
E. WATER INVESTIGATION 

“We manage water as if it respects the property lines 
we have created ... but water carries little respect for 
boundaries. Water is volatile, fragile, violent, serene, 
elusive, ubiquitous, nourishing, devastating and 
fundamental to life.” 01

01 Marion Weiss, Design in the Terrain of Water, , pg 131
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E.01 INTRODUCTION

URBAN HYBRID

The entire length of the Moonee Ponds Creek within 
the study area has undergone significant modification 
over the last one hundred and eighty years, resulting 
in a hybrid infrastructure that is equal part nature 
and artifice.  This project acknowledges this altered 
‘nature’ of the creek and seeks to reconfigure the 
creek to operate better with the natural and biological 
processes that continue to operate (albeit in a highly 
modified manner) within the urban environment.  It 
recognises the creek as an important constructed and 
managed component of the city, as much as the roads, 
buildings and other urban infrastructures.

Guiding Principles

The health of Moonee Ponds Creek is currently 
extremely poor.  The Water Investigation 
acknowledges the central role that creek health will 
play to the future of the creek and explores options 
that will lead to improvements in health over time. 

In particular, the Water Investigation identifies a 
wide range of ideas and options that will improve 
the ecological health of the creek and biodiversity 
within the creek corridor, promote innovative water 
management throughout the creek catchment that 
reduces stormwater runoff and improves water quality 
and resolve flood risk through innovative and holistic 
design solutions. 

Community Objectives

The Water Investigation also acknowledges the clear 
and consistent call from the community over many 
years to explore ways to improve the health of the 
creek, and specifically, to examine options to remove 
the concrete channel, which has become symbolic 
of the poor condition of the creek today. A consistent 

theme to emerge from the consultation undertaken 
over many years has been the desire to “remove the 
concrete channel and ‘naturalise’ the creek.”

The desire to ‘naturalise’ the creek has been an 
interesting theme throughout the project, given 
the extent of modification that has taken place and 
the challenges faced with rebuilding the creek. An 
important discussion has concerned the difficulty of 
returning a creek to a former natural state.  As urban 
ecologist Richard Foreman states, attempting to 
restore “an urban site to conditions close to long ago 
nature seems impossible”01 because the “surrounding 
land use patterns have greatly changed over time, 
and today’s stream flows respond to today’s urban 
patterns, not to former natural or other land use 
patterns.”02

Consequently, this project explores creative ways 
that allow for the removal of the concrete channel by 
proposing new configurations and forms for the creek. 
In many cases, these changes cannot mimic the 
pre-existing creek form due to the constraints around 
limited space, flow volumes and flood risk. Instead, 
this project explores hybrid forms and constructed 
ecologies that recognise and respect the major 
characteristics of the creek, floodplain and vegetation 
types, rather than attempting to restore detailed forms. 

The result will be a restored Moonee Ponds Creek 
informed by past and surviving ecologies and 
histories, but responsive to the urban and artificial 
pressures that the creek now faces.  

01 Urban Ecology - Science of Cities, Richard TT Foreman, 
Cambridge University Press, 2014, pg 212.
02 Ibid, pg 186.

TERMINOLOGY

As the world continues to urbanise at a rapid rate, 
there has been growing interest and investigation 
into how to improve affected urban waterways. Given 
the challenges of returning these creeks to a pre-
settlement form, it has been important to develop a 
language (terminology) which clearly describes the 
types of interventions and solutions proposed. To 
assist the discussion and to help avoid some of the 
confusions that surround the use of particular terms 
and definitions, the following terminology has been 
adopted for the purposes of this project.

Natural Systems

These are the broader natural and biological 
processes that operate within any environment, such 
as rainfall, temperature and microclimate. These 
natural processes are always present within the 
environment and are constantly undergoing change. 
However, these processes can be dramatically  
modified locally by the urban condition, and globally 
through human induced climate change, and as such, 
continue to have a significant impact on the operation 
of the creek.  

Naturalisation

This describes the process of bringing an ecosystem 
back to a natural, pre-settlement and undisturbed 
state. In the case of heavily modified urban waterways, 
such as the Moonee Ponds Creek, this is not possible.

Restoration

Like naturalisation, this is directed towards recreating 
the pristine physical, chemical and biological state 
of the ecosystem or waterway. In its purest sense, it 
means a full structural and functional return to a pre-
disturbance state. As with ‘naturalisation’, complete 
restoration remains unlikely for heavily modified urban 
waterways.

Rehabilitation

This explores the partial structural and functional 
return of an ecosystem or waterway to a former, pre-
disturbed state. It recognises that while full restoration 
is impossible, the system can be put back into good 
working order by structural and partly non-structural 
measures. River rehabilitation “is the return of a 
degraded stream ecosystem to a close approximation 
of its remaining natural potential”.03

Reclamation

Like rehabilitation, reclamation recognises the 
limitations of full restoration within an urbanised 
context and instead focuses on supporting the 
remaining potential of the ecosystem or waterway 
within the constraints of its altered condition.

Repair

This focuses on the repair of a component(s) of the 
ecosystem or waterway, rather than improvements to 
the entire system.

03 Design for Stream Restoration, Shields et al, 2003, p.575

Enhancement

This refers to improvement of the current state of 
ecosystem or waterway and its surroundings.  It 
acknowledges that enhancements can be made that 
operate differently to the original state, and that these 
‘unnatural’ changes may indeed be necessary to the 
improved health of the system. It identifies issues 
beyond the  ecological, such as social, economic and 
aesthetic properties, that are in operation and that may  
need to be addressed. 

For the purposes of this project, we will refer to the 
operation and effect of natural systems, but explicitly 
not aim for ‘naturalisation’, or ‘restoration’ as defined 
here.  This plan acknowledges the impossibility of 
returning the creek to a pre-settlement, natural or 
former state. Instead, we use the terms ‘rehabilitation’, 
‘reclamation’,  ‘repair’ and ‘enhancement’ 
interchangeably, referring to the process of modifying 
the creek to work with natural systems, while 
acknowledging the heavily modified ‘nature’ of the 
creek.
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OFF-LINE AND ON-LINE

It is well recognised that improvements to urban 
waterways such as the Moonee Ponds Creek require 
integrated stormwater management based on a 
catchment wide approach. While the linear park 
itself is spatially tied to the creek and the immediate 
adjacent open space, it remains inextricably linked 
back to the broader creek catchment through the 
movement of stormwater, people and animals.  

Consequently, another important distinction within the 
plan is between those opportunities that operate on 
stormwater within the broader creek catchment (off-
line) and those which operate more directly on water 
within the creek itself (on-line). 

Offline (In the Creek Catchment)

These are initiatives that operate on storm water 
within the broader creek catchment which can have an 
impact on the health and operation of the creek. They 
include strategies that manage stormwater runoff and 
quality prior to the water entering the creek itself.

Offline opportunities can be divided into the following 
categories- 

• Catchment Scale - ideas that operate at a scale 
between the whole catchment and the street;

• Street Scale - ideas relating to the scale of 
individual streets within the catchment; 

• Lot Scale - ideas relating to individual property 
lots within the catchment.

On-Line (On the Creek)

These are initiatives that operate on water within the 
the Moonee Ponds Creek corridor itself, in effect the 
open space on both sides of the creek from the creek 
centre line to the adjacent property boundaries.  On-
line initiatives manage water quality and flows once 
the water has entered the creek. These ideas operate 
directly on the physical form and function of the creek 
itself and thus tend to be more visible and identifiable 
than the offline options, many of which remain unseen 
(although no less important). In this way, the on-line 
options tend to coincide with the land that represents 
the likely boundaries of the linear park. 

This chapter explores the range of on-line and off-
line options available to improve the health of the 
Moonee Ponds Creek. While individual options 
within each category can be pursued in isolation, the 
potential for significant improvements in creek health 
is only achieved when multiple options across both 
the catchment (off-line) and the creek (on-line) are 
considered in unison. It this manner, is highly likely 
that creek improvements will be achieved through 
a  multi-faceted and diverse approach to water 
management.

OTHER TERMS

It is useful to clarify a range of other terms that are 
regular used throughout the plan.

Flooding

Flooding refers to the inundation of land that is 
normally not covered by water.  In an extensively 
modified urban context, such as Moonee Ponds 
Creek, such a definition can prove troublesome, as 
the creek has been modified to minimise or prevent 
flooding in areas that historically would have flooded.  
In this plan, flooding is defined as the inundation 
of land outside the existing creek channel in high 
flow events which poses a direct threat to existing 
properties.

Retention

This refers to the holding of stormwater permanently 
for the purpose of re-use, such as irrigation, with no 
discharge back into the creek. Retention strategies 
are designed to reduce stormwater flows and volumes 
into the creek, although infiltration may allow some 
water to return to the creek indirectly.

