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Executive summary
The way we manage water in cities, particularly stormwater, influences almost every aspect of the urban 
environment and how we live in it. 

There are many challenges in addressing water management into the future, including: a growing 
population; stressed waterways; a changing climate and increasing housing pressure. Smart and cost-
effective water management is a central mechanism to deal with these pressures and lay a foundation for 
a sustainable, liveable and prosperous region. 

This document, titled Six streams, is our Integrated water strategy. It reviews all elements of the urban 
water cycle, and sets out a strategic approach to managing water, in partnership with other agencies, to 
create a more liveable city, with specific targets to be achieved by 2036.

This strategy was developed through in-depth consultation within Blacktown City, and in consultation with 
external stakeholders and the community. 

The vision in this strategy is for Blacktown City to become a ‘water sensitive’ city; a city that; 

•  uses water in an efficient and smart way

•  recognises water can improve the local amenity and combat urban heat

• has highly valued waterways

•  recognises the role of water in creating high quality open spaces and that water can be used to create 
vibrant precincts.

This strategy is consistent with our strategic plan, Our Blacktown 2036 to achieve the vision of a clean, 
sustainable and healthy environment. It will help deliver focus area 3 to protect and improve our water quality 
encouraging sustainable water management and focus area 6 to respond to the impacts of climate change.

In February 2020 Blacktown City declared that we are in a state of climate emergency. To address this, 
the strategy works towards reducing urban heat by increasing canopy cover. In addition, the strategy 
is consistent with numerous internal plans and policies, and quadruple bottom line reporting as well as 
external NSW Government and water authority policies and strategies.

Urbanisation and urban heat mitigation are the 2 biggest influences on the future of water flows and 
management of assets for Blacktown City. Between 2016 and 2036 there is forecast to be 221,500 more 
people, 83,800 new dwellings, and a further 30 square kilometres of imperviousness, in an already hot 
western Sydney climate. 

The future water balance of 2036 (without the adoption of the targets and actions in this strategy) we 
would see: 

• an increase of 64% use of potable water (costing up to $3 million a year to Blacktown City)

• a decrease of 11% evaporation

•  an increase of 55% in stormwater runoff (on average generating 71 GL of stormwater a year that flows 
with pollutants into local creeks)

•  13 GL more of treated wastewater discharged into creeks from Sydney Water wastewater treatment plants. 

The strategy sets out 6 different values, and hence is referred to as the Six streams strategy. The streams are: 

1. Amenity and quality of life

2 Hidden waterways

3. Climate and urban heat

4. Servicing urban growth

5. Affordability

6. Competitive city 
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The actions set ambitious targets that are specific, measurable, timely, realistic and focused on addressing 
the key water infrastructure, environmental and social challenges in our city. 

•  18 of our 27 actions can be delivered within the existing operational budget and the Environmental 
Stormwater Management Program (ESMP)

• 9 require additional funding (and 2 of these are explicitly designed to attract external funding)

This strategy positions Blacktown City at the forefront of sustainable urban development and liveable 
communities. It enables our city to become an attractive place to live and work, and for us to continue to 
be recognised as a leader in urban water management. 
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1.  Introduction
The way we manage water in cities, particularly 
stormwater, influences almost every aspect of the 
urban environment and how we live in it. There are 
many challenges in addressing water management into 
the future, including: a growing population, stressed 
waterways; a changing climate and increasing housing 
pressure. Smart and cost-effective water management 
is a central mechanism to deal with these pressures 
and lay a foundation for a sustainable, liveable and 
prosperous region. 

This document, titled Six streams, is our Integrated 
water strategy (IWS). It reviews all elements of the 
urban water cycle, and sets out a strategic approach to 
managing water, in partnership with other agencies, to 
create a more liveable, sustainable and prosperous city, 
with specific targets to be achieved by 2036. 

1.1 The urban water cycle

Building cities fundamentally changes the natural 
water cycle. This presents significant challenges 
and opportunities for local government and state 
government, water authorities, developers and the 
community. The fundamental change (as illustrated 
in Figure 1) is that significantly less rainfall is used or 
captured by vegetation or infiltrated in the soil.

Instead it becomes excess stormwater; runoff which 
carries various pollutants, that must be transported 
away from urban areas (for safety reasons). In addition, 
there is an increase in the number of residents and 
businesses requiring potable water to be transported 
into urban areas and wastewater transported out. The 
movement of water (potable, stormwater or wastewater) 
requires significant amount of infrastructure, physical 
space and energy.

In the urban environment, there are typically 4 sources 
of water that residential, commercial, industrial and 

municipals rely on: potable, rainwater, stormwater, 
and recycled water. Each water source has different 
availabilities, reliabilities, costs and quality. A large part 
of an integrated water strategy is optimising the mix 
of these water sources, in the context of their fit-for-
purpose end use. At the Greater Sydney scale, supply 
also includes the use of desalination, river extractions, 
groundwater and inter-basin diversions. 

Potable water can be used for:

•  residential purposes (for example drinking water, 
showering, washing, gardens)

 •  commercial and industrial operations (for example 
cooling towers, irrigation, toilets, industrial 
processes)

•  agriculture (for example irrigated market gardens, 
though there are very little in Blacktown City)

•  environmental flows in natural and man-made 
waterways, to provide habitat for fish and other 
native plants and animals 

•  Council services and facilities (for example 
irrigating parks and gardens, providing pools and 
splash parks, fountains, water features, leisure and 
aquatic centres).

Other important parts of the urban water cycle are 
the waterways, the stormwater system, wastewater 
treatment network, and the provision of recycled water 
for non-potable uses. 

Stormwater and treated wastewater are 2 significant 
issues for waterways in our city;

•  stormwater runoff volumes have risen due to the 
increasing urbanisation and imperviousness of the 
catchment

•  Sydney Water discharges treated water from its 
(in-land) sewer treatment plants directly into our 
creeks.

Natural water balance Urban water balance
precipitation

precipitationevapo-
transpiration

runo�

imported
potable

water and
virtual water

large volumes of
poor quality runo�
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in�ltration
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Figure 1.  Changes to the urban water cycle with urbanisation
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Combined, these affect the stability of the creeks, the 
water quality in the creeks and the hydrological flow 
regime. These, in turn, affect the aquatic and riparian 
habitats and ecological processes in the waterway. The 
use of recycled and harvested stormwater is currently 
restricted through legislative and economic barriers.

1.2 Drivers of this strategy 

Several local and regional issues created the need to 
review how water is managed and what strategy is 
required to deliver the best outcome for the community. 
These include: 

• Managing urban growth 

  The population of Blacktown City is set to 
increase by more than 221,500 people by 2036. 
This equates to at least 83,800 new residential 
dwellings and associated infrastructure in both 
the North West Growth Area (NWGA) and existing 
residential areas.

• Population increase

  The increase in population, dwellings and 
infrastructure will result in an increase:

 • in demand for drinking water

Figure 2  Blacktown local government area within the western Sydney region (Source: Wave Consulting) 
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 •  of runoff from roads and buildings entering our 
creeks

 •  in the delivery of water sensitive urban design 
(WSUD) assets to reduce pollutant loads to our 
waterways

 • in demand for high quality public open space

 •  of local temperatures through the urban heat 
island effect. 

•  Delivering water infrastructure to cater for this 
growth 

   Currently the combined water required across 
the city for all residents, businesses and Council 
services is 32.8 GL of water per annum and the 
expected population growth will see an extra 
18 GL consumed each year to meet residential, 
industrial and commercial demand.  In turn, by 
2036, a further 13 GL per year of wastewater will 
be generated that needs to be processed (and 
probably discharged into local creeks).

• Adapting to urbanisation

  It is estimated that there will be an addition of 
more than 30 square kilometres of impervious 
surfaces (for example roads and paved areas) by 
2036.

•  Mitigating the impacts of the ‘urban heat island’ 
effect

  The urban heat island effect is caused by 
higher localised air temperatures as a result of 
urbanisation and climate change. Cities are hotter 
because we clear vegetation and replace it with 
heat absorbing materials such as concrete; this 
traps heat which is then radiated from these 
surfaces over hours and days.

  Blacktown City is forecast to have an additional 10 
days a year of extreme heat days (over  40°C) by 
2030 (CSIRO-BOM 2016).

• Floodplain management

  Ensuring that urban development on floodplains 
does not impact on the safety and quality of life 
for our residents.

• Community expectations

  Meeting the community’s expectations on the 
quality of waterways and open space.

There are also other important city-scale drivers for 
the development of an integrated water strategy in 
Blacktown City, including:

•  Translating the vision and strategic direction of 
the Greater Sydney Commission’s Central District 

Plan into a local context. This strategy has been 
used to develop Blacktown City’s Local Strategic 
Planning Statement

•  NSW Government’s Metropolitan Water Plan (2017)

•  Sydney Water’s Western Sydney Regional 
MasterPlan (2020)

•  The Lower Hawkesbury-Nepean River nutrient 
management strategy (Office of Environment and 
Heritage, 2010)

•  The Resilient Valley, Resilient Communities (2017) 
strategy (Infrastructure NSW) regarding the 
catchment-wide strategy to address riverine 
flooding

•  The City of Sydney’s Resilient Sydney Strategy 
(2018) direction to improve the resilience of our city, 
governance, infrastructure, places and people.  It 
includes 5 directions (all of which are consistent 
with this Six streams strategy), A people centred 
city, Live with our climate, Connect for strength, 
Get ready and One city.

1.3 The scope of this strategy

This strategy provides a direction and targets for new 
and existing water related programs while addressing 
some central questions, including:

•  what type of ecological condition are we aiming 
for by 2036 for the 262 KM of waterways in our 
city?

•  how much water is required to sustain our facilities 
and parks now and in the future?

•  how much water is cost effective to harvest, to 
reduce the amount of potable water we use to 
deliver fit-for-use water to precincts?

•  how can we reduce the risk of environmental 
degradation from urbanisation and population 
growth?

•  how can we reduce the risk of heat-related health 
impacts through better water management?

•  what type of stormwater management assets 
will deliver the most benefit while reducing the 
financial stress on our maintenance budgets?

•  how can we use water to create a more liveable 
city?

•  how can we use water to create iconic and 
transformational landscapes, that position 
Blacktown City as a prosperous and competitive 
city?
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1.4 What is Six streams? 

This Integrated water strategy is titled Six streams. 
This is a reference to the 6 different strategic that the 
strategy has adopted. It also looks at the different 
water streams, and is a play on the fact that there are 
several creeks in the city, for example South Creek, 
Eastern Creek, Breakfast Creek, Blacktown Creek, 
Toongabbie Creek, and Little Creek. 

However, it is not a literal reference to 6 specific streams 
or waterways in the city.

1.5 Blacktown Local government area

Blacktown City is the largest local government area, 
by population, in NSW and is the centre of western 
Sydney. The city covers 247 square kilometres, includes 
48 suburbs and is located only 35 kilometres from 
the Sydney CBD. It is part of the Greater Sydney 
Commission’s Central District Plan area. 

Blacktown City includes 12 of the 16 land release 
precincts in the North West Growth Area, which 
will have a large impact on population growth by 
providing housing for more than 221,500 new residents. 
Population growth, however, is not limited to the 

greenfield areas of the North West Growth Area, 
significant in-fill development is also planned for  5 
existing town centres.

There are 262 KM of waterways, creeks and drainage 
corridors (Figure 2) in Blacktown City.  These drain 
into 3 substantial river systems: Hawkesbury-Nepean 
River (86% of the city area drains into this river), the 
Parramatta River (10%) and the Georges River (4%). The 
main river systems are Eastern Creek, South Creek and 
Blacktown Creek.  Prospect Reservoir is a large water 
reservoir (and recreational destination) in the south 
of the city managed by Sydney Water.  The Western 
Sydney Parklands Trust manages a large tract of green 
space and bush through the middle of the city.

