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How sustainable is my organisation?
If you’re not already asking yourself this question, you should be. As the pressures 
of population growth, tightening budgets and the impacts of climate change are 
felt, public works professionals have a responsibility to their communities to make 
sustainable practices, works and development a central focus.

This Special Technical Report showcases three industry-leading papers in the field of sustainability, 
which were presented at IPWEA’s Sustainability in Public Works Conference. 

• The first paper in this report was judged 
to have the best content and as the 
best overall paper. This important paper 
addresses an issue that will increasingly 
challenge coastal councils as the sea 
level rises and climate change and urban 
intensification increase peak stormwater 
flows. These changes are already causing 
reduced flow capacity of some shallow 
stormwater drains that discharge to 
the ocean, currently through sediment 
deposition but increasingly through outlet 
submergence. The paper summarises 
projected sea level rises around Australia out 
to 2100. It then shows how scaled physical 
modelling can accurately predict three  
dimensional flows in complex stormwater  
drainage lines, which is necessary in order 
to allow robust analysis of the impact that 
climate change and more urbanisation  
could have on a stormwater system. 

• The second paper, Green Infrastructure for 
Auckland’s Sports Parks, was judged to 
be best presentation at the conference. 
The topic of this paper aligned with the 
conference’s focus on green infrastructure. 
The paper describes how Auckland Council 
and Opus International Consultants developed  
a green infrastructure guideline. This provides  
best practice research, guiding principles 
and actions for more sustainable planning, 
development and redevelopment of the 
council ‘s 800 parks and sport fields. As our 
major cities become more densely populated,  
the demands placed on our urban parks, 
gardens and sports fields will grow – making 
guidelines like this increasingly valuable. 

• The third paper was selected because it 
was one of the best papers presented in 
the sustainable roads stream, the largest 
stream at the conference. The paper was 
awarded the International Slurry Surfacing 
Association’s 2016 Award for Excellence in 
Pavement Preservation – International. The 
paper shows how Campbelltown City Council 
has developed and adopted a sustainable 
pavement management strategy that 
optimises the road maintenance budget’s  
capacity and also meets the local community’s 
expectations for smooth and safe roads. The 
work is eminently relevant for local councils 
operating under financial constraints and 
higher community expectations, with road 
maintenance one of their greatest costs. 

This is the first in a series of IPWEA Special 
Technical Reports. We welcome feedback on  
the report and the papers included, and are 
seeking submissions for future reports on a 
range of diverse topics. Please contact Emily 
Ditchburn at emily.ditchburn@ipwea.org or 
phone +61 2 8607 0488 for more information.

Foreword

 S†ephen Lees 
Dr Stephen Lees Director 
Sustainability, IPWEA November 2016 
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ABSTRACT
Stormwater assets are presently under 
pressure from increasing catchment 
urbanisation but furthermore, climate 
change projections indicate increases in 
rainfall intensities, runoff volumes and 
sea levels. Climate change requires the 
capacity of these systems to be assessed 
under different flowrates and tailwater 
conditions. 

The challenge for stormwater planners and 
engineers is to understand the complexity 
of existing stormwater assets and to assess 
their vulnerability to projected changes to 
tailwater levels, flow rates and flow regime. 

To predict future responses, 
it is crucial to understand the 
complex internal flow patterns 
associated with stormwater 
channel junctions and 
separations.

It is often difficult to establish numerical 
models that accurately capture the 
complex three dimensional flow behaviour 
in stormwater systems and thus predict the 
impact that climate change projections and 
urbanisation may have. In these situations, 
construction of a scaled physical model is 
a well-established engineering approach 
providing accurate predictions on how 
hydraulic structures will operate and their 
resilience to change.

This presentation will showcase learnings 
from analysis of multiple hydraulic physical 
models from the Sydney area undertaken 
at the UNSW Australia Water Research 
Laboratory. In particular the presented 
models demonstrate that open channel 
systems with mild grades are particularly 
sensitive to changes in downstream 
tailwater conditions.

Chris Drummond – 
Hydraulic Engineer, UNSW 
Australia Water Research 
Laboratory, Sydney, Australia
c.drummond@wrl.unsw.edu.au 

Brett Miller – 
Principal Engineer - Hydraulics, 
UNSW Australia Water Research 
Laboratory, Sydney, Australia
b.miller@wrl.unsw.edu.au

Vulnerability of Stormwater  
Systems to Climate Change  
As Evidenced by Physical Models

WINNER OF BEST PRESENTATION AND BEST 
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INTRODUCTION
Stormwater assets in east coast Australia cities and towns 
are presently under pressure from increasing catchment 
urbanisation with a forecast population growth in Sydney of 1.4 
million people by 2030. Furthermore, climate change projections 
indicate increases, in rainfall intensities, runoff volumes and sea 
levels. As a result, the capacity of these systems to cope with 
future climate changes needs to be assessed. 