Detention

This refers to the temporary storing of stormwater for 
a limited period of time, typically for the purpose of 
reducing peak flows during storm events. Detention 
strategies typically focus on alleviating the threat of 
flooding by holding back (detaining) stormwater for 
a period of time, before slowly releasing the water 
back into the creek after the threat of flooding has 
subsided,  thereby reducing the overall peak flow (but 
not volume).
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State of the Climate 2014     7

Southern wet season (April–November) rainfall deciles since 1996. 
A decile map shows the extent that rainfall is above average, 
average or below average for the specified period, in comparison 
with the entire rainfall record from 1900. The southern wet season 
is defined as April to November by the Bureau of Meteorology.
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ACCOUNTING FOR CLIMATE CHANGE

The likely effects of climate change on natural 
systems, such as rainfall and temperature, will have a 
significant impact on the operation of Moonee Ponds 
Creek. Accounting for these effects is a crucial aspect 
of this plan, which becomes an important climate 
change adaption tool, exploring the constraints and 
opportunities for urban waterways heading into a 
changing and uncertain future.

Likely Effects 

The current and predicted effects of climate change 
are well documented. “Atmospheric greenhouse 
gas concentrations continue to rise and continued 
emissions will cause further warming over this 
century. Limiting the magnitude of future climate 
change requires large and sustained net global 
reductions in greenhouse gases.”04 Likely effects in 
Australia include - 

• sea-level rise of 0.3m to 0.6m by 2100 (low 
emissions scenario);

• sea-level rise of 0.5m to 0.98m by 2100 (high 
emissions scenario);

• greater ocean acidification;

• continued temperature rises;

• increased intensity of rainfall events.

Likely Effects On Urban Streams

While the exact effects of climate change on urban 
waterways such as Moonee Ponds Creek remains 
uncertain, there is sufficient evidence to suggest the 
following changes are likely over the next 50 years - 

• average rainfall in southern Australia is 
projected to decrease, resulting in lower 
average flows into and along the creek. “The 

04 State of the Climate 2014, CSIRO and Bureau of 
Meteorology, pg 3.

reduction in rainfall is amplified in stream flow 
in our rivers and streams. In the far southwest, 
stream flow has declined by more than 50 per 
cent since the mid 1970s. In the far southeast, 
stream flow during the 1997–2009 Millennium 
Drought was around half the long-term 
average.”05

• rainfall intensity is projected to increase over 
most parts of Australia, resulting in more 
frequent higher storm flows for the creek;

• sea-level rise and ocean acidification are 
projected to continue, resulting in greater 
likelihood of flooding in the lower portions of the 
creek below Flemington Road (when high tides 
coincide with heavy rainfall). 

Impact On Flood Modelling

Climate change amplifies the affect of flooding. As 
Melbourne Water note, these changes in rainfall 
intensities “may have significant implications on 
future planning management and infrastructure. For 
instance, drainage infrastructure designed to the 1 
in 5 year standard may be overwhelmed on average 
at least once every 3 years by 2030 in smaller urban 
catchments.”

“These results also suggest that the typical “safe” 
design standard of the 1 in 100 year ARI event may be 
halved by 2070. As a result, areas currently considered 
appropriate for development may be at higher risk of 
flooding in the future than currently acceptable.”06

MELBOURNE WATER REQUIREMENTS

This plan has been developed in consultation with 
Melbourne Water, who are the government agency 
responsible for managing the Moonee Ponds Creek. 
The following criteria were developed with Melbourne 

05 Ibid, pg 6
06 The Impacts Of Climate Change On Urban Flooding In 
The Melbourne Area Using Existing Flood Models,  P. Pedruco & 
R Watkinson, Melbourne Water, 2010, pg 12.

Water to guide the development of the Water 
Investigation and to help assess the range of options -

• no flooding to properties;

• the 100 Year ARI flood levels can be raised 
within the creek corridor provided they remain 
at least 600mm below house floor levels (i.e. 
freeboard);

• underground drainage capacity is not to be 
impacted by increase in flood levels;

• allow for a 16% increase in rainfall intensity to 
account for climate change;

• flow velocities should be minimised to avoid 
bank and bed erosion.

Data Gaps

The Water Investigation has been undertaken 
based on current flood modelling data supplied 
by Melbourne Water.07 In considering the above 
requirements and the likely impacts of climate change, 
it is important to note that Melbourne Water has not 
undertaken updated flood modelling on the Moonee 
Ponds Creek that tests the impacts of the 16% 
increase in rainfall intensity brought about by climate 
change.

The Water Investigation has tested a number of 
options at specific locations along the creek which 
show that the existing channel has sufficient capacity 
to accommodate the increased flows brought about 
by climate change. However, without updated flood 
modelling, it remains unclear what the impact of 
climate change will have on peak flows along the 
entire length of the Moonee Ponds Creek. This work 
should be undertaken by Melbourne Water as a matter 
of urgency, as it may have significant impact on the 
assessment of options.

07 Please refer to Water investigation report for further 
details on data sources and modelling assumptions.
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E.02 OFF-LINE (CATCHMENT) 

CATCHMENT SCALE INITIATIVES

The design of urban drainage infrastructure has 
historically been based on evacuating stormwater 
from buildings and streets within the city as quickly as 
possible. This is vastly different to the pre-settlement 
catchment regime, where the volume of stormwater 
water was far less through plant uptake and ground 
infiltration, and the velocity of stormwater is slowed 
through greater surface roughness caused by natural 
ground and vegetation.

By contrast, urbanisation has resulted in greater 
areas of impermeable surfaces (such as concrete and 
asphalt), which in turn has resulted in greater volumes 
and velocities of stormwater delivered to the Moonee 
Ponds Creek, as well as reductions in soil moisture 
and health. The end result is channelisation, poor 
water quality and greater flood risk along the creek.

Off-line catchment scale initiatives operate within 
the broader creek catchment and typically involve 
modifying the urbanised catchment to operate 
more like its pre-settlement state. This is done by 
modifying the storm water flow path to the existing 
drainage system to reduce the peak stormwater flows 
discharging into the creek. Many of these options have 
both stormwater quantity (volume) and stormwater 
quality outcomes. 

Tool 01 - Large Scale Stormwater Harvesting

Stormwater harvesting from large underground 
Melbourne Water drainage pipes with the aim of 
capturing water for re-use (retention) and reducing 
peak flows entering the creek, thereby alleviating flood 
risk. Harvested water can be stored in large above or 
below ground tanks and used to irrigation open space, 
including recreational areas, parks and sports fields, 
as well as other catchment greening initiatives.  

Council have previously explored a range of precinct 
stormwater harvesting options, including in the 
Moonee Ponds Activity Centre.08  This option reduces 
the use of potable (drinking) water for irrigation. Care 
needs to be taken to avoid retention of water during 
low flow periods, where water may be critical to creek 
health.

08 Moonee Ponds Activity Centre WSUD Feasibility Study

Tool 02 - Local Stormwater Harvesting

Stormwater harvesting from small to medium 
underground Council drainage pipes (> 600mm 
diameter) with the aim of capturing water for re-use 
(retention) and reducing peak flows entering the creek, 
thereby alleviating flood risk. Harvested water can be 
stored in large above or below ground tanks and used 
to irrigate open space, including recreational areas, 
parks and sports fields, as well as other catchment 
greening initiatives.  

Council has already undertaken a number of feasibility 
studies that explore local stormwater harvesting 
at Debney’s Park, Ormond Park, Nursery Corner,  
Strathnaver Reserve and Boeing Reserve.09  While 
generally offering less yield than Tool 01 (due to the 
smaller capacity of the pipes),  an advantage with 
smaller systems is that they fit into smaller spaces and 
therefore can be deployed in more locations. Excess 
water can be captured in an urban well for local area 
tree planting.

09 Refer to Individual Council harvesting strategies

Tool 03 - Pre Treatment Wetlands (Retention)

Pre-treatment wetlands located upstream of both 
large scale and local stormwater harvesting from 
underground drainage pipes (as per Tool 01 and 02), to 
help clean the stormwater before retention in storage 
tanks for re-use. The design of the wetland will require 
a certain volume of water to maintain wetland health, 
although in most peak flows, the volume of stormwater 
will likely exceed the capacity of the wetland and 
tanks. 

The inclusion of wetlands offers water quality 
improvements, as well as supporting greater 
biodiversity and plantings, in conjunction with the 
peak flow reductions offers by the harvesting itself.  
Wetlands will also improve urban cooling through 
evaporation, as well as provide important additional 
habitat.  Available space can often constrain where 
these wetlands can be located.

