingly being used to supply drinking water as shallow
groundwater from the Gnangara and Jandakot mounds has greatly
reduced. Public Drinking Water Source Areas (PDWSAs) are
proclaimed under legislation to protect drinking-water quality
from both surface water and groundwater sources. Their location
has affected Perth’s urban footprint, but PDWSAs now protect
only about 10 per cent of the total drinking water supply, given
confined aquifers are less susceptible to pollution. Periurban horticulture has traditionally been displaced by expanding suburbs, but
there is now less available land and aquifers in these areas are over
allocated. As a consequence, their use of groundwater is projected
to continue to decline.
There are a number of opportunities for Perth to lead the
development of managed aquifer recharge given i) its seasonal
pattern of water supplies and demands; ii) its aquifers to store, treat
and distribute water; and iii) the need to save wetlands and to
freshen poorly flushed aquifers while reversing salt water intrusion.
Each urban corridor has its own opportunities for increased use
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of stormwater and treated wastewater, which could create multipurpose wetlands and green-space to reduce the urban heat island
effect if creatively managed.
Per capita use of drinking water has reduced but is still high
by international standards so there is scope for further reducing
water demand even given the hot dry summers Perth experiences. Self-supplied groundwater greatly increases per capita water
consumption over almost all other cities. Private bores are mainly
concentrated on larger blocks in old suburbs because new suburbs
have very small gardens and therefore limited evaporative cooling,
even though they produce large quantities of stormwater and
wastewater suitable for irrigation. The loss of tree canopies in
existing suburbs during urban infill also increases the heat island
and reduces environmental and social values (see chapter 10).
Increasing the use of recharged stormwater and treated wastewater
for private and public irrigation could provide low-cost irrigation
water to combat heat islands as well as create a more attractive
habitat for outdoor recreation. Therefore, pursuing a reduction
in per capita water consumption needs to keep the bigger picture
in mind. Perth is yet to properly manage its treated wastewater
and stormwater resources as they are often viewed as flows to be
disposed of rather than as valuable local assets.
The objectives of this chapter are to
1. review the demand for potable (drinking) and nonpotable water in the Perth metropolitan area;
2. describe supply options for these two water types;
3. understand how emerging demand–supply gaps may
be met; and
4. explore interactions between land and water use in a
city that is unusual in that it is already experiencing
significant climate change and overlies much of its
water supplies.
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To do this it is necessary to understand Perth’s current and
future (2050) climate and the complexity of water-supply options
that Perth has, compared with most other cities in the world.
People have warned that Perth could become a ghost metropolis in the twenty-first century because of climate change reducing
its water supplies (Flannery, 2004; Fox News, 2011). This chapter
examines the current understanding of Perth’s water prospects
for the first half of this century, by which time the population is
expected to reach about 3.5 million from its current base of two
million, as previously discussed in chapter 3.
PERTH’S CLIMATE
Perth’s annual rainfall of 730 millimetres is very high for a west
coast at latitude 32°S when you compare it to the west coast of
Africa (Elands Bay 32°S, 170 millimetres) and Chile (La Serena
30°S, 96 millimetres). This is because the warm south-flowing
Leeuwin Current offsets the effect of the cold north-flowing West
Australian Current. The west coast of Africa has the cold Benguela
Current and South America the cold Humboldt Current, which
results in deserts at the same latitudes, whereas Perth and areas to
the south have forested catchments.
About 90 per cent of Perth’s annual rain falls in the seven
months between April and October. Being the coolest months,
this makes it effective in terms of generating runoff into dams
and recharge to underlying aquifers. Along with the west coast
of Tasmania, south Western Australia has one of the most reliable
rainfalls in Australia. The El Niño Southern Oscillation (ENSO)
climate system has little effect on south Western Australia, so long
droughts are unusual. However, this means that La Niña periods
of high rainfall are also not a factor, so dams and aquifers miss
being replenished on a decadal basis.
A climate shift in about 1975 resulted in Perth’s rainfall
declining and an absence of wet years to fill dams and aquifers.
