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Abbreviations and acronyms

General
AHMC

ANZECC

ARMCANZ

AS

CFU

DALY
EPHC
MPN

NHMRC

NRMMC

NTU

NZS

uv

Australian Health Ministers Conference

Australian and New Zealand Environment and Conservation Council
(replaced in 2001 by EPHC and NRMMC)

Agriculture and Resource Management Council of Australiaand New
Zedland (replaced in 2001 by NRMMC)

Australian Standard
colony forming unit

term used in disinfection to describe the product of disinfectant concentration
(‘C inmg/L) and contact time (‘t’ in minutes)

disability adjusted life year/s
Environment Protection and Heritage Council
most probable number

National Health and Medical Research Council

Natural Resource Management Ministerial Council
nephelometric turbidity units

New Zealand Standard

sodium adsorption ratio

ultraviolet



Units

cm centimetre
dS/m deci-Siemens per metre
g gram

km kilometre

L litre

m metre

mg milligram

mJ millijoule
mm millimetre
nm nanometre
Vo] microgram
uS microsiemens
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1 Introduction

This publication is one of the three modules that comprise the second phase of the Australian
Guidelines for Water Recycling, which address health and environmental risks associated
with water recycling (see Box 1.1 below).

The guidelines as awhole, including this module, are designed to provide an authoritative
reference that can be used to support beneficial and sustainable recycling of waters generated
from sewage, grey water and stormwater, which represent an underused resource. The
guidelines describe and support a broad range of recycling options, without advocating
particular choices. It is up to communities as a whole to make decisions on uses of recycled
water a individual locations. The intent of these guidelinesis simply to provide the scientific
basis for implementing those decisions in a safe and sustainable manner.

Box 1.1 Summary of Australia’s existing and planned water recycling guidelines

National water recycling guidelines are being produced in two phases.

Phase 1

Australian Guidelines for Water Recycling: Managing Health and Environmental Risks (Natural Resource Ministeria
Management Council (NRMMC), Environment Protection and Heritage Council (EPHC), Australian Health Ministers
Conference (AHMC) 2006).

Phase 1 of the guidelines provides a generic ‘ framework for management of recycled water quality and use’ that applies
to all combinations of recycled water and end uses. It also provides specific guidance on the use of treated sewage and
grey water for purposes other than drinking and environmental flows.

Phase 2

Australian Guidelines for Water Recycling: Augmentation of Drinking Water Supplies (NRMM C-EPHC—National
Health and Medical Research Council (NHMRC) 2008).

The first module of Phase 2 of the guiddines extends the guidance given in Phase 1 on the planned use of recycled
water (treated sewage and stormwater) to augment drinking water supplies.

Australian Guidelines for Water Recycling: Sormwater Harvesting and Reuse.
This current document is the second module of Phase 2 of the guideines and extends the guidance given in Phase 1 to
cover the harvesting and reuse of stormwater.

Australian Guidelines for Water Recycling: Managed Aquifer Recharge (NRMM C-EPHC-NHMRC 2009).
The third module of Phase 2 of the guidelines focuses primarily on the protection of aquifers and the quality of the
recovered water in managed aquifer recharge projects.

1.1 Harvesting and reuse of stormwater and r oofwater

Harvesting roofwater and urban stormwater for safe reuse has many potential benefits. It can
help to reduce the impact of urban development on water quality and stream flow, and can
also help to meet water conservation objectives. These potential benefits are important to the
economic and environmental viability of many roofwater and stormwater reuse projects.
Roofwater and stormwater reuse schemes are commonly used in water sensitive design
strategies for new urban developments.

Roofwater harvesting generally involves installing rainwater tanks to collect roofwater from
residential dwellings for uses such as garden watering and toilet flushing. There isincreasing




demand for harvesting roofwater from larger buildings, such as community halls, schools and
commercia premises.

Stormwater harvesting involves collecting runoff from drains or creeks, and represents a
relatively new form of water reuse compared to rainwater tanks and the reuse of effluent from
sewage treatment plants. However, reuse of stormwater isincreasingly seen as a potential
option for meeting water demands and other objectives. At present, harvested stormwater is
mainly used for irrigating public parks and golf courses. Strictly speaking, harvesting of
stormwater might not be classified as ‘reuse’ or ‘recycling’, because the water has not been
used previously. However, the term ‘reuse’ is used here to be consistent with the other
publications that comprise the water recycling guidelines.