Global sea level rise has been observed over several decades. 
Climate change numerical models provide a range of scenarios 
of future sea level rise varying typically between 0.3m and 0.7m 
between now and 2090. The implication to stormwater systems 
is that this increase in tailwater may change a system from a 
free-flowing outlet, to a hydraulic system in tailwater control.

Global climate models also predict changes in rainfall 
intensity, but there appears a greater deal of uncertainty. 
To predict future responses, it is crucial to understand the 
complex internal flow patterns associated with stormwater 
channel junctions and separations. It is often difficult to 
establish numerical models that accurately capture this 
complex three dimensional flow and thus predict the 
impact that climate change projections and urbanization  
could have on a system.

In these situations, construction of a scaled physical model 
closes the gap and provides accurate predictions on how 
hydraulic structures will operate and their resilience to 
change. The paper presents two conditions which are 
susceptible to sea level rise and one that has resilience.

OBSERVED SEA LEVEL RISE
Analysis of observed sea level rise within a global context is 
presented in Rhein et al. (2013), in the Fifth Assessment Report 
(AR5) of the Intergovernmental Panel on Climate Change 
(IPCC) which indicates that global mean sea levels have risen 
by between 0.17 to 0.21 m over the period of 1901 to 2010. A 
recent analysis by Watson et al. (2015) has suggested a rate from 
1993 to mid-2014 of 2.6 ± 0.4 to 2.9 ± 0.4 mm per year, which is 
marginally lower than the IPCC estimate.

The two longest tide gauge records in Australia (Fremantle and 
Sydney) reveal rising sea levels prior to 1960, relatively stable sea 
level rise rates between 1960 and 1990, followed by an increased 
rate of rise from the early 1990s 

(White et al., 2014). White et al. (2014) demonstrated that there is 
significant variability in sea levels from year to year and there is a 
strong impact of interannual to decadal variability on Australian 
sea levels (much of which is related to the Southern Oscillation 
Index and the Pacific Decadal Oscillation). White et al. (2014) 
reports that for the period between 1966 to 2009, (when there 
are observations of most sections of the Australian coastline), 
the average rate of relative sea level rise around Australia was 
1.4 ± 0.2 mm per year, which is slightly less than the global 
averaged rise for the same period (CSIRO & BOM (2015). The 
regional distribution in sea level change for projections for 2090 
(compared to the 1986 to 2005 mean level) for each of the RCP 
scenarios is shown in Figure 2.

Figure 1: Global Mean Sea Level (after Figure 3.21 (b) Rhein et al., 2013)



TABLE 1: SUMMARY OF RCPS (AFTER VAN VUUREN ET AL., 2011)

Scenario Model Description Climate Change 
Pathway Temperature Anomaly

RCP8.5 Characterised by scenarios in the literature that lead 
to high greenhouse gas concentration levels over time

Rising throughout the 
21st century

4.9oC

RCP6

A stabilisation scenario in which total radiative forcing 
is stabilised shortly after 2100, without any overshoot, 
by the application of a range of technologies and 
strategies for reducing greenhouse gas emissions

Stabilisation without 
overshoot 

w3.0oC

RCP4.5
A stabilisation scenario in which total radiative forcing 
is stabilised shortly after 2100, without overshooting 
the long-run radiative forcing target level

Stabilisation without 
overshoot

2.4oC

RCP2.6
A “peak-and-decline” scenario, where gas emissions 
are reduced substantially and urgently over time in 
order to reach target radiative forcing levels. 

Peak and decline 1.5oC

Figure 2: Sea Level rise projections (m) for 2090 (relative to 
1986-2005 mean) for each RCP Scenario (after Figure 8.1.6 
CSIRO & BOM, 2015)

2.1

CLIMATE CHANGE  
PROJECTIONS  
OF SEA LEVEL RISE
Regional projections of sea level rise around 
Australia have been completed as part of 
the National Climate Change Projections 
with selected regional sea level projections 
available through the “Climate Change in 
Australia” web tool developed by the CSIRO 
(CSIRO & BOM, 2015). The methodology 
used in these projections is essentially the 
same as the ones used in AR5 (McInnes 
et al., 2015). Future scenarios have been 
represented as alternative emissions of 
global greenhouse gas and aerosol and are 
referred to as Representative Concentration 
Pathways (RCP). Van Vuuren et al. (2011) 
presents a useful summary of the RCPs, some 
elements of which been summarised in Table 1.

As with the global mean sea level 
projections, there is a very high statistical 
confidence that Australian sea levels will 
continue to rise during the 21st century, and 
are very likely to rise at a faster rate during 
the 21st century than over the previous 
four decades for the range of scenarios 
considered (CSIRO & BOM, 2015). The 
regional distribution in sea level change for 
projections for 2090 (compared to the 1986 
to 2005 mean level) for each of the RCP 
scenarios is shown in Figure 2.
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RAINFALL PROJECTIONS
CSIRO and BOM (2015) also released climate change 
projections for rainfall that show simulated increases 
in the magnitude of the wettest annual daily total 
and the 5% AEP wettest daily total across Australia 
(CSIRO and BOM, 2015). For present climatic 
conditions, Wasko and Sharma (2015) investigated 
a collection of 40,000 storms spanning 30 years 
of data from 79 weather stations across Australia. 
The study found that the temporal pattern of rainfall 
intensity within storms are changing with a more 
intense peak of precipitation and a lower rainfall at the 
beginning and end of a storm. This trend was found to 
occur regardless of the climatic region and season. 

