Public Health and Safety and Environmental Impact

Community acceptance of stormwater

A key conclusion from the MARSUO project was that stormwater can be safely employed for all evaluated uses when the appropriate
preventative measures to manage risks are in place. Risk assessment and risk management procedures for human health and
environment protection for the Salisbury Site were verified by the Project Water Safety and Expert Panel and concluded:

History has shown us that public acceptance of alternative water supplies is vital to the success of implementation in the integrated
water management cycle. The degree of acceptance of alternative water is often associated with the source and intended use of the
water, as well as the perceived safety and cost to the consumer and the environment.

a) Public space irrigation
The use of stormwater for a public open space irrigation including blending with recycled water has been in operations for many years
and the risks are well understood and managed. To ensure public health it is important to restrict access during irrigation to lower
human exposure rates. From an environmental perspective it is important to monitor salinity to lessen any impact on the surrounding
ecosystem

Focus group studies to gauge community attitudes for harvested and treated stormwater - both potable and non-potable – indicated that
there was a high level of acceptability for both applications. There was a higher level of support for stormwater use over other alternative
options in Adelaide, although consumers were not willing to pay more for stormwater particularly for non-potable quality.

b) Third pipe systems
Chlorination could be used effectively to meet health based targets for viruses. While not a risk to human health, aesthetic water
quality considerations caused by high iron concentrations and turbidity would also need to be managed.
c) Drinking water augmentation
Managed aquifer recharge provides a degree of natural treatment for pathogen removal in harvested stormwater. However, the level
of pathogen removal would need to be fully validated and monitored to ensure compliance with health standards. More prudently,
a mixture of treatments including membrane filtration, UV disinfection and chlorine disinfection for drinking water could ensure
harvested stormwater was compliant with health based targets for the removal of viruses and other pathogens

Catchment Integrity and Management
The need for confidence in the quality of water recovered for uses with higher levels of human exposure, there is no fail-safe catchment
practice that can substitute for the treatment of the water prior to use.
Spill management for extreme events needs to be considered. If there is a relatively short travel time, in the case of Parafield stormwater
harvesting catchment, human intervention alone may be inadequate for the management of pollution spills.
To improve spill management, conducting appropriate and up to date hazard analysis and installation of online monitoring systems
within the catchment is required. This would allow for diversion of polluted water from the harvesting system or for the consideration
of water treatment processes for harvested water so that it is fit for intended use.

Biofilms
An evaluation of biofilm in pipes of different
materials – PVC, cement-lining and copper - was
undertaken for mains water with low chlorine
residuals and undisinfected stormwater to assess
the likelihood of water quality changes and impacts
on infrastructure maintenance for non-potable
distribution systems.

Further Resources
www.goyderinstitute.org

The trials concluded that the costs of maintenance
and risk management are marginally higher for
stormwater but water stored in aquifers was
shown to be beneficial in restricting biofilm growth,
producing lower number of potential pathogens
and a reduced potential for dissolution of cement
linings.
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There is a marked public preference towards government owned water utilities undertaking stormwater harvesting projects due to the
high level of trust within the community for water suppliers and regulators to provide safe water over the long term.

MARSUO Project Sites
Primary Investigation Site
The City of Salisbury in northern Adelaide, is recognised as a leader in stormwater harvesting, using wetlands and aquifer storage
and recovery to provide a water source for public open space irrigation, industrial water supplies and to dilute salinity of recycled
water in non-potable supply to households throughout the suburb of Mawson Lakes.
The Parafield stormwater harvesting facility, located at the Parafield airport in the City of Salisbury, was used as the primary
research site for the MARSUO project. The Parafield stormwater catchment has an area of 1,590 Ha and is primarily urban (73%).
It is principally residential (36%) but has a range of industrial areas, commercial properties and market garden properties, as well
as vacant land (13%). It is located 12km from the Little Para Reservoir – an open catchment in the lower Mount Lofty Ranges.
Risk assessment of potential sources of stormwater quality hazards were conducted and complied with the water quality hazards
as defined by MAR guidelines (NRMMC-EPHC-NHMRC 2009a). End points considered in the study were human health, the
environment and operational infrastructure.
Mt Gambier
One aspect of this project was to prepare a risk management plan for the
stormwater recharge system in Mt Gambier. This was based on a system of
stormwater recharge that for 140 years has replenished an aquifer which
feeds the Blue Lake, which is the drinking water supply for Mt Gambier. The
volume of stormwater recharge via drainage wells and sinkholes to the
aquifer is similar to the volume pumped from the Blue Lake each year.
Comparison sites
Stormwater quality was also assessed at a series of sites – three national
and three international – to enable water quality comparisons and risk
assessments to be made to ensure that methodologies employed in the
project were sound and transferrable.

