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Abstract  

Since 2005 Ku-ring-gai Council has been progressively implementing water sensitive urban design 
(WSUD) features to help reduce the impact of urban development on the surrounding natural 
environment.  
 
This work has been largely funded through Council’s Environmental Levy and the WSUD features are 
typically retrofit in urban, public space and natural settings. The works to date include 16 stormwater 
harvesting systems and 18 stormwater filter systems consisting of raingardens, swales, wetlands & 
exfiltration pipes. The use of many of these systems have independently evolved over time and some 
sites now require additional maintenance and operational costs to those originally identified in the cost 
benefit analysis and planning process used to select and approve the works.    
 
Due to community engagement with our assets, Council has had to change our approach to using 
potable water in harvesting systems and adapt the layout and functionality of some of our biofilters and 
wetlands.  
 
This paper will explore a number of case studies where WSUD in Ku-ring-gai has been adapted to 
meet community expectations and unanticipated community interactions. We will highlight additional 
considerations and assumptions that Ku-ring-gai will include in the planning and assessment of future 
projects, and identify issues that will be considered in the development of the Water Sensitive City 
Strategy. 

1. INTRODUCTION  

Since 2005 Ku-ring-gai Council has been implementing water sensitive urban design (WSUD) features 
to help reduce the impact of urban development on the surrounding natural environment.  
 
This work has been largely funded through Council’s Environmental Levy and is typically retrofit in 
urban public space and natural settings. The works include 16 stormwater harvesting systems and 18 
filter systems consisting of raingardens, swales, exfiltration pipes and two wetlands. Many of these 
systems have different maintenance and operational costs to what was originally identified in the 
planning process, and some sites have been adapted and retrofitted to function slightly differently. 
 
The experiences and community feedback Ku-ring-gai has gained from over a decade of managing 
these systems is contributing to a greater understanding of how these systems are viewed, valued, 
treated and understood by the local community. This paper explores some of Ku-ring-gai’s more 
interesting case study examples to demonstrate some of the unexpected issues, requests and 
situations we have had to deal with, and provide insight to how these adaptations are shaping our 
future projects and ongoing management actions. This review process is being undertaken to help 
with the development of Ku-ring-gai’s Water Sensitive City Strategy, which will support the 
implementation activities identified in the Ku-ring-gai Water Sensitive City Policy (2016). 
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2. CASE STUDIES 

Across Ku-ring-gai’s Local Government Area (LGA), existing stormwater harvesting sites and selected 
WSUD features provide four case studies to provide context for the discussion of the role of 
community influence on operational management and maintenance. This paper will review council’s 
water use data and WSUD maintenance records and compare these to the limited assessment criteria 
and expectations present when the systems were planned and constructed.  This will help identify 
where operational management has altered the original purpose of the WSUD asset to meet new 
community expectations and enable Council to measure the impact of these changes.  
 
These case studies represent the most influential ways that community actions, attitudes and 
understanding have changed Council’s planning and management of WSUD and integrated water 
cycle management. The feedback, persistence and type of community engagement will also be 
reviewed to help guide future considerations to be made during finalisation of Ku-ring-gai’s Water 
Sensitive City Strategy. 

2.1. Stormwater Harvesting  

 
Stormwater harvesting systems are a key piece of infrastructure that local government can use to help 
improve urban water cycle management, and are one of the tools available to progress towards 
becoming a water sensitive city. 
 
Ku-ring-gai’s stormwater harvesting and reuse program has been very successful since 
implementation during the millennium drought. Meeting multiple reporting objectives including 
increased amenity, ability to intensify field usage, environmental benefits of reduced flows, improved 
downstream water quality and saving potable water costs, the program has been very popular 
amongst councillors, staff and the community. 
 
From the beginning of the program there was an emphasis on incorporating stormwater harvesting 
infrastructure with scheduled field upgrades. Harvesting was particularly targeted at ovals and fields 
where potable water was used for intensive irrigation, or installation of a formal irrigation system was 
already planned.  
 