The major implication of the increased rainfall intensities 
found by Wasko and Sharma (2015) for stormwater 
designers is that it indicates that flooding from storms 
will increase in urban environments due to climate 
change as most urban centres have older stormwater 
infrastructure designed to handle rainfall patterns 
of the past. Such systems may no longer have 
sufficient capacity under increased rainfall intensities 
which is further exacerbated by the high incidence 
of impervious areas in urban environments that 
immediately discharge stormwater into drainage 
systems without a temporal lag.

DESIGN GUIDANCE FOR 
STORMWATER SYSTEMS  
& CLIMATE CHANGE 
Design guidance on how to incorporate climate change 
projections into stormwater design is provided by 
the Australian Rainfall and Runoff (ARR) Guideline 
update (Ball et al., 2016) which incorporates the 
Climate Futures web tool developed by the CSIRO. 
Using evidence from observation-based assessments, 
physical arguments on the water holding capacity of 
a warmer atmosphere and high resolution dynamical 
downscaling experiments, Bates et al., (2016) suggests 
that the expected change in heavy rainfalls is between 
2% and 15% per 1°C of warming. Given the uncertainty 
in rainfall projections and their considerable regional 
variability, an increase in rainfall intensity of 5% per °C 
of local warming is therefore recommended by ARR 
for design purposes (Bates et al., 2016). 

Current worldwide climate change mitigation pledges 
following the Paris Agreement in December 2015 
sets a minimum increase of temperature of +2C . This 
temperature increase combined with ARR's guidance 
translates into a need to design stormwater systems 
for a minimum increase in rainfall intensity of 10%.

2.2 03
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PHYSICAL MODELLING  
CASE STUDIES
The uncertainly in future climate change predictions highlights 
the critical need for stormwater designers to first build off a 
sound understanding of the complexity of existing stormwater 
systems. Without this knowledge it is often difficult to assess 
the vulnerability of systems to projected changes to tailwater 
levels, inflow rates and flow modes. To predict future responses, 
it is crucial to understand the complex internal flow patterns 
associated with stormwater channel junctions and separations. 
It is often difficult to establish numerical models that accurately 
capture this complex three dimensional flow and so predict the 
impact that climate change projections and urbanization could 
have on a system. 

In these situations, construction of a scaled physical model 
closes the gap and provides accurate predictions on how 
hydraulic structures will operate and their resilience to change. 
Engineers at the UNSW Australia Water Research Laboratory 
used available physical models of stormwater systems in the 
Sydney area to assess climate change impacts due to sea level rise.

COMPLEX JUNCTION CHAMBER
The first physical model presented is a complex stormwater junction 
chamber and rectangular box culvert. Four 2.8 m (W) x 1.8 m (H) 
culverts convey stormwater into a gross pollutant trap at a slope 
of 1% with a maximum design flow of 70 m3/s (Figure 3).  Inflow 
conditions were tested for two different tailwater conditions which 
included the following:

•  Tail water condition 1: the water was allowed to flow off the  
edge of the tailwater box unimpeded as supercritical flow

•  Tailwater condition 2: downstream flow was choked to induce 
subcritical flow in the tailwater box- simulate blockage of the gross  
pollutant trap which also provides insight into a sea level rise scenario.

Under the peak flow rate tested, all of the inlets and the majority of 
the junction chamber were flowing full whereas the downstream 
box culverts were running at supercritical free surface flow. Choking 
of the downstream tailwater to simulate blockage in this condition 
created a high water level in the tailwater box however flows 
leaving the junction chamber remained supercritical with hydraulic 
jumps forming in the downstream box culverts. This indicated 
that the system was in inlet control and was therefore unaffected 
by downstream conditions. Furthermore, this indicated that 
downstream blockage is unlikely to affect the conveyance of the 
system. A comparison of the results of the testing for choked and 
un-choked tailwater conditions is shown in Figure 4. Results from 
this physical model indicate that changes to tailwater condition due 
to blockage or a rise in sea levels is unlikely to disrupt this particular 
stormwater system due to its tendency for supercritical flow and the 
maintenance of inlet control.

 

 

Figure 3 Case Study 1 schematic: com-
plex stormwater junction chamber

04 4.1
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TWIN CULVERTS
The second physical model case study presented a single 4.5 m x 
2.1 m box culvert that reduces in height and expands in width into 
twin culverts measuring 3.0 m x 1.25 m that deviate underneath a 
road (Figure 5). The design included one air vent in the roof of the 
upstream transition structure with the overall slope of the system 
at 1%. A maximum flow rate of 29m3/s was tested in this model and the  
system exhibited particular sensitivity to changes in tailwater condition. 

