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Abstract 
 
Water restrictions, recent changes to policy and accessibility to government grants have 
driven a major shift in how local councils and their community source water for non-
drinking consumption. This has lead to increasing uncertainties including the 
interconnectivity between grey water; groundwater and stormwater re-use as residents' 
simply uptake these alternatives with ease and limited regulatory guidance. The "big 
pipe in, and big pipe out" philosophy is breaking down and the complexity of change 
does not appear to be adequately understood. The unsustainable use of alternate 
supplies and the risk of cross contamination, both in the long and short term is real.  
 
This paper draws upon operational groundwater; grey water and stormwater re-use 
projects at Manly Council to demonstrate the need for partnerships and mutual learning 
in the development of trans-integrated policy and sustainable water cycle management. 
It explores the necessity of demonstration projects, the need to recognise local council 
sensitivities in facilitating the transition from tap on - tap off, mentality and pursuing 
harmonious interconnectivity between the elements (and players) in the water cycle. 
 
Disseminating environmental stewardship throughout Manly is empowering this 
community to take on the initiatives of council on a residential scale. In creating this 
learning environment, Manly Council is creating a water wise community. 
 
Introduction 
 
The implications resulting from a lack of holistic water cycle management in Australia are 
now obvious. Governments rush to fund alternate water sourcing programs in an attempt 
to prolong unsustainable dam yields. Grey water, stormwater and effluent are all being 
re-routed through open spaces (golf courses, sports fields etc) in a bid to meet preferred 
irrigation demands. Communities are reverting back to a decentralised relationship with 
water sourcing and increasingly modifying the natural water cycle in doing so.  The 
absence of a clear understanding of the short and long-term ramifications of these highly 
variable (quality and quantity) hydraulic cross-connections promotes risk. To understand 
the risk, this paper will first review societies discourse in relation to water ownership and 
summarises findings from 10 years of water cycle management at Manly Council.  
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Community Discourse with Water 
 
First evidence of community’s management of water use dates back as early as 5000 
years (Newman 2006).  A community would migrate to a water source and draw upon it, 
in recognition of sustainability principals. This provided a direct and inherent link 
between community water use and waterway health. However, as populations grew so 
did the need to source additional water supplies (Chanan & Simmons, 2002).  
Increasingly crowded communities face the option of uprooting and migrating to another 
water supply or transporting water supplies from far away distances back to the 
community.  As industry boomed in the 19th century, the option of use, abuse and move 
was no longer feasible.  As a result, the “big pipe in, big pipe out” approach was born, re-
shaping community dependence on, and values associated with local waterways 
(Newman, 2006).  Today, urban water bodies are often not appropriate for consumption 
or recreational contact and rarely meet environmental and human health standards.  It is 
therefore argued, in part, that issues of waterway health and unsustainable water 
consumption are fundamentally linked to the centralisation of water delivery and 
community detachment from their water source(s).    
 
Institutional Discourse of Water Cycle Management 
 
In recognition of the sustainability benefits derived from communities remaining directly 
affiliated with their water source, the limitations associated with the “big pipe in, big pipe 
out” approach, governments, and communities are looking to turn back the clock.  This 
has been demonstrated through localised harvesting of stormwater flows, creeks, 
aquifers, dams and the re-use of grey water and black water representing a significant 
change in the way local council’s manage the water cycle.  Coupled with this are many 
challenges specific to institutional acceptance of innovation, multi-disciplinary integration 
and regulatory harmonisation between communities and their water needs.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Fragmented decision makers (Past)            Figure 2: Collaborating decision makers (Future )            
 
From this perspective, effectively using scientific knowledge in the decision-making 
process presents many reported challenges.  Decisions often appear to be fragmented 
(Figure 1) from current research and on-ground technical experts, typically in favour of 
political, economic or administrative arguments.  Furthermore, community actions in 
relation to local water sourcing appear both isolated from decision-making and further 
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removed from a holistic framework, which balances waterway health, and water 
consumption needs. It is therefore imperative for the sustainability of local water cycles 
that governments seek partnerships with research bodies and communities (Figure 2), in 
the implementation of on-ground projects, dissemination of water cycle stewardship and 
in the creation of a water wise community.   
 
Current Dilemma 
 
Communities currently restricted by (centralised) water restrictions are increasingly 
reverting, in part, to decentralised supplies in order to maintain thirsty lifestyles. The 
transition back to decentralised water sourcing therefore represents significant 
opportunity for local council’s to facilitate a reconciliation between community and 
waterway health objectives and open an avenue for empowerment of sustainability into 
every day living.   
 