Tool 04 - Wetlands (Detention)

Stormwater diverted from underground drainage pipes 
or surface drains to a wetland system for treatment 
and detention, prior to discharge back to the creek. 
This option improves water quality, as well as enables 
controlled discharge of peak flows to the creek (with a 
typical detention time of 72 hours), thereby reducing 
flood risk.  Detention wetlands also assist the recharge 
of ground water, further reducing peak flows into the 
creek (and increasing the opportunity to make positive 
modification to the creek channel). The larger the 
wetland, the greater the benefit. Detention is more 
easily achieved for smaller events, but needs to be 
specifically designed for larger events.

Wetlands can be implemented anywhere in the 
catchment, however, will typically occur in open 
spaces,  parks, and land adjacent to the creek where 
sufficient space is available. This includes important 
privately owned sites such as the Moonee Valley 
Racecourse. Wetlands also offer significant other 
benefits, including supporting greater habitat and 
biodiversity and improving amenity within parks. 
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Tool 05 - Infiltration Pipes

Porous or ‘leaky’ pipes buried in trenches located 
along the banks of the creek and connected back 
to adjacent stormwater drainage pipes.  Infiltration 
trenches intercept stormwater before entering the 
creek, re-diverting it along the porous pipes where 
it is allowed to gradually soak into the surrounding 
soil, thereby increasing soil moisture and supporting 
vegetation while reducing peak flows. 

Infiltration pipes also spread (dissipate) the flow of 
water into the creek, which in turn reduces scour, a 
common problem associated with concentrated flows 
at single pipe outlets, of which there are many along 
the creek. Infiltration trenches are largely invisible, 
yet provide significant benefits, including passive 
watering of large areas of vegetation located along the 
creek embankments.

Modelling undertaken as part of this Water 
Investigation suggest infiltration pipes provide 
substantial water quality and peak flow benefits 
where located in continuous lengths along the creek 
embankment (or elsewhere in the catchment).

Tool 06 - Catchment Greening / Urban Forestry

Maximisation of green space and tree planting 
through the implementation of a catchment-wide 
urban forestry program. The planting of significant 
numbers of trees throughout the catchment 
has numerous benefits, including the slowing of 
stormwater runoff through the uptake of water 
through the plant (evapotranspiration) and increasing 
soil infiltration.  Trees also help to cool the urban 
environment, through shade and transpiration, and 
flood waters are slowed through the barrier provided 
by the tree canopy. 

Catchment greening also helps to reduce the 
‘multiple of natural’, which is the difference between 
the runoff of the urban catchment compared to it’s 
pre-development land pattern (which was largely 
grassland and woodland). This also includes re-
vegetation strategies in the upper reaches of the 
creek, in particular from Westmeadows to Woodlands 
Park and beyond, and other undeveloped areas 
currently outside the urban growth boundary (UGB).

Tool 07 - Planning Controls

Tools made available through the Municipal 
Planning Scheme that manage decision making and 
development within the catchment, as well as directly 
influence and affect stormwater flows and quality 
through discreet overlays and requirements.  Planning 
controls remain an extremely effective tool within the 
control of local governments to assist the retrofitting 
of existing suburbs to become more sustainable.  This 
can include implementing effective catchment wide 
stormwater management, developing the linear park 
and mitigating future problems along the creek.

Planning controls can help protect the creek through 
the prevention of further loss of creek floodplain 
to inappropriate development, the specification of 
appropriate building requirements adjacent to the 
creek (such as building heights, set-backs, fence 
types, planting palettes and permeable surface 
requirements), the implementation of water sensitive 
urban design treatments (such as rain gardens, water 
tanks, green roofs) and public acquisition overlays for 
key properties along the creek corridor.

Tool 08 - Freeway Runoff Management

A significant detrimental impact from the Tullamarine 
Freeway, as well as adjacent roadways, is the direct 
discharge of untreated, contaminated stormwater into 
the creek, contributing to major reductions in water 
quality and threats to habitat, as well as exacerbating 
peak flows (through lack of detention). Road runoff 
can be treated biologically through wetlands and 
bio-retention systems, as well as mechanically where 
space is unavailable. 

The treatment of freeway runoff remains a high priority 
and should be urgently addressed by VicRoads.  
These systems must be designed into future 
freeway upgrades. It is also important that the true 
environmental costs of such pollution is accurately 
costed during road infrastructure upgrades, such that 
funds are made available for appropriate treatment 
strategies at the time of planning and construction.

A recent petrol tanker accident on the Calder freeway 
which resulting in the spillage of 60,000 litres of fuel 
into Steele Creek10 is also a timely reminder of the 
need for appropriate incident management strategies 
to prevent similar accidents occurring along the 
Moonee Ponds Creek. 

10 www.theage.com.au/victoria/calder-freeway-crash-one-
dead-six-injured-in-petrol-tanker-rollover-20160524-gp2915.html
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E.03 OFF-LINE (STREET)

STREET SCALE INITIATIVES

These are important initiatives that fall within the 
land occupied by the street corridors throughout 
the catchment.  The street corridor includes all 
public land up to the adjacent property boundaries,  
encompassing the road pavement, pedestrian 
pavements and nature strips. This land is typically 
maintained by the local Council, with larger roads 
requiring VicRoads approvals for any changes.

In urban areas, paved streets form a significant 
portion of the overall catchment area;  in many dense, 
inner urban areas, paved streets and car parks can 
typically form up to 50% of the overall catchment.11   
Such extensive areas of impervious, hard surfaces 
are a major source of water quality and peak flow 
problems for the Moonee Ponds Creek. Consequently, 
maximising green spaces and reducing areas of 
impervious pavements within the catchment remain 
a vital strategy to improve the  health and wellbeing of 
the creek.

11 www.oldurbanist.blogspot.com.au/2011/12/we-are-25-
looking-at-street-area.html

Tool 09 - Distributed WSUD

Distributed water sensitive urban design (wsud)
systems located within the street corridor which 
capture and treat overland stormwater flows prior to 
discharge back into drains or directly to the creek. This 
includes raingardens, wsud tree pits and bio-retention 
swales, which improve the quality of water flowing into 
the creek. Where possible, the water can be infiltrated 
(soaked into the surrounding soil) via infiltration 
systems, which in turn reduces the volume of flow to 
the creek. Roadside drains can be retrofitted to swales 
to provide passive watering to the nature strip and 
further water treatment.

Tool 10 - Street Greening

The maximisation of green space and tree planting 
along the street has numerous benefits, including 
the slowing of stormwater runoff through the uptake 
of water through the plant (evapotranspiration) and 
greater infiltration into the soil.  Trees and vegetation 
can be integrated into wsud treatments, such as tree 
pits. This strategy is typically used in conjunction 
with other off-line street initiatives, and may form 
an important part of an urban forestry programme. 
Passive irrigation by directing stormwater towards 
plantings improves the health of trees and vegetation, 
and further slows stormwater velocity.

Tree planting along major streets also has significant 
other benefits, including the extraction of airborne 
vehicle pollutants, shading of the street pavement  
which can help mitigate the heat gain and the urban 
heat island effect and the provision of greater habitat 
and biodiversity.  As ecologist Amy Hahs notes “by 
integrating native plants into adjacent street, garden 
and park landscapes we can increase the effective 
population size of the various native species, and 
create a network that increases the opportunities for 
plants and animals to move across the landscape.”

Significantly greater tree planting should occur 
along streets throughout the entire catchment, but 
particularly to those streets close to the creek.

Tool 11 - Permeable Road Pavements

Permeable roads and pavements allow greater water 
infiltration directly through the pavement and into the 
soil, helping to reduce both the volume and velocity 
of stormwater runoff.  These systems include insitu 
pavement materials such as open graded asphalt or 
porous (no-fines) concrete, or segmented pavements, 
such as permeable or perforated pavers. 

Permeable pavements improve soil condition and slow 
stormwater velocity by allowing stormwater to infiltrate 
the soil, increasing ground water recharge. This 
creates a soil environment more similar to the pre-
development condition (which was largely grassland 
and woodland).

While permeable pavements may require greater cost 
to install than traditional road pavements and ongoing 
maintenance to avoid clogging, the burden on existing 
stormwater infrastructure (such as pits and pipes) may 
be significantly reduced. 

Tool 12 - Depave

For the last century, cities have largely been designed 
for cars, resulting in excessive areas of impermeable 
pavement devoted to roads and carparks. Removing 
unnecessary, over designed or redundant impervious 
surfaces will help to reduce stormwater volumes and 
velocities into the creek by allowing greater infiltration 
into the soil.

Depaving the catchment also allows for a more 
equitable distribution of space between pedestrians 
and cars, with more space for pedestrian and cycle 
infrastructure to improve access to the creek. The 
reclaimed former road space can also be used to 
implement distributed water sensitive urban design 
and street greening opportunities, including more 
space for planting.