This Science Synthesis Paper is the first in a series
and provides an introduction and an overview for
key decision and policy makers of the findings for
the Goyder Institute for Water Research project Managed Aquifer Recharge and Stormwater Use
Options (MARSUO). It provides insight into the
community acceptance and the potential benefits
of considering the uses of stormwater in the
provision of both potable and non-potable water to
help ensure sustainable water security.

Recycled stormwater as a resource in
Australia’s urban water system
Introduction
Australia’s rapid growth in urban areas coupled with the impact of climate change will
continue to add to the challenge in meeting consumer and industrial water demands. To
ensure that we can keep providing high quality urban water services, while maintaining
water ecosystems and reducing the carbon footprint, over the last decade there has been
substantial focus on integrated water management and how to harness water, wastewater
and stormwater sources to maximize social, environmental and economic benefits.
Although there has been a significant investment towards providing water security for
Australia’s largest cities, stormwater has remained a relatively untapped resource that could
help to meet future urban water supply demands.

What is??
Water for Good Action 94:
Continue to support world-leading research
to assess the potential for treating
stormwater to a very high quality and
monitor future scientific developments and
technological innovations.

Stormwater:

This research provides improved understanding of stormwater as a resource in Australia’s
urban water systems based on a case study in South Australia.

Rainwater that runs off all urban surfaces
such as roofs, pavements, carparks, roads,
gardens and vegetated open spaces.

Key Government Initiatives

Recycled Stormwater:

The evaluation of stormwater as a potential and beneficial water source has formed an
integral part of Australia’s National Water Initiative.
In 2009, the South Australian Government released the Water Security Plan Water for
Good. A key action under this plan was to assess the potential for using stormwater in water
supplies. It was recognised that harvesting stormwater could deliver significant benefits to
South Australia by reducing the demand on water supplies from the River Murray and from
the Mount Lofty Ranges Catchment and utilise local water sources in regional areas. This
project undertook research to understand the risk and community support for the use of fit
for purpose stormwater.
The Goyder Institute for Water Research in conjunction with world-leading researchers,
health and environmental regulators, local government, state and federal government
agencies and utilities has recently completed the national project - Managed Aquifer Recharge
Stormwater Use Options (MARSUO). The outcomes of this project provide crucial insight for
decision makers into the potential use of MAR for harvested stormwater specifically and
provides answers to the critical questions:
•
•
•
•

Water generated from sewage, greywater
or stormwater systems and treated to
a standard that is appropriate for its
intended use

Aquifer:
Any geological formation capable of
receiving, storing and transmitting
significant quantities of water. They consist
of materials such as permeable rock,
gravel, sand or silt.

MAR:
Managed aquifer recharge is the purposeful
recharge of water to aquifers for subsequent
recovery or environmental benefit.

How do we ensure that stormwater is safe for public health and the environment?
Is it economically viable to use stormwater to augment both drinking water and non-potable sources?
How does the community feel about using stormwater?
What type of impact will stormwater usage have on existing infrastructure ?

The Goyder Institute exists to provide the best available science and knowledge required for South
Australia’s water management policies and decisions to be made based on independent, expert advice.
Established by the South Australian Government in 2010, the Goyder Institute is a partnership model
which brings together the State’s leading water research capabilities through collaboration with the
Department for Environment, Water and Natural Resources, CSIRO, Flinders University, the University
of Adelaide and the University of South Australia.