The Bureau of Meteorology trend maps for Perth between 1960
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and 2014 indicate that temperatures have risen by between 0.8°C
and 1.1°C and there has been an 80 millimetres to 110 millimetres
(10 per cent to 15 per cent) reduction in rainfall over this fiftyfive year period. Perth was singly identified by the International
Panel on Climate Change as experiencing the impacts of global
warming on rainfall, runoff and demand for water (IPCC, 2007).
PERTH’S FUTURE CLIMATE (2015 TO 2050)
The 2050 climate of Perth is expected to have a further 0.8°C
to 1.1°C increase in temperature and another 10 per cent to 15
per cent decrease in rainfall when compared with a 1986 to 2005
baseline (Australian Climate Futures, 2015). Higher temperatures
and lower rainfalls have additive effects on water supplies and
demands. Every 1 per cent reduction in rainfall leads to a 3 per
cent reduction in runoff (Silberstein et al., 2012). The limited
response in groundwater levels in dry years such as 2001, 2006
and 2010 probably indicates that wetting fronts now fail to reach
the water table where it is more than about 5 metres below the
soil surface in unirrigated soils on the Swan Coastal Plain. It is the
lack of wet days and months that especially reduces groundwater
storages (Department of Water, 2009a). Daily temperatures and
rainfall is highly correlated with drinking-water demand (Data
Analysis Australia, 2004). This high-quality water is still used
to irrigate about three-quarters of Perth’s domestic gardens and
lawns.
Projections of climate change have been often criticised for
being overly pessimistic, however, south Western Australia has
been long identified as likely to have a substantially drier future
climate. A 1988 projection by the Bureau of Meteorology of
reduced winter rainfall of 6 per cent to 9 per cent by 2014 proved
to be an underestimate as they declined by 19 per cent; although
projected temperature increases have not been fully realised
(Foster, 2013). In a study of possible impacts of climate change on
water resources and yields (CSIRO, 2009), almost all Global
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Climate Models (GCMs) projected a drier climate in 2030. The
concurrence of these GCMs and rainfall and runoff in recent
decades greatly exceeding projected declines makes estimates of
low rainfall for Perth by 2030 and 2050 worthy of serious consideration. The rapid growth of Perth means that new water sources
are unlikely to become unused assets because demand will catch
up with additions to supply. However, delaying these capital
expenditures can save a lot of money. Reducing per capita demand,
recycling and water trading can be compared with building new
supplies using least cost planning methods to identify the most
cost effective ways of closing the supply–demand gap (McFarlane
et al., 2005; Water Corporation, 2009).
PERTH’S POTABLE WATER SUPPLY HISTORY
Perth is fortuitously located in the most water-rich part of southwest Western Australia as calculated by summing water availability
from all sources (CSIRO, 2009; McFarlane et al., 2012). This
results from a coincidence of water from surface-water streams in
the Darling Range, unconfined groundwater in unusually deep
sandy dunes in Gnangara and deep confined aquifers with fresh
to brackish water able to be shandied with fresher sources and
desalination water.
Early settlers accessed shallow groundwater in sand dunes,
springs and from wetlands until sewage began to pollute them.
They also discovered the presence of flowing artesian groundwater
in 1895, which provided up to 60 per cent of Perth’s water supply
until the construction of the Canning Dam in 1940 (Allen, 1997).
Dams to the south and east of Perth continued to supply most of
Perth’s drinking water until northern suburbs located away from
the dams expanded and runoff became less reliable after the 1975
climate shift.
Figure 1 shows surface-water catchments in the eastern hills
and the Gnangara and Jandakot groundwater mounds in relation
to urban areas. The catchments and mounds have restrictions on
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Figure 1: Location of the main surface water and groundwater supplies for the Perth metropolitan area
along with drinking water quality protection areas (CSIRO).
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Figure 2: Dam inflows (dotted line) and drinking water sources used to meet demand (coloured bars) for the Integrated Water Supply
Scheme between 1941 and 2014 with projections to 2030 (left axis) and population served (right axis) (Water Corporation).
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land-uses to protect drinking-water quality. P1 mainly limits
land-use to native vegetation and pine plantations. P2 is restricted
to rural living uses with lot sizes generally greater than 2 hectares.