However, in some instances fields which were not historically intensively irrigated with potable water 
and not prioritised for formal irrigation were also identified as ideal harvesting sites due to the relative 
ease of installing the system, benefits of having a water source available most of the time and benefits 
in reducing frequent flows to downstream environments. It is important to note that absence of an 
automated irrigation system does not mean that potable water is not used at a site. Sites without a 
formal irrigation system still use water for maintenance activities such as establishing germinating 
seed, turf patching or during fertilization and seasonal change over maintenance. Providing a 
harvesting system without a potable top up was still seen as a benefit as it could provide the water to 
undertake these activities in addition to providing water for irrigation that would not otherwise be 
available. It would also provide flow-on benefits to the catchment such as reducing the volume of 
stormwater runoff and pollutants transferred to receiving waterways.    
 
Generally Ku-ring-gai’s harvesting systems have been sized to supply a minimum of 75% of irrigation 
demand (calculated over the last 50 years of local rainfall data) since sizing such systems to provide 
higher average reliability typically means significant increases in infrastructure costs, particularly for 
storage.  
 
Initially, for converted sites without an existing irrigation system, it was intended that when the 
harvested stormwater system was installed, the site would only be irrigated when harvested water was 
available, and not topped up with potable water. In fact, some harvesting sites with designed potable 
top up such as Barra Brui have had the top-up turned off, especially during periods of water 
restrictions. This ‘no top-up’ approach was taken to ensure that the construction of harvesting systems 
that were installed primarily for downstream environmental benefit did not result in increased potable 
water use on our ovals.  
 
However, from our experience it appears that with the installation of infrastructure comes the 
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expectation of a higher quality asset on a permanent, not opportunistic basis. Fields that were once at 
the bottom of the maintenance schedule were propelled up the list. As such the staff managing these 
assets, and more importantly the community utilising these assets, expected the better quality turf and 
playing surface to be maintained consistently. This attitude seems to have intensified as we get further 
from the last round of water restrictions, and the urban density in our local areas has increased.  
 
This increase in field quality expectation has led to potable water top-up being added to a number of 
Ku-ring-gai’s harvesting sites (either post-construction or as an addition during construction), which 
has led to unplanned additional potable water use at these locations.  
 
The 2017/2018 irrigation demands and water sources for the 4 main harvesting sites where potable 
top-up has retrospectively been added are provided in Table 1. It should be noted that the total rainfall 
over 2017-18 financial year was the second lowest over the last 80 years of rainfall data collected by 
the local BoM gauge at Turramurra, and was approximately half the typical average rainfall. This 
resulted in a very dry summer period, limiting the volume of stormwater that was able to be harvested, 
and elevating irrigation demand to be higher than a typical year to maintain grass health. 

 
Table 1. Usage at harvesting sites with unplanned top-up added 

 

Year of 
Construction 

System Name Year  Total 
irrigation 
demand (kL) 

Potable top up 
(kL) 

% demand 
supplied by 
potable water 

2007 

Edenborough 
Top-up added in 
2011 

2017/18 2,051 591 29% 

Average 2015/16 
and 2016/17 

1,382 66 5% 

2011 

Auluba 3  
Top-up added 
2011 

2017/18 594 399 67% 

Average 2015/16 
and 2016/17 

181 20 8% 

2012 

Allan Small 
Top-up added 
during 
construction 

2017/18 3,510 2,025 58% 

Average 2015/16 
and 2016/17 

2,145 437 19% 

Sub total 

 2017/18 6,155 3,015 49% 

Average 2015/16 
and 2016/17 

3,708 523 14% 

2016 

Howson 
Harvesting 
added 
opportunistically 

2017/18 2,709 2,243 83% 

Average 2015/16 
and 2016/17 

N/A N/A N/A 

Annual Total with Howson 2017/18 8,864 5,258 59% 

 
Overall, the water use data from harvesting sites with un-planned potable top ups in 2017/18 indicates 
that in total, potable water provided 59% of the irrigation demand at these sites, resulting in 5,258kL of 
potable water that was not originally intended to be used. This clearly shows how in dry summers, 
sites that were originally intended to only have opportunistic irrigation have instead used a significant 
volume of water at a cost of approximately $10,500 to Council. 
 