Figure 6 illustrates the same flow condition but with tailwater 
boundary conditions of the system at 2.4 m RL and 2.9 m RL.  
A small increase in tailwater level of 0.5 m consequently caused 
a dramatic shift in flow regime of the system from free surface 
flow to pressurised flow. Initially the system was supercritical, open 
channel flow which enabled efficient conveyance of stormwater 
through fast and shallow flow. The 0.3 m increase in tailwater levels 
initiated a hydraulic jump that propagated through the system  
and causing pressurised sub critical flow. This slow and deep  
flow drastically reduced the efficiency of system and would cause 
flooding a significant distance upstream due to mild slope of 1%.

Figure 4 Comparison of test with Qin 
= 70 m3/s for unblocked tailwater flow 
(left) and blocked tailwater condition 
(right). Piezometric head measurements 
are shown in white text.

4.2

10For more info visit www.ipwea.org



11

CASE STUDY 3:  
PIPE AND CULVERT 
TRANSITION 
This final stormwater model presented comprised of 
three reinforced concrete pipes flowing around a 90 
degree bend into a concrete transition structure with 
guide walls and air vents. Flow discharged from the 
transition structure into a single 4.5 m x 2.1 m box culvert 
(Figure 7). A maximum flow rate of 28 m3/s was tested 
in this model which led to a complex three-dimensional 
water surface profile throughout the 90 degree pipe bend. 

Additionally, this system exhibited particular sensitivity 
to changes in tailwater condition. In this system, it was 
noted that once the system became pressurised it 
tended to remain in a pressurised state due to a flow 
hysteresis. That is, as the tailwater level was increased, 
water depths increased until the system reached a 
pressurised state. However, when the tailwater level 
was subsequently decreased, the system remained pipe 
full for tailwater levels that previously corresponded 
to a non pressurised and free surface flow state for 
a rising tailwater. This indicated that under a sea 
level rise condition, this stormwater system would 
stay pressurised for longer periods of time than for a 
present day tailwater condition. Such a pressurised, 
pipe full state would lead to decreased in the 
conveyance of the system. 

Figure 6 Comparison of tests both with Qin = 28.5 
m3/s for a downstream level of 2.4 m RL(left) and 
2.9 m RL (right). Note the shift in flow regime from 
free surface flow to pressurised.

Figure 5 Case study 2 schematic: Twin culverts system

Flow Direction

4.3
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Figure 7 Case Study 3 schematic: Pipe and 
culvert transition with complex 3D water 
profile through pipes (left) and transition 
structure (right).

CONCLUSION 
It is evident that stormwater assets in east coast 
Australia cities and towns are presently under pressure 
from increasing catchment urbanisation and population 
growth. Furthermore, climate change projections 
indicate increases in rainfall intensities, runoff volumes 
and sea levels. As a result, the capacity of present 
day stormwater systems to cope with future climate 
changes needs to be assessed through robust analysis. 

Scaled physical model can accurately predict complex 
three dimensional flow and so provide robust analysis 
of the impact that climate change projections and 
urbanization could have on a stormwater system. The 
physical model case studies presented in this paper 
from the UNSW Water Research Laboratory highlight 
the unique character of stormwater systems and 
how they can respond differently to climate change 
projections and often with unforeseen consequences. 
Two of the models presented were particularly sensitive 
to changes in tailwater levels with hydraulic efficiencies 
significantly reduced due to a change in flow regime 
from free surface flow to a pressured system. The mild 
slope of these systems could also lead to flooding a 
significant distance upstream. 

5 6
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INTRODUCTION
As an organisation, Auckland Council 
have recognised the effects of urban 
intensification, and are moving towards 
countering the negative impacts from 
this increased growth by committing to 
environmental action and ‘green growth’ 
through the Auckland Plan1, the Low 
Carbon Auckland Plan2 and the Parks and 
Open Spaces Strategic Action Plan3. 

The Auckland Council Parks Sport and 
Recreation department (the department) 
is championing the strategic direction of 
the organisation, by acknowledging the 
fundamental role green infrastructure plays 
in sustainable design within sports parks 
and developing a green infrastructure 
guidance document that provides best 
practice research, guiding principles and 
actions, accompanied by a 3D video  
that provides a visual interpretation  
of a sustainable sports park. 

02

METHODOLOGY
To increase the profile of current national and 
international examples of green infrastructure 
being utilised within a sports park setting, the 
department and Opus International Consultants 
(Opus) launched the green infrastructure 
initiative with a symposium. The symposium 
incorporated presentations that discussed and 
challenged a range of issues regarding the 
challenges of urban intensification. 

From a world context, we heard about our 
ecological footprint, and our resource use. 
And locally, we heard about our Melbourne 
neighbours who have increased the focus on 
water recycling and storm water harvesting, 
resulting in the total water consumption being 
drastically reduced. 