P3 allows residential-only development and excludes industrial
land-uses. These protected areas also supply water from confined
aquifers, but these are much less susceptible to pollution. The
presence of these water reserves has affected the growth of Perth,
with most urbanisation occurring in the north west and north east
corridors around the Gnangara Mound and the south west and
south east corridors around the Jandakot Mound. Developments
in the hills water-supply catchments are restricted to provide a
multiple-barrier approach to water-quality protection.
In 1958, 92 per cent of Perth’s drinking water came from
dams and 8 per cent from groundwater, but by 1980 it was 65
per cent dams and 35 per cent groundwater (Figure 2). By 2004
only 38 per cent of drinking water was sourced from dams and
62 per cent groundwater. The Perth Seawater Desalination Plant
at Kwinana was commissioned in 2006 and the first and second
stages of the Southern Seawater Desalination Plant at Binningup
in 2011 and 2013, respectively, so that by 2014 Perth’s drinking
water mix was 50 per cent from seawater desalination, 42 per cent
groundwater, 7 per cent from dams and 1 per cent groundwater
replenishment. This latter source involves very high levels of
treatment of wastewater before injection into confined aquifers
and then equivalent groundwater extraction for public supply as
described later. Dams are anticipated to supply less than 7 per cent
(30 GL/yr) of Perth’s drinking water in future while groundwater
will remain at about 120 GL/yr (Figure 2).
The supply of potable water in 2013/14 was 254 GL, which
has increased little since 2001, despite Perth’s population growing
strongly (see chapter 3), resulting in a significant decrease in per
capita consumption (Figure 2). Per property use of drinking water
fell by 8 per cent between 2009/10 and 2013/14 as a result of
sprinkler restrictions, increased tariffs, improved efficiency of
appliances, community education, reuse schemes and a reduction
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Figure 3: The source of drinking water extracted from Perth aquifers between 1975 and 2015. Superficial,
environmentally sensitive areas are from P1 areas in Gnangara and Jandakot (Water Corporation).
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in garden sizes in outer suburbs because of smaller block sizes
(Water Corporation, 2013; BoM, 2015). On a national basis, per
capita residential demand is highest in Perth, being 23 per cent or
48 kL/property higher than the next major city of Sydney (BoM,
2015). This is without taking into account about 176,000 backyard
bores that use about 76 GL/yr of unconfined groundwater to
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irrigate about a quarter of all household gardens. This high water
consumption results in leafy suburbs, large areas of irrigated public
open space and more cooling as a result of evaporation from irrigated areas than is the case in other cities which experience similar
hot and dry summers. Subsidies to increase bore installation were
offered in the 2000s to reduce the amount of drinking water used
on gardens and lawns and showed a substantial amount of source
substitution is possible between these two water demands.
While Figure 2 shows that groundwater has replaced dams
as the main natural drinking water source in the past forty
years, the type and location of the groundwater used to supply
drinking water changed profoundly over this time (Figure 3).
Initially drinking water mainly came from the Superficial Aquifer
groundwater from the Gnangara P1 water source areas (Figure
1). Deep groundwater and shallow groundwater from beneath
urban areas (P3) now supply 92 per cent of all groundwater and
only 10 GL/yr of shallow groundwater (including 3 GL/yr from
the partly confined Mirrabooka Aquifer) is extracted from the
Gnangara and Jandakot P1 source areas (Figure 3). Urban areas in
the north west corridor now produce about 25 GL/yr (up to 40
GL/yr in the 2001 and 2011 period), which followed the success
of the Gwelup Wellfield, in operation in an urban area since 1974.
Less groundwater has been taken from all sources in recent years,
which has resulted from long-term annual extraction limits of
about 120 GL/yr compared with a peak of 166 GL/yr in 2010/11
(Figure 3). Some P1 sources are retained to meet peak summer
supply needs.
Groundwater in the Leederville Aquifer is generally less than
36,000 years old while that in the Yarragadee is generally more
than 36,000 years old (Thorpe & Davidson, 1991), meaning that
it fell as rain before or during Aboriginal settlement of the region.
The first two seawater desalination plants were established south
of Perth to cover the loss of the dams that supplied water to
the southern suburbs, however, a third may be needed for the
northern suburbs as water storage in the Superficial Aquifer has
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been declining by about 45 GL/yr since 1998 (Department of
Water, 2009a). Renewable wind and solar resources were used
to offset the power used by these plants, which made them more
socially acceptable. Decentralised desalination using several
medium-sized plants may have advantages for Perth rather than a
third large desalination plant located a long way from the demand
centre (Shahabi, McHugh, Anda & Ho, 2015a). Such plants could
use beach well intakes rather than open intakes as is the case in the
current two desalination plants (Shahabi, McHugh & Ho, 2015b).