1.6 Community support for improved water 
management

There is widespread support from the community for 
improved waterway health, improved greenery and 
passive and active recreational open spaces. This was 
verified through targeted surveys of Blacktown City 
residents during 2016 and 2017 as summarised in Table 
1 below.

Name Date Description/results
Blacktown Community Social 
Profile survey

2016 Through open ended questions, respondents repeatedly stated 
that they wanted ‘more parks’, ‘more trees everywhere to offer more 
shade’ and ‘larger waterparks’. In fact, the respondents to this survey 
raised parks and waterways twice as often as they raised safety and 
parking as significant issues. 

‘I’d plant more trees everywhere to offer more shade, along roads 
and footpaths and in parks’.

We value ‘the natural and green spaces with trees and wildlife’.

We are concerned about ‘maintenance of parks, equipment, roads, 
footpaths, trees and waterways’.

Our Blacktown 2036 (community 
strategic plan)

2016 Developed on the basis of engagement with over 5,000 community 
members, page 19 states that 1 of the 6 themes of the strategy is ‘A 
clean, sustainable and healthy environment’.

Blacktown Environment survey 
(Micromex Research, 2016)

2016 54% of the community surveyed recognised waterways as very 
important locations for recreation.

The survey also found that 75% of residents were very concerned 
or concerned about ‘maintaining eco-systems - nature, plants and 
animals’ and that 84% of residents believed that ‘water quality in our 
local creeks and wetlands’ was a priority for protection.

Blacktown Community Willingness 
to Pay survey (Marsden Jacob and 
Associates, 2017)

2017 This survey (of 406 randomly selected local community members) 
revealed that the community was willing to pay 38% more for the 
Stormwater Management Service Charge than they currently are.

Table 1.  Summary of community surveys and support 
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1.7. Demographics of the Blacktown City 
community 

The Blacktown Social Profile (2016) provides a thorough 
description of the nature of our community and social 
trends. In 2016 the population of Blacktown City was 
337,000 with only 62% of residents being born in 
Australia, making this area one of the most multicultural 
areas in the country. The median age (32) is well below 
the NSW median average (38). The median family 
income is $1,386 per week, about $330 less than the 
NSW average. Most residents currently get to work via a 
private car (74%) and 10% via train. 

Currently there are over 100,000 occupied dwellings 
in the city, of which 78% are separate houses and 16% 
semi-detached or townhouses (ABS 2016).

1.8 Current requirements for stormwater 
management

In 2004, we introduced a regulation to require all new 
residential developments to treat stormwater to a best 
practice standard. 

This was updated and became Part J of the 
Development Control Plan (DCP) in 2015. This 
requirement has driven a significant amount of 
investment in WSUD.  It is in addition to on-site 
stormwater detention requirements, which vary 
according to catchment location.

Part J of the DCP applies to all new developments. 
MUSIC (Model for Stormwater Improvement 
Conceptualisation) demonstrates that the load of 
stormwater pollutants that are discharged to local 
waterways and ultimately the downstream river systems 
will be reduced. 

Part J also includes a requirement to reduce potable 
water use:  
  Industrial and business developments must supply 

80% of their non-potable demand using non-potable 
sources. Rainwater shall be the primary source and only 
supplemented by recycled water when rainwater cannot 
meet 80% of the demand. When the 80% demand 
threshold cannot be met, the use of non-potable sources 
shall be maximised and be considered on a merits basis 
by Council.

BASIX is another requirement for new residential 
developments set by the NSW Government. It requires 
the installation of water saving features to reduce 
potable water consumption by 40% (compared to 
business as usual).

In the North West Growth Area, we provide regional 
stormwater detention for all development and 
supplementary regional water quality treatment for 
runoff from R2 land and public roads.

1.9 Current water management programs 
and revenue streams

At present, integrated water management activities 
in Blacktown City are funded by a number of revenue 
sources: 

•  Blacktown City stormwater management service 
charge 

  This is a fee levied against each residential, 
commercial and industrial property. It collects 
approximately $4.0 million annually and is 
spent through our Environmental Stormwater 
Management Program (as allowed under the 
Office of Local Government’s Stormwater 
Management Services Charge Guidelines) on on-
ground works, educational and capacity building 
programs.

•  Section 7.11 contributions

  Section 7.11 (formerly section 94) contributions are 
collected under the Environmental Planning & 
Assessment Act 1979. This revenue stream enables 
us to build drainage, regional flood detention and 
WSUD assets in urban areas, through developer 
and NSW Government contributions. Our Works-
in-kind agreement policy provides an option for 
developers to voluntarily contribute in lieu of 
undertaking works on-lot. In 2016/17 $94.5 million 
was spent on drainage services (Blacktown City, 
2017).

•  Blacktown City general revenue 

  General revenue is collected through rates 
from residential, commercial and industrial 
properties that are used to deliver other water 
related services. In 2016/17 we spent $1.65 million 
purchasing potable water across our operations 
(in open spaces, aquatic centres, childcare 
centres, depots, civic centres, and other buildings). 
Rates also fund flood investigations and asset 
upgrades, water efficiency programs and fixtures, 
irrigation system upgrades, and management of 
recreational and open space assets among several 
other services and operations.

• External funds

  We have been successful in sourcing external 
funding, through state and federal grants, for 
special projects. For example, the award-winning 
Angus Creek stormwater harvesting and reuse 
scheme at Blacktown International Sportspark 
(BISP)  received funding from the Federal 
Department of the Environment, and the NSW 
Government (EPA).
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1.10 Current water related assets

We currently have and are responsible for managing a 
variety of assets that use water for our operations or 
treat water before discharge to local waterways.  These 
include:

•  50 biofilters with an approximate surface area 
of 100,000 square metres. These remove an 
estimated 6,600 kilograms of Total Nitrogen (TN) 
a year (see Figure 3)

•  290 gross pollutant traps that remove 
approximately 580,000 kilograms of gross 
pollutants a year (see Figure 3)

• 42,000 stormwater pits (see Figure 3)

•  900 reserves and parks ranging in scale from 
Whalan Reserve (104 hectares) to small pocket 
parks using 380 ML of water a year of potable 
water (Footprint, 2018) 

•  6 aquatic and leisure centres and hundreds 
of Council owned buildings and facilities that 
consume potable water

•  81 detention basins for flood mitigation purposes 
(see Figure 3)

•  2 stormwater harvesting schemes: Angus Creek 
and Blacktown Showground. 

In the long term, we forecast the value of drainage 
and WSUD assets in Blacktown City will increase 
from $1 billion to $1.9 billion.  As a result, our annual 
maintenance budget will rise from $2.5 million a year to 
$4.15 million a year by 2036 primarily due to the need 
to maintain newly built assets in the North West Growth 
Area.

Figure 3.  An example of existing stormwater assets in Ropes Crossing. (Source: Blacktown City).
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1.11 Previous awards

We have received a number of awards for, displaying 
leadership in our approach to stormwater management, 
policy development and stormwater harvesting.

These awards include:

•  IPWEA 2016 Award, Angus Creek stormwater 
harvesting and reuse scheme, highly commended

•  GSC Community Award 2017, Flappy Stormwater 
Education, commendation

•  IPWEA Technology Award 2017, Stormwater 
Management Toolkit, highly commended

•  LGNSW 2017, joint Project with the Parramatta 
River Catchment Group, Get the site right 
campaign, highly commended

•  Stormwater NSW Policy Award 2017, Blacktown 
Developer Toolkit, winner

•  Greater Sydney Commission Sustainability Award 
2018, Blacktown Showground redevelopment, 
certificate of commendation

•  LGNSW Planning Award 2018, Blacktown City 
stormwater Toolkit, winner

•  Stormwater National Infrastructure Award 2018, 
Angus Creek stormwater harvesting and reuse 
scheme, highly commended

•  Stormwater NSW Infrastructure Award 2019, Angus 
Creek stormwater harvesting and reuse scheme, 
winner

1.12 Our initiatives support local and state 
policy 

Six streams aligns with existing internal and external 
plans and strategies, including:

Internal

•  Our Blacktown 2036: Our vision, our plan. 
Community Strategic Plan 

• Responding to Climate Change Strategy (2018)

• Recreation and Open Space Strategy (2018)

•  Blacktown Urban Forest Policy (2016)

• Asset Management Plan (2018)

• WSUD Developer Handbook (2015)

• Eyes on Blacktown (2017)

•  Part J of Blacktown Development Control Plan 
2015

• Sub-catchment plans (2019)

•  Biodiversity Strategy (2011-2020) - currently under 
review 

External 

•  Greater Sydney Commission’s Central District Plan 
(2018)

•  NSW Government’s Metropolitan Water Plan (2017) 

•  Sydney Water’s Western Sydney Regional 
Masterplan (2020)

•  Resilient Valley, Resilient Communities. 
Hawkesbury-Nepean Valley Flood Risk 
Management Strategy (Infrastructure NSW, 2017).

• Resilient Sydney (2018) City of Sydney

It also uses quadruple bottom line reporting as adopted 
in Our Blacktown 2036, requiring a balanced approach 
to meeting the community’s needs and delivering 
services. 
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2.  Our vision
Our vision under this strategy is:

To transform Blacktown City into a water-sensitive city 
through sustainable water management, to drive change 
and innovation so that waterway health and liveability 
outcomes are achieved sustainably and in a cost-effective 
way for our community and future generations.

In translating this vision, we expect that in the future our community will:

•   value and appreciate their waterways and can name their local creek 

•  conserve water at home and at work

•   be more likely to walk through cool streets in summer due to 
improvements to the urban realm and streetscapes

•   save water and energy with an appreciation of the local and regional 
benefits

•   have and appreciate a local park or waterway (in the form of an irrigated 
park or sports field, a wetland, a creek or an iconic water feature)

•   support our efforts in protecting waterways through maintenance and 
capital works

•   support our investment in water assets and appreciate the benefits they 
deliver.

It is important to reiterate that this vision has a focus on delivering 
intergenerational benefits. Results from our Environment survey (2016) showed 
that our community is acutely aware that investment in water and the natural 
environment is required now and will benefit future generations. When 
asked about specific local environmental issues, 92% of our community were 
‘somewhat’ to ‘very’ concerned on the topic of ‘future generations’.
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(Photo: The Ponds)



3. Six streams:
Adopting a new 
strategic direction

(Photo: Nurragingy Reserve)
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The strategy is grouped under 6 different values, and 
hence is referred to as the Six streams strategy.  The 
streams are shown in Figure 4 and described below.

Figure 4.  Six streams framework (Source: Wave 
Consulting) 

Amenity and quality of life This stream refers to 2 
different water related influences:

•  the quality of the condition and location of 
parks and waterways across the city (and their 
associated positive influence on the physical and 
mental health of the community)

•  risk of flood inundation that affects the quality of 
life of some residents that live in the floodplain.

Hidden waterways This stream refers to the entire 
creek, drainage and waterway network within the city. It 
also refers to the waterways and rivers downstream of 
the city (for example the main-stem of the Hawkesbury 
River), that are often literally and figurately hidden 
from the public. Although hidden, the waterways are an 
essential part of our integrated water strategy.

Beyond the more significant and recognised creeks 
such as South Creek and Eastern Creek, several small 
waterways (for example Blacktown Creek) are largely 
invisible to the community. This can make it difficult to 
connect investment and education at the household 
and precinct scale, to the downstream natural asset. 

Much of the investment in reducing pollutant loads 
in stormwater is for a larger river system downstream 
of our city, and this stream of Hidden waterways is a 
reference to the  fact that the benefits of this investment 
would be mostly unacknowledged by the community. 
This stream focuses on changing ‘hidden’ waterways to 
‘celebrated and healthy’ waterways. 