Tool 13 - Pollutant Traps

In high flow and flood events, large quantities of silt, 
litter and other pollutants are carried from roadways 
and land within the catchment directly into the creek 
via the stormwater system, contributing to extremely 
poor water quality and limited habitat.

The installation of gross pollutant traps (GPT) is 
a widely recognised method to intercept these 
pollutants prior to entering the creek. These are 
structures that use physical processes to trap solid 
waste such as litter and coarse sediment and are 
commonly used as the primary treatment because 
they mostly remove large, non-biodegradable 
pollutants.

While an important tool to improve water quality, 
GPT’s  are a reactive rather than a proactive solution 
and cannot replace strategies that avoid pollution in 
the first place. Greater emphasis should be placed on 
the responsibilities of the polluter for the treatment 
measures (refer Tool 7 - Planning Controls).
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E.04 OFF-LINE (LOT)

Tool 14 - Rainwater Tanks 

The installation of rainwater tanks on individual lots or 
joint tanks (urban wells) on larger developments allows 
rainwater to be collected from building roofs for re-use 
(retention) in toilet flushing, washing machines and 
garden watering, as well as slow release (detention) 
back to the stormwater system, thereby reducing both 
the volume and velocity of stormwater entering the 
creek during peak flows, as well as reliance on potable 
water.

This includes conventional slow release tanks and 
‘smart’ quick release tanks (smart tanks). Slow release 
tanks are designed with a drainage hole halfway up 
the tank, maintaining the bottom 50% of the tank for 
re-use of water, and the top 50% of the tank for the 
detention and slow release of water.

Smart tanks maximise water for re-use by maintaining 
a full tank for as long as possible, only releasing the 
water and emptying the tank prior to a forecast rain 
event, thereby ensuring capacity in the tank to hold 
water during peak rain events.  These tanks rely on 
accuracy of forecasting to allow tanks to be drained 
in anticipation of significant rain events. Unless 
implemented en masse thoughout the catchment, 
raintanks may have limited impact on large storm 
events.

LOT SCALE INITIATIVES

There are important stormwater retention and 
detention initiatives that can be implemented on 
individual properties throughout the catchment 
that can reduce both the volume and velocity of 
stormwater entering the Moonee Ponds Creek.  
Stormwater quality is improved more efficiently by 
the capture and treatment of pollutants at the source 
before entering the stormwater system. 

Lot scale initiatives apply to all land holdings, including 
residential, commercial, industrial, community and 
government properties. Landowners can responsibly 
manage stormwater on their property, which 
collectively can contribute to significant improvements 
in water quality within the creek over time. 

Lot scale initiatives can be implemented through the 
Planning Scheme, which can be an effective method 
to achieve water quality and creek health objectives. 
Education programmes and incentives can also play 
an important role in encouraging the uptake of lot 
scale initiatives, such as water tanks, green roofs, 
planting, permeable pavements and on site detention.

Lot scale initiatives assume great importance when 
considering the ongoing development and greater 
density occurring within Melbourne, particularly 
where new developments seek to maximise building 
footprints, envelopes and site yield.

Tool 15 - Lot Greening

The maximisation of green space and tree planting on 
individual properties has numerous benefits, including 
the slowing of stormwater runoff through the uptake 
of water by the plant (evapotranspiration) and greater 
infiltration into the soil reducing runoff. Tree planting 
also has significant other benefits, including the 
extraction of airborne vehicle pollutants, shading of 
the hard pavements  which can help mitigate the heat 
gain and the urban heat island effect and the provision 
of greater habitat and biodiversity.

Plant selection should focus on indigenous species 
that will support urban wildlife and enhance 
biodiversity.  Appropriate planting on private 
properties should aim to reduce differences between 
the creek corridor, adjacent ecological patches and 
the larger creek catchment, allowing urban wildlife 
greater opportunities to move through the urban 
environment. A good example is the success of the 
eastern grey flying fox, which has adapted very well to 
living in the city due to a plentiful supply of foods from 
properties throughout the catchment.

Tool 16 - Permeable Pavements

The use of permeable pavements for driveways, 
footpaths and other hardstand areas on individual 
properties allows greater water infiltration directly 
through the pavement and into the soil, helping to 
reduce both the volume and velocity of stormwater 
runoff and increasing soil moisture.  These systems 
include insitu pavement materials such as open 
graded asphalt or porous (no-fines) concrete, or 
segmented pavements such as permeable or 
perforated pavers.

Permeable pavements benefits nearby trees and 
plants by allowing both air and water exchange to 
the root zone of plants underneath paved areas. 
These plants contribute to urban cooling. Permeable 
pavements help reduce the ‘multiple of natural’, which 
is the difference between the runoff of the urban 
catchment compared to it’s pre-development land 
pattern (which was largely grassland and woodland).

While permeable pavements may require greater cost 
to install than traditional pavements and ongoing 
maintenance to avoid clogging, the burden on existing 
stormwater infrastructure (such as pits and pipes) may 
be significantly reduced. 

Tool 17 - Green Roofs

A green roof (or living roof) is a roof of a building that 
is partially or completely covered with vegetation. 
Green roofs offer a number of benefits, including 
absorbing rainwater through plant uptake, slowing the 
discharge of stormwater during peak flows, providing 
insulation to the building, cooling air temperatures and 
creating additional habitat for wildlife. The recently 
published Growing Green Guide12 offers an excellent 
guide to the planning, design and installation of green 
infrastructure in Melbourne. 

12 http://www.growinggreenguide.org

Tool 18 - On Site Detention

The use of on site detention ponds, rain gardens, 
infiltration systems, swales and garden ponds can 
capture and treat stormwater flows prior to infiltration 
directly into the soil, discharge back into drains or 
release to the creek. Detention strategies help alleviate 
the threat of flooding by holding back (detaining) 
stormwater on site for a period of time, thereby 
reducing the overall peak flow (but not volume), as well 
as offering water quality improvements.

Downpipe diverters can be used to divert stormwater 
from roofs to garden beds, supporting plantings, 
greater ecological diversity and allowing water 
infiltration (ground water recharge).
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E.05 ON-LINE (CREEK)

CREEK MODIFICATIONS

On-line creek strategies operate within the creek 
corridor itself and involve direct modification to the 
form and function of the creek to achieve water 
quality improvements, manage peak flows and 
improve habitat and biodiversity.  In many cases, these  
modifications respond directly to the community 
concerns expressed over many years for the removal 
of the concrete channel13, and the replacement with 
alternative materials and forms that support the 
natural systems in operation along the creek.

The precise impact of each tool will depend on the 
location along the creek and the size and configuration 
of the intervention. It is recognised that all on-line 
creek modifications will require greater levels of 
maintenance than the existing concrete channel and 
will be constrained in terms of configuration, potential  
location and cost where each tool can be deployed. 
Each proposition will need to be carefully modelled 
and tested in detail to understand the effect of each 
tool, including changes to flood conveyance and 
capacity.

13 Please refer to Creek Stories chapter for a detailed 
description of these concerns.

Tool 20 - Riffle Choke Over Existing Channel

A riffle choke point to control flow, provide greater 
oxygenation of the water, additional protection against 
scour and to improve the visual look of the existing 
concrete channel. Large rocks are laid directly over 
the channel, completely covering the concrete and 
providing a roughened creek surface, while the 
existing sides of the channel are retained.

This tool is similar hydraulically to Tool 19, and will 
result in minor reductions in flood conveyance (due to 
the rougher surface). This tool has been implemented 
in a number of places along the creek in the past 25 
years. Examination of these riffle choke points reveals 
accumulation of sediments in between the rocks 
and some riparian plant colonisation, although plant 
establishment is hampered by the velocity of water 
and limited growing medium. This option is better both 
ecologically and aesthetically than Tool 19.

Melbourne Water have noted that riffle choke points 
will cause sediment and litter deposition requiring  
more frequent maintenance. Consequently, this tool 
should be considered in conjunction with the off-line 
tools noted previously that will help capture sediment 

Tool 19 - Weir & Pool Over Existing Channel

A weir across the creek to create larger standing 
pools of water over the existing concrete channel. 
This is a relatively cheap and easy method with some 
small environmental benefits and significant visual 
improvements, although it can present a barrier to fish 
movement and affect flooding. This tool has already 
been implemented in a number of locations along the 
creek to control the flow of water. Given the limited 
environmental benefits, it is recommended for use 
only when other more effective tools are not available.

and litter prior to entering the creek.

Tool 21 - Riffle Choke Point

A riffle choke point to control flow, provide greater 
oxygenation of the water, additional protection against 
scour, greater habitat and to improve the visual look of 
the creek. A section of the existing concrete channel 
is removed and replaced with large rocks over the 
entire length of channel, providing a roughened 
creek surface, resulting in minor reductions in flood 
conveyance.