There is, however, considerable risk associated with this change, as local governments, 
community and industry compete (knee jerk) for billions of dollars in grant funding.  
Compounded by a lack of holistic framework and in the plethora of best practice 
guidelines, expert opinions, and legislative fragmentation (Table 1) the risk of 
accumulative environmental degradation resulting from actions is also unknown.  Local 
council’s are therefore fundamental in facilitating sustainable change, coordinating 
communication between different players and ensuring a connection between science, 
action and decision-making.   
 
Table 1: Organisational responsibilities within the  water cycle (Smith & Simmons, 2004) 
 

Water Cycle Element  Organisation  

Stormwater Groundwater Sewage Grey Water 

Manly 
Council 

 

·  Monitoring and 
targeted pollution 
prevention   
·  Flood Control 
·  Maintenance 
of most  
stormwater 
infrastructure 
·  Implementing 
alternate water 
sourcing /  
treating 
stormwater as a 
resource 
 

·  Monitoring 
quality and 
sustainable yield* 
·  Abstraction for 
irrigation 
(sustainable yield) 
·  Interception 
during 
construction* 
·  Land stabilisation 
·  Minimising 
contamination 
from stormwater, 
sewage & grey 
water* 
·  Controlling 
salinity / Acid 
Sulphate Soils 

·  Monitoring and 
remediation* 
·  Approval of 
installation, operation 
and maintenance of 
privately operated 
schemes (sewer 
mining) 
·  Stormwater pollution: 
ex-filtration/infiltration 
·  Sewerage re-use * 
·  Health and safety: 
swimming, Odour* 
·  Ecosystem health 

·  Cross 
contamination with 
groundwater* 
·  Inappropriate re-
use leading to 
stormwater pollution. 
·  Odour 
·  Health and safety. 
·  Monitoring and 
Regulation. 
 

DNR 
Department of 
Natural 
Resources 

·  Strategic 
consideration of 
stormwater as a 
resource 

·  Abstraction / 
interception 
·  Licensing  
·  Contamination 

·  Groundwater 
contamination via      
ex-filtration 

·  Strategic Policy 
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DEC 
Department of 
Environment and 
Conservation 
(DEC, 2004) 
(DEC, 2006) 

·  Pollution 
prevention  
·  Education 
Initiatives 
·  Regulation / 
licensing 
·  Guideline 
development 

·  Quality 
Guidelines  

·  Waterway pollution 
·  Licensing / 
regulation  
·  Water quality 
guidelines  
·  Re-use 
·  Effluent guidelines 
for irrigation 

·  Strategic Guideline 
Development  
·  Effluent guidelines 
for irrigation  
·  Waterway pollution 

Sydney 
Water 

(Sydney Water, 
2006) 

·  Sewage 
infiltration / ex-
filtration 
minimisation 
·  Infrastructure 
management  
·  Infrastructure 
maintenance 

 ·  Infrastructure 
management / 
maintenance 
·  Ex-filtration / 
infiltration minimisation 
·  Agreements with 
sewer miners for the 
construction, operation 
and maintenance of 
sewer connections 

 

Academia 
and 
Research 
Bodies  

·  Research and 
development into 
stormwater 
pollution, 
alternative water 
sourcing and 
treating of 
stormwater as a 
resource 

·  Research and 
Development for 
groundwater 
abstraction / 
recharge 

·  Research and 
development of effluent 
Re-use (demand 
management)  
·  Quality of treatment 
·  Community 
acceptance 

·  Research and 
development into 
grey water systems 
uptake, treatment 
levels and cross-
contamination risks 

DEUS  
Department of 
Energy, Utilities 
and Sustainability 
 
(DEUS, 2006) 
 

(Water 
Conservation 
Plans)  

·  Integrating the 
urban stormwater 
policy and 
management 
roles 
·  Consideration 
of all water 
sources 
(including storm-
water) in water 
planning;  
·  The 
sustainable and 
equitable use of 
all water sources;  

·  The sustainable 
and equitable use of 
all water sources;  
·  Integration of 
water use and 
natural water 
processes; and  
·  A whole of 
catchment 
integration of 
natural resource 
use and 
management 
 