Climate and urban heat In this stream, we capture 
the links between water in the landscape, a changing 
climate and the microclimate impact of hard and hot 
surfaces in urban environments. Surface water plays 
an integral role in cooling our houses and streets, and 
a recent University of NSW and Sydney Water study 
(2018) highlighted that water is a very effective method 
of cooling microclimates in urban areas. This strategy 
frames how the use and management of water can 
play an important role in cooling large areas of western 
Sydney, with a focus on vulnerable communities. 

Servicing urban growth We recognise that, with the 
significant urban growth, a large amount of investment 
is made in drainage and water infrastructure. This 
stream captures the strategic direction of adopting 
smarter and more integrated design solutions to deliver 
greater social, environmental and economic benefits to 
our community and reduce our maintenance load. 

Affordability This stream focuses on the influence 
water and water infrastructure has on Blacktown City 
households and their budgets. Water prices have risen 
nearly 20% (based on national average costs) over the 
past 8 years (Australian Bureau of Statistics, 2018a). This 
increase is above the total rate of consumer price index 
(CPI), for the same period.

While the value of our water management infrastructure 
assets is forecast to grow significantly, there is an 
opportunity to consider how to put downward pressure 
on our budget as well as household budgets.  Our focus 
in this strategy is on good design and for the harvesting 
of local stormwater to be supplied to our facilities and 
other users at a lower per kilolitre cost than potable 
water. 

Competitive city In this stream we capture the fact 
that water can create transformative landscapes and 
attract new people and businesses to a place. Water 
can be used to create dynamic and creative landscapes, 
and iconic features in the urban landscape. Residential, 
commercial or educational precincts can use water in 
creative ways to enhance the reputation of the place 
and support more liveable places. 

In addition to these 6 streams, it is important to note 
that there is an intergenerational objective that 
is intrinsically embedded in all of the streams, to 
make Blacktown City healthier and more liveable for 
subsequent generations. 

Hidden waterways
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4. The current water 
situation

(Photo: Develpoment in North West Growth Centre)
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4.1 Water balance in 2016

We have analysed and modelled the urban water 
cycle (stormwater, potable water, flooding, recycled 
water, sewage, evapotranspiration, infiltration) and its 
average annual volumes through the city based on an 
average of rainfall data spanning 100 years. The year 
2016 is used because it coincides with our reporting 
cycle, the ABS census and other data sets.

In documenting water flows through the city, we have 
made a series of assumptions, and several models were 
run to simulate and quantify different parts of the 
urban water system. These are shown in Figure 5. 

The water balance shown in Figure 5 captures some 
important insights into the way water flowed through 
the city in 2016. It reveals, that the overall amount of 
potable water consumed (34.1 GL/year) is very small 
compared to the average annual total water that falls 
in the city (196 GL/year). It also reveals that rainfall is 

lost as evaporation or evapotranspiration (water used 
by vegetation and lost to atmosphere), but some is 
discharged to drains and waterways as baseflow (the 
water that flows to creeks through sub-surface routes) 
(10%) or stormwater (18%). In principle; this volume of 
stormwater could represent a valuable resource that 
is currently mostly unused, it flows to local waterways, 
often with undesirable consequences for downstream 
water quality.

Variability is a key consideration in understanding 
whole-of-catchment water balance. While Figure 5 
shows volumes averaged over a year, it doesn’t capture 
the variability of water flows between years and within 
a year, which is a large consideration for authorities 
when designing and maintaining infrastructure. The 
variability (caused by storms, droughts, and spikes in 
demand) creates peak flows in the drainage, water 
supply and wastewater networks.

 

Figure 5.  2016 modelled water balance per year (Source: Wave Consulting)
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4.2 Implications for water use and amenity (2016)

There are several other datasets that help us understand the state of the water cycle, condition and trajectory of 
water issues in our city. These are outlined in Table 2 below. 

We use 770 ML of potable 
water a year, of which nearly 
60% is for irrigating parks 
and reserves. 

This volume, however, is a 
small proportion (~2.5%) of 
the total volume of potable 
water used in the city, 32.7 GL 
(Figure 5)

Our Angus Creek stormwater 
harvesting and reuse 
scheme has the potential to 
harvest and use 0.2 GL of 
stormwater for irrigation at 
the Blacktown International 
Sportspark (BISP) and 
surrounds.

We use 0.1 GL per year from 
Sydney Water’s Rouse Hill 
Recycled Water Plant, to 
water reserves in Kellyville, 
The Ponds, Parklea, 
Glenwood, Acacia Gardens 
and Quakers Hill.

In the summer of 2016/17,  
Landsat images were analysed 
by Office of Environment and 
Heritage to determine how hot, 
on average, urban areas were 
in a range of local government 
areas. This mapping identified 
that most areas are, on average, 
at least 6ºC hotter than a natural 
vegetated area, and some 
areas of our city are over 12ºC 
hotter.  We know from health 
research that when the land 
surface temperature is above 
35ºC, vulnerable sections of the 
community suffer serious health 
problems.

Heatwaves often correspond 
with a ‘peak in heat related 
hospital presentations’ in NSW 
(NSW Health).

The condition of our 
waterways is reported every 
year and varies based on 
a variety of factors. In the 
past 4 years only 2% of the 
total waterway length have 
been rated consistently as 
‘excellent condition’ (Little 
Creek Tributary). 

Approximately 5% of 
waterways are rated as 
‘good’ or ‘excellent’.

Without any sediment 
control, 16,500 tonnes of 
sediment will potentially 
enter waterways in the city 
from greenfield development 
areas cleared prior to 
building. 

This is greater than the 
diffuse source contribution 
from all impervious areas 
in the city (based on MUSIC 
modelling).

On average, 140 tonnes of 
Total Nitrogen (TN) and 20 
tonnes of Total Phosphorus 
(TP) flow to waterways 
as runoff from existing 
impervious areas in the city.  
This is partly ameliorated 
by the >10 hectares we have 
dedicated to bioretention 
systems and GPTs, however 
more systems are required to 
deal with current and future 
loads.

Discharges of Total Phosphorus 
(TP) from Sydney Water’s 
treatment plants have dropped 
by 92% since 1994 (Sydney Water 
(2012) in Boon, P., 2017).  The 
estimated load of TP into South 
Creek in 2012 was 0.9 tonnes/
year.  This reduction in load from 
the 1994 level is a very significant 
development, and places more 
emphasis on reducing loads from 
stormwater into the future, as 
well as maintaining these loads 
of TP from sewage treatment 
plants despite the pending 
population growth.

Table 2.  Summary of today’s water issues and changes over time
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 4.3 Waterway condition

Recent assessment (2018/19) of the condition of 
waterways suggests they are highly disturbed (Figure 
6). This is consistent with the worldwide scientific data 
that suggests ‘urbanisation has a detrimental (and 
perhaps irreversible) impact on waterways’ (Walsh et 
al, 2005 and Walsh and Webb 2016) when there are 
minimal physical and biological assets embedded 
in the stormwater system as it discharges to local 
waterways. This predicted decline in the health of the 
city’s waterways is contrary to the community values 
and concerns for local environmental issues outlined in 
Section 1.6.

We are aiming to improve and maintain all ‘Fair’ 
condition waterways, as measured by a combination of 
2 factors: water quality (chemical factors and  aquatic 
macroinvertebrates also known as waterbugs) and 
riparian health. 

Urban development will increase the risk of algal 
blooms in the Hawkesbury River, change the tidal 
interface (where seawater extends upstream in the river 
system) and impact the downstream oyster farming and 
the recreational use of the rivers. Nutrient inputs from 
the surface streams flowing out of western Sydney have 
a demonstrable negative impact on water quality in 
the main-stem of the Hawkesbury River (Boon, P, 2017, 
Chapter 5). 

Stormwater is now the largest contributor to nutrient 
loads based on MUSIC modelling, when compared to 
recent data from Sydney Water on sewage treatment 
discharges to local creeks in the Hawkesbury River and 
listed in Table 5.2 of Boon (2017).

The flow regime in the city’s waterways has been 
significantly altered, not just through the impact of 
stormwater that is described above, but also through 
the addition of the fairly continuous discharge of 
treated water from sewage treatment plants. The St 
Marys Treatment Plant contributes between 4 and 8 ML 
per day into Ropes Creek (a tributary to South Creek), 
Riverstone Treatment Plant discharges around 1.8 ML 
per day into Eastern Creek and Quakers Hill Treatment 
Plant discharges 31.1 ML per day into Breakfast Creek 
(Sydney Water, 2019). 

These discharges are artificially maintaining flow all 
year round in the creek, and without these flows the 
creeks would be ephemeral. 

Figure 6.  Waterway condition for waterways within BCC (Source: Blacktown City Council)



17 Six streams  |  Blacktown City Council’s Integrated water strategy

4.4 The urban heat island effect and 
extreme heat impacts

Urban heat is a current and significant problem in 
western Sydney (WSROC, 2018), and has a significant 
impact on the health of communities in western Sydney 
(Sydney Water, 2018). 

Figure 7 shows the increase in summer temperature in 
2016/17 (as measured through Landsat imagery and 
processed by the NSW Office of Environment and 
Heritage), across all areas of Blacktown, compared to a 
vegetated reference location.

There is a clear correlation between urban areas and 
hard surfaces, and increases in temperature. Figures 7 
and 8 show (by exception) that Prospect Reservoir and 
the Western Sydney Parklands are measurably cooler 
than the urban and built up areas, reinforcing the value 
that green grids (a term used in the Greater Sydney 
Commission’s Central District Plan), local reserves and 
waterway corridors are critical to reducing surface 
temperatures on extreme heat days.

Figure 7 shows some areas of the city are now between 
10ºC and 11ºC hotter, on average over summer, 
compared to reserves and vegetated areas. It should 
be noted that much of the North West Growth Area is 
yet to be developed, and we would therefore expect (if 
there are no modifications to existing urban planning 
and design strategies), that this area will get even 
hotter. 

Vegetation coverage (Figure 8) is another dataset 
that reinforces the impact of urban development on 
communities and the role that water, canopy cover 
and vegetation plays in mitigating this impact. Figure 
8 shows the vast range of vegetation coverage across 
the city; from 2% to 80% coverage. It also shows that 
tree coverage is not as prevalent. This is important as 
we know that shade and irrigated trees are critical to 
reducing urban temperatures in summer.

Extreme heat days coincide with higher than average 
hospital presentations (Figure 9). Research suggests that 
increasing tree canopy cover will reduce land surface 
temperatures.

Figure 7.  Landsat data from 2016/17 summer showing increases in summer temperatures (Source: NSW Office of 
Environment and Heritage)
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Figure 8.  Landsat data from 2016/17 showing vegetation coverage and tree cover (NSW Office of Environment and 
Heritage)

Figure 9.  Heat related hospital presentations (Source: NSW Health, 2018).
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Sydney Water’s Cooling Western Sydney report (Sydney 
Water, 2018), outlined the problem: 

•  Sydney’s western suburbs present 6ºC to 10ºC 
higher temperature during extreme events in the 
summer period, compared to the eastern suburbs

•  Energy consumption for cooling purposes in 
western Sydney is up to 100% higher than in the 
eastern suburbs of the city

•  Heat related mortality can be up to 3 times 
higher in Penrith than at Observatory Hill during 
heatwave periods.

This study found that the most effective way to alleviate 
this problem involves greenery, water in the landscape 
and cool materials. These solutions are forecast to 
reduce heat related deaths by 90% in western Sydney 
from 14 to 7.5 deaths per 100,000. 

These datasets and past studies illustrate that, right 
now, there is a clear need and scope to rethink the 
role water is playing in cooling communities in western 
Sydney. 

4.5 Blacktown’s floodplains

Our city and community are subject to 2 types of 
flooding:

•  mainstream flooding, which occurs when creeks, 
streams and manmade channels overfill 

•  local overland flooding, which occurs when the 
capacity of stormwater pipe systems is exceeded 
and then stormwater flows aboveground following 
the low areas of the landscape.  