When reviewing the average volume of potable top up used across the three sites during 2015-16 and 
2016-17, which had typical annual rainfall, Table 1 shows that the top-ups only use a relatively small 
volume of water, and as such can be viewed as a minimal modification and cost to provide a superior 
asset. The concern is that during dry years, such as 17/18, these assets are still maintained at a 
higher standard to meet community expectations, at substantial expense and additional potable water 
use by Council. 
 
Considering how the harvesting sites performed over a very dry year, Edenborough performs relatively 
well, with less than 30% of the water used for irrigation sourced from potable water. This is due to the 
relatively large catchment and efficient harvesting and treatment system at this site.  
 
While the total volume of irrigated water is low at Auluba 3, the responsibility for irrigation has 
traditionally rested with the Baseball club and was taken over by a new manager in 2017-18. This 
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manager has a much higher expectation for the quality of the field which the team plays on in 
comparison to previous managers and has irrigated at a much higher rate. The harvesting system was 
not designed to meet the new, higher demand (3x previous years demand), and consultation will need 
to be held with the new manager regarding sustainable increase in irrigation use at the field.  
 
Irrigation at Allan Small and in particular the proportion of potable top-up has significantly increased in 
17-18. The cause of this is currently unknown and has been identified for further investigation by 
council  
 
Howson Oval has the smallest catchment of all council’s harvesting systems, and has been 
operational for a year. Howson’s stormwater catchment only consists of the oval, with sand slit 
drainage, and does not receive runoff from any impervious areas or additional upstream catchment, 
making it reliant on a higher volume of rainfall to significantly increase the volume of water harvested 
stored at the site. As such, in dry years such as 2017-18 this site harvests negligible stormwater and 
uses a large volume of potable water.  
 
In reviewing the use of potable water at sites with harvesting systems, it is important to note that 
where a formal potable top-up is not installed that informal, unmonitored top-up of harvesting tanks 
does occur (typically through a hose into the tank). This often results in increased water use attributed 
to other assets, such as a maintenance shed or toilet facility, and this data can’t be used to inform 
future management actions. Only two of council’s stormwater harvesting systems are still operating 
without a dedicated top-up. If these systems are modified in the future to include a top up either from 
community or maintenance pressure, it is estimated that potable water used at these sites will be at 
least 10% to 30% of the current demand.  
 
While it is frustrating that potable water top ups have been added to harvesting systems, and increase 
Councils overall potable water use, all harvesting sites have real time water monitoring, so water 
availability can be monitored and inform irrigation decisions. Having real time water monitoring is a key 
requirement to successfully manage a harvesting system as it enables the most effective water 
management of the site and allows managers to quickly identify concerns when the sites do not be 
appear to be operating as designed.   
 
Appropriate design and management of the system, such as level of top-up and choice of pump 
system is also essential to ensure potable water use is minimised and harvested water yield is 
maximised. 
 
The potential to have increased potable water use through the construction and operation of 
stormwater harvesting systems has highlighted the fact that Ku-ring-gai needs to adapt the way 
harvesting systems are assessed and justified at the business case stage.  
 
In many cases spending money on the capital expense of installing the harvesting component of a 
system might be worth it for many reasons, including flow reduction, water quality improvement for the 
downstream receiving environment and improving public space amenity. However, from our 
experience, parks maintenance can get frustrated paying for the ongoing maintenance and monitoring 
of irrigation infrastructure that can’t be used during periods of drought when it is most needed, and the 
community can voice frustration at the reduced quality of their public space, even if it is temporary. 
Due to these factors, it is likely that having a potable water top up will be an essential component for 
any future projects. Thus, when we are scoping options and identifying what projects can be 
implemented moving forward, if a business case falls down due to the need to establish a potentially 
new potable water use then we can no longer justify going forward with the works and not including a 
top-up, as although it may be appropriate in theory, it generally doesn’t work in practice.  
 