Roofwater and stormwater should be harvested in away that minimises health and
environmental risks, or at least reduces such risks to acceptable levels. Stormwater may
contain chemicals and disease-causing microorganisms (pathogens). Roofwater generally has
lower levels of chemical contaminants and pathogens than urban stormwater, which collects
contaminants during its passage over roads and other surfaces, picking up chemicals and
pathogens from environmental and sewage sources. Consequently, the health and
environmental risks associated with roofwater reuse are typically lower than those associated
with stormwater reuse in similar applications. The most commonly recognised illness
associated with polluted water is gastroenteritis (with symptoms such as diarrhoea and
vomiting) arising from waterborne pathogens following the drinking of contaminated water.
Potential environmental risks include impacts on plants and soilsinirrigation areas. The
health risks tend to be acute, whereas environmental risks tend to be chronic, developing over
time.

These guidelines have been developed on the basis that most roofwater and stormwater reuse
schemes in Australia are relatively small compared to most wastewater recycling schemes
(Hatt et a 2004, DEC NSW 2006), and are operated by organisations that are not water
utilities (eg metropolitan councils and golf clubs). The guidelines have therefore been written
to suit anonspecialist reader involved in asmall to medium-sized scheme, while also
providing information for a specialist reader involved in a large scheme.

1.2 Purpose and scope of this document

The primary purpose of this document is to provide guidance on managing potential public
health and environmental risks associated with the reuse of:

roofwater collected from nonresidential buildings (including industrial buildings)

urban stormwater from sewered areas, including stormwater collected from drains,
waterways and wetlands.

These guidelines cover only nonpotable (ie non-drinking water) potential end uses of
roofwater and stormwater (see Table A6.1 for alist of potential non-drinking uses of
harvested roofwater and stormwater).

This document extends the scope of Phase 1 of the water recycling guidelines (NRMMC—
EPHC-AHMC 2006), which focuses primarily on reuse of wastewater and grey water. The
same risk-based management approach is used, and the technical approach adopted is
identical (eg the approach to completing the underlying risk assessment, givenin
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Appendix 3). Appendix 1 outlines how these guidelines incorporate the 12-element risk
management framework for recycled water quality and use.

These guidelines are primarily intended to support health and environmental risk
management for proposed water harvesting and reuse schemes that draw source water from
stormwater systems. These guidelines are not intended for retrospective application to
existing schemes.

This document does not address:

the potential benefits and limitations of schemes and the sizing of a scheme to meet other

project objectives (eg assessing yield through awater balance) (for relevant information

see DEC NSW 2006, Mitchell et al 2006)

integrated urban water cycle planning or water sensitive urban design, which may provide

a strategic context for stormwater reuse (national guidelines on water sensitive urban
design are being prepared)

rainwater reuse using domestic rainwater tanks (for relevant information see enHealth
2004)

combined effluent and stormwater reuse schemes (for relevant information see NRMMC-

EPHC-AHMC 2006)

harvesting stormwater from predominantly nonurban catchments (eg rural or forested)
(see ANZECC-ARMCANZ (2000a) for details)

irrigation schemes using river water from largely nonurban catchments

other aspects of a scheme’s risk management, including public safety, occupational health

and safety, operation or construction-phase environmental management (for relevant
information see DEC NSW 2006)

potential environmental impacts due to the construction of infrastructure associated with a

scheme (eg potential impacts on vegetation or threatened species)
other aspects of designing and operating a successful scheme, including cost-
effectiveness.

The target audience for these guidelines includes:

planners, designers and operators of stormwater reuse schemes, which may include golf
clubs, schools and other nonspecialist organisations

planners, designers and operators of roofwater reuse schemes

local councils, including the planning, environmental health, operational and
environmental departments

state government authorities, including health, environmental protection, water
management and planning agencies

water utilities.

1.3 Relationship to other national guidelines

The national guidelines for urban stormwater management were prepared by the Australian
and New Zealand Environment and Conservation Council (ANZECC) and the Agriculture
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and Resource Management Council of Australiaand New Zealand (ARMCANZ) (ANZECC-
ARMCANZ 2000b) under the National Water Quality Management Strategy. The national
guidelines focus on stormwater management in a water-quality protection context, and do not
address stormwater reuse.

The use of stormwater for drinking purposes and for managed aquifer recharge is covered in
the other two publicationsin Phase 2 of the water recycling guidelines.

The enHealth document Guidance on the Use of Rainwater Tanks (enHealth 2004) focuses
on the management of public health risks for roofwater use from residential dwellings.
Additional information is provided in the Rainwater Tank Design and Installation Handbook
(Standards Australia 2008).