The 2.5 per cent to 3 per cent annual increase in population
in recent years has resulted in a similar increase in sewerage
flows, making treated wastewater a growing resource in a drying
climate. Perth currently has a relatively low percentage of wastewater that is recycled (7 per cent in 2013/14; BoM, 2015), which
will grow as ‘groundwater replenishment’ (for drinking water)
into the Leederville and Yarragadee aquifers increase. Wastewater
recycling is planned to reach 30 per cent reuse by 2030 and 60 per
cent by 2060 (Department of Water, 2009b; Water Corporation,
2013). The need to pump water long distances (e.g. from the
Southern Seawater Desalination Plant north of Bunbury and
from Stirling Dam) and the fact that about half of all drinking
water comes from energy-intensive seawater desalination results in
Perth having a total greenhouse gas emission rate that is 160 per
cent higher than the next highest emitter, Adelaide (BoM, 2015).
Emissions from the first two desalination plants have been offset
by renewable energy, but this is not accounted for in these figures.
About 47 per cent of the Water Corporation’s energy currently
comes from renewable sources (Bob Humphries, pers. comm.,
2015). More details on the planning of infrastructure in Perth is
contained in chapter 8.
PERTH’S FUTURE POTABLE WATER SUPPLY
The Water Forever strategy indicated that the Perth metropolitan
area, which is serviced by the Integrated Water Supply Scheme,
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could have a population of 2.84 million (range of 2.65 to 3.01
million) by 2050, at which time potable water demand would
be about 370 GL/yr (range 310 GL/yr to 600 GL/yr), assuming annual consumption of 115 kL/person/yr (range of 100 kL/
person/yr to 181 kL/person/yr; Water Corporation, 2009).
The rapid increase in confined aquifer extraction shown
in Figure 3 resulted in greatly decreased piezometric (pressure)
heads in the confined aquifers for many kilometres away from the
pumping bores. This raised concerns about impacts of wetlands
where confined aquifers connect to the Superficial Aquifer, such
as in the windows shown in the Gnangara Sustainability Strategy
(Department of Water, 2009c). The risks of salt water intrusion
and substantial land subsidence have also been raised but are not
evident. The feasibility of managed aquifer recharge of these aquifers with highly treated wastewater has been successfully trialled
at the Beenyup Wastewater Treatment Plant (WWTP). Domestic
wastewater receives advanced secondary treatment, microfiltration,
reverse osmosis desalination and ultraviolet disinfection before
being injected into the confined aquifer. An equivalent amount of
groundwater is then abstracted nearby for drinking-water supply.
It is planned that this method will contribute substantially to
meeting future recycling targets (Water Corporation, 2009).
The main sources of drinking water for the Perth metropolitan area in future will therefore be seawater desalination and
groundwater replenishment (Figure 2), augmented with native
groundwater and stream runoff when seasonal conditions allow.
Given the large storage in the aquifers under Perth and the
complementary growth in treated wastewater as the population
increases, its drinking-water supplies should be largely climate
independent. Reducing per capita water consumption will make
this much easier.
A number of methods of reducing demand can be more cost
effective than developing new water sources (Water Corporation,
2009). In the mid 2000s rebates were offered for buying watersaving devices which resulted in front-loading washing machines
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dominating the market. Backyard bore subsidies encouraged the
replacement of drinking water with groundwater, which substituted rather than reduced water use overall. The most effective
measure was the imposition of two-day-per-week sprinkler rosters
for people who used drinking water on their lawns and gardens
and a three-day-per-week roster for backyard bore users.