After an inspirational two days, work then began 
on writing the guidance document. The key 
priorities of the guidance document were to 
provide simple guiding principles that could be 
easily remembered and applied throughout any 
stage of the project phases. The following three 
green infrastructure principles were identified; 

1. Design Led Approach;  
2. Low Carbon Footprint;  
3. Innovation.

Green infrastructure guiding actions were then 
developed to support the implementation 
of green infrastructure during the phases of 
planning, development and redevelopment. 

03

ASSUMPTIONS
For the purposes of this research, the 
two concepts are considered to be 
complementary and are defined as follows;

1.  Green infrastructure integrates natural 
and manmade infrastructure to promote 
ecosystem health and biodiversity4. In 
terms of sports parks an example would 
be incorporating water sensitive design 
options to harvest and reuse rain/storm 
water. In terms of water harvesting, 
typical green infrastructure elements 
may include; flood detention areas, rain 
gardens, water recycling, bioretention 
systems, green roofs or green walls 

2.  Green engineering incorporates the 
process and design of products, with 
a view to minimising waste[5]. With 
rapidly advancing technologies, there 
are many new products that provide 
increased energy efficiency, alternative 
energy options or a low carbon footprint.

Green Infrastructure for  
Auckland’s Sports Parks

WINNER OF THE BEST 
CONTENT AWARD

Although it is recognised that sport parks play a 
critical role in Auckland Council’s vision to become  
the world’s most liveable city, up until this point 
Auckland Council have continued to develop sports 
parks without acknowledging the fundamental role  
green infrastructure plays in sustainable design.

With more than 4,000 parks across the Auckland 
region, and 224 dedicated sports parks and 800 winter 
sports field platforms, sports parks make fundamental 
social, economic and environmental contributions to 
the community. Conversely, ongoing development, 
upgrades and maintenance of sports parks contribute 
to the depletion of natural resources through high 
potable water consumption, high-energy use and use  
of materials during construction and redevelopment. 

To minimise ongoing depletion of natural resources, 
the Auckland Council Parks Sport and Recreation 
department are aligning with the Auckland Council 
strategic direction and is championing environmental 
sustainability, low impact design philosophies, and 
innovative use of green technologies. The department 
has partnered with Opus International Consultants to 
develop a green infrastructure guidance document that 
provides best practice research, guiding principles and 
actions. The guidance document is accompanied by 
a 3D video fly through of a model sustainable sports 
park. The journey to understanding where, when and 
to what extent green infrastructure practices should 
become part of future planning, development and 
redevelopment of sports parks has begun. 

ABSTRACT 
M.Bowater  
– 
Auckland Council, 
Auckland, New 
Zealand

T.Talbot  
– 
Opus International 
Consultants (Opus), 
Auckland, New 
Zealand
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GUIDING PRINCIPLE: 
DESIGN LED 
APPROACH
Firstly, the emphasis was on a Design 
Led Approach. To ensure the strategic 
goals are met, it is critical that the 
strategic planning is a priority for 
the department. Firstly, planning 
for the whole Auckland region must 
be considered, and then individual 
sites can be prioritised and designed 
accordingly. An example of a regional 
approach is the award winning 
Hoboken Green Infrastructure Plan6 
which demonstrates how a framework 
can be successfully designed to 
incorporate both green and grey 
infrastructure and be based on  
key principles of connectivity  
and sustainability. 

GUIDING PRINCIPLE: 
LOW CARBON 
FOOTPRINT
Secondly, our sports parks need to 
be designed to ensure a low carbon 
footprint, ultimately a zero-carbon 
sports park would be the preferred 
outcome. By recycling products 
including plastic, rubber and asphalt 
we can reduce waste going to landfill, 
incorporate lifecycle thinking, and 
avoid depletion of natural resources. 
In addition, recycling and repurposing 
structures and pavements within 
sports parks will assist in mitigating the 
effects of sports park development and 
contribute towards lowering the overall 
carbon footprint. 

GUIDING PRINCIPLE: 
INNOVATION
Innovation isn’t only about the obvious 
solutions; we also mean ‘thinking outside 
of the box’. We know that the benefits of 
green infrastructure and green engineering 
are intensified in urban environments 
where green space is limited, so let’s apply 
innovative solutions to our sports parks to 
lessen the effects of ongoing development.

Currently, very little green engineering has 
been applied to natural and synthetic turf 
fields. Components, such as new base layer 
products for synthetic turfs can now be 
substituted for gravel, drainage and shock 
pads, thus simplifying the construction 
process and minimising cut to waste. 
Furthermore, current practice when draining 
a field drains away excess water and then 
potable water is purchased for irrigation. 
This practice has a high long term repeat 
cost and is not considered environmentally 
sound, but this is starting to change, with 
the development of systems that can be 
recycled, to below ground water-capture 
systems that permit the retained water to 
be utilised elsewhere. In terms of lighting, 
photovoltaics and light emitting diodes 
(LEDs) can provide lifecycle efficiencies  
that make them less expensive over time. 