The removal of the channel allows the bathymetry and 
width of the creek to be altered, creating some deeper 
pools of water between the rocks, thereby providing 
enhanced habitat opportunities for aquatic species. 
Greater soil depth allows more plant establishment, 
particularly towards the edge of the channel where 
water velocities are less. The removal of the concrete 
channel, re-grading of the embankment (greater width 
and less steep) and the construction of the riffles 
allows for low level creek crossings, improving access 
to the water’s edge and connectivity across the creek.

Tool 22 - Boulder Channel

Demolition of the existing concrete channel (or a 
portion thereof) and replacement with a constructed 
rock boulder channel and wall.  The creek channel 
must be widened to compensate for the reduction 
in the carrying capacity as a result of the roughened 
surface.   

This detail can implemented in a variety of ways, 
depending on the available space and flow regime.  
The rocks  slow water velocity and catch sediment, 
encouraging plant establishment.

   Water Investigation  | 164163 | Chain of Ponds



Tool 23 - Vegetated Channel

Demolition of the existing concrete channel (or a 
portion thereof) and replacement with a vegetated 
embankment and channel.  The creek channel must 
be widened to compensate for the reduction in the 
carrying capacity as a result of the roughened surface.    
Due to the high water velocity and the potential for 
scour, the embankment will require reinforcement 
with jute matting, rip rap and / or a cellular plant 
confinement system to provide additional protection 
for plants.  

Vegetated channels are more effective where the 
creek is less steep and water velocities lower. This 
detail has been used extensively in the lower reaches 
of the creek, where the valley is significantly flatter. 
Management of vegetation remains an ongoing 
issue due to the need to maintain flood capacity. This 
tool should be used in conjunction with other creek 
modifications. There are significant habitat benefits.

Tool 24 - Localised Floodway Terrace

A localised increase in the channel cross section 
in spatially constrained locations, allowing for 
greater flood storage capacity and conveyance. The 
benched flood terrace allows for the partial removal 
of the concrete channel and other modifications, 
including the incorporation of ephemeral wetlands 
to expand habitat along the creek. Depending on the 
embankment slope and available space, retaining 
walls may be necessary. The terrace also allows for 
the construction of a lower pathway closer to the 
water providing the opportunity for greater pedestrian 
interaction with the creek.

Tool 25 - Widen Creek Channel

Widen the creek channel to expand the flood capacity 
of the creek, thereby allowing for the removal of the 
concrete channel. The integration of ephemeral 
wetlands or billabongs into the creek will improve 
water quality in the creek and provide additional 
habitat. This option is only suitable where adjacent 
open space is available to allow widening to occur 
and may require strategic land acquisition in certain 
spatially constrained locations. In principle, the wider 
the channel, the greater the flood capacity and the 
more concrete channel may be removed. This is 
an important option that may help mitigate future 
increases in peak flows brought about by climate 
change.

Tool 26 - Pool & Riffle

Construction of a riffle choke point with deeper pool 
behind providing significant habitat diversity for 
aquatic and riparian species, as well as improved 
water quality. The concrete channel is removed 
and the bathymetry of the creek bottom is altered 
to provide stream bottom heterogeneity (diversity).  
Deeper pools slow water velocity, promoting plant 
establishment and allow sediments and pollution to 
drop out. Rocks and logs alter water movement and 
various combinations of rocks, gravel, sand and silt 
create a mosaic-like stream bottom, providing habitat 
diversity for aquatic species.

The removal of the concrete channel, re-grading of the 
embankment (less steep) and the construction of the 
riffles allows for low level creek crossings, improving 
access to the water’s edge and connectivity across 
the creek. The visual amenity along the creek is 
significantly improved.

This option requires additional width in the creek 
channel which may limit where it can be located along 
the corridor, and is more expensive to implement, 
but offers significant environmental and ecological 
benefits.
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Tool 27 - Meander Bench / Terrace (Left & Right)
A benched terrace with a billabong or wetland 
located on the inside bend where water velocities 
are lower and scour less problematic, allowing 
for plant establishment.  The meander bench 
removes straight sections of concrete lined or 
earthen creek channel (which causes faster 
flowing water and scour) and re-introduces 
meanders into the creek alignment to slow water 
velocity and provide greater habitat diversity.

The meander bench provides greater floodplain 
capacity, allowing for creek modifications 
locally and downstream. It offers significant 
environmental and aesthetic benefits, although 
sufficient space in the creek corridor is required 
for implementation.

Tool 28  - Flood Runner

A high flow diversion path that connects across a 
peninsula, joining two sections of the creek by a 
shorter more direct route, allowing more efficient 
conveyance of flood waters. It operates in high 
flow or flood situations, alleviating bottlenecks and 
helping to mitigate upstream floods. Downstream 
effects need to be carefully analysed to ensure flood 
risk is not increased. The spatial constraints within 
the creek corridor make the implementation of this 
option difficult along sections of the creek below Bell 
Street. Potential sites include, for example, the former 
watercourse at Herbert Street.

Tool 29 - Lower Sports fields

Lower sports fields and ovals located adjacent to the 
creek to sit within the 1:100 year flood zone, thereby 
reclaiming the floodplain and expanding flood storage 
capacity.  This may allow for downstream channel 
modifications including the removal of sections of 
concrete lining. This acknowledges that over time 
large areas of the creek floodplain have been lost 
to land development, including the construction of 
sports ovals, substantially reducing flood storage 
capacity.

In principle, the lower the field, the greater the flood 
capacity and the more scope for channel modification. 
Conversely, the lower the field, the more frequently 
it will flood and the greater disruption to sports 
activities.   Lowering sports fields to the 1:20 flood 
zone may represent a suitable trade off between 
inconvenience and capacity. These compromises 
clearly illustrate the competing objectives and 
demands common along the creek.

There is potential that lowering sportsfields will lessen 
the impact of flood waters downstream, a current 
constraint in the State Government’s Arden Macaulay 
precinct in the City of Melbourne

Cut off meanders can potentially play an impor-
tant role in trapping sediment and litter as well 
as supporting habitat. 

Potential sites for restoring cut off meanders 
include Herbert Street, Esslement Reserve, the 
Five Mile Creek confluence and at each of main 
tributaries, such as Melville Creek and West-
breen Creek. The Trin Warren Tam-boore Wet-
lands model could be utilised for these areas. 
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Proposed Condition

Existing Condition 

Tool 31 - Embankment Dike / Flood Levees

Artificially raised ground in the form of earthen 
embankment dikes may need to be constructed 
where peak flows cannot be contained within the 
creek channel. An increase in peak flows may be a 
result of climate change or modifications to the creek 
channel which have resulted in changes to the flow 
regime of the creek. Levees have previously been 
used extensively in the low lying southern sections of 
the creek catchment in Kensington, where flood risk 
is high. Flood embankments were first constructed in 
1888 when the railway to Flemington was constructed.

While this tool is not preferable, embankment 
dikes may be deployed in short lengths in local 
circumstances to mitigate flood risk to adjacent 
properties, and should only be used in conjunction 
with other modifications that allow for the removal 
of the concrete lining and improvements to creek 
health and biodiversity.  Reduced public access is to 
be avoided through such measures. Embankment 
dikes can be constructed from fill made available by 
modifications to the creek channel, or gabion walls 
which support planting (to increase habitat for urban 
wildlife). Stormwater inlets may require screw gates to 
prevent flooding within the stormwater pipes.

Tool 30 - Remove or Relocate Obstructions

Remove or relocate unnecessary obstructions to 
flooding that are currently located within the creek, 
such as advertising pylons and signage. There are 
a number of these located in the southern section 
of the creek, adjacent to the freeway. These are 
extremely disrespectful to the creek environment,  
are visual pollution and  contribute to a reduction in 
flood capacity within the channel. Discussions with 
VicRoads as the managing authority should take place 
to ensure these elements are not permitted within 
the creek corridor, or relocated onto other structures 
within the road corridor, taking into consideration the 
visual impact on the surrounding area.

Tool 32 - Daylighting and Flood Diversion Pipe

Daylighting

The daylighting of stormwater pipes can provide a 
viable stormwater treatment option that could be 
integrated with harvesting for reuse. Daylighting 
also increase the community’s awareness of a pre-
existing watercourse that currently remains hidden. 
Site constraints, stormwater flows and the depth of 
these pipes need assessment. Opportunities may 
include the tributaries of the Moonee Ponds, major 
stormwater outlets and existing flooding easements.