PERTH’S NON-POTABLE WATER SUPPLIES
The total water demand (potable and non-potable) for the Perth
demand region was compared against natural surface water and
groundwater yields under dry, median and wet future climate
scenarios by CSIRO (2009; Figure 4). The comparative richness
of water resources in the Perth region is evident from the 650
GL/yr yield of all catchments and aquifers. The Perth region
exports water to the Wheatbelt and Goldfields and imports it from
southwest dams (including water trading) and from the Southern
Seawater Desalination Plant at Binningup north of Bunbury. In
theory, there may still be available water in aquifers managed by
the Department of Water, however, not all is close to areas of
demand or of sufficient quality. Therefore, supplementation with
seawater desalination was required by 2006. Under all supply
and demand scenarios and linear trends, a total water deficit was
projected to occur between about 2015 and 2027 (Figure 4).
This emerging gap is making water reuse increasingly attractive
to heavy industry, local government and horticulturalists. It is
also resulting in water-intensive industries, such as horticulture,
relocating to areas outside the Perth area. Having dedicated
farming precincts close to Perth has been proposed for the north
west corridor to reduce ‘food miles’ and to increase diversity in
satellite suburbs, however, if they result in suburbs being located
further from the city centre, saving food miles can be more than
offset by increased ‘commuter miles’.
Figure 5 shows that residential scheme supplies are the highest
water-demand sector in the Perth metropolitan area (30 per cent),
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Figure 4: Water supply and demand projections for future climate scenarios for the Perth region (CSIRO, 2009).
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followed by irrigation of parks and gardens by local government
and domestic irrigation by private bores (both at 12 per cent),
general industry and commercial and institutional (both at 11 per
cent) and horticulture (7 per cent in 2010; decreasing to 4 per cent
in 2030). Only residential scheme supplies are potable and almost
all non-potable water is sourced from groundwater. Only a few
per cent of treated wastewater is used for irrigation in Perth compared with over 50 per cent in rural areas. The main reason for
this difference is the ready access to a shallow, fresh groundwater
aquifer in Perth in comparison with the lack of such groundwater
in rural areas. Hill suburbs and clayey areas near the upper Swan
and Canning rivers also lack this aquifer, which can result in a
higher interest in reuse (e.g. recharging aquifers with stormwater
near Hartfield Park in Kalamunda; Leederville aquifers in the
City of Canning). The gradual decline in groundwater levels in
urban areas, salt water intrusion in the late 1970s and deteriorating
water quality in peninsular areas has resulted in increased interest
in stormwater and treated wastewater as alternative water supplies
for non-potable water requirements.

Figure 5: Water demand in Perth Peel by sector in 2010, 2020 and 2030 (Resource Economics Unit, 2011).

Stormwater as a Source of Future Non-potable Water
The rate and location of groundwater-level declines under Perth
have been assessed by Smith, Pollock & McFarlane, (2005) and
Smith and Pollock (2010). These analyses showed that almost all
areas, for which a trend could be estimated, were falling. In coastal
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areas, groundwater levels can be offset by seawater intrusion at
the base of the aquifer so the depth of fresh water thickness is a
better guide to availability. The Gnangara Sustainability Strategy
recommended private licensed allocations be reduced by 20 per
cent as a result of falling levels (Department of Water, 2009c).
Urban wetlands are estimated to increase property values
north of the Swan River by about $4 billion (Marsden Jacob
Associates, 2012) and by a smaller amount to the south (Tapsuwan,
Emelyanova, McFarlane, Donn & Bekele, 2015). These wetlands
have received street drainage (managed by local governments)
since Perth was first settled, the remainder of which goes to
infiltration basins, the river or the ocean. These drains only flow
after rain. Some local governments on the Mosman Peninsula
have diverted their drains into the Superficial Aquifer to reduce
groundwater salinity as levels decline and saline intrusion from
the ocean and river worsens. Lower hydraulic gradients are now
resulting in less flushing of the aquifer in these areas. Higher urban
density in new suburbs and urban infill areas increase recharge as
discussed later.
Main arterial drains were constructed after Perth was settled
to lower groundwater levels in swampy areas to enable buildings and roads to be constructed and for agriculture to access
more-fertile, peaty soils. These drains, managed by the Water
Corporation, can flow year-round because they were designed to
intercept groundwater. Their yields are now a small fraction of
what they were in the 1960s, reflecting the decline in groundwater
levels (Smith et al., 2005).