Overall, these emerging innovations will help 
the department find an effective way to  
meet increasing community demands  
and achieve sustainability in design.

0604 05
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GUIDING GREEN INFRASTRUCTURE ACTIONS
Green infrastructure guiding actions were developed 
to support the implementation of green infrastructure 
during the phases of planning, development and 
redevelopment. 

•  Embed the principles of green infrastructure during 
project planning, design and construction phases;

•  Establish baseline data, model and map the potential 
for green infrastructure across sport parks, with a focus 
on reducing potable water and energy use; 

•  Understand benefits of green and grey infrastructure 
lifecycles through detailed business cases and whole  
of life cost analysis;

•  Monitor pilot projects and provide avenues for 
successful pilot projects to be integrated into  
standard design guidelines and drawings;

•  Encourage use of green infrastructure and green 
engineering principles through trialling, innovating  
and implementing new technologies and solutions;

•  Review current standard design guidelines and 
drawings and input into the Auckland Design 
Standards to reflect green infrastructure and  
green engineering principles.
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08 09

CONCLUSION 
From the outset, the main priority was  
to raise the profile of green infrastructure 
within the department and demonstrate 
how this could be incorporated into sports 
parks. The department recognises that the 
current approach to sports park design 
and construction is fairly prescriptive, and 
only addresses the issue of a shortfall in 
playing hours. But we need to be asking the 
question, 'what if business as usual becomes 
centred around increasing hours of play, and 
incorporates green infrastructure principles?' 
If staff incorporate and demonstrate green 
infrastructure and green technology within 
capital projects, and we demonstrate how 
this contributes towards achieving Auckland 
Council’s strategic goal of reducing our 
carbon footprint, then we have achieved  
what we set out to do.

Today’s generation tend to live in the ‘now’, 
and continue to take for granted the resources 
we have around us, we feel little pressure to 
provide for the future. Yet, if we design and 
construct with tomorrows’ generation in mind, 
our city and our communities will thrive on the 
social, environmental and economic benefits 
that green infrastructure solutions will leave. 
Guided by green infrastructure principles and an  
action plan the journey to ‘green’ parks has begun.
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Campbelltown City Council's 
Sustainable Pavement  
Management Strategy

SUSTAINABILITY DIRECTOR’S 
CHOICE PAPER

Campbelltown City Council has 718km of 
road infrastructure assets with a replacement 
cost of approximately $400 million. The rapid 
growth of Campbelltown City Council from 
25,000 residents in 1966 to more than 150,000 
today has required a significant investment 
in infrastructure including the road network 
to service the ever growing residential, 
commercial and industrial estates. 

Due to increased financial pressure to maintain 
the ‘smooth surface’ of their urban local 
roads expected by their local communities, 
Campbelltown City Council has developed and 
adopted a sustainable pavement management 
strategy that optimizes the budget’s capacity 
and also meets the local community’s 
expectations for smooth and safe roads. 
The net benefit of the strategy is that it has 
resulted in an increase in the quantum of 
roads treated annually within existing financial 
constraints, whilst improving the overall 
condition of the road network and satisfying 
the community’s high expectations.

Mahbub Hossain  
– 
Coordinator, Assets Services 
Campbelltown City Council 

Campbelltown City  
Council has 

718km 

of road infrastructure

Campbelltown City 
Council has seen a

500% 
growth from 1966

INTRODUCTION
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LEVELS OF SERVICES
In council’s Road Asset Management Plan, 
the levels of Service were developed for all 
classes of roads to provide the basis for the 
life cycle management strategies and works 
programs. The levels of service supported 
the Council’s strategic goals and were  
based on customer expectations and  
statutory requirements. 

The levels of services were also based on:

• Community Research and Expectations

•  Information gathered from customers on 
expected quality and cost of services

• Strategic and Corporate Goals 

• Legislative Requirements

•  Environmental Standards that impact on 
the way assets are managed.

The council endorsed levels of services 
provide guidance for the scope of current 
and future services offered.

In determining the levels of services for 
road assets, the council implemented the 
fundamentals to the Pavement management 
system (PMS). In PMS, road condition is 
measured by Pavement Condition Index-
PCI which is a range of 0 to 10. The overall 
condition in terms of PCI is defined as below:

• 0 to 2.5: Very Poor Condition

• 2.5 to 4: Poor Condition

• 4.0 to 5.5: Average Condition

• 5.5 to 8: Good Condition

• 8 to 10: Excellent Condition
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In 2002-2003, the council decided to 
upgrade and maintain its whole road 
network at an average network PCI 
level of 6.75. In addition to this, the 
council also decided to maintain its 
road network on different PCI levels 
based on road hierarchies and urban 
classes as in Table 1 below.