Further to this, since Ku-ring-gai has already retrofitted stormwater harvesting facilities on the most 
cost effective sites it could be argued that funds to increase fit for purpose water use and decreasing 
the runoff volumes to our receiving systems are better spent on smaller scale uses. This could involve 
providing further encouragement for individual home owners to install rainwater tanks and connect 
them to demands such as toilet flushing and hot water use, similar to Ku-ring-gai’s water smart 
program. 
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It is likely that future planning for fit for purpose water use in Ku-ring-gai will need to look to other 
water demands to help reduce the flow to our waterways, and a number of options will hopefully be 
prioritised during the development of our Water Sensitive Cities Strategy.   

2.2.  Biofiltration Gardens 

Ku-ring-gai’s water sensitive urban design (WSUD) program has also been implemented since the 
early 2000’s to help improve the quality of stormwater flowing to our natural systems. Much of this has 
consisted of biofiltration gardens, designed and constructed to target reductions in TN and TP and in 
some cases, capture of gross pollutants. WSUD features such as biofiltration gardens have also been 
used to provide pre-treatment to the stormwater harvesting system, helping them to meet fit for 
purpose water quality objectives based on the Australian Guidelines for Water Recycling (Phase 2) - 
Stormwater Harvesting and Reuse (NHRMC 2009). 
 
The vast majority of the systems have been designed and constructed to fit into existing streetscapes 
and park areas, complementing the landscape and purpose of the area wherever possible. However, 
being at the forefront of retrofitting WSUD into our existing landscape has not been straight forward, 
and many systems have had to be altered at the construction stage (or shortly after) to accommodate 
community concerns such as vehicle access and aesthetics.  
 
Although we are well beyond the ‘demonstration project’ phase of our program, we are still 
progressing through how to manage those slightly more ’unexpected’ issues that have arisen during 
the longer term management of our biofiltration systems. 
 
Systems which have had the most significant changes due to unexpected community interaction 
include Normurra Ave rain gardens and the Biofiltration system for the Lofberg Oval Stormwater 
Harvesting. 
 
Normurra Avenue rain gardens 
 
The Normurra Avenue Rain gardens in North Turramurra consist of four rain gardens on Normurra 
Avenue near the intersection with Bobbin Head Road. They were the first biofiltration gardens 
constructed in Ku-ring-gai and were essentially a demonstration project in many ways.  
 

 
 

Figure 1. Normurra Ave Rain Gardens 2006  
 
They were criticised for taking up room on the footpath near the cafes, including bike rack designs that 
some community members found ‘ugly’, making it difficult for passengers to get out of cars and not 
having appropriate maintenance with plants struggling to get established. At one stage Ausgrid even 
used one of the gardens to store pavers during works.  
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However, the biggest issue has been with the inlets, and people driving into them. In fact, damage 
caused by drivers inadvertently hitting the gutter has resulted in a significant reduction in the 
performance of these gardens. The original design for the gardens, shown in Figure 2, included an 
open inlet, with metal lintel and concrete following the top line of the gutter to prevent cars from driving 
into the gardens. 
 

 
 

Figure 2. Normurra Ave Rain Gardens original inlet design 
 
However, over time the concrete was gradually chipped away, and in one case, a claim by a resident 
was lodged against Council for damage caused to a car tyre by the metal lintel of the inlet. Following 
this claim, budget limitations and an increased emphasis on limiting potential damage that could be 
caused to community assets such as cars, meant that the open, efficient inlets were replaced by 
concrete with cut sections of 100mm PVC pipe.  
 
Unfortunately these significantly limited the inflow area and were not angled to smoothly convey 
stormwater into the garden so the inlet pipes became prone to blockage and their efficiency was 
greatly reduced. In addition to significantly reducing the volume of stormwater that could enter the 
garden and be treated, the new style of inlet was still prone to damage by drivers, as demonstrated in 
Figure 3. 