Stormwater in Urban Water Management
Essential to using stormwater
efficiently andOpen
effectively
as a contributor to urban water systems, is the ability to store harvested water
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an excellent alternative to above ground storage – where space is limited in urban areas
a natural treatment process that can improve the quality of the water
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The use of aquifers for water storage and recovery employing Managed Aquifer Recharge (MAR) methods have been implemented in
Australia for decades and offer significant potential to manage harvested stormwater to help increase the flexibility and contribute to
the security of urban water supplies.
Harvested stormwater has the potential to be used in an integrated water
management system for both potable and non-potable water sources. In
the MARSUO project, three key uses have been extensively examined:
Catchment
Source Water

Storm Water
Capture

Catchment
Catchment
Source Water
Water
Source

Open Space
Irrigation

Storm Water
Water
Storm
Capture
Capture

Treatment
Engineered &
Natural

Aquifer

Reservoir
Reservoir

Open Space
Space
Open
Irrigation
Irrigation

Treatment
Engineered &
Natural

Toilets &
Washing Machines

Drinking
Drinking

1.
2.
3.

Public open space irrigation and industrial supplies
Third Pipe supplies of non-potable water to households
(eg., toilet flushing, use in washing machines)
Drinking water supply augmentation

These options have been assessed for public health risks, potential economic
value, environmental impact and public perception of harvested storm
water. The most effective and efficient, fit-for-purpose, treatment regimes
have been determine by considering various combinations of treatment
options.

Thus, a key project outcome has shown that augmentation of drinking water supplies using localized treatment plants presents a viable
economic option that warrants consideration in addition to public open space and industrial uses. This applies in locations which have sufficient
harvestable quantities of stormwater, as well as suitable reservoirs and treatment options within reasonable proximity.
It was also concluded that employing aquifer storage to increase capturable volumes and its potential for a natural water treatment regime
(either alone or in combination with reservoirs) provided additional cost savings thus reducing the unit cost of supply when compared to
options for stormwater use without aquifer storage. The cost is largely influenced by factors such as proximity to treatment options, reservoirs,
distribution systems and land availability. Each location should be assessed with these factors as key considerations.
While economic assessment is based on the specific infrastructure at the Parafield site and the estimated costs at 2012/13, the methodologies
and the generic framework are transferable to other sites thus enabling cost-benefit analysis of specific sites of interest to be undertaken prior
to any investment commitment. As a crucial part of the economic assessment, the water provider will need to develop (if not already in place)
appropriate institutional arrangements and risk management plans to ensure that commercial drivers are aligned for the most appropriate and
cost effective use of harvested stormwater.

Environmental:
The research identified a number of environmental benefits for stormwater harvesting in conjunction with MAR, supporting outcomes which
enhance both ecological and community quality of life, including:
a.
b.
c.
d.
e.

Sustainability of individual water sources, providing an alternative source to help drought proof and improve reliability
Greening of urban landscapes with wetlands and parks that may not have otherwise been irrigated
Improved quality of coastal waters, for example seagrass health
Improved marine ecosystems health
Protection of coastal beaches

While it is possible to determine the cost savings that certain environmental benefits can deliver, other benefits can be difficult to quantify
in absolute terms because of a wide range of externalities. The ecosystem services framework for evaluation of benefits and costs (Kandulu
et al), developed as part of the MARSUO project, will assist decision makers to obtain significant insight into the potential environmental and
public benefits that a particular stormwater harvesting scheme combined with MAR could deliver, in addition to water supply benefit.

Benefits of using recycled stormwater
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A key output of the MARSUO project was the development of a generic framework that will assist decision makers to define the scope
of evaluation of stormwater options including MAR implementation. The analysis is in two parts: a cost-benefit analysis and a broader
analysis including environmental costs and benefits that is included within a multi-criterion approach.
In applying the cost-benefit analysis of the framework to the Parafield case study, the economic value of using harvested stormwater for
various purposes were shown to be (in order):
Reservoir

Drinking

•

Public open space irrigation - recovered water from the aquifer is blended with recycled water from the Bolivar sewerage treatment
plant (levelised cost of supply of $1.31/KL)

•

Pumping recovered water back to Little Para Reservoir for storage, treatment and reticulation through mains water supply (levelised
cost of supply $1.47/KL which includes the capital cost of existing infrastructure for stormwater harvesting and for a new rising main
to Little Para Reservoir)

•

Public space open irrigation and industrial use - without blending recovered water with recycled water (levelised cost of $1.57/KL)

•

Supply back to mains via localized treatment plants with comprehensive risk management systems in place (levelised cost of supply
$2.51/KL).