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC-ARMCANZ 20004) addresses water quality requirements for irrigation using
river water. The document appliesto schemes where only a small proportion of a catchment
is urbanised.

1.4 Relationship to stateand territory legislation and guidelines

These guidelines provide a risk management framework for the beneficial and sustainable
management of roofwater and sormwater reuse systems. However, they are not mandatory
and have no formal legal status. Alternative risk management practices can be used where
these achieve the same outcomes for managing risks to health and the environment. National
guidelines provide a shared national objective while allowing flexible responses to different
circumstances a regional and local levels. All states and territories are encouraged to adopt
the framework set out in this document, to help provide national consistency. Application of
the framework may vary across states and territories depending on water management
arrangements.

The roofwater and stormwater reuse systems addressed in this document may be regulated by
states and territories, but are not regulated by the Australian Government. State or local
jurisdictions may use their own legislative and regulatory tools to develop their own
guidelines based on this document. Relevant state and territory regulations, standards or
guidelines, where they exist, should be consulted to ensure that any local requirements are
met. Where state and territory guidelines differ from this document, the state and territory
guideline should be followed, or the local regulatory agency consulted to clarify
requirements.

State and territory legidation relevant to a roofwater or stormwater harvesting project may
relate to:

planning approvals

water resource allocation

natural resource management, including works in watercourses or riparian zones

public health

pollution control

dam safety.
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1.5 Howto usetheseguidelines

These guidelines assume that most roofwater schemes and small-to-medium stormwater reuse
schemes involving open space irrigation can be readily managed using standard practices to
minimise health and environmental risks. The document identifies some of these practices.
Where schemes are larger or more complex, or where alternative management practices are
proposed, the document provides additional guidance on how to conduct arisk assessment
and identify appropriate risk management practices.

This approach is analogous to that adopted for regulating sewage treatment schemes in many
states and territories. Small sawage treatment plants (eg package plants) are usually managed
by reference to best-practice guidance, and medium-to-large plants are generally regulated by
an environment protection agency on a case-by-case basis. This ensures that the greatest
management effort istargeted at the highest risk plants.

In astormwater reuse context the standard approach could be used, for example, for a scheme
involving irrigation of a sporting oval or a golf course. Thus, the risks associated with a small
irrigation scheme can be appropriately managed without the burden of a full risk assessment.
However, for alarger municipal irrigation scheme or a scheme with other end uses (eg dual
reticulation), a comprehensive risk assessment should be carried out using the 12-element
framework from Phase 1 of the water recycling guidelines (NRMM C-EPHC-AHMC 2006),
combined with the information in Appendixes 2-5. Such an assessment is particularly
important when a scheme operator will be providing stormwater for reuse by athird party.

The standard management practices in these guidelines have been developed based on an
analysis of available data on roofwater and sormwater quality. An individual scheme
operator may carry out site-specific water-quality monitoring, and use this information to
conduct a project-specific risk analysis, to identify alternative management practices (see the
Phase 1 guidelines for further details, NRMMC-EPHC-AHMC 2006). To ensure consistency
across different water sources for reuse, this document frequently refers to the guidance
provided in the Phase 1 guidelines.

To maximise its usefulness to nonspecialist project developers, this document follows a
conventional project development process. Chapters 2 and 3 include sections on the standard
approach, project design and operations and maintenance. This structure differs from that of
Phase 1 of the guidelines, which was designed more for water industry specialists.

Appendix 1 of this document explains how a specialist reader familiar with the risk
management framework in the Phase 1 guidelines can link the two sets of guidelines.

Figure 1.1 provides a flowchart for the use of these guidelines.
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Does the scheme use roofwater only or stormwater?

Roofwater only Stormwater

| What is the stormwater

Read Section 2 |/ reused for?

Open space irrigation Other uses
Read Section 3 and Conduct risk
assess project using assessment
screening tool
\ 4 \ 4
Obtain background Obtain background
information from information from Appendix
Appendixes 2, 3 and 4, and | _ 6 and the Phase 1
the Phase 1 guidelines |~ guidelines

Project does not meet
screening criteria

v

Modify based on
information in
Appendix 6 and the
Phase 1 guidelines

Figurel.l  Structureand use of these guidelines

Chapter 2 describes a standard approach to managing health and environmental risks from
roofwater reuse projects, including planning, design, maintenance and monitoring. This
applies to roofwater schemes where the roofwater is stored in atank and used on-site for
landscape watering and toilet flushing.