Development in the North West Growth Area has a high 
risk to mainstream flooding as it is located in low lying 
areas close to sea level and therefore impacted by the 
slow release of stormwater into the Hawkesbury River 
and South Creek. This makes it critically important that 
we work with authorities, such as the State Emergency 
Services (SES), to create flood evacuation routes for all 
areas affected by mainstream flooding. 

Some ways we are reducing flood risk include: 

•  setting planning controls on the types of 
development that occur up to the prescribed      
Flood Planning Level (FPL) 

•  installing flood basins and WSUD infrastructure 
in new developments to capture and temporarily 
store stormwater runoff 

•  enforcing development controls (DCP Part J) that 
require all types of development (except low 
density housing) to install On-site Stormwater 
Detention (OSD) systems on-lot

•  opportunistic stormwater system upgrades of old 
undersized stormwater networks to increase their 
capacity to contain larger stormwater events and 
reduce local overland flooding.

Flood storage devices (mainly basins and OSD) capture 
the high flood risk event (1 in 100 year storm event) and 
release this stormwater slowly over time to reduce the 
risk of local overland flooding and to reduce erosion of 
local creek bed and banks. OSD systems are particularly 
important in the older development areas where no 
space is available for flood basins or other large flow 
control measures. 

The community has access to the flooding information 
via our website’s ‘Maps Online’ page which shows 
land that has been identified within mainstream 
and overland flows, as seen in Figure 11.  These maps 
have been prepared from studies for Council and the 
Department of Planning, Industry and Environment. 
The community or property developers can also obtain 
additional flood advice relating to their property for a 
fee.

Figure 10. Cooling Western Sydney. A strategic study on 
the role of water in mitigating urban heat in Western 
Sydney. (Source: Sydney Water, UNSW and CRC for Low 
Carbon Living).
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Figure 11.  ‘Maps Online’  which shows land that has 
been identified within mainstream and overland flows.

We are an active member at Floodplain Management 
Australia and the Local Government Advisory Group 
for the Hawkesbury Nepean Valley Flood Risk 
Management Directorate.
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5. The projected 
situation in 2036

(Photo: Blacktown Aquatic Centre)
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The growth in our city will see about 50% increase in 
imperviousness, that is an increase from 64 kilometres 
square to 95 square kilometres of hard surfaces.

In modelling the future of water in the city, we have 
assumed continuation of: 

•  the reduction in pollutant load from new 
developments, in the growth areas and infill 
development, of 85%, 65% and 45% of Total 
Suspended Solids, Total Phosphorous and Total 
Nitrogen respectively (as per Part J of the DCP)

•  use of alternative water sources to irrigate many 
new reserves 

•  most businesses and industrial developments 
supplying 80% of their non-potable demand from 
recycled water (as per Part J of the DCP) 

•  new residential developments meeting the BASIX 
requirements (NSW Department of Planning, 2018) 
of a 40% reduction in potable water consumption. 

5.1 Predicted water balance in 2036

Figure 12 shows the forecast water balance for 2036. 
The volumes for almost all of the urban water cycle are 
very different from those estimated for the present-day 
(2016) condition in Figure 5. 

The predicted water balance in 2036 sees a significant 
change to the amount of potable water required, the 
amount of excess stormwater discharged, the amount 

of sewage discharged, and reductions in baseflow and 
infiltration.

The increase in stormwater volumes and sewage 
treatment is concerning from a peak load perspective 
as well, as much of these volumes could flow through 
the city in 1 storm event (stormwater as runoff, and 
sewage if the intense storms infiltrate into the sewage 
network and cause overflows). 

This predicted water balance assumes there is a 
‘business as usual’ approach taken to urban growth and 
water infrastructure by the relevant NSW government 
authorities. The targets adopted in this strategy (see 
the following sections) aim to change this predicted 
water balance by making better use of stormwater and 
creating assets that deliver multiple benefits to the 
community. 

Figure 12.  The future water balance of Blacktown City per year (Source: Wave Consulting) (brackets indicate change 
from 2016)

Our city’s future water story will 
be almost unrecognisable to 
today’s water story as outlined 
in Section 5. This is a function 
mostly of urbanisation and 
increases in imperviousness, but 
also of climate change and its 

related impacts, as well as the changing relationship 
between the community and its authorities (a 
relationship that involves more engagement, more 
transparency, more deliberative decision making 
and the growth of the prosumer).
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5.2 Why is the forecast so different to 2016? 

Two factors are very important in understanding the 
changes that will occur between now and 2036 as 
pointed out by Boon in Chapter 16 of his 2017 book on 
the Hawkesbury River:

•  population growth (new growth areas as well as 
densification of existing areas)

•  anthropogenic climate change and the need to 
consider mitigation measures.

The largest influence on the change from the current-
day balance to 2036 is likely to be the population 
density urban development (Figure 13). With up to a 50% 
increase in the area of impervious surfaces occurring 
as a result of more intensive urbanisation, as well as an 
additional 221,500 more people, the urban landscape 
will be distinctly different.

Compliance with Part J of the DCP would result in an 
additional 300,000 square metres of biofilters. This fact 
alone is a key driver to explore options for integrated 
waterway, water quality and open space designs, as the 
resultant increase in asset value has a real impact on our 
operational budget to maintain WSUD assets. 300,000 
square metres will reduce the risk of algal blooms in the 
Hawkesbury River and contribute to cooler and greener 
opens spaces in the city.

Blacktown City has declared a climate emergency.  While 
our response to climate change is important, it is not as 
influential on the water cycle as the change in the built 
form and the greater area of impervious surfaces.  

The most recent assessments of likely future climates for 
the coastal regions of NSW were prepared in 2016 by 

the CSIRO and the Bureau of Meteorology (CSIRO-BOM 
2016). They indicate for the period to 2030:

•  average temperatures will continue to increase 
in all seasons (very high confidence). Projected 
increases in air temperatures for 2030 vary from 
0.4-1.1ºC  annual averages for a low-emissions 
pathway in 2030 to 0.6-1.3ºC for a high-emissions 
future in the east coast south region (for example 
the southern NSW east of the Great Divide)

•  decreases in winter rainfall are projected for the 
east coast south region (with medium confidence). 
Other changes are possible but unclear. Natural 
variability can mask or enhance any trends, 
particularly in the near future

•  more hot days and warm spells are projected (with 
very high confidence). Fewer frosts are projected 
with high confidence

•  increased intensity of extreme rainfall events is 
projected (with high confidence)

• a harsher fire-weather climate in the future

•  mean sea level will continue to rise and height of 
extreme sea level events will also increase (very 
high confidence).

All of these changes will have an impact on water 
balances and on water quality in waterways. The 
implications for stormwater, for example, are further 
illustrated across each catchment within the city in 
Figures 14 and 15. This highlights where the North 
West Growth Area will see large changes to flows, 
that are likely to have large impacts in relatively small 
catchments. 

 2016 population density  2036 projected population density

Figure 13. Forecast change in density across Blacktown City (Source: Blacktown City)



Six streams  |  Blacktown City Council’s Integrated water strategy 24

5.3 Integrated solutions

Figures 14 and 15 justify why we need an integrated 
approach to deal with some of these significant changes 
to the water balance, and indicate an opportunity to 
build more integrated and resilient infrastructure. 

For example, the increased demand for water 
(particularly by us and the industrial sector) could 
be met or matched with the increased generation of 
stormwater or recycled water. Precincts that have access 
to stormwater or recycled water would use potable 
water as a backup when supply is limited or offline. 
This strategy of using more alternative water sources is 
consistent with creating a more resilient water system 
and set of assets. 

Adopting an integrated approach, which considers 
linking excess stormwater with increased demand for 

water, is also a mechanism to explore how to build 
infrastructure that delivers cheaper water (compared 
to mains water) while supporting actions to improve 
waterway conditions. 

Another example of an integrated approach is the link 
between the use of passively watered street trees (by 
capturing stormwater flow through gutters) to address 
urban heat, and the role they play in reducing the 
nutrient loads and stormwater volumes that flow to 
waterways. The risk with the current strategy is that 
single large biofilters at the end of drains can fail, or be 
bypassed. Using a distributed set of street trees (while 
their core objective is to mitigate urban heat), provides 
a more resilient system and more confidence that the 
combined set of assets will protect waterways. 

Figure 14.  Forecast changes to average annual impervious stormwater flows by catchment (Source: Wave Consulting)

Figure 15.  Forecast changes to annual average Total Nitrogen loads by catchment (Source: Wave Consulting)
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6. If we fail to act

(Photo: Fairwater)
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Failing to act or adopt new strategies in managing 
water may result in a range of implications including 
costs and missed opportunities for the community, 
and the local and regional environment. This chapter 
details the potential problems with a business-as-usual 
approach to water management in our city. The risks of 
not adopting this strategy include:

•  decline in the condition of our waterways and 
natural assets

•  lost opportunity to mitigate against the increasing 
cost of potable water 

•  a reduced capacity to advocate for funding for 
new infrastructure and investment from external 
stakeholders and grant bodies

•  missing an opportunity to use water to position 
Blacktown City as an economic and attractive 
place to live and invest. The city will be undergoing 
a massive transformation over the next 20 years in 
the form of urban growth

•  a reliance on an opportunistic approach to 
building assets across the city, rather than a 
strategic and more cost effective approach

•  a reduced opportunity to drought proof major 
sporting venues and parks. Without more local 
stormwater harvesting projects (or connections to 
regional recycled water schemes), major sporting 
venues and parks will not be able to be watered 
during water restrictions

•  the potential to fall below community 
expectations of waterway condition and 
environmental values

•  a detrimental affect on the long term health 
(physical and mental) of the community due to the 
lack of water related investments and access to 
good quality and cool open spaces

•  the cost of lost opportunities, that is, not building 
infrastructure when it is most efficient, assuming 
that retrofitting buildings, streets and precincts 
is costlier than building assets during a growth or 
renewal phase

•  We are no longer being considered a leader in 
urban water management, with a reduction in 
reputation kudos, less likelihood of receiving 
awards and grants for innovative projects and 
policies

•  community and business not managing their 
water use sustainably

•  possible future litigation with respect to a failure 
to mitigate recognised flooding and climate 
change impacts. 

It should be noted that a business-as-usual approach 
would still see the ongoing delivery of WSUD assets 
under the DCP and precinct planning, the ongoing 
investment in waterways through the Environmental 
Stormwater Management Program (ESMP), and flood 
and drainage investigations. But the forecast future 
water balance (Figure 12) suggests that strategic 
investment is required to manage the increased water 
flows and demands. 
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7. Options, costs and 
benefits

(Photo: The Ponds community hub)
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A variety of options are available to us to improve water 
management and community benefits. The options are 
listed at attachment B and linked to the Six streams 
values shown in Figure 4. Several of the options can only 
be delivered with external funding and approvals. 

All of the options involve additional policy, technical, 
economic and community investigation, but at the 
strategic level they enable us to consider a range of 
different possibilities that can be deployed to influence 
and change the way we manage and think about water 
in the city. 

The on-ground delivery of any asset requires a detailed 
process to determine how to design, construct and 
maintain it in that specific location, surrounded by 
several other pieces of infrastructure, and potentially 
in conflict with several other objectives. But if we value 
water, want to strategically influence the future water 
story, and meet community expectations, we must 
find the institutional and technical solutions to these 
problems at each site. 

The options detailed in attachment B are categorised 
into the following themes:

• Access and quality

• Advocacy

• Catchment based

• Council building retrofits

• Education

• Enforcement

• Master planning and design

• Monitoring

• Policy

• Precinct scale 

• Streetscape

• Waterway corridors.
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8. Targets and actions

(Photo: Charlie Lowles Leisure Centre, Emerton)
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We have identified the major water issues and opportunities that affect our city, and set targets to ensure that all our 
actions and investments are focused on delivering specific outcomes for our community and our operations.