·  Integrating the urban 
stormwater policy and 
management roles 
·  Consideration of all 
water sources (including 
waste-water) in water 
planning;  
·  Provides advise 
regarding requirements 
for operation and 
maintenance of 
recycling (sewer mining) 
schemes, water quality 
and protection of the 
environment 

·  The sustainable 
and equitable use of 
all water sources;  
·  Integration of 
water use and natural 
water processes; and  
·  A whole of 
catchment integration 
of natural resource 
use and management 
·  Grey water 
guidelines for 
dwellings 

NSW Health 
(NSW Health, 2006) 

  ·  Consultant on water 
quality requirements 
relating to public health 
guidelines 

·  Grey water policy 
relating to maintaining 
public health 
 

Note * denotes actions not traditional Local Counci l roles 
 
Integrated Action Research 
 
The need for “integration” between stakeholders in the pursuit of alternate water supplies 
is critical in avoiding these risks (mentioned previously). However, in order to increase 
the uptake in the community of alternate water sources Council’s must ensure the 
perceived risks do not act as a deterrent. Manly Council therefore has undertaken a 
number of demonstration water projects in line with water cycle management and 
sustainability principals.  Through on ground action and community partnerships, Manly 
Council is demonstrating to the community that alternative water can be used effectively 
without any adverse risks to public health. Further, it is demonstrating that this, it turn; 
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can return the aesthetic, recreational and social values placed on open spaces and 
natural waterways through restoring the grass and vegetation cover and improving 
ecosystem health 
 
When looking at integrating a wide range of disciplines in order to achieve a common 
goal, the utilisation of integrated action research was essential. It enabled all decision 
makers and knowledge producers to actively participate in a multi-disciplinary 
environment. Central themes to action research are improvement and involvement. 
Robson (1993) describes these as first, the improvement of a process; second the 
involvement of the understanding of that process by its decision makers; and third, the 
improvement of the site in which the process takes place. Collaboration between all 
involved and their active participation in the research process is typically seen as the 
central theme to action research (Robson, 1993). 
 
The purpose of this paper is to improve the quality and quantity of information flow for 
water cycle management by developing and inspiring new approaches for managing the 
elements in the water cycle.   
 
The alternate water sourcing models and decision making systems that underlie water 
cycle management were reconstructed in a specific case in a local government 
organisation – Manly Council. The re-use of groundwater, stormwater, grey water and 
effluent re-use, took place within a common catchment boundary (Table 1, p.2) with the 
multiple objectives: of improving water quality, alleviating flooding and providing alternate 
water source (Table 2).  Projects addressing all three criteria were incorporated into a 
project ranking and catchment prioritisation matrix for priority implementation.  
 
Table 2: Manly Council Water Cycle Management - Pro jects summary 

Function 

Project Project 
Description  

Pollution 
Prevention 

Flood 
Alleviation 

Alternative 
Water 

Sourcing 

Effluent/ Grey 
water re-use for 
irrigation 

 

Demand Manage. 
Nutrient recycling, 
membrane 
treatment.    

Council Depot 
Stormwater 
Harvesting and 
Re-use 

 

Roof Collection 
and Re-use; 
Surface Runoff 
Treatment and 
Reuse    

Manly Ocean 
Beach STAR 
Project 
(Stormwater 
Treatment and 
Re-use) 

Stormwater Runoff 
Treatment and Re-
use, Groundwater 
top-up, infiltration. 

   

Seachange 

 

Community 
education; Tank 
Subsidies, 
workshops    

Manly Tennis 
Courts - (Keirle 
Park) – Roof 
Harvesting and 

Roof Collection 
and Re-use 
Sewage fix. 

   



 6 

re-use; Irrigation 
and toilet flushing 
Ivanhoe Park 
Groundwater 
Extraction 

 

Groundwater 
Extraction, Storage 
and Re-use    

Clontarf/ LM 
Grahams 
Groundwater 
Extraction 

Groundwater 
Extraction, Storage 
and Re-use 

   

Water Cycle 
Monitoring 

 

Groundwater, 
Stormwater and 
Grey water 
Monitoring of 
quantity and quality    

Seaforth Oval 
Stormwater 
Harvesting and 
Re-use 

 

Roof Collection 
and Re-use; 
Surface Runoff 
Treatment and Re-
use    

Manly Flats Water 
Cycle 
Management 

 

Pipe Construction; 
Stormwater 
infiltration and 
Recovery; 
Detention and Re-
use    