Chapter 3 describes a standard approach to managing health and environmental risks,
including planning, design, maintenance and monitoring, arising from a small-to-medium
Sized stormwater reuse project involving the irrigation of public open spaces — thisis
currently the most common type of stormwater reuse scheme. This chapter enables users to
easily assess whether their stormwater reuse scheme has low health and environmental risks
when standard management practices are used (effectively a‘deemed to comply’ approach).
It also alows usersto identify where additional investigation is needed if certain aspects of
their project present higher risks.
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Appendixes provide detailed information on:
the risk management framework (Appendix 1)
the water-quality data used to develop the guidelines (Appendix 2)
public health management considerations (Appendix 3)
environmental risk management considerations (Appendix 4)

additional risk management actions for stormwater reuse schemes outside the standard
scheme described in Chapter 3; thisinformation is generally presented astier 1 and 2
actions, where atier 1 action involves arelatively straightforward investigation and a
tier 2 investigation is more detailed, allowing the level of the investigation to reflect the
magnitude of the risk (Appendix 5)

other applications (Appendix 6).

The information given in Appendixes 2—4 is intended to support the planning, design,
operation and maintenance of roofwater and ssormwater reuse schemes; it is intended for a
more speciaist audience, familiar with the Phase 1 guidelines.
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2 Roofwater reuse

2.1 Application of standard approach

This section describes a standard approach that can be adopted for managing health and
environmental risks from aroofwater collection scheme from buildings larger than a
residential dwelling, such as:

community halls (eg scout halls)

public buildings

schools

commercial buildings (eg shopping centres, office blocks and warehouses).

Information on managing health risks associated with rainwater tanks for residential
dwellings is provided in the Guidance on Use of Rainwater Tanks (enHealth 2004) and the
Rainwater Tank Design and Installation Handbook (Standards Australia 2008). The approach
in this section can, however, be used for acommunal residential roofwater scheme where a
single entity, such as abody corporate, manages the collection of roofwater from multiple
residential dwellings for storage in one or more covered tanks and distribution for nonpotable
uSes.

This approach applies where the roofwater is not used as drinking water — suitable uses
include garden watering, irrigation, toilet flushing, vehicle washing, firefighting and clothes
washing — and where the roofwater is stored in a covered tank rather than an open storage
(see Section AS.5 for information on open storages).

While there are many similarities between residential roofwater systems and those from
larger nonresidential buildings, important differences that may affect the level of risk to
human health include:

potentially greater exposure to larger, sensitive populations (eg schools, nursing homes)

liabilities associated with the supply of water by an organisation, rather than by a
homeowner for household uses

greater risk of cross-connections (ie the roofwater pipes being inadvertently connected to
the potable water system) due to larger networks and more complicated systems

more complex arrangements, with different people involved in planning, design and
maintenance

increased potential for access to roofwater by people unfamiliar with the system (eg more
visitor access compared to access by household residents)

generally larger roof areas, increasing the areafor bird or animal droppings.

Thus, although most actions to minimise health risks from nonresidential schemes and
residential reuse are similar, additional actions may be necessary to manage the risks
identified above. These actions (described in Sections 2.2-2.4) have a strong emphasis on
prevention and involve a number of different stepsto prevent risks (often termed ‘ multiple
barriers’ inthe water sector).



However, there is no requirement to follow this standard approach. Alternative risk
management practices can be used where these achieve the same health and environmental
risk management outcomes.

2.2 Preparatory steps

2.2.1 Organisational support

The organisation that owns or maintains the building whose roof isto be used to collect
roofwater should be committed to the appropriate management of water collection, storage
and reuse. Maintenance of the roofwater system is required to effectively manage health and
environmental risks. Thus, before deciding to proceed with a project, the organisation needs
to ensure that adequate funding is allocated for long-term effective maintenance. Such
maintenance should be carried out by a nominated suitable person within the organisation or
by an external contractor, such as a suitably qualified plumber. The organisation should also
be committed to using monitoring data to improve the scheme’ s performance where required.

2.2.2 Legal requirements

Before starting the project, the local council or other regulatory authority should be contacted
to determine whether there are any specific requirements that need to be met for roofwater
harvesting schemes. The guidelines in this document do not override state and territory or
council requirements.