Below are our targets for each of the 6 streams of this strategy, along with the actions required for success.  These 
targets have been developed through consultation and have both short to medium term tangible reporting goals 
and medium term aspirational goals to meet our vision for the city outlined in this strategy.

8.1 Amenity and quality of life (Targets 1 and 2)

We will continue to meet the needs of our fast growing population, and our water use will increase to service new 
facilities and buildings. We expect potable water consumption in the city to double (across all sectors), over the 
20 year period from 2016 to 2036. This will also put pressure on the existing sewer and stormwater network as this 
imported water is flushed, treated and then discharged into our waterways. A reduction in potable water use can be 
achieved through water savings initiatives and the use of fit for purpose water, (that is recycled water for irrigation) 
where appropriate.

Target 1

•  Long-term: A 15% reduction in our net potable water consumption by 2036 based on 2016 consumption levels (of 
770 megalitres per year).

•  Short to medium term: No net increase in our net potable water consumption by 2026 based on 2016 
consumption levels.

The actions to deliver these targets are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

1.1
Control

Review and improve our monitoring of all water data 
tracking systems to assist in identifying leaks, water 
wastage and billing anomalies, and identifying water 
efficiency opportunities according to best practice 
standards. 

Affordability Environment 
(existing 
operational 
budget)

Environment, 
Key Venues (City 
Living), Open Space 
Maintenance and 
Building Construction 
and Maintenance 
(City Assets)

1.2 
Control

Where feasible deliver a water efficiency program as 
part of building renewals at all existing Council buildings 
and facilities, to save water through more efficient taps, 
showers, toilets and dishwashers.  This aligns with the NSW 
Government Resource Efficiency Policy where all office 
buildings must have W2 minimum water standards and 
W3 (WELS rating) for new water using appliances.

Affordability Building 
Construction and 
Maintenance, 
and Environment 
(existing 
operational 
budget)

Building Construction 
and Maintenance 
(City Assets), 
Environment (City 
Living) and Sydney 
Water

1.3 
Control

Develop a water management plan for existing reserves 
that use over 5 ML of potable water per year. As part of 
this plan:

•  identify potential alternative water sources and 
opportunities to harness recycled water

•  identify opportunities to use passive watering for 
trees and garden beds

•  look at opportunities for nature based play and 
creating vibrant blue-green spaces

•  further drought proof these reserves by 
investigating new and developing turf species.

Affordability, 
Hidden 
waterways, 
Climate and 
urban heat

New budget 
required

Asset Design, 
Recreation Planning 
and Design (CADTD), 
Environment (City 
Living) and Open 
Space Maintenance 
(City Assets)

1.4 
Control

Consider options (recycling water, water efficiency and 
xeriscape landscapes) to ensure new Council buildings 
reduce potable water demand compared to ‘business as 
usual’ in line with similar requirements in the DCP for new 
developments.

Affordability, 
Hidden 
waterways

Transformational 
Projects (existing 
operational 
budget)

Transformational 
Projects (CADTD) and 
Building Construction 
and Maintenance 
(City Assets)

1.5
Influence

Identify large roofs that are close to local reserves, 
depots, pools and other Council assets, where we could 
in, partnership with Sydney Water, provide an alternative 
water source for these assets.

Affordability, 
Hidden 
waterways

Asset Design 
(existing 
operational 
budget)

Asset Design, 
(CADTD), Open Space 
Maintenance (City 
Assets) and Sydney 
Water
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ID Action Six streams 
links 

Funding Responsibility

1.6
Control

Educate residents and businesses in the benefits of 
installing rainwater tanks, especially those who are 
not required to install them as part of BASIX. Note the 
positive cost benefit ratio for Council in addressing both 
flooding and stormwater management issues particularly 
upstream of high value waterways. 

Affordability, 
Hidden 
waterways

Environment 
(existing 
operational 
budget)

Environment (City 
Living)

1.7 
Influence

Advocate to Sydney Water to expand the existing recycled 
water network across the city (particularly in the NWGA) 
and/or developing new recycled water schemes.

Affordability, 
Hidden 
waterways

Asset Design 
(existing 
operational 
budget)

Asset Design (CADTD) 

1.8
Control

Continue to implement programs to improve water 
efficiency of our parks and sports fields through 
improvements to irrigation systems and management 
practices.

Affordability, 
Hidden 
waterways

Open Space 
Maintenance 
(existing 
operational 
budget)

Open Space 
Maintenance (City 
Assets)

Table 3.  Action plan to meet amenity and quality of life targets

Target 2

Our urban areas are subject to 2 types of flooding: large scale river flooding (mainstream) and smaller scale local 
(overland) flooding. Our planning controls require that new development is built above the flood planning level. 
However, our expanding population means that the risk and impact of flooding for our community will continue 
to increase, and we need to be able to safely evacuate our residents and improve community awareness around 
flooding.

•  Long-term: We have a safer and more resilient community in flood affected areas by 2036.

•  Short to medium term: Develop an integrated flood strategy for overland and mainstream flooding using best 
available evidence, analysis and community engagement.

The actions to deliver these targets are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

2.1
Control

Develop a city wide floodplain risk management plan by 
2026, that includes flood planning, regional planning (as 
defined by the flood management framework, Resilient 
Communities), flood preparation, awareness, response 
and recovery, to reduce the risk and impact of flooding 
(riverine and overland flow related) on communities.

Competitive 
city

Asset Design 
(existing 
operational 
budget), Grant 
funding

Asset Design (CADTD) 
and Environment 
(City Living)

2.2
Control

In partnership with universities and other councils, explore 
design solutions for distributed WSUD in small catchments 
to reduce downstream flooding.

Hidden 
waterways

Asset Design 
(Environmental 
Stormwater 
Management 
Program - ESMP), 
Grant funding

Asset Design (CADTD)

Table 4.   Action plan to meet flood related targets
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8.2 Hidden waterways (Targets 3 and 4)

Target 3

We assess waterway health and publish the results annually in our Waterway health report card. To generate the 
waterway health grading (poor to excellent), we use the information collected from the Rapid Riparian Assessment 
(RRA) and water quality monitoring. Water quality monitoring occurs throughout each year and the RRA is re-
assessed every 4 years.  

The addition of 30 square kilometres of imperviousness from increased development by 2036 will adversely impact 
waterway health into the future. It is predicted that some sites along our waterways will degrade in the short term, 
until development in the upper catchments is complete. In 2019, 15 of the 23 waterway health assessment sites (65%) 
were classified as in fair or better condition. 

Long-term: 65% of our city’s waterways are in fair or better condition by 2036 (15 of 23 sites).

Short to medium term: 60% of our city’s waterways are in fair or better condition by 2026 (14 of 23 sites).

The actions to deliver Target 3 are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

3.1
Control

Use sub-catchment management and implementation 
plans (2019/20) to identify a program to improve 
stormwater (better quality and reduced quantity), riparian 
vegetation condition, and liveability outcomes for our 
waterways.

Amenity Asset Design 
(existing 
operational 
budget), ESMP

Asset Design (CADTD)

3.2
Control

Review conditions and threats identified in sub-catchment 
management plans, to prioritise stormwater harvesting 
projects in locations with waterways that will benefit from 
flow reductions.

Amenity Asset Design 
(existing 
operational 
budget)

Asset Design (CADTD) 
and Open Space 
Maintenance (City 
Assets)

3.3 
Control

Enforce best practice erosion and sediment control by 
working with the development industry to keep sediment 
on-site.

Amenity Asset Design 
(existing 
operational 
budget), ESMP

Environment (City 
Living) and Asset 
Design (CADTD)

Table 5.   Action plan to meet hidden waterways targets
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Target 4

We assess community satisfaction of ‘healthy natural waterways’ every 2 years and publish the results in our 
Community Satisfaction Survey. Community satisfaction reflects our performance in maintaining healthy natural 
waterways. With the addition of 221,500 residents within our city by 2036, maintaining a high level of satisfaction will 
be challenging. We will need to implement projects tailored to meet the community needs, including improving the 
aesthetics and recreation opportunities near waterways.

In 2017, 73% of respondents to the survey were satisfied with ‘healthy natural waterways’ across the city. Noting there 
is generally a high margin of error (approximately 4%) with community satisfaction surveys and there could be factors 
or variables that impact satisfaction close to the survey period, such as flooding. 

Long-term: Improve community satisfaction with ‘healthy natural waterways’ to above 80% (of respondents to the 
community satisfaction survey) by 2036.

Short to medium term: Maintain community satisfaction levels with ‘healthy natural waterways’ above 75% by 2026.

The actions to deliver target 4 are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

4.1
Influence

Continue supporting the Parramatta River Catchment 
Group (PRCG) and the Our Living River campaign to 
‘Make the Parramatta River Swimmable again by 2025’ by 
implementing actions identified in the 10 Steps to a Living 
River Masterplan (2018).

Amenity Asset Design 
(existing 
operational 
budget), ESMP

Asset Design (CADTD)

4.2
Control

Identify locations where the community can participate in 
waterway management activities (Landcare and Stream 
watch) and engage in ‘splashable’ activities across our 
waterways while complying with the relevant health 
guidelines.

Amenity Asset Design 
(existing 
operational 
budget), ESMP

Asset Design (CADTD) 
and Environment (City 
Living)

Table 6.   Action plan to meet hidden waterways targets 

It should be noted all actions identified under 8.2 Hidden waterways will help to achieve targets 3 and 4.

8.3 Climate and urban heat (Target 5)

Our thermal comfort can be influenced by shading and evaporative cooling from irrigated landscapes. Irrigated and 
shady green spaces will provide respite on a hot day. Research by the University of NSW has found that irrigated 
trees provide the greatest impact to increasing human thermal comfort and decreasing heat stress. The canopy cover 
Council-owned land and road reserves was 15% (Wave Consulting, 2019) based on Office of Environment and Heritage 
2016 data. 

• Long-term: Increase the canopy cover on Council-owned land and road reserves by 5% by 2036.

• Short to medium term: No net change to canopy cover, by 2026.
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The actions to deliver these targets are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

5.1
Control

Use the best available data for land heat surfaces and 
canopy cover to track progress in delivering actions 
and achieving the targets.

Hidden 
waterways

Environment 
(existing 
operational 
budget)

Environment (City 
Living) and Open Space 
Maintenance (City Assets)

5.2 
Control

Review the WSUD standard drawing for street 
trees to identify opportunities to improve life cycle 
performance, make them more cost effective and 
reduce maintenance requirements to support cooler 
and greener streetscapes.

Amenity, 
Hidden 
waterways, 
Affordability

Asset Design 
(existing 
operational 
budget)

Asset Design, Recreation 
Planning and Design 
(CADTD) and Open Space 
Maintenance (City Assets)

5.3 
Control

Plant trees in hot and vulnerable areas of the city, 
using passive watering designs as a pilot program to 
use water and trees to reduce the urban heat effect 
and improve amenity.

Amenity Grant funding Asset Design, Recreation 
Planning and Design 
(CADTD), Environment 
(City Living) and Open 
Space Maintenance (City 
Assets)

5.4
Influence

Implement actions in Council’s Responding to Climate 
Change Strategy (2018)

Amenity Existing 
operational 
budget

Asset Design, and 
Recreation Planning and 
Design (CADTD)

5.5 
Control

Continue planting trees around the City as part of 
existing programs (for example Five Million Trees 
Grant)

Amenity Grant funding Recreation Planning and 
Design (CADTD) and 
Open Space Maintenance 
(City Assets)

Table 7.  Action plan to meet climate and urban heat targets

8.4 Servicing urban growth (Target 6)

We will need to continue to meet the needs of our fast growing population where open space is at a premium. 
We need to better manage the integration of stormwater treatment facilities, public open space, and take every 
opportunity to treat and reuse stormwater to improve amenity and thermal comfort.