TABLE 1: PCI LEVELS BASED ON ROAD HIERARCHIES AND URBAN CLASSES

Road class Hierarchy Urban class Acceptable PCI

Road class Hierarchy Urban class Acceptable PCI

Class 6 Regional road Urban 7

Class 6 Regional road Rural 6.5

Class 7 Collector road Urban 6.75

Class 7 Collector road Rural 6.5

Class 8 Residential street Urban 6.5

Class 8 Residential street Rural 6

Class 9 Cul de sac Urban 6.5

Class 9 Cul de sac Rural 6

Average for whole network  6.75
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ROAD ASSET MANAGEMENT PLAN 
(Road management Objective + I.O.S)

1.  Data Management 
and Processing

2.  Apply Maintenance 
Strategies

Budget Needs
1. Unlimted Budget
2. Funding Gaps
3.  Backlog Works

Budget Scenarios
1. Program of Works
2. Priority of Works
3.  Effectiveness of 

Treatments

Historical 
Recording

1.  Segmentation

2.  Inventory Data

2.  Condition Assessment

PAVEMENT MANAGEMENT STRATEGY
To achieve the above target levels of PCI, 
a comprehensive pavement management 
strategy was developed by the council.

The objective of the strategy was to 
maintain and improve its pavement 
infrastructure assets for the long term. 
The strategy flows through the council’s 
Pavement Management System (PMS)  
and considers budget constraints, 
condition assessments of the network, 
treatment selections and suitability.

The flowchart below shows that how the 
PMS draws upon data such as budget 
constraints, condition assessments 
of network, treatment selections and 
suitability and historical recording in 
generating effective and prioritised  
works programs.

ROAD ASSET MANAGEMENT PLAN 
(Road management Objective + IOS)

1.  Data management 
and processing

2.  Apply maintenance 
strategies

Budget needs
1. Unlimted budget
2. Funding gaps
3.  Backlog works

Budget scenarios
1. Program of works
2. Priority of works
3.  Effectiveness of 

treatments

Historical 
recording

1.  Segmentation

2.  Inventory data

2.  Condition assessment
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Pavement PCI, Life Expectancy and Treatment

1  Rejuvenation

2  Microsurfacing (single)

3  Microsurfacing  (double)

4  Chip seal

5  AC Overlay

6  Mill & AC Overlay

7  Stabilisation

8  Full-Depth Reconstruction

Crack Filling (as needed)

Excellent

PCI

Life Expectancy (years)

Good

Fair

Poor

Very Poor

Failed

50-100151050

A variety of failure modes are assessed to identify each individual road 
segment’s Pavement Condition Index (PCI) rating. This information is then 
utilised to identify the appropriate treatment to extend the segment’s life  
and improve its PCI. The PCI, life expectancy and corresponding treatments 
are detailed below: 

As demonstrated in the above chart, Campbelltown applies a broad range of 
pavement treatments based on PCI and life extension outcomes. The following 
treatments are being commonly applied based on cost benefit analysis: 

01 

REJUVENATION 
Spray applied binder rejuvenation 
treatments or Polymer Modified 
Emulsion / Mastic preservation 
treatments are used as early life 
cycle intervention treatments 
on selected sites to maintain the 
existing PCI. These applications are 
limited to existing sound pavements 
where very minor existing failure 
modes are exhibited. MICROSURFACING

Microsurfacing is used effectively 
on existing sound pavement where 
pavement shape may require correction. 
The final aesthetic is pleasing to 
residents and offers low road noise with 
an asphalt-like finish. Microsurfacing 
is also used in combination with crack 
sealing or spray sealing to address 
reflective cracking.

04

CHIP SEALING
Using either hot bitumen or emulsion 
technology, spray applied treatments 
provide improved pavement water 
proofing and resistance to existing 
surface cracking. Spray treatments 
are also used in combination with 
microsurfacing to mitigate residential 
complaints related to loose aggregate 
post surfacing and overall aesthetics 
of the final wearing surface. Council 
utilises spray applied treatments as a 
cost effective application on its rural 
road networks.

02 03
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07 

IN-SITU  
STABILISATION
Sites exhibiting the lowest PCI are 
rehabilitated with full depth bitumen 
foam / cement or lime in-situ 
stabilisation. This process allows for 
full pavement rehabilitation and, once 
completed, allows a new life cycle to 
commence. Council’s strategy aims to 
decrease the number of sites requiring 
full rehabilitation, preferring to increase 
the life expectancy of the pavement 
through other means prior to resorting 
to stabilisation works.

08

FULL DEPTH  
PAVEMENT  
RECONSTRUCTION
Full depth pavement reconstruction is 
the most expensive method and use 
only when there is no other rehabilitation 
option available. In this method, after 
milling and disposing the existing 
pavement materials, we reconstruct the 
pavement base and sub-base with new 
materials followed by a wearing course of 
asphaltic concrete or spray seal at the top. 

AC (ASPHALT) 
OVERLAY 
Council’s low PCI sites are often 
rehabilitated with asphalt overlays 
providing a cost effective 
preservation treatment.