Flood diversion pipe

A flood diversion pipe conveys excess flood water 
from the creek channel to adjacent open space, such 
as the Moonee Valley Racecourse, where there is 
sufficient space for flood detention and treatment. This 
option seeks to reconnect the creek with it’s original 
floodplain in circumstances where urban development 
has encroached upon the creek’s floodplain.  Flood 
waters can be treated at the outflow and stored for 
a period of time, prior to release back to the creek.  
Alternatively, excess water can be reused for irrigation.  

Investigation should be undertaken to ascertain the 
viability of this tool and its effectiveness in reducing 
flood risk further downstream. 

Tool 33 - Channel Deepening

Deepen the creek channel to provide greater flood 
capacity.  In most cases, this will not be possible as  
the creek is already deeply incised into the landscape, 
making further deepening both impractical and costly. 
However, this can be considered in locations where 
the creek valley flattens out and there is sufficient 
space to undertake deepening.

While this tool is not preferable, channel deepening 
may be considered in short lengths in local 
circumstances when used in conjunction with 
other modifications that allow for the removal of the 
concrete lining and improvements to creek health and 
biodiversity.

Recent investigations undertaken by Melbourne Water 
in the Arden Macauley precinct have identified this as 
an option in the lower portions of the creek where the 
land is significantly flatter and costs of deepening not 
as great, but only in areas above tidal influence.

Tool 34 - Upstream Detention

The Jacana retarding basin has provided effective 
flood protection for the middle and lower portions 
of the creek since its construction in the late 1960’s. 
Melbourne Water has undertaken recent dam safety 
upgrade works at Jacana that indicate the retarding 
basin can cater for the 1:100 ARI flood event and that 
there is no future requirement to provide increased 
flood storage capacity.

It is important to note that the implementation of 
channel modification options along the creek below 
Jacana noted in this investigation assume that all 
upstream peak storm flows will continue to be 
managed effectively by the Jacana retarding basin (as 
confirmed by Melbourne Water) and that only storm 
water runoff from the catchment below Jacana need 
be considered in the assessment of these options.

However, it is also noted that climate change may 
alter the frequency and severity of flood events and 
that additional upstream detention may be required 
to accommodate an increase in peak flows brought 
about by climate change, and a likely increase in storm 
frequency and rainfall intensity.
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E.08 WATER INVESTIGATION VISION

FUTURE CREEK FORMS

The diagram shows how a combination of 
the On-Line (Creek) Water Investigation 
tools could be deployed along the 
Moonee Ponds Creek in the future.

Existing Channel

The existing channel is designed primarily 
for flood mitigation and offers little to the 
ecology of the creek.

Interim  Channel

The interim channel explores tools that 
can improve the performance of the creek 
without necessarily removing extensive 
portions of concrete channel.

Proposed  Channel

The proposed channel deploys a range 
of tools designed to significantly improve 
ecology and water quality within the 
creek.
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Robert Lovick for Urban-Water Transect studio, led by 

Dr. Michaela Prescott, RMIT University, 2017

View looking south towards Ormond Park
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E.06 ASSESSMENT OF TOOLS

ASSESSMENT CRITERIA

The potential to improve the Moonee Ponds Creek 
rests with the ability to implement as many of these 
tools as possible, as soon as possible.  The cumulative 
effect of multiple tools in combination far outweighs 
the individual benefits of singular options, and the 
sooner these options are deployed, the greater the 
benefits.

Yet with so many different combinations of tools 
available, how is the relative performance and success 
of each tool, or combination of tools assessed?  
Moreover, certain options offer far greater benefit 
than others, and as such, certain options assume a far 
higher priority and greater urgency than others.

METHODOLOGY

The Water Investigation has been primarily conducted 
using a quantitative modelling approach which 
compares the most effective measures to achieve the 
following criteria -

• Criteria 01 - water quality improvements;

• Criteria 02 - stormwater peak flow reductions;

• Criteria 03 - mitigate impacts on flooding. 

Visual (aesthetic) improvements and social benefits 
are considered in the next chapter, which describes 
the components of the linear park.

Off-line Options

Modelling has been conducted in MUSIC (Model for 
Urban Stormwater Improvement Conceptualisation 
v6.0.1), a conceptual design tool that is used to predict 
the performance of water management systems. 
MUSIC provides volume reduction and pollutant 
reduction results, allowing comparison of potential 
offline options.

On-Line Options

These options were investigated using HECRAS, a 
computer program that models the hydraulics of water 
flow through natural rivers and channels. Based on 
data supplied by Melbourne Water, various creek cross 
sections at key locations were modified to understand 
the potential impact of different tools on flood levels.

Climate Change Accounting

A hydrological model (RORB) was used to determine 
the 100 year ARI peak flow level under climate change 
for the year 2060. The criteria for climate change is 
that rainfall intensity will increase 16 % by 2060. RORB 
is a general runoff and stream flow routing program 
used to calculate flood hydrographs from rainfall and 
other channel inputs.

For more information on the methodology and 
modelling assumptions, please refer to the Water 
Investigation technical report14

14 Moonee Ponds Creek Linear Park Master Plan, Water 
Investigation, Storm (Consulting) 2016

WATER QUALITY IMPROVEMENTS

There are a number of performance targets and 
objectives that are relevant in assessing water quality 
improvements. 

Council Targets

In the first instance, the water investigation examines 
how the different tools compare to local government 
guidelines.  Both Moreland and Moonee Valley City 
Council have adopted water strategies that include 
ambitious stormwater targets.

As noted in the City of Moonee Valley’s Water 
Strategy15, the following shorter term targets have 
been identified -

• 30% of the total water used by Council to be 
from alternative water sources by 2020;

• 16% reduction in total suspended solids by 
2020 (based on 2001 levels);

• 9% reduction in total nitrogen by 2020 (based 
on 2001 levels);

• 12% reduction in total phosphorus by 2020 
(based on 2001 levels);

• 8% reduction in litter by 2020 (based on 2001 
levels).

Moreland City Council’s Watermap 202016 stormwater 
targets:

• reducing Council’s total potable water usage by 

15 Water Strategy, City of Moonee Valley, 2011
16 Watermap 2020, City of Moreland, 2014

• Litter - 70 per cent retention of typical urban 
annual load

• Flows - maintain discharges for the 1.5 year ARI 
at pre-development levels

Local Government policies also identify these State 
Government targets for water quality to be adopted 
in the longer term, including the City of Moreland’s 
Watermap 2020 strategy, and the City of Moonee 
Valley’s Water Strategy.

RUNOFF VOLUME REDUCTIONS

The second major criteria in the assessment of the 
options relates to the reduction in stormwater volumes 
and peak flow levels.  In this case, there are no guiding 
targets or objectives.  

However, as a point of comparison, it is common to 
compare runoff volumes against a ‘pre-development’ 
scenario. The pre-development catchment scenario 
represents the condition of the catchment prior 
to settlement and construction of the city (i.e. the 
catchment as an entirely porous surface).

IMPACTS ON FLOODING

The final criteria explores the likely impact on flooding 
should various options be implemented.  In particular, 
it explores the effect of different tools and channel 
modifications on the 1:100 year flood event. 

30% from 2001 levels ;

• developing local stormwater harvesting 
infrastructure supplying 30ML/a of treated 
water for open space irrigation by 2020;

• Reduce the community’s potable water 
consumption by 25% from 2001;

• 50% of Moreland households to have a 
rainwater tank installed by 2020;

• Treat 11% of Council’s stormwater catchments 
to best practice by 2020.

State Government Targets (Best Practice)

The State Government has established stormwater 
quality objectives to help determine the level of 
stormwater management necessary to meet the State 
Environment Protection Policy (Waters of Victoria) 
objectives. SEPP is a statutory policy under section 16 
of the Environment Protection Act 1970 that identifies 
the beneficial uses of Victoria’s waterways.

SEPP (Waters of Victoria) requires measures to be 
implemented to control the environmental impact 
of stormwater pollution and identifies best-practice 
performance objectives for urban stormwater to help 
meet the policy’s requirements. The objectives for 
environmental management of stormwater are:

• 80 % reduction in total suspended solids (TSS)

• 45 % reduction in total phosphorus (TP)

• 45 % reduction in total nitrogen (TN)
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TYPE TOOL DESCRIPTION COMBINATION

A B C D E F G H I J K

Offline Catchment 1 Large Scale Stormwater Harvesting X X X X

2 Local Stormwater Harvesting X X X X

3 Wetlands (Retention)

4 Wetlands (Detention) X X X

5 Infiltration Trenches X

6 Catchment Greening / Urban Forestry

7 Planning Controls

8 Freeway Runoff Management

Offline Street 9 Distributed WSUD X X X X X

10 Street Greening

11 Permeable Road Pavements X

12 Pollutant Traps (GPT)

13 Depave

Offline Lot 14 Rainwater Tanks X X X X X

15 Lot Greening

16 Permeable Pavements

17 Green Roofs

18 On Site Detention

Online Creek 19 Weir & Pool Over Existing Channel

20 Riffle Choke Over Existing Channel

21 Riffle Choke Point

22 Boulder Channel

23 Vegetated Channel X

24 Local Floodway Terrace

25 Widen Creek Channel X

26 Pool & Riffle

27 Meander Bench

28 Flood Runner

29 Lower Sports fields X

30 Remove Obstructions

31 Embankment Dike

32 Flood Diversion Pipe

33 Channel Deepening

34 Upstream Detention X

TOOLKIT COMBINATIONS

The number of possible combinations of different tools 
and the scale and configuration that are deployed 
along the creek is both large and complex. Tools have 
been selected in a range of combinations to best 
demonstrate both the potentials and constraints of the 
modifications to the creek and catchment to achieve 
the objectives.