•  Long-term: 75% of new parks and reserves include landscape and water treatment functions to improve 
amenity and create cooler parks by 2036.

•  Short to medium term: 50% of new parks and reserves include landscape and some sort of water treatment 
functions, to improve amenity and create cooler parks by 2026.

The actions to deliver these targets are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

6.1
Control

Explore the opportunity to integrate blue-green 
infrastructure through WSUD assets within reserves 
and open space to optimise the footprint of assets 
and improve amenity.

Amenity, 
Affordability

Asset Design 
(existing 
operational 
budget)

Asset Design, and 
Recreation Planning and 
Design (CADTD)

6.2
Control

Implement a new project Keeping our streets cool 
which is a project focused on passively watered street 
trees to reduce the size of downstream biofilters on 
SP2 land.  This project will also assist urban cooling 
through increased water and canopy cover  in 
response to the climate emergency.

Amenity, 
Climate and 
urban heat

Asset Design 
(ESMP),  7.11 
funding

Asset Design (CADTD)

Table 8.  Action plan to meet servicing urban growth targets
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 8.5 Affordability (Target 7)

As the cost of potable water and the number of facilities we manage continues to increase, there will be greater 
incentive to harvest stormwater and recycled water. We currently spend $1.6 million per year on potable water and 
56% of which is used for irrigation and does not have to be at potable standard. We will partner with Sydney Water 
to work with the largest water users in the city to reduce their consumption, and advocate for more stormwater 
harvesting and recycled water networks and distribution, to reduce the living costs and cost to businesses in the 
community.

•  Long-term: Harvest up to 2 GL of stormwater and recycled water a year by 2036, substituting potable water 
consumption.

•  Short to medium term: Harvest up to 0.5 GL of stormwater and recycled water a year by 2026, substituting 
potable water consumption.

The actions to deliver these targets are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

7.1
Control

Design and deliver stormwater harvesting projects 
to harvest up to 2 GL of stormwater a year by 2036, 
through organisational and financial support from the 
NSW Government and Sydney Water.

Amenity, 
Affordability

Asset Design 
(ESMP), Grant 
funding

Asset Design (CADTD), 
Open Space Maintenance, 
Civil Assets Maintenance, 
Building Construction and 
Maintenance (City Assets)

7.2
Control

Investigate and evaluate ways to make biofilters more 
cost effective to build and maintain through changes 
to filter depths, changes to weir conditions, reductions 
in size through use of recycled materials, sacrificial 
zones to protect vegetation in first 2 years.

Hidden 
waterways

Asset Design 7.11 
funding, Grant 
funding 

Asset Design (CADTD)

Table 9.  Action plan to meet affordability targets

8.6 Competitive city (Target 8)

Our city is growing and transforming into a vibrant metropolitan centre with numerous innovative projects planned 
to activate key areas. Water can provide multiple benefits to create thermal comfort, improve aesthetics, reduce 
flooding and provide amenity, and it’s important that water is considered as a feature in these transformative 
projects.

•  Long-term: Include blue-green infrastructure in a precinct scale renewal project (similar to Blacktown 
Showground) by 2036. 

•  Short to medium term: Identify 5 locations where there is potential to showcase water in the environment for 
multiple benefits (for example flooding, urban amenity) by 2026.

The actions to deliver these targets are outlined in the table below.

ID Action Six streams 
links 

Funding Responsibility

8.1
Control

Review precincts and activity centres to identify where 
a high profile water feature could be incorporated 
to support a more creative and attractive area and 
increase economic activity through the use of water 
and its role in urban design and site activation. 

Amenity New budget 
required

Asset Design, Recreation 
Planning and Design 
(CADTD), Open Space 
Maintenance, Building 
Construction and 
Maintenance (City Assets)

8.2
Control

Include the use of green infrastructure such as green 
walls and green roofs where supported by a cost 
benefit analysis.

Amenity New budget 
required

Asset Design (CADTD)

8.3
Control

Improve public open space for urban cooling in 
vulnerable areas.

Climate and 
urban heat

New budget 
required

Asset Design, Recreation 
Planning and Design 
(CADTD), Environment 
(City Living) and Strategic 
Planning (Planning and 
Development)

Table 10.  Action plan to meet competitive city targets
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 9. Summary of 
costs, benefits and 
maintenance
The delivery of this strategy and action plan will require 
additional budget and maintenance of assets, but will 
also deliver substantial benefits to the organisation, 
community and environment.

This chapter outlines the indicative costs and benefits 
of the initiatives, and assumes that for new initiatives 

external funding will be sort where possible.  Further 
cost-benefit studies may be required for some 
initiatives. Of the actions in this strategy:

•  67% fit within existing programs and budgets 
(ESMP and other programs)

•  11% of the actions require operational budgets to 
be supplemented by grant funding

• 22% require new funding

As noted above in most instances there is a sound 
argument to approach external agencies and 
departments to co-fund these actions.

Type of 
program / 
action

Amenity / 
quality of life

Hidden 
waterways

Climate and 
urban heat

Managing 
growth

Affordability Competitive 
city

Delivered within 
existing budgets

1.1  Water 
monitoring

1.2  Water 
efficiency

1.4  New water 
efficient buildings

1.5 Large roofs

1.6  Rainwater 
tanks

1.7  Recycled water 
advocacy

1.8  Park water 
efficiency

2.1  Flood strategy

2.2  Floods and 
WSUD

3.1  Sub-catchment 
planning

3.2  Stormwater 
harvesting

3.3  Sediment 
controls

4.1  Parramatta 
River

4.2  Splashable 
sites

5.1  Urban heat 
data

5.2  Street tree 
designs

5.4  Council’s 
responding to 
climate change 
policy

6.1  Blue-green 
integration

6.2  WSUD street 
trees

7.1 Large 
stormwater 
harvesting

7.2  Optimisation 
of WSUD

New budget 
required

1.3  Saving water 
at parks

8.1  High profile 
water feature

8.2  Green walls

8.3  Public access 
to water

Grant funding 
required

2.1 Flood strategy 

2.2 Floods and 
WSUD

5.3  Passively 
watered trees

5.5 Tree planting 
programs

7.1 Large 
stormwater 
harvesting

7.2  Optimisation 
of WSUD

Table 11.  Classification of actions against existing program and new budgets.
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9.1 Cost benefit summary

Figure 16 below captures the relationship between 
the costs and benefits of this strategy.  The estimated 
average annual budget required, if all actions were 
delivered, is around $12 million a year.  The forecast 
benefit is threefold.  

The sections below provide more detail on the method 
and results of the costs and benefits presented.

9.2 Cost estimates

To estimate the costs of all actions in Chapter 8, a 
variety of industry and Council specific data sources 
were used.  

As shown in the table above, several of the actions 
are part of existing programs and budgets, and hence 
many estimates are based on a continuation of the 
current program and costs. 

The costs are presented as an annual cost accrued over 
16 years (the period of this strategy), although some 
actions would be delivered over a shorter period.  We 
used a NSW Treasury recommended discount rate of 
7%. 

From a cost perspective, the actions classified as 
requiring new budget account for approximately 15%.

It should be noted that the available revenue from the 
Stormwater Management Service Charge will increase 
each year as new housing starts to pay rates and 
charges. 

Some actions that require significant costs are the 
delivery of actions related to waterway protection 
and enhancement, the design and construction of new 

stormwater harvesting schemes (noting that this action 
is classified as an action required external funding 
support), and the delivery of passively watered street 
trees across several suburbs (again an action that 
is classified as an action requiring external funding 
support). Several actions are more strategic in nature 
and require plans and investigations to be completed 

only. 

9.3 Benefit estimates

This strategy doesn’t include a formal cost-benefit 
study, and instead has relied on similar studies on 
the benefits of an integrated water approach to the 
development of South Creek, a current and thorough 
study by Infrastructure NSW. That study captured the 
range of benefits across the following themes (which 
are broadly similar to the themes adopted here in Six 
streams):

•  water, wastewater, recycled water and stormwater 
infrastructure impacts

• open space impacts

• urban cooling impacts

• environment and heritage

• other urban form impacts.

The benefits listed above and used by Infrastructure 
NSW go beyond financial returns linked to saving 
potable water. While potable water saving is a useful 
metric to use for investments specifically focused on 
saving water, there are many other external benefits 
and intangible benefits that as a whole society we 
should consider and include in the analysis. 

Figure 16. Summary of costs and benefits of taking an integrated water approach
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We can relate these benefits from the Infrastructure 
NSW study to Six streams, and use the results to 
estimate the quantity of benefits over the life of the 
strategy. The investment that Infrastructure NSW 
considered was of a similar nature, that is, seeking an 
integrated water solution in western Sydney, and hence 
we have confidence in adopting similar cost-benefit 
ratios.

The cost-benefit ratio was estimated to be between 
2.81 and 3.08 (and an equivalent net present value of 
between $6.6 billion and $6.7 billion) for all of South 
Creek. We applied the more conservative cost-benefit 
ratio of 2.81 to the costs, to capture the community 
wide economic value of an integrated water approach, 
consistent with the Six streams strategy. The 2.81 cost-
benefit ratio represents the tangible and intangible 
benefits, and therefore was used to allocate the 
intangible benefits after we had estimated the tangible 
benefits. 

A particular mention should be made of 3 actions that 
are aimed at delivering significant benefits for little cost, 
and are important in achieving the targets.  These are 
actions 3.3 (sediment control), 6.1 (integration of blue-
green assets) and 7.2 (WSUD optimisation of designs).

9.4 Maintenance implications

New infrastructure must be maintained.  In Six streams 
Section 1.10 Current Assets, it was noted that the value 
of water and stormwater related assets will rise from $1.2 
billion to $1.8 billion over the next 16 years, specifically 
due to construction of infrastructure to support over 
83,800 new dwellings within the NWGA.  All of these 
assets must be maintained. 

The key issues that impact on maintenance of WSUD 
assets are: clogging of the inlets, litter accumulation 
(both organic and inorganic), blocking of the overflows 
or outlets, lack of pruning, accumulation of organic 
matter, and the impact of floods and droughts on 
the systems. An awareness of these factors and clear 
scheduling programs is important as it reinforces 
a preventative mentality and reduces the risk of 
emergency and reactive maintenance issues.

Melbourne Water and Healthy Waterways Initiative 
(QLD) have both completed studies on the operating 
costs of various assets that are referenced in Six streams 
Chapter 8, and found that the indicative costs of these 
assets are as follows:

•  bioswales ($1m2 per year to $30m2 per year, with 
$5m2 per year being a typical value)

• wetlands ($2m2 per year)

•  gross pollutant traps ($1,000 for cleaning one trap 
per year)

•  stormwater harvesting systems ($1 KL per 
year) (consistent with maintenance costs of the 
stormwater harvesting scheme at the Blacktown 
International Sports Park)

•  passively watered street trees ($150 per tree per 
year)

• splashable sites ($96,000 per site per year)

• rainwater tanks ($100 per tank per year to clean)

• water efficient appliances (negligible).

The following actions will reduce our costs to maintain 
infrastructure:

•  the inclusion of canopy story within bioswales to 
reduce the costs of weeding, pruning and leaf litter 
collection

•  clustering of assets to reduce travel times to 
maintain the assets

•  the design of upstream passively water street trees 
will reduce the size of downstream bioswales by 
around 10%

•  maintenance of infrastructure (often required 
under Development Approvals as part of BASIX 
or Council’s DCP) on private lots, to reduce the 
volume of water and stormwater pollutants that 
enter the Council-managed stormwater network 

•  compliance with sediment and erosion control 
regulations (also required under development 
approvals)

•  consideration of longer establishment period prior 
to receiving assets

•  protection of assets in the establishment phase 
(typically the first 24 months) to ensure the asset 
will last for its intended life span

•  a recognition that blue-green infrastructure 
delivers a range of benefits, not just litter 
collection or nutrient removal, and hence reduces 
the cost to maintain other assets

•  a feedback loop between the maintenance and 
finance teams, with the design team, to ensure 
that designs are supporting a move towards 
assets with reduced maintenance costs.