05 06
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The phases and corresponding treatments are detailed below: 

Pavement PCI, Life Expectancy and Treatment

1  Rejuvenation

2  Microsurfacing (single)

3  Microsurfacing  (double)

4  Chip seal

5  AC Overlay

6  Mill & AC Overlay

7  Stabilisation

8  Full-Depth Reconstruction

Crack Filling (as needed)

Excellent

PCI

Life Expectancy (years)

Good

Fair

Poor

Very Poor

Failed

50-100151050

Phase 1
Early Intervention 
Maintenance

Phase 2
Standard Resurfacing 
Programs

Phase 3
Higher level expenditure / 
intervention rehabilitations

The PMS assisted with predictive modeling 
including maintenance application choices, 
intervention triggers and life cycle costing etc. 
Campbelltown City Council has also integrated 
Pavement Preservation options in PMS to 
achieve longer term financial sustainability in 
its road network management.

In Campbelltown City Council, road-treatment 
selections are broken into three distinct phases 
based on PCI and treatment types as follows:

PHASE 1 
Early Intervention 
Maintenance-Preservation 

PHASE 2 
Standard Resurfacing  
Program-Resealing and  
asphalt resurfacing

PHASE 3 
Higher Level Expenditure/
Intervention-Rehabilitation
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The phases and corresponding treatments are detailed below: 

Pavement PCI, Life Expectancy and Treatment

1  Rejuvenation

2  Microsurfacing (single)

3  Microsurfacing  (double)

4  Chip seal

5  AC Overlay

6  Mill & AC Overlay

7  Stabilisation

8  Full-Depth Reconstruction

Crack Filling (as needed)

Excellent

PCI

Life Expectancy (years)

Good

Fair

Poor

Very Poor

Failed

50-100151050

Phase 1
Up to $8m/m²

Phase 2
Up to $30m/m²

Phase 3
$60m to $100m/m²

With the help of Finance team, the asset 
section has also developed a funding strategy 
of all three phases as follows:

PHASE 1 
100% funded since treatments in phase 1 
are cost effective proactive maintenance 
and aimed to keep the good conditioned 
road in good condition for a long time. 
(Budget allocation 20%)

PHASE 2 
Based on PCI, most of the Council’s 
road renewal backlogs are in this phase. 
Council strategy is to fund the worst 
projects so that remaining projects do not 
go to Phase 3 (Budget allocation 65%)

PHASE 3 
Based on current PCI, a small number 
of projects are only in this phase. 
Council decided to eliminate these 
in 5 to10 years. Project selections are 
based on asset risk score, cost benefit 
analysis, minimizing road user and future 
maintenance costs. (Budget allocation 15%)
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By adopting a systematic innovative approach,  
acting proactively and implementing a comprehensive 
pavement management strategy, Campbelltown City 
Council has managed to optimise the service levels  
and minimise the risk of the asset stock within  
budget constraint.

Australian Local Government Authorities should follow 
Campbelltown’s lead in Pavement Management to 
realise potential improvements to their pavement 
infrastructure, prolong its lifespan and reduce ongoing 
pavement infrastructure maintenance cost. 

ACHIEVEMENT
The graph below details the overall improvement 
in the road-network PCI due to implementation of 
Council’s comprehensive Pavement Management 
Strategy over the last decade.

Financial modeling comparisons on budget costing between the Council’s road 
renewal backlogs in Financial Year 2000 and Financial Year 2015 show a trend of 
decreased backlog cost required to elevate the PCI of the road-network asset. 
The results are direct reflection of Council’s innovative approach adopted.
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Increased uptake and use 
of Pavement Preservation 
Treatments in this period
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CONSIDERATION OF 
ENVIRONMENTAL FACTORS
Recycling of existing pavement materials by stabilisation  
is one of the main applications for Campbelltown 
Council’s road rehabilitation processes. It enabled 
Council to upgrade existing roads without removal 
of any existing materials. Between 1991 and 2015, 
Campbelltown City Council successfully implemented 
275 stabilisation road projects to provide sustainable 
outcomes for the management of its road network. 

Council staff by acting proactively and utilising their 
comprehensive pavement management skills and 
sound performance results have implemented 275 
stabilisation projects to minimise the deterioration of  
its road network assets and to optimise the service 
levels of the network assets within the constraint of 
available funding. 

 

COUNCIL ACHIEVED THE 
FOLLOWING BENEFITS

• Saved 45% direct treatment costs at  
least of the next best alternatives 

• Saved 200,000 tonnes of pavement  
materials from disposal

• Reduced Construction traffic 

• Reduced truck generated pollution 

• Reduced damage to local roads due  
to trucking operations 

• Saved 150,000 tonnes quarried material 

• Significant Energy Savings 

• Drastically reduced construction time  
and lane closure 

Renewal Backlog Reduction 
2000 vs 2015

1/7/2000 

$33m

1/7/2015 

$12.5m
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