 
 

Figure 3. Normurra Ave Rain Gardens damaged inlet 
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As it currently stands we have limited options to redesign or replace the inlets at these biofilters. 
Council has considered removing the entire inlet to the garden, however there is evidence that the 
originally identified risk of vehicles driving into the gardens still stands.  
 
The issue of providing an adequate inlet to biofilters while limiting the risk of damage to private 
property has become a key consideration in Council’s planning and design for similar systems, and 
this consideration will be formalised through actions in the Water Sensitive Cities Strategy. 
 
Lofberg Oval Biofiltration Garden 
 
The Lofberg Oval stormwater harvesting system was completed in 2009. The original concept for 
biofiltration and water re-use system was originally identified as an action in the Lofberg-Quarry 
Catchment Study (Ecological Engineering, 2007). 
 
The system consists of a diversion from a 1500 dia stormwater main to a three tiered biofiltration 
garden covering approximately 200m2. The garden was constructed in a previously boggy and unused 
area at the bottom of a sandstone wall, remnants of a former quarry. It was designed to fit into the 
existing landscaping of Bicentennial Park by remaining an open garden area. 
 
The system works well, on overage providing over 1,000kL of harvested water to meet the majority 
irrigation demands, however the maintenance of the garden has had ongoing issues for many years. 
This garden has in particular, experienced frequent failure of plantings caused mainly by locals 
compacting the surface of the biofilter by using it as a bike track, made more interesting by adopting 
the tiered spillways as jumps and the steep sides of the biofilter as entry ramps.  
 
In constructing this system it was identified that people may enter the area, and signs were erected to 
provide warning of the potential for inundation. However the area was not fenced or closed off, and as 
such it didn’t take long for bike tracks to start appearing, as shown in Figure 4. 
 

 
 

Figure 4. Bike damage to Lofberg biofilter 
 
The location of the system adjacent to an existing bike path/walking track along with each of the tiers 
providing a jump resulted in plants never having the opportunity to grow large enough to deter biking 
activities. When temporary fencing was installed around the biofilters to protect plantings and prevent 
access to the area it was quickly removed by bike riders, however permeant fencing was not seen as 
an appropriate solution to the problem in this location.  
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The damage to the filter surface was obvious, with a distinct lack of plant cover. However, staff were 
curious to know if the bike path had severely damaged function of the filter, as the biofilter was still 
providing large volumes of harvested water. If infiltration rates were not severely reduced by the bike 
activity, and the majority of the filter could be vegetated then it was identified that informal dual use of 
the biofilter could continue and permanent fencing and exclusion may not be needed.  
 
Infiltration tests undertaken on the compacted bike track area showed that infiltration rates were not 
severely impacted, and were within recommended guidelines. Consequently, management for this 
filter is now focused on maintaining key areas of vegetation, leaving a more restricted the bike track to 
remain in the area of least impact, as shown in Figure 5. By focusing on maintaining vegetation cover 
across the majority of the raingarden, the overall treatment integrity of the system is maintained 
without having to fence it off and create an undesirable exclusion area in Bicentennial Park which 
could also create community resentment against WSUD. 
  

 
 

Figure 5. Key planting areas in the Lofberg Biofilter   

2.3. Halls Wetland 

 
Halls wetland was constructed on a formally unmanaged area of open space to treat stormwater runoff 
from a new Council managed residential development. The adjacent small scale ‘greenfield’ 
development required the wetland to help meet water quality targets and as part of the environmental 
impact requirements, an existing creek line was maintained, stabilised and revegetated.  
 
Two years after the wetland and creek remediation works were completed, residents started actively 
engaging and utilising these public spaces. This engagement has been enthusiastic, and has included 
making tracks, clearing low level vegetation and branch trimming to make movement through the 
revegetated area easier. One long term resident of the area has even removed native species and 
replaced them with exotic or not locally native (typically flowering) species that they consider an 
improvement to the aesthetics of the vegetated area. This encroachment or ‘gorilla gardening’ has 
also involved clearing part of the revegetation area, construction of a fixed wooden table and chairs, 
as well as a low elevation bridge across the creek line as shown in Figure 6.  
 