In high-density suburbs in which roof and road runoff is
directed into the aquifer, a significant proportion of the water
within the Superficial Aquifer will be infiltrated stormwater. In
2007, a trial started to supply up to 1,000 houses with groundwater
for outdoor use in a moderate density suburb at Brighton in the
north west corridor (Monash University, 2009). It succeeded in
reducing the amount of drinking water used in these houses but
increased water use overall (Chris Higgs, pers. comm. 2014). The
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Figure 6: Location of wastewater treatment plants, catchment areas and ocean outfalls in the Perth Peel
area (Source: Water Corporation). Note: Red numbers indicate on-site infiltration to the Superficial
Aquifer and blue numbers show ocean outfalls.
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scheme has not been extended to other areas because the benefits
do not warrant the complexity and costs of management that are
likely in less well-suited areas. Also, poor groundwater quality
may not warrant the establishment of a scheme.
Treated Wastewater as a Source of Future Non-potable Water
About 138 GL/yr of treated wastewater was discharged into the
ocean in 2013/14, with a further 7.2 GL/yr infiltrated to the
Superficial Aquifer through unlined ponds in locations such as
Kwinana and Mandurah (Figure 6). Most small and new treatment plants (e.g. Alkimos, East Rockingham, Kwinana) use an
oxidation ditch treatment process that reduces the amount of
nitrogen to levels that are more similar to native groundwater.
Nitrogen is a pollutant of concern because of its ability to cause
eutrophication in marine systems when in high concentrations.
The location of four large wastewater treatment plants on the coast
makes them suited to dispose excess water at ocean outfalls but less
able to provide treated water to inland areas such as the north east
and south east corridors where aquifers are fully or over allocated.
The option of sewer mining, managed aquifer recharge and/or
re-establishing local treatment plants could overcome this hurdle.
Wastewater flows are projected to increase to 268 GL/yr in
2060 under a continuation of the 1980 to 2008 trend or to only
209 GL/yr if in-house water efficiency measures are adopted
(Water Corporation, 2009). About 7 per cent of metropolitan
treated wastewater was recycled in 2013 to 2014 compared with
28 per cent in Adelaide (BoM, 2015). Groundwater replenishment
to recharge confined aquifers with very highly treated wastewater
for subsequent groundwater abstraction will increase reuse and
help security of drinking-water supplies. By carefully managing
the location of the recharge and abstraction bores, it also has the
potential to reduce the risks of seawater intrusion, land subsidence
and impacts on wetlands that are connected to these systems.
Reuse currently supplies process and cooling water to heavy
industry from the Kwinana Water Recycling Plant and irrigation
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water for public open spaces (e.g. McGillivray Oval, Meadow
Springs).
There has been growing interest in adding treated wastewater to the Superficial Aquifer through either infiltration
galleries or open ponds as a form of managed aquifer recharge.
Modelling of potential impacts has been carried out for the
Mosman Peninsula (Prommer, Barber, Sibenaler & Blair, 2004),
Perry Lakes (McFarlane, Smith, Bekele, Simpson & Tapsuwan,
2009; Drummond, McFarlane, Smetten & Pannell, 2011) and
the Cockburn Sound Catchment (Donn, Bekele, Tapsuwan &
McFarlane, 2015). Groundwater levels are projected to increase
several kilometres away from where water is added through the
slowing of groundwater discharge to the ocean or river. This can
benefit throughflow wetlands as well as water users located away
from the point of infiltration.
Bekele, Toze, Patterson & Higginson (2011) found that almost
all pollutants and pathogens in wastewater were substantially
attenuated or diluted when treated wastewater was added to infiltration galleries in Spearwood Sand before entering the Tamala
Limestone aquifer. An exception was nitrogen because the aquifer
was oxygenated which prevented denitrification.
The infiltration of up to 1.7 GL/yr of treated wastewater at
the Kwinana WWTP since about 1975 has increased groundwater
nitrogen levels in vicinity of the basins but has not had adverse
impacts on the environment (Bekele, Donn & McFarlane, 2015).
Nearby groundwater levels have benefited The Spectacles wetlands
compared with other wetlands in the Beeliar chain. The gradual
drying of wetlands and exposure of peat/peaty soils to oxygen
raises the risk of acid sulphate soils developing, which can release
acid, aluminium, iron and arsenic (Appleyard et al., 2004). Their
drying also raises nitrogen levels in down-gradient groundwater
(Bekele et al., 2015).