•

In this study, retro fitting of third pipe supplies to householders proved to be uneconomical for existing residential areas and only
marginally economic benefit for new subdivisions for local government suppliers.

Managing and assessing risks of stormwater harvesting
In Australia, the public has high expectations for the security and safety of their water supplies. In employing alternative water, such as
stormwater, to augment traditional water supplies there is a need for public confidence in the quality of water for uses with higher levels
of human exposures.
A crucial component in protecting the users of recycled water, is managing and mitigating any associated risks. The design and application
of a rigorous risk management plan, based on the requirements of the Australian Guidelines for Water Recycling, is key to the continued
provision of safe water from harvested stormwater schemes.
The MARSUO project developed the first risk based management plan for stormwater harvesting, which incorporated a rigorous activity
schedule, specified mechanisms for continuous improvements for the system and provided the basis for subsequent system audits.
Developed as a model of best practice, the MARSUO stormwater harvesting risk-management plan for the Parafield site can serve as a
template for other stormwater harvesting schemes across Australia.
Four key risks to implementation are:
•
Public Health and Safety
•
Environmental Impact
•
Catchment integrity
•
Community acceptance of stormwater
A core focus of the MARSUO project was an assessment of the key risks and a determination of methods that could be used to mitigate
impediments to using stormwater as a resource.

Risk Management Plan Framework
• Commitment to responsible use and management of recycled water

About the MARSUO Project
Managed Aquifer Recharge and Stormwater Use Options Project (MARSUO)
System Analysis and Management

In 2011, The Goyder Institute for Water Research partnered with the National Water Commission and CSIRO, together
with the City of Salisbury in Adelaide, Mount Lofty Ranges Natural Resources Management Board, SA Water Corporation,
the former United Water International, University of Adelaide and the University of South Australia, to investigate using
aquifers to harvest and treat stormwater for a range of urban water uses. The project was entitled the Managed Aquifer
Recharge and Stormwater Use Options Project (MARSUO). Feeding into the project was a significant body of previous
research by CSIRO and partners in aquifer storage, aquifer transfer to partly treat the water through natural processes and
recovery (ASTR) and successful implementation of MAR schemes in Australia.
The MARSUO project was a 3 1/2 year project with the objectives of developing methods to assess the public safety,
public acceptance and economic factors of stormwater via manager aquifer recharge. Researchers investigated a series
of options for supplementing both potable and non-potable water supplies with treated stormwater. With significant
support from the National Water Commission, one of the broad project outcomes was to deliver foundational information
to support highest valued uses of stormwater in a well-documented, transferrable methodology that could be applied
nationally, based on case studies in Salisbury, Adelaide and a range of satellite sites. The project also provided evidence
based information to assist water managers, policy makers and the community to make confident and well informed
decisions on harvesting and storing stormwater for future use.
Specifically the project conclusions provided much needed information on the following areas:
a) Evaluation of public health concerns and risks (including potential hazardous events)
b) Development of preliminary risk management plans to protect human health, the environment and water supply
infrastructure
c) Assessment of the impacts of stormwater use options to water supply infrastructure
d) Evaluation of aesthetic water quality parameters of importance to water users
e) A framework to allow the economics of stormwater use options to be assessed using a triple bottom line (TBL) approach
f) Qualitative assessment of psychological and policy-related factors that contribute to public acceptance of using 		
treated stormwater to augment both drinking water and non potable water sources

• Assessment of the managed aquifer
recharge system
• Preventative measures for recycled
water management
• Operational procedures and process
control
• Veriﬁcation of recycled water quality
and environmental performance
• Incident and emergency
management

Supporting Requirements
• Employee awareness and training
• Community involvement
• Research and development
• Documentation and reporting

Review
• Evaluation and audit
• Review and continual
improvement