While Council wants to encourage the local community to appreciate and value the green space near 
their homes, due to safety risks we have had to remove the bridge, table and chairs as they were not 
built to standards. We have also undertaken targeted consultation and education to inform the most 
active local resident on the value of regenerating this area with riparian species within the Sydney 
standstone gully woodland community, so that exotic species are less likely to migrate downstream to 
the environmental conservation area and National Park. It is likely this resident undertook similar 
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activities in the reserve prior to the development, however as the reserve has now become a key area 
of environmental restoration, community interactions need to be more closely monitored. 
 
Given the need for additional recreation and access through the area, council have also entered into 
discussion with the community on the potential for replacing the table and chairs with ones that meet 
Councils requirements and respect the purpose and environmental value of the reserve.  
 
 

 
 

Figure 6 Creekline 2 years later with bridge, constructed and installed by residents 
 

The issues experienced at Halls wetland highlight how even features implemented through the 
development process, rather than council works, need to have thorough community education and 
engagement.  
 
Although there are not really any greenfield development areas left in Ku-ring-gai Council where this 
issue could arise again, this aspect will be included as an ongoing consideration for Council’s major 
project and town centre developments over the coming years.  

3. CONCLUSIONS 

Implementation of WSUD features in Ku-ring-gai has, in some cases, led to increased potable water 
use and unintended recreational opportunities. The impact of these changes is not insignificant and 
needs to be considered as part of the planning phase for future projects and upgrades of existing 
systems, and the development of Council’s Water Sensitive City Strategy.    
 
Ku-ring-gai Council needs to continue to identify and evolve it’s method of community, operational and 
maintenance engagement so that all stakeholders understand the purpose of WSUD and other water 
sensitive city assets. 
 
Based on the performance of the stormwater harvesting site which only has a catchment consisting of 
the oval, Council will in future advocate for use of sand-slit drainage and collection of field runoff to be 
used as an added benefit to retrofit to existing infrastructure, however will not justify implementation of 
a irrigation system based partially on the benefits of stormwater harvesting in this manner. 
 
It is essential that organisations are flexible, particularly when working in a retrofit situation. When 
implementing WSUD features, it is important to be aware of a variety of potential social and 
environmental impacts that may result. These impacts can range from children using a biofilter as a 
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play garden when it’s dry to an unintended increase in potable water use at stormwater harvesting 
sites.  
 
In looking for acceptance of sustainable water management and increased use of WSUD features, all 
of these issues need to be thoroughly understood in order to target community and organisational 
education to manage appropriate expectations.  
 
In addition to feedback provided through community consultation activities it is important that these 
case studies and associated learnings are taken to Ku-ring-gai’s internal consultation on development 
of the Water Sensitive Cities Strategy to ensure that our council can continue to incorporate features 
that provide value and are respected by the community.   

4. ACKNOWLEDGMENTS 

We would like to acknowledge all the Ku-ring-gai Council Staff, Consultants and Contractors who help 
plan, construct and manage our WSUD systems. 

5. REFERENCES  

Ecological Engineering (2007), Lofberg Quarry Creek Sustainable Water Management Options 
Report, Report Prepared for Ku-ring-gai Council, Sydney, Australia. 
 
Ku-ring-gai Council (2016), Water Sensitive City Policy, www.kmc.nsw.gov.au/policies (July 2018) 
 
NHRMC - Natural Resource Management Ministerial Council, the Environment 
Protection and Heritage Council, and the National Health and Medical Research Council (2009) 
Australian Guidelines for Water Recycling: Managing Health and Environmental Risks (phase 2) 
Stormwater Harvesting and Reuse, National Water Quality Management Strategy Document No 23  
  
 

http://www.kmc.nsw.gov.au/policies