The combinations selected represent a progression 
from relatively small improvements to dramatic 
improvements as assessed against performance 
criteria outlined previously.  The different 
combinations tested are designed to highlight that 
the improvements to the overall health of the Moonee 
Ponds Creek invariably rest with the implementation of 
a range of options, rather than any single option, and 
that significant improvements to the creek require a 
multilayered (rather than singular) approach.

Incremental Change Over Time

As the principles of water sensitive urban design 
(WSUD) and biodiversity sensitive urban design 
(BSUD) gather pace and take hold at all levels of city 
planning,  changes will be implemented incrementally 
throughout the catchment, reducing, slowing and 
cleaning stormwater discharges into the creek. Over 
time, this will liberate more and more opportunities 
along the creek to remove concrete channel and 
restore functioning natural processes. Consequently, 
the tools represent a staged ‘roadmap’ of possibilities 
that can be implemented with increasing intensity as 
time goes by.

The following is a matrix which summarises the 
available tools and the range of different ‘toolkit’ 
combinations tested as part of this investigation.  

COMBINATIONS

The following combination of tools explore both offline 
tools implemented outside the creek channel and 
within the creek catchment, as well as online tools to 
remove the concrete channel and implement other 
online creek channel modifications.

Combination A - ‘Realistic WSUD Uptake’

This combination assumes that 10% of residential lots 
have a rainwater tank to supply toilets, laundry and 
garden watering (Tool 14 Rainwater Tanks) and 10% 
of roads are captured by bio-retention swales and 
raingardens (Tool 09 Distributed WSUD).

Combination B - ‘High WSUD Uptake’

This combination assumes that 100% of residential 
lots have a rainwater tanks to supply toilets, laundry 
and garden watering (Tool 14 Rainwater Tanks) and 
100% of roads are captured by bio-retention swales 
and raingardens (Tool 09 Distributed WSUD).

Combination C - ‘Stormwater Harvesting’

This combination examines large scale stormwater 
harvesting from Melbourne Water main drains (Tool 
01) and small scale stormwater harvesting from local 
Council drains (Tool 02).

Combination D - ‘Harvesting +  Realistic WSUD’

This combination examines large scale stormwater 
harvesting (Tool 01) and small scale stormwater 
harvesting (Tool 02), and 10% of residential lots have 
a rainwater tank (Tool 14 Rainwater Tanks) and 10% of 
roads are captured by swales and raingardens (Tool 09 
Distributed WSUD). 

Combination E - ‘Wetlands + Harvesting + Realistic 
WSUD’

This combination implements offline wetlands along 
the linear park corridor (Tool 04 Wetlands Detention), 
plus large scale stormwater harvesting (Tool 01), 
small scale stormwater harvesting (Tool 02), 10% of 

residential lots with rainwater tanks (Tool 14 Rainwater 
Tanks) and 10% of roads captured by swales and 
raingardens (Tool 09 Distributed WSUD). Wetland 
locations have been nominated (refer plan).

Combination F  - ‘Larger Wetlands + Harvesting + 
Realistic WSUD’

This is the same as the previous combination but 
allows for an expansion of wetland size to satisfy State 
water quality targets. It effectively tests how much 
extra wetland space is required to achieve the targets.

Combination G - ‘Infiltration Trenches’

This combination includes infiltration trenches along 
the length of the creek corridor (~13.5 km) within the 
study area.

Combination H - ‘Porous Roads”

This combination implements porous road pavements 
(Tool 10 - Permeable Road Pavements) to residential 
catchments to maximise infiltration and reduce runoff 
volumes.

Combination I - ‘Vegetated & Widened Channel’

This combination removes the concrete lining, 
reconstructs and widens the creek channel (Tool 25 
Widen Creek Channel) and re-vegetates along the 
channel (Tool 23 Vegetated Channel). It also tests the 
affect of climate change on food levels.

Combination J - ‘Upstream Detention’

This combination explores online detention storage 
within the creek channel itself (Tool 34 - Upstream 
Detention) at Boeing Reserve (where there is sufficient 
space).

Combination K - ‘Wetland Detention’

This explores the implementation of Tool 04 (Wetland 
Detention) in a specific location, an offline detention 
(retarding) basin at 5 Mile Creek Reserve.
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NOTE:

The Water Investigation has been limited to land within the 

City of Moonee Valley as a case study. It is recommended 

that the study be widened to explore opportunities within 

adjacent municipalities, including the City of Moreland, 

Melbourne and Hume.
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Base Case  In  Out  % Reduction  Targets  

Flow (ML/yr)  3,560 3,279 7.9% -  

Total Suspended Solids (kg/yr)  746,000 584,118 22% 16% 

Total Phosphorus (kg/yr)  1,550 1,302 16% 12% 

Total Nitrogen (kg/yr)  10,400 9,329 10% 9% 
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Table 2 – MUSIC Model Results for Larger Wetlands  

Base Case  In  Out  % Reduction  Targets  

Flow (ML/yr)  3,560 3,030 15.1% -  

Total Suspended Solids (kg/yr)  736,000 150,000 79.7% 80% 

Total Phosphorus (kg/yr)  1,490 489 67.1% 45% 

Total Nitrogen (kg/yr)  10,400 5,630 45.7% 45% 
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TOOLKIT COMBINATIONS

This is a reminder of the spatial constraints along the 
creek, and the need to  maximise wetlands wherever 
possible.  Similar results could be achieved with 
smaller wetlands and larger uptake of WSUD tools 
within the catchment.

Combination G - ‘Infiltration Trenches’ (IT)

The inclusion of infiltration trenches along the length 
of the creek embankment (~13.5 km) shows dramatic 
water quality improvements are achieved with this one 
tool.  Implementation of this tool should be explored 
further.

Combination H - ‘Porous Roads” (PR)

The implementation of porous road pavements (Tool 
10 - Permeable Road Pavements” to residential 
catchments dramatically improves water quality.

E.07 TOOLKIT RESULTS

WATER QUALITY IMPROVEMENTS

To achieve water quality targets, combination of 
treatment nodes and catchment assets are required. 

Combination A - ‘Realistic WSUD Uptake’

Combination A, which includes rainwater tanks at 10 
% uptake in residential areas (10% RWT) and WSUD 
treating 10% of roads (RG),  was not sufficient to 
achieve Council’s water quality targets. 

Combination B - ‘High WSUD Uptake’

Although unrealistic, significantly expanding the 
implementation of rain water tanks and WSUD road 
treatments within the catchment to 100% can lead to 
a dramatic improvement in water quality.  As such, this 
combination is long term and aspirational only, but is 
a reminder that incremental improvements every year 
will yield substantial results in the long term. 

Combination C - ‘Stormwater Harvesting’ (SWH)

Stormwater harvesting will achieve Council water 
quality targets, but falls well short of State Government 
targets. 

Combination D - ‘Harvesting (SWH) +  Realistic WSUD’

As multiple options are combined, benefits 
accumulate, as shown with the improved outcomes 
of combining stormwater water harvesting with 10% 
uptake of rain water tanks and road WSUD treatments.

Combination E - ‘Wetlands (WT) + Harvesting + 
Realistic WSUD’

The inclusion of wetlands located along the creek 
corridor pushes water quality up marginally. Wetland 
locations were identified along the creek corridor; 
however, space is a major constraint and the initial 
sizing of the wetland was based on avoiding impact to 
existing open space. Wetlands were also positioned 
at locations where significant upstream catchments 
were observed. Wetland sizing is 1.18 hectares.

Combination F  - ‘Larger Wetlands (WT-L) + Harvesting 
+ Realistic WSUD’

The modelling shows that substantially larger area 
of offline wetlands would be required to achieve the 
longer term State water quality targets. Combination F 
assumes wetland area is expanded to 13.5 hectares. 

A summary of the options based on % 

reduction of Total Nitrogen.

RUNOFF VOLUME REDUCTIONS

The implementation of offline tools can modify the 
urban catchment so that it operates more like it’s 
pre-settlement state.  Thus volume reductions are 
achieved through seepage and evaporation tools,  
replicating the catchment prior to urbanisation.