Lastly, the maintenance of our WSUD assets is a critical 
part of achieving our vision of becoming a water 
sensitive city.
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Attachment A – Stakeholder engagement 
process
The process of developing this Six streams strategy included interviews and facilitated workshops with a range of 
staff, plus several meetings with external stakeholders that have core responsibilities and influence over the long-term 
management of water in our city:

• Infrastructure NSW has a role in considering a catchment plan for flood mitigation

• Sydney Water has a role in providing potable water, waste water and recycled water in the area

• Roads and Maritime Services (RMS) has a role in providing roads and drainage. 

The process is graphically shown below.

 

The stakeholder engagement process included 16 interviews with the CEO, directors, managers and staff within our 
organisation. There were 3 workshops with our Water Working Group over the course of the project. 

The project team presented and received feedback from the Blacktown City Environmental Advisory Group. The 
results from earlier community development, stakeholder engagement projects and surveys were used to capture the 
community interest, concern and willingness to pay for waterway services. 

The external stakeholders consulted as part of this process included Sydney Water, Department of Planning, Industry 
and Environment, Cooperative Research Centre for Water Sensitive Cities, Infrastructure NSW and Splash. 

The draft strategy was peer reviewed by Professor Paul Boon (School of Geography, University of Melbourne). 
Professor Boon is the author of the book The Hawkesbury River: A Social and Natural History (2017) and has over 35 
years of experience in aquatic ecology and estuary management. 

1. Inception 2. Engagement 3. Analysis 4. Draft 5. Review 6. Finalise 7. Capacity 
building 8. Evaluate
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Attachment B – Options
Location of 
intervention

Specific activity Description and benefits Indicative costs Six streams
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Access and 
quality

Good quality 
waterways within 
400 metres of all 
residents

A replicate of the park and 
planning model that requires 
2.83 ha / 1,000 people, in the 
context of water.

Unknown

 

Advocacy Option to 
advocate for 
new policy and 
investment

To engage and advocate, with 
the NSW Government and 
Sydney Water, for changes to 
policy and local investment 
in water infrastructure and 
services.

Cost neutral

     

Catchment based Swimmable 
rivers (i.e. 
primary contact 
recreation)

Consider how to improve water 
quality and access to create 
swimmable areas of local 
waterways; involves suitable 
water quality (e.g. low faecal 
pollution).

Unknown

  

Catchment based Water-based 
recreation 
(secondary 
contact)

Consider how to improve water 
quality and access to create 
areas of local waterways 
suitable for secondary-contact 
recreation (e.g. canoeing); 
involves suitable water quality 
(e.g. freedom from algal 
blooms) and Work Health and 
Safety considerations and 
trade-offs (e.g. presence of 
submerged wood considered 
desirable for in-stream 
ecological restoration).

Unknown

  

Council buildings Water efficiency 
in all Council 
buildings

Water saving taps, showers, 
dish washers and flow 
restrictors can save large 
amounts of water.

Cost neutral or 
cost saving  

Council buildings Rainwater tanks 
in all new Council 
buildings

Rainwater harvesting is a well-
known and applied technology 
to replace potable water in 
toilets and irrigation.

Cost neutral over 
15-20 years   

Council buildings Drought proofed 
ovals and use 
of alternative 
water supply for 
all reserves and 
parks that have 
irrigation and 
currently use 
potable water

Rainwater and stormwater 
harvesting, irrigation 
efficiencies, and grass species 
selection to reduce the amount 
of potable water used at 
reserves. Also reduces the risk 
of open spaces being affected 
by water restrictions.

Cost neutral over 
15-20 years
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Location of 
intervention

Specific activity Description and benefits Indicative costs Six streams
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Council buildings Green roofs on 
all new Council 
buildings

Green roofs are an option to 
reduce impervious surfaces 
connecting to creeks and 
waterways, and offer a range 
of other benefits (such as 
biodiversity and thermal 
cooling of buildings).

$500 per m2 
(assuming 
appropriate 
structural 
support) (City of 
Melbourne, 2014), 
but can be cost 
neutral when 
energy savings 
accounted 
included

  

Education Increase 
education to 
residents

Continue to run educational 
events to engage the 
community on water issues.

$100,000 per yr

 
Enforcement Enforcement 

of sediment 
controls and 
environmental 
management 
plans on 
development sites

Ensure that current regulations 
are followed, and virtually no 
sediment leaves a building site 
through the use of appropriate 
silt fences and sediment control 
devices.

$500,000 per yr 
revenue stream

 

Master planning 
and design

Integrated blue 
and green grids

Consider opportunities to 
deliver the blue and green grids 
in the Central District Plan, as 
an integrated program.

Potential cost 
savings through 
saving of land 
and integrated 
design approach

   

Monitoring Continue 
monitoring and 
evaluation

Continuation of waterway 
condition and water quality 
monitoring.

$200,000 per yr

 
Monitoring Research into 

alternative 
designs

Opportunity to work with other 
agencies and universities to 
test alternative designs for 
WSUD treatment, to explore 
performance of assets with 
reduced media depth, different 
vegetation species, and 
reduced capital cost.

$250,000 per yr

 

Policy Change to 
WSUD standards 
to allow for 
variations to 
filter depth and 
overflow weir, to 
reduce costs

Change to design standards, 
based on changing rainfall 
patterns, with a view to deliver 
the same environmental 
performance for reduced cost.

10%-20% 
reduction in costs 
per m2
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Policy Option to reduce 
downstream 
WSUD assets 
with inclusion of 
passively watered 
street trees

Passively watered street trees 
can reduce the size of the 
downstream biofilter. 

Cost neutral

     

Precinct scale Large scale 
stormwater 
harvesting to 
reduce potable 
use in industrial 
and commercial 
areas

Large scale systems, 
downstream of large 
impervious areas, and 
upstream or near large water 
users, can reduce the need for 
potable water use and have 
benefits to the waterway. All 
systems can be designed to 
allow baseflow to bypass.

$100,000+ / yr 
revenue stream 
over 25 year life

    

Precinct scale Sponge cities 
method of 
retaining and 
infiltrating 
stormwater runoff

Infiltration zones (where 
possible depending on corridor 
width, soil properties and 
riparian zones) to absorb 
stormwater flows and allow 
water to enter waterways as 
baseflow.

$1 million + per 
site

 

Precinct scale Iconic and 
transformational 
water precinct

Develop an iconic project to 
raise the profile of Blacktown 
City and celebrate water.

Unknown

   
Streetscapes Passively watered 

street tree retrofit 
program

A program to increase the 
number of street trees, 
passively watered by local 
runoff, to create blue-
green links and blue-green 
boulevards, especially in 
vulnerable areas.

$2,500 per tree

   

Streetscapes Passively watered 
street tree new 
growth areas 
program

A program to increase the 
number of street trees, 
passively watered by local 
runoff, to create blue-
green links and blue-green 
boulevards.

$2,000 per tree

    

Streetscapes Increase to 
BASIX water 
requirements (50 
– 75% reduction)

To increase potable water 
savings at the household scale, 
to support a reduction in flow 
to waterways.

Costs borne by 
households 

Streetscapes Set impervious 
targets per 
property

Set a target for all lots to 
have no more than a set level 
of imperviousness directly 
connected to the stormwater 
system (in square metres or 
as a percentage of the site) to 
reduce flows to waterways.

Potential 
revenue stream 
above current 
Stormwater 
Management 
Service Charge
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Waterway 
corridor

Rehabilitate 
and protect all 
waterways

Works to protect waterways 
including prevention 
of upstream excess 
and unseasonal flows, 
improvements in water 
quality, improvements to 
bank stability via non-
engineered approaches, 
introduction of refuges 
for local species including 
riparian rehabilitation, and 
incorporation of environmental 
flows for flow-stressed 
waterways. 

Between $1 and 
$10 million per 
creek KM

  

Waterway 
corridor

Rehabilitation 
and protection 
of priority 
waterways

Works to protect waterways 
including prevention of 
unseasonal upstream flows, 
improvements in water 
quality, improvements to 
bank stability via non-
engineered approaches, 
introduction of refuges 
for local species including 
riparian rehabilitation, and 
incorporation of environmental 
flows for flow-stressed 
waterways. 

Between $1 and 
$10 million per KM 
– but for specific 
waterways or 
creek reaches

  

Waterway 
corridor

Property buy 
backs for flood 
mitigation 
at targeted 
locations in the 
city

Identification and buy back 
of property to reduce risk 
and improve quality of life of 
residents currently living in 
flood prone land.

$600,000 per 
property (approx 
2,000 properties 
to address 10% of 
overall properties 
known to be flood 
prone)

  

Waterway 
corridor

Flood detention 
and diversions at 
critical locations 
in the catchment

Infrastructure and space in the 
form of retarding basins, to 
protect downstream houses 
and precincts.

Several $ million 
and requires 
available space 

Waterway 
corridor

Gross pollutant 
traps (GPT) on all 
drainage outlets 
to waterways to 
remove litter with 
consideration 
given to priority 
waterways

GPTs, when well maintained, 
can remove a significant 
amount of litter from a drain. 
Litter in our waterways 
has obvious aesthetic 
and environment impacts 
on waterways (there are 
approximately 3,500 outlets 
near waterways where litter can 
enter the creeks).

$100,000 per 
asset

 

Table 12.  Options to strategically improve water management and community benefits
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Attachment C – Case studies and targets
This section outlines some examples of options (similar to those in Table 12) currently being delivered by other councils 
in Greater Sydney, in Australia and overseas. 

These case studies provide specific examples of councils and authorities that have embarked on large integrated 
water management programs, on the basis that they deliver multiple benefits: waterway health, urban cooling, reuse 
in industrial areas, and mitigating sewage overflows. 

City of Sydney: 1 GL precinct scale harvesting

The City of Sydney has commissioned a large stormwater harvesting scheme in Sydney Park, St Peters to irrigate 
the park and for use in nearby industrial areas. This project, using a wetland treatment process enabled the City of 
Sydney to meet nutrient and water harvesting targets, and increase the amenity of this park. 

The project has the potential to harvest nearly 1 GL of stormwater a year.

Figure 17.  Sydney Park stormwater harvesting scheme (Source: City of Sydney)
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Casey Fields: Stormwater and recycled water for premium sports ovals

The City of Casey has access to a recycled water allocation and connection for use at Casey Fields, a regional and 
premium sports precinct in the south east suburbs of Melbourne. It currently uses 40 to 60 ML of recycled water a year. 
The site now also has a wetland and storage system, and the City of Casey plans to reduce potable water use by 92% 
through the use of stormwater and recycled water, while expanding the number of ovals and buildings that require 
irrigation and water. 

Figure 18.  Concept of Casey Fields integrated water program (Source: Wave Consulting and Joel Tarling Illustrations)
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City of Salisbury: Gigalitres harvesting and storage

The City of Salisbury started a program of harvesting, storing and reselling stormwater around 30 years ago (Gatti 
and Ockenden, 2010). It now has a series of assets that harvest 14 GL a year for reuse (Hains, 2009), through the 
process of harvesting excess stormwater from upstream urban areas.

The City of Salisbury has been able, with appropriate licencing, to sell harvested stormwater to other users at a lower 
cost than potable water supplied by SA Water. The Council receives an income from this sale, and avoids the costs of 
potable water through its own use of harvested water for irrigation. 