Tania Park 
Stormwater 
Treatment Project 

Stormwater Runoff 
Treatment prior to 
natural drainage    

 
Evaluation data was collected by means of scientific and social measurement for each 
(hard and soft) system intervention, before, during and after each project.  The data was 
analysed through different social, hydrological, scientific and institutional models. Results 
were presented as a trans-disciplinary matrix and workshopped between stakeholders 
where the researcher could become familiar with the case details.  This approach offer 
considerable involvement of the researcher in the situation improvement process 
(integrated action research model).  The Sydney Water/Manly Council Partnership, 
Integrated Catchment Management Committee and Manly Golf/Manly Council 
Partnership are examples of where a process of action research was adopted, providing 
evaluation of project outcomes and implement’s adaptive management.  
 
Through actively involving stakeholders within partnership committees (Flood 1999), 
Council is fundamentally providing the driver to reconnect these once disconnected 
entities. Through using Manly Council as a facilitator the community, and industry, 
stakeholders can dynamically be involved within decision-making process for Manly’s 
water cycle future.   
 
To further assist in underpinning best practice water cycle management throughout 
Manly, the Council has pro-actively involved the community through a variety of 
educational initiatives. The water wise message has been disseminated through both 
direct and indirect approaches, to ensure that as broad a target audience has been 
reached as possible. Seminars and product expos have been held with a specific focus 
on water cycle management initiatives and techniques, and the message has also been 
implicit in issues that are topical with the general community at the time. 
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The educational message has not only been aimed at the general community. School 
students, industry, and Manly Council staff have been targeted through a variety of 
programs and methods, to ensure that water cycle management in Manly adopts a 
holistic approach. Evaluation of these methodologies has indicated a heightened level of 
awareness and scientific evaluation coupled with social science evaluation techniques 
validates a link between awareness, behavioural change and water quality 
improvements.   This, combined with the integrated feedback loop associated with the 
committees above has progressed Manly on its path towards a water wise community.   
 
Results 
In the pursuit of water cycle management objectives noted in this paper, Council has 
realised substantial results spanning the social, environmental and economic paradigms.   
The Manly Beach catchment program is such an example of the multi-objective, triple 
bottom line outcomes.  Manly Beach was suffering considerable turf loss due to 
compliance with Sydney Water restrictions.  To overcome this issue, Council required an 
alternate water source.  Stormwater was found to be the most viable source, so a 
harvesting system was implemented providing approximately 15,000KL / year for 
irrigation requirements.  However, stormwater alone did not accommodate the total 
demand so a groundwater top-up system was installed.  The stormwater was cleansed 
via biological, physical and chemical processes to ensure compliance with irrigation 
guidelines whilst providing a pollution prevention function, through reducing stormwater 
flows into Manly Beach.  Reducing the peak flows from the catchment also alleviated 
flooding and property damage and progresses options for the removal of risk intensive 
stormwater pipes on Manly Beach.  It was only through an integrated action research 
approach that these mutual objectives were realised. . In addition, community education 
projects were also carried out in collaboration with structural projects. Findings were 
thus, funnelled into the community via knowledge extension model to ensure an 
informed, holistic management approach.   
 
Figure 3 outlines Manly Council’s approach at integrating stormwater, groundwater, and 
grey water recycling schemes in a holistic manner. The economic savings resulting from 
these actions, in addition to environmental education benefit included water bill 
reductions, turf grass replacement and reducing the need for augmenting incapacitated 
stormwater pipes. These triple bottom line (TBL) savings are outlined in Table 3. 
 
Figure 3: Current Water Cycle in Manly  
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Table 3: TBL saving through implementation of susta inable alternative water sources in Manly  

Triple Bottom Line Benefits of Key Manly Council 
Potable  Water Saving Projects Project 

Economic Environment Social 
Treated Effluent Re-
use Project: 
North Head/Manly 
Council/Manly Golf Club 
Grey water re-use 

$ 209,601* 
Savings/year 

Reduction in 
170,000kL/Year  of potable 

water use 

Irrigated green, soft grounds 
– Increased Aesthetic and 
Recreational Values 

Rainwater Reuse 
Project: 
Manly Tennis Courts 
rainwater re-use (toilet 
flushing and irrigation) 

$ 3701.36* 
Savings/year 

Reduction in 
3,002kL/Year  of potable 

water use 

Non-potable water use for 
toilet flushing and irrigation – 
Environmental Values 