2.2.3 Roof characteristics
The particular characteristics of a roof affect roofwater quality. Before starting the project, it
isrecommended that the roof be inspected. Ideally, the roof should not have:

public access (roofs with maintenance access are acceptable)

vehicular access

structures above the roof that may rust or corrode (eg unpainted metal or concrete), or
provide aresting place for birds

discharge, overflow or bleed-off pipes from roof-mounted appliances, such as
airconditioning units, hot water services and solar heaters

aflue from a slow combustion heater that is not installed in accordance with the relevant
Australian standard

achimney or flue from an industrial process within or adjacent to the building

exposure to chemical sprays from processes within the building (eg spray painting) that
may be deposited on the roof

significant atmospheric deposition of pollutants (eg from industrial sources or from aerial
spraying)
vegetation growing on the roof (eg a ‘green roof’).
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These characteristics may result in significant increases in pathogen levels or chemical
concentrations, which may increase health risks. If aroof has these characteristics, roofwater
quality should be monitored for relevant contaminants, and any associated health and
environmental risks should be assessed before proceeding with the project.

Any lead flashing or exposed areas painted with lead-based paints should be painted with a
non-lead-based paint or otherwise sealed. Asbestos roofing material should, as far asis
practicable, be left undisturbed since fibres can be released into the air by actions such as
cutting, grinding or drilling. High-pressure roof cleaning methods should also be avoided.
Where the roof catchment area has deteriorated badly, it should be replaced with asbestos-
free substitutes (enHealth 2004).

Roofwater quality can be further protected by excluding:
copper roofing material (see also Section 2.4)
overhanging vegetation that may attract birds and drop debris onto the roof
bitumen-based materials or lead-based paints
exposure to preservative-treated wood.

2.3 Project design

The design of aroofwater collection system can minimise health risks; relevant design
aspects include the storage tank, gutters, pipework and the connection between the tank and
the mainswater supply.

Disinfection of roofwater is not required for the uses noted in Section 2.1, provided the
system design and maintenance controls noted in Sections 2.3 and 2.4 are implemented.
However, an individual scheme operator may choose to include disinfection to provide an
additional safety barrier.

2.3.1 Tanks

Tanks for storing roofwater are available in a range of suitable materials, including
galvanised steel, fibreglass, polyethylene and concrete, and may be rigid or flexible. The
main requirements for these storages for nonpotable roofwater use are that they are
structurally sound, watertight and light-proof; that they incorporate access openings for
monitoring and maintenance; and that any openings are appropriately screened, to minimise
the potential for mosquito-borne diseases (see below). The sizing of atank and its roof areato
meet particular water supply needs is beyond the scope of this document.

The following guidance relating to the design and manufacturing of potable rainwater tanks
(Standards Australia 2008) may be followed to meet or exceed the requirements for
nonpotable roofwater storage:

above-ground polyethylene tanks may be designed and manufactured in accordance with
Australian Standard/New Zealand Standard (AS/NZS) 4766:2006 Polyethylene Siorage
Tanks for Water and Chemicals

tanks manufactured from other materials may meet the requirements of Australian
Technical Standard (ATS) 5200.026—2004 Technical Specification for Plumbing and
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Drainage Products — Cold Water Storage Tanks, AS/NZS 1546.1 On-site Domestic
Wastewater Treatment Units—Septic Tanks, or AS 3735-2001 Concrete Sructures
Retaining Liquids, as applicable

tanks may be lined with a coating that meets the requirements of AS 5200.000 Technical
Specification for Plumbing and Drainage Products.

Overflows from above-ground tanks and vents should be provided with a securely fastened
vermin and insect-proof screen mesh, with holes lessthan 1.6 mm in diameter. Where a tank
receives roofwater directly from a downpipe, the tank inlet should be provided with a screen
to prevent leaf entry, and a robust insect-proof mesh to prevent entry of mosquitoes and other
insects.

The access openings for above-ground tanks should have a close-fitting, impervious lid to
prevent the entry of animals, insects and rubbish. Access and inspection openings for
underground tanks should be either watertight or raised above ground level, to prevent the
entry of surface runoff.

If an underground tank is buried in contaminated land, or near petroleum or chemical storage
tanks or septic tanks, the tank needs to be designed to prevent any contamination of the
roofwater.

Where the overflow pipe from an underground tank is connected to a sormwater system, the
overflow should be designed to prevent any stormwater surcharging back into the tank.

2.3.2 Gutters

Gutters should not be rusty or corroded and should freely drain to the downpipe/s used to
collect the roofwater (ie there should be no ponding of water in the gutter or downpipes).