It usually takes many years for infiltrated water to reach ocean
and river discharges when the addition occurs more than a few
kilometres from these water bodies. Mixing and attenuation
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can make it difficult to identify added wastewater from ambient
groundwater unless trace chemicals found in wastewater can
be detected.
Areas where managed aquifer recharge may be best located
have been mapped by Smith and Pollock (2010). Those areas
on the coastal strip where the water table is deep and which
contain yellow sands appear most suited, whereas the leached and
low-lying Bassendean Dunes in the east are less capable of treating
or storing much added water. There is little evidence of karstic
flow in the Tamala Limestone, so the added water interacts with
the aquifer, which increases its likelihood of attenuation because
residence times are higher (Smith et al., 2012).
INTERACTIONS BETWEEN LAND AND WATER USE IN PERTH
Since a large part of Perth is built over the Superficial Aquifer, a
major source of potable and non-potable water as described previously, there are several important interactions between land and
water use and water demand. The density of urbanisation directly
affects the amount of rainfall that becomes recharge. The greater
the proportion of the land surface that is covered by roads (which
usually discharge to absorption basins), roofs (which discharge to
soak wells) and paving, the greater the recharge. High housing
density areas also have limited areas needing to be irrigated and
backyard bores are rare. In older areas serviced by main drains (e.g.
Bayswater and Mills Street), storm runoff can go straight into the
main drain network (Barron, Donn, Pollock & Johnstone, 2010).
In the early 1980s, groundwater levels were falling in a lowdensity urban area (net site dwelling density of ten1) with 43 per
cent bore ownership, whereas excess water had to be drained
to the ocean in a medium-density area with a net site dwelling
density of fifteen2 and 4 per cent bore ownership (McFarlane,
1984). Groundwater levels in this medium-density area have fallen
in recent decades, indicating that densities higher than fifteen
are now needed to stop groundwater levels from falling under
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the recent dry climate. Net site dwelling densities in new subdivisions increased 9 per cent from 20.7 in 2008 to 22.6 in 2013
(Department of Planning, 2015a). These densities make domestic
bores very unattractive.
The Water Corporation is increasingly locating drinkingwater bores in the Superficial Aquifer in these higher-density P3
areas in the north west corridor, while bores in P1 reserves are
used mainly to meet peak demands (Figures 1 and 3). Locating
production bores in urban corridors close to where the water
will be consumed reduces pumping costs. The highly transmissive limestone aquifer in the north west corridor also responds
less to water withdrawals and there can be water quality benefits
compared with groundwater, which contains high levels of
organic matter.
Smaller blocks and larger houses results in less outside water
use and hence a higher proportion of delivered water being used
inside houses. This increases both the importance of in-house
water-efficient devices and the proportion of drinking-water
supply that becomes wastewater. While these trends may result in
Perth’s per capita water use becoming more like other Australian
cities, a reduction in the area being irrigated reduces the amount
of evaporative cooling, which can exacerbate the heat island effect.
In Melbourne, concerns about higher temperatures during severe
water restrictions resulted in calls for stormwater to be retained
in the urban environment to help keep it cool (Coutts, Beringer,
Jimi & Tapper, 2009). The change in tree canopy cover in Perth’s
suburbs is being monitored through the ‘Urban Forest’ program
(Department of Planning, 2015b). The remote sensing technique
that is used could be expanded to estimate urban water balances,
stormwater pollutant flows and heat islands impacts if considered
important for planning purposes.
Urbanisation of areas with a shallow water table, such as
in the south east corridor, creates problems for housing, which
needs at least a 0.5m separation (between floor level and the water
table) and is further complicated as sand for housing fill is limited.
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This is especially important where roof and road runoff has to
be disposed of on the block because soil drainage can discharge
nutrients into estuaries that are already affected by eutrophication.
Stormwater and treated wastewater can be used to irrigate
public and private open space, but it requires seasonal storage
and either passive or active treatment to remove suspended solids
to reduce the risk of clogging. Water is also needed in nearby
light and heavy industrial zones so solutions that turn this excess
seasonal water into a valuable resource need to be found. In the
Northern Adelaide Plains, the landscape has been modified to
create urban and periurban water features. In addition, managed
aquifer recharge of stormwater and treated wastewater supports
water-intensive industries. Similar solutions could be adapted
for the south east and north east corridors, which have valuable
wetlands and aquifers that could be better utilised.