Groundwater Re-use 
Project: 
Ivanhoe Park 
Groundwater Extraction 

$ 23,480* 
Savings / year 

Reduction in 
19,043kL/Year  of potable 

water use 

Irrigated green, soft grounds 
and irrigated gardens – 
Aesthetic Values 

Stormwater Re-use 
Project: 
STAR (Stormwater 
Treatment and Re-use) 
project 

$ 27,126* 
Savings / year 

Reduction in 
22,000kL/Year  of potable 

water use 

Irrigation of gardens, Norfolk 
Island Pines, Grass along 
beach front - Aesthetic 
Values 

* Figures acquired from Sydney water 2006a based on  1kL = $1.233, indicate town water 
consumption reduction as a function of the alternat e water supply. 
 
Understanding of community attitudes and opinions on the use of alternative water 
sources were recently acquired through a local community survey. Results from the 
survey indicate that the community are accepting and willing to use these alternative 
sources for the irrigation of local playing fields. Over 90% of respondents indicated that 
alternative water source options would be acceptable for irrigation use. The community 
were also concerned about costs, health and smell associated with using alternative 
water supply sources.  
 
In all 89% of respondents demonstrated that they had no objections with the use of 
alternative water sources (treated effluent, stormwater, grey water, groundwater, and 
rainwater) for localised irrigation. Overall, the survey confirmed that the Manly 
community shows a willingness to accept alternative water sources for the irrigation of 
golf courses and playing fields. Furthermore it has also illustrated that the community 
wants local council to use these ‘otherwise wasted resources’.   
 
The results of Council’s actions to reduce water consumption have been closely mirrored 
by a water wise community. The amount of potable water used by the community over 
2001/2001 – 2004/2005 (Table 4) illustrates that the community are actively reducing 
their potable water consumption and in many cases installing rainwater tanks and grey 
water systems for non-potable residential use (personal communication Smith . P.  June 
2006). In 2 years, the Manly community have reduced their potable water use by 
496,126kL/Year. 
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Table 4. Community Potable water Savings 2001/2002 – 2004/2005 

Community Potable Water Savings from 2001/2002 – 20 04/2005 
 

Water Consumption 2001/2002 2004/2005 
Houses 2,025,039kL/Year 1,650,297kL/Year 
Units 1,678,243kL/Year 1,556,860kL/Year 
Total 3,703,283 kL/Year 3,207,157 kL/Year 
 
Total Potable water 
Saved 

496,126 kL/Year 

Source: Personal Communication Sydney Water, March 2006 
 
Conclusion 
 
Water Cycle Management today exhibits all the characteristics of a complex, 
unstructured problem situation. These characteristics causes the decision making 
process to become problematic. In the case study in Manly Council, the impediments 
mainly concern disputes on the interpretation of administrative, scientific, social and 
technical perspectives.  Added to this are disputes on distribution of responsibilities 
between different institutions.   
 
Associated risks with the use of alternative supply (cost, public health etc) are still 
certain. Although these risks have been lessened through Council’s on-ground projects 
and actions they will continued to be monitored and assessed. With new technologies 
and techniques, flooding the alternative water sourcing market the risk associated with 
its use will be reduced. As a result, Council through its integrated water cycle 
management approach will continue to investigate and implement these emerging 
techniques and technologies to further reduce these long and short-term risks. 
 
The impediments identified in the action-research program evolved over time as insights 
into the biophysical and institutional systems grew.  A mix of solutions injected into a 
catchment boundary, coupled with rapid and open information flow between these 
systems provided mutual rewards for integration and guidance on continual 
improvement.    Each system involved in the water cycle management model contribute 
to specific pollutant reduction, alternate water sourcing and flood alleviation.  Each 
system communicated more effectively through rapid system adaptation and validation 
between the disciplines. The culmination of system contributions resulted in a greater 
economic, environmental and social benefit than the sum of the individual parts. 
 
Validation of success included measurable stormwater quality improvements directly 
attributable to each system, a reduction in flooding and property damage, water rates (by 
78% or $97,000 annually), a reduction in asset replacements and pollution prevention 
and the self-sustaining continuation of the integrated action research model between 
Manly Council and project partners.  On this note integrated water cycle management is 
believed to have been achieved. However, differences between biophysical and 
institutional systems were not always overcome and the decision was sometimes forced 
by the decision maker in charge. Therefore, the experiences gained at Manly will be 
highly valuable at other local councils and organisations attempting to progress alternate 
water supply in harmony with their local community.  
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