Roof drainage systems should be designed in accordance with AS/NZS 3500.3 Plumbing and
Drainage — Stormwater Drainage. To avoid ponding of water in gutters or downpipes, the
fall on eaves, guttersor downpipes should be at least 1:500 (0.2%) and at least 1:200 (0.5%)
for box gutters and internal guttering. Leaf-protection devices can be installed on gutters
where needed.

2.3.3 Pipework and connectionsto mainswater

Pipework connecting the tank to plumbing fixtures should comply with AS/NZS 3500.1

Plumbing and Drainage — Water Services, and any local requirements, including:
marking the pipe with the word ‘RAINWATER’, in capital letters

where the roofwater system includes a connection to the mainswater supply (eg for top-up
supply), ensuring that reliable and, ideally, testable backflow prevention systems (or an
appropriate air gap) are in place to prevent roofwater entering the mainswater supply
network.

Where roofwater is used to supply essential services, such as toilet flushing, an appropriate
backup water supply, such as top-up from mainswater, needs to be included, to ensure that
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services will continue to function when there is inadequate rainfall to meet demand or the
roofwater harvesting system fails.

A ‘DO NOT DRINK’ sign with appropriate symbols should be installed next to the tap in
place of the recommendations for tap signage contained in ASY/NZS 3500.1 Plumbing and
Drainage — Water Services. Signs should comply with AS 1319 Safety Sgns for the
Occupational Environment. These signs are particularly important where abuilding also has
external taps connected to the drinking water system.

Where sensitive groups could be exposed, additional controlsto reduce the likelihood of
exposure should be considered, such as locating external taps approximately 1.5 m above the
ground. Sensitive groups include people who come from a non-English speaking background
or who might not understand or follow signage (eg in childcare centres and health-care
facilities).

2.4  Operations, maintenance and monitoring

Where sensitive groups are likely to be exposed, garden watering and irrigation using
roofwater should be carried out at times and locations that reasonably minimise the chances
of public contact with the roofwater. As with any irrigation scheme, the irrigation rate should
meet the needs of the irrigated plants, and not cause excessive runoff or soil saturation.

If the roofwater isto be used for garden watering or irrigation, environmentally hazardous
chemicals, such as roof-cleansing biocides, should not be used.

Irrigation or garden watering using roofwater from copper or zinc-coated roofs — including
galvanised roofs or structures with exposed galvanised or zinc-containing materials

(eg galvanised or zinc—aluminium roofing material, galvanised bracing and antenna supports)
should generally be limited to an application rate of less than 300 mm/year.

Soilsin theirrigation area should be monitored after 10 years and then after every 5 years to
test whether copper and zinc levels have reached potentially hazardous levels (see

Appendix 4). Specific monitoring requirements may apply in sensitive environments, such as
an areawhere groundwater is a source for domestic consumption.

Alternatively, where roofwater from copper or zinc-coated roofs is used, roofwater quality
monitoring could be carried out before use. Where this monitoring indicates that the
environmental risk is low, the recommended limits to application rates would not apply.

Indicative inspection and maintenance actions for roofwater reuse systems are given in

Table 2.1. A maintenance schedule should be set up during the design phase, and an
ingpection and maintenance log prepared to enable staff or contractorsto sign off on
completion of the activities. Where the pipework of the roofwater scheme is complex

(ie more complex than that for a smple residential rainwater tank scheme), drawings showing
the pipework and the backflow prevention devices should be kept with the maintenance log.
This is important for effective maintenance, particularly to ensure that critical knowledge is
not lost with staff changes.
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Table2.1

I nspection and maintenance of roofwater reuse systems

Indicative Inspection and criteria M aintenance action (where

frequency required)

Quarterly  Check whether any tree branches If safe and where permitted, consider
overhang the roof or are likely to grow pruning back overhanging branches
to overhang the roof

Check that access covers to storage
tanks are closed

Secure open access coversto prevent
risk of entry

Check that screens on inlets, overflows

and other openings do not have holes
and are securely fastened

Repair defective screens to keep out
mosquitoes

Inspect tank water for presence of rats,
birds, frogs, lizards or other animals

Remove infestations, identify point
of entry and close using gnaw-proof
mesh with holes no greater than 2 cm
in diameter

Inspect tank water for presence of
mosquito larvae (inspect more

frequently based on local requirements

in subtropical and tropical northern
Australia)

| dentify point of entry and close with
insect-proof mesh with holes no
greater