Stormwater and treated wastewater will increasingly become
very valuable sources of non-potable water in Perth; whereas
they are currently mainly viewed as waste flows to be disposed
of into the soil, river or ocean. The Superficial Aquifer provides
an ideal asset for water storage, treatment and transport to supply
the existing private and public bore network. Water for irrigation
is required to reduce the urban heat island which is growing
in higher-density (often outer) suburbs with small gardens and
trees for evaporative cooling. Single storey urban in-fill is also
removing the remaining trees in existing suburbs. So there is an
apparent conflict between the need to reduce per capita water
consumption and the loss of urban amenity, and the attractiveness
of outdoor recreation when there is a preponderance of roofs,
paving and roads which absorb and re-radiate heat.
As stormwater and treated wastewater grow as higher-density
urban areas expand, there is a need to properly value it and govern
its use. Higher housing densities increase stormwater and wastewater volumes while reducing the need for private bores as shown
in McFarlane (1984).
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The amenity provided by private and public trees, gardens
and public open space, as well as urban wetlands supported by
the aquifer, is captured in land values but the management of
the Superficial Aquifer, stormwater and treated wastewater flows
is not yet sophisticatedly governed or managed. Regional local
governments may provide the right-sized framework, given the
need to manage stormwater and treated wastewater across large
areas and the demand for amenity at the local scale.
CONCLUSION
The ability of membranes to economically remove salts from seawater and pollutants from wastewater makes Perth’s drinking-water
supplies less sensitive to a drier future climate. This will require
the Leederville and Yarragadee confined aquifers to continue to
provide 90 to 120 gigalitres of groundwater per year and to store
and provide increasing quantities of highly treated wastewater
through groundwater replenishment. Shallow aquifer drinkingwater supplies are now mainly abstracted from under high-density
urban areas and less from naturally vegetated groundwater source
protection areas and hills surface water catchments.
Non-potable water demands depend largely on the amount
of irrigation water that is required for domestic gardens, public
open space and periurban horticulture. Increasing urban density
increases recharge and reduces demand for irrigation water. It
also increases the proportion of drinking water that becomes
wastewater and available for reuse, as well as the total volume.
Periurban horticultural use of groundwater is projected to
continue to decline and this, in combination with increased urban
density, may increase water supplies available to local governments to provide green open space for recreation. However, there
are worrying signs that the salinity of groundwater is increasing
in peninsular suburbs and in poorly drained areas. Augmenting
natural recharge by diverting the stormwater that is not already
infiltrated, and adding treated wastewater through managed
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aquifer recharge, offers attractive solutions if they gain community
acceptance. Interactions between land and water planning are
increasingly being factored into urban planning by the Western
Australian government.
Perth has a number of unusual hydrogeological features and
has experienced early climate change which requires solutions
to be evaluated in their local context. State planning, regulatory
and resource agencies need to continue to work with research
providers to develop bespoke solutions underpinned with sound
science to avoid environmental, social, economic and cultural
values being lost and opportunities missed. Urban water-cycle
processes and long-term risks are yet to be adequately quantified.
Adopting solutions that work in more traditional urban areas
are unlikely to produce optimal outcomes in the Perth metropolitan area. The Department of Water is developing a long-term
water-supply strategy for the Perth-Peel region to evaluate and
determine appropriate solutions to expected shortfalls in natural
water availability to meet future water needs.
To answer the question posed in the chapter title; Perth does
have enough water for its diverse needs, but it will require skilled
management and adaption to cope with a drying climate and
community preferences. Drinking water sources are more secure
than non-potable supplies needed for irrigation, the maintenance
of environmental and social values (especially urban wetlands)
and reducing the urban heat island. There needs to be greater
recognition of the values that the Superficial Aquifer supports and
clearer roles and responsibilities for its management, especially for
local government or regional groupings of authorities.
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NOTES
1.
2.

The number of houses per residential hectare that is comparable with the R code. The gross
zone dwelling density in this area was 6.0.
The gross zone dwelling density was 10.3.
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