Figure 19.  Salisbury Alternative Water Scheme (Source: CRC Water Sensitive Cities)

City of Moreland: Street tree cooling 

The City of Moreland, in the inner north of Melbourne in Victoria, is trialling a program to plant 5,000 trees a year to 
improve canopy cover and cool the urban environment. One part of this program is the trial of using a passive water 
system to support trees planted in situ in existing areas. The trial includes monitoring of the soil moisture levels, and 
testing a variety of designs to identify cost effective retrofit opportunities and gather data on the impact of these 
trees on the pavement, verifying that plantings can occur with minimal impact on geotechnical aspects of the road.

Figure 20.  Street trees in City of Moreland 

2015 planting (Source: Treenet) 2018 photo of tree growth (Source: Wave Consulting) 
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Little Stringybark Creek: Disconnecting imperviousness

To address the link between imperviousness and waterway health, as measured by macroinvertebrate health, 
the University of Melbourne (and several other partners including Melbourne Water) have been retrofitting a peri 
urban catchment in the east of Melbourne, Little Stringybark Creek catchment, through a range of private lot and 
streetscape interventions. The objective is to reduce the directly connected impervious area from approximately 6% 
to 0.5%. When a catchment is more than 0.5% impervious, the research shows this triggers a decline or degradation 
of waterway health. 

Figure 21.  Little Stringybark Creek projects (Source: Walsh et al, 2014 and Wave Consulting)

Portland: Raingardens reducing sewer overflows

The City of Portland, Oregon, like many other US and European cities, has a problem with sewer overflows and 
the high cost of increasing the capacity of the combined system (in the US the stormwater and sewer system are 
connected). 

To tackle this problem, in the 2000s the City of Portland started a program to use ‘green infrastructure’ (defined as 
raingardens, green roofs, green alleys, rain barrels, street trees, vegetated swales, wetland ponds, and permeable 
pavement) to reduce stormwater flows from entering the combined system, and provide a local amenity benefit to 
residents. In some instances, residents are offered a financial incentive to divert the runoff from impervious areas of 
their property to green infrastructure. In other instances, the City and the water authority fund these assets, on the 
basis that they are a more cost effective investment than upgrades to grey infrastructure. 

Figure 22.  Examples of green infrastructure in Portland (Source: Sacramento State - California State University)
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Glossary
100 year (1%) Flood is the flood that is likely to occur, or 
be exceeded, on average, once in every100 years. It has 
a probability of 1% (or a 1 in 100 chance) of occurring in 
any given year.

Amenity is the quality of being attractive, something 
that is intended to make a place more pleasant or 
comfortable.

Baseflow is the flow that enters waterways through 
a sub-surface flow path, and takes longer to arrive, 
sustaining waterways through periods of low rainfall.

Biofilters is an alternative name for a raingarden or a 
bioretention treatment system, a type of WSUD asset 
used to remove nutrients and sediment through passive 
physical and biological treatment techniques. 

Catchment is an area of land which drains all run-off 
water to the same lowest point.

Demand is the estimated consumption of potable or 
recycled water in residential, commercial, industrial and 
agricultural properties.

Detention is the temporary storage of stormwater 
generated within an allotment. This restricts the 
discharge from the site at a predetermined rate to 
reduce flooding both in the local drainage system 
immediately downstream of the site and along the 
creeks and watercourses further downstream.

Drainage is the natural or artificial movement of 
surface and sub-surface water from a given area.

Dual reticulation means the supply of water from 2 
different sources using separate pipes. For example, 
when 

•  an alternative water source such as sewage or 
stormwater is used for non-potable purposes such as 
irrigation and toilet flushing

•  Sydney Water’s supply is used for potable purposes 
such as drinking and cooking

Dwelling is a room or suite of rooms designed to be 
used as a separate domicile.

Ecologically sustainable development has the same 
meaning as the definition in the Local Government Act 
1993.

Erosion is the process by which the detachment, 
entrainment, suspension and transport of soil occurs by 
wind, water or gravitational effects. Erosion leads to 
sedimentation.

Evapotranspiration is the sum of evaporation and 
plant transpiration from the Earth’s land and ocean 
surface to the atmosphere.

Flow duration means the time period over which flows 
occur.

Flow rate means the volume of fluid, in this instance 
water, that passes through a given point per unit of 
time.

Gross pollutant means contaminants equal to or 
greater than 5 millimetres in diameter that, when 
introduced into an environment, cause instability, 
disorder, harm or discomfort to the physical systems or 
living organisms. This may include, for example: trash, 
litter and vegetation.

Gross pollutant trap is a structure used to trap litter 
and large pieces of debris (equal to or greater than 
5 millimetres in diameter) transported through the 
stormwater system.

Groundwater means water contained within the voids 
and spaces in rocks or soils.

High flood risk precinct is the land subject to a 
high hydraulic hazard (in line with the provisional 
criteria outlined in the NSW Government Floodplain 
Development Manual 2005) in a 100 year flood event 
and/or subject to potential evacuation difficulties 
during a flood.

Impervious areas have no, or very limited, ability 
to transmit water from the surface through to the 
subsurface. Impervious areas occur where the soil 
surface is sealed eliminating rainwater infiltration and 
natural groundwater recharge. They consist mainly 
of artificial structures such as pavements, rooftops, 
sidewalks, roads and parking lots covered by materials 
such as asphalt, concrete, brick and stone. Soils 
compacted by urban development are also highly 
impervious.

Impervious surfaces are the hard surfaces (for example 
roofs and pavement) within a catchment.

Integrated water cycle management is the 
management of all components of water including 
rainwater, stormwater, groundwater, water supply and 
use, reuse and treatment.

Local overland flooding occurs on the floodplains of 
original watercourses (which may be piped, channelised 
or diverted), or sloping areas where overland flows 
develop along alternative paths once the system 
capacity has been exceeded and/or water depths 
generally in excess of 0.3 metres for the critical 100 year 
storm. 
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Local runoff is the direct surface runoff, surcharges and 
overflows from smaller stormwater pits/pipes and low 
points in kerbs. Local Runoff invariably involves shallow 
depths of less than 0.3 m in the critical 100 year storm. 

Low flood risk precinct is all land within the floodplain, 
that is, within the extent of the probable maximum 
flood (PMF) but not identified as either a high flood risk 
or medium flood risk precinct. Therefore the low flood 
risk precinct is all the land between the 100 year and the 
PMF flood extents. 

Medium flood risk precinct is the land below the 100 
year flood level subject to a low hydraulic hazard (in 
accordance with the provisional criteria outlined in the 
NSW Government Floodplain Development Manual 
2005).

Model for Urban Stormwater Improvement 
Conceptualisation (MUSIC) is a modelling tool for both 
simple and highly complex urban stormwater systems 
using WSUD.

Non-potable water is not fit or suitable for drinking and 
consumption purposes but may be used for purposes 
such as laundry, toilet flushing and air conditioning 
cooling towers. Non-potable water can be sourced 
from rainwater and stormwater and recycled sewerage. 
The source determines appropriate uses with rainwater 
having more fit-for-purpose uses than the other 2 
sources, subject to treatment methods.

On-site stormwater detention measures control 
the peak, post development flows of stormwater 
discharged from a site to below pre-developed flows of 
stormwater being discharged from a site.

Passive watering means irrigating landscapes using 
gravity to direct rainfall runoff or stormwater from 
adjacent surfaces onto vegetation.

Potable water (or mains water) is water reserved for or 
suitable for drinking purposes/consumption and in this 
region sourced from Warragamba Dam and supplied by 
a Sydney Water reticulation system.

Probable maximum flood (PMF) is the largest flood 
that could conceivably occur at a particular location. 
The PMF defines the extent of flood prone land that is, 
the floodplain. The risk of it happening in any 1 year is 
extremely rare and is considered to be between a 1 in 
10,000 and a 1 in 10,000,000 chance.

Public open space is land zoned as RE1 Public 
Recreation in the Blacktown Local Environment Plan 
2015.

Raingarden is an alternative name for a biofilter or a 
bioretention treatment system, a type of WSUD asset 
used to remove nutrients and sediment through passive 
physical and biological treatment techniques. 

Rainwater tank is a reservoir or container that is 
used to collect and store (harvest) rain that runs off 
impervious surfaces such as roofs via gutters and 
downpipes.

Rainwater  runs off roofs and can be a useful resource if 
it can be captured and reused. 

Receiving watercourse is a watercourse into which 
stormwater runoff flows. The method of delivery may be 
from subsoil drainage, local overland flow paths, pipes 
or other watercourses.

Recycled water can be sourced from stormwater and 
rainwater harvesting schemes, and Sydney Water STP 
re-use schemes at St Marys and Rouse Hill. This water 
has been collected and treated if necessary, and can be 
used for a variety of non-potable purposes.

Sediment is material of varying size, both mineral and 
organic, that is being or has been moved from its site of 
origin by the action or wind, water or gravity and comes 
to rest.

Six streams is the name of this strategy. It is not a literal 
reference to any specific streams or creeks in our city.

Stormwater harvesting and reuse scheme is a process 
of collection, treatment, storage and use of stormwater.

Stormwater is the runoff from all hard surfaces in the 
urban environment, which is carried away through a 
system of pipes that is separate to the sewerage system.

Total nitrogen (TN) is the sum of the nitrogen present 
in all nitrogen-containing components in the water 
column. This includes large and small phytoplankton 
and zooplankton, suspended microphytobenthos, 
dissolved inorganic nitrogen (nitrate and ammonia), 
dissolved organic nitrogen, labile detritus (both at the 
Redfield ratio and the Atkinson ratio) and refractory 
detritus. Total nitrogen concentration is determined by 
a balance between inputs (diffuse catchment loads, 
point source loads) and loss terms (export from the site 
to a watercourse and within the sediments).
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Total phosphorous (TP) is the sum of the phosphorus 
present in all phosphorus-containing components 
in the water column. This includes large and small 
phytoplankton and zooplankton, suspended 
microphytobenthos, dissolved inorganic phosphorus 
(both absorbed and desorbed), dissolved organic 
phosphorus, labile detritus (both at the Redfield ratio 
and the Atkinson ratio) and refractory detritus. Total 
phosphorus concentration is determined by a balance 
between inputs (diffuse catchment loads and point 
source loads) and loss terms (export from the site to a 
watercourse and within the sediments).

Total suspended solids (TSS) is a measure of the mass 
of solid material (organic and inorganic) suspended 
in the water column. Suspended solids can include a 
range of inorganic and organic particles suspended in 
the water column that can be defined as the filterable 
residue retained on a 2.0 micron pore size filter dried at 
105ºC.

Urban heat island effect is the tendency of cities to 
be much warmer than their rural counterparts. Urban 
surfaces such as roads and roofs absorb, hold, and 
re-radiate heat; raising the temperature in our urban 
areas. This effect is often worsened by development 
activity when green spaces are replaced with more 
hard surfaces that absorb heat, such as the growth 
happening in western Sydney today. Human activities 
such as traffic, industry, and electricity usage generate 
heat that adds to the urban heat island effect.

Wastewater is water transferred through the sewer 
system, treated in sewer treatment plants (STPs) 
and then discharged into our creeks. Some creeks in 
Blacktown City would have no flow if the sewer wasn’t 
discharging into it.

Water conservation means practices that contribute to 
a reduction in water usage.

Water sensitive urban design (WSUD) is an approach 
to designing and planning our urban environments 
to effectively manage stormwater and minimise 
environmental degradation.

Watercourse has the same meaning as ‘river’ under the 
Water Management Act 2000.

Waterways includes rivers, creeks and streams.

WELS (Water Efficiency Labelling and Standards) is a 
labelling scheme initiated by the Australian Government 
to help Australian households conserve water and 
money and appears on appliances such as washing 
machines, dishwashers, and toilet equipment.

Xeriscape is the process of landscaping that reduces or 
eliminates the need for extra water from irrigation.
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