Combination A - ‘Realistic WSUD Uptake’

This combination has relatively little effect on reducing 
stormwater runoff volumes, and suggests multiple 
tools need to be deployed to yield better results.

Combination B - ‘High WSUD Uptake’

Although unrealistic, significantly expanding the 
implementation of rain water tanks and WSUD road 
treatments within the catchment to 100% can lead to 
significant improvement in runoff reductions.  As such, 
this combination is long term and aspirational only, but 
is a reminder that incremental improvements every 
year will yield substantial results in the long term. 

Combination C - ‘Stormwater Harvesting’

Close to 10% volume reductions.

Combination D - ‘Harvesting +  Realistic WSUD’

Slightly above 10% volume reductions.

Combination E - ‘Wetlands + Harvesting + Realistic 
WSUD’

Above 10% volume reductions.

Combination F  - ‘Larger Wetlands + Harvesting + 
Realistic WSUD’

Above 10% volume reductions. The substantially 
larger wetlands appear to have relatively little overall 
effect on volume reductions.

Combination G - ‘Infiltration Trenches’

Infiltration trenches are an effective and relatively 
inexpensive means of reducing stormwater volumes 
into the creek, achieving above 25% reduction.

Combination H - ‘Porous Roads”

This is the most effective tool in reducing stormwater 
volumes into the creek with porous roads achieving 
close to 50% reduction. However, it will also be very 
expensive and hence, a longer term objective.

A summary of the options based on 

stormwater volume reductions

VOLUME OF RUNOFF AS A MULTIPLE OF NATURAL 
FLOWS
COMBINATION MULTIPLE

A 10 % RWT, RG 4.43

B 100% RWT, RG 3.50

C SWH only 4.18

D RWT, RG, SWH 4.05

E RWT, RG SWH, WL 4.04

F RWT, RG SWH, WL-L 3.86

G RWT, RG, SWH, WL, IT 3.34

H RWT, RG, SWH, WL, IT, PR 2.44
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Existing Channel Cross Section

Modi�ed Channel Cross Section

Existing Channel with 2016 1:100 Year Flood

Existing Channel with 2060 Climate Change 1:100 Year Flood

Modi�ed Channel with 2060 Climate Change 1:100 Year Flood

42

43

44

45

46

47

48

49

0 10 20 30 40 50 60 70 80 90 100
42

43

44

45

46

47

48

49

50

51

0 20 40 60 80 100 120

39

40

41

42

43

44

45

0 20 40 60 80 100 120 140 160 180 200
38

39

40

41

42

43

44

45

46

0 20 40 60 80 100 120 140 160 180

32

33

34

35

36

37

38

39

40

41

0 5 10 15 20 25 30 35
32

33

34

35

36

37

38

39

40

41

42

0 5 10 15 20 25 30 35

Ch 16500  Ch 16420  

Ch 15400  Ch 153 10 

 

Ch 13930  Ch 13755  

LOCATION 01 - BOEING RESERVE WIDENING

LOCATION 02 - STRATHNAVER RESERVE WIDENING

LOCATION 03 - MARGARET STREET WIDENING

IMPACTS ON FLOODING

The likely impacts on flood levels of online channel 
modifications to the Moonee Ponds Creek has 
been tested. The purpose of these tests is to clearly 
demonstrate that modifications to the creek, including 
the removal of the concrete channel, are possible 
without creating additional flood risk. Importantly, 
these tests also show the effects of climate change 
(increased rainfall intensity) on flood levels, both with 
and without channel modifications.

Three locations have been selected for these tests - 

1. Boeing Reserve;

2. Strathnaver Reserve and

3. Margaret Street.

At each location the following online tools were 
implemented.

Combination I - ‘Vegetated & Widened Channel’

This combination removes the concrete lining, 
reconstructs and widens the creek channel (Tool 25 
Widen Creek Channel) and re-vegetates along the 
channel (Tool 23 Vegetated Channel), resulting in a 
Manning’s Coefficient change from 0.013 (concrete 
lining) to 0.04 (natural stream equivalent).

The model results depict the following circumstances:

• Existing Channel with 2016 1:100  yr ARI 
(without modifications). This represents the 
current, unmodified condition of the creek.

• Existing Channel with 2060 1:100 year ARI 
(without modifications). This represents 
the 2060 unmodified condition of the creek 

accounting for climate change and infill 
development.

• Modified Channel with 2060 1:100 year ARI. 
This represents the 2060 modified condition of 
the creek accounting for climate change and 
infill development.

Modelling Results

Firstly, the results clearly indicate that in all three 
locations, current 2016 flood levels are retained within 
the existing channel cross section, confirming that 
there is no current risk of flooding in these locations.

Secondly, the results also indicate that in all three 
locations, the 2060 flood levels are retained within the 
unmodified channel cross section, although the flood 
level does rise (as would be expected with an increase 
in flows).

Although not indicative of the entire creek, this does 
suggests that in these locations the channel does 
have additional capacity to accommodate an increase 
in peak flows resulting from climate change.  It is 
important that Melbourne Water undertakes updated 
flood modelling across the entire creek corridor to 
confirm the effects of climate change.

Finally, and most crucially, the results clearly indicate 
that in these three locations the modified channel 
can help reduce the 2060 climate change flood 
levels to as low as the existing 2016 flood levels, or 
at least significantly below the existing 2060 climate 
change flood level.  Importantly, in all three locations, 
the modified 2060 flood levels were less than the 
unmodified 2060 flood levels, suggesting that the 
channel modifications may actually assist in managing 
the effects of climate change.  
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FIVE MILE CREEK - EXISTING

BOEING RESERVE - EXISTING

FIVE MILE CREEK - PROPOSED RETARDING BASIN (RB)

BOEING RESERVE - PROPOSED RETARDING BASIN (RB)

PEAK FLOW DETENTION MODELLING

The final component of the Water Investigation 
explores the potential for offline and online 
stormwater detention to reduce peak flows (and 
thus help minimise flood risk). This represents the 
implementation of a number of tools, specifically 
offline Tool 04 (Wetlands Detention) and online Tool 34 
(Upstream Detention).

Combination J - ‘Upstream Detention’

This combination explores online detention storage 
within the Moonee Ponds Creek channel itself (Tool 34 
- Upstream Detention) at Boeing Reserve (where there 
is sufficient space).

Combination K - ‘Wetland Detention’

This explores the implementation of Tool 04 (Wetland 
Detention) in a specific location, an offline detention 
(retarding) basin at 5 Mile Creek Reserve, which 
intercepts stormwater from the catchment prior to 
discharging into the creek.

Modelling Results

The retarding basin at 5 Mile Creek is not large 
enough to have a significant impact on flood levels. 
The retarding basin size is small compared to the 
catchment, and increasing in size may be difficult due 
to space, unless below ground infrastructure can be 
installed. 

The added upstream retarding basin at Boeing 
Reserve has a larger impact on levels. Although this 
basin is similarly likely to be too small compared to 
the large upstream catchment. The concrete section 
(Figure 6c) is showing a greater impact on levels is 
achievable compared to the natural section (Figure 
6b). Figure 6d shows the retarding basins are not 
sufficient to offset naturalising the channel, as levels 
are higher than existing conditions. Larger basins 
would be required.

Another note to consider from Figure 6c) and d) is 
that some sections of the Moonee Ponds Creek 
may experience exceedance of banks under climate 
change (and infill) conditions. This makes introducing 
options to reduce levels all the more important.
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CONCLUSIONS

The Water Investigation clearly demonstrates that 
there are numerous tools that can dramatically 
improve the health of the Moonee Ponds Creek by 
implementing water quality improvements, reducing 
stormwater peak flows and mitigating the impacts on 
flooding. 

The potential to improve the creek rests with the ability 
to implement as many of these tools as possible, as 
soon as possible.  The cumulative effect of multiple 
tools in combination far outweighs the individual 
benefits of singular options, and the sooner these 
options are deployed, the greater the benefits. Positive 
change for Moonee Ponds Creek is possible.

Before - Bishan Park, Singapore (Source: www.wikiwand.com/de/Bishan_Park)

The possibility of change is well demonstrated by the 
growing number of compelling precedents around the 
world which explore creative methods to remove the 
concrete lining to urban waterways, and reconstruct 
these creeks to perform multi-faceted roles within the 
urban landscape.  Examples such as Bishan Park in 
Singapore show that with commitment, funding and 
careful planning and design, concrete lining can be 
removed to better support water quality, biodiversity 
and public space outcomes. 

After - Bishan Park, Singapore (Source: www.wikiwand.com/de/Bishan_Park)

Change is possible.

It’s time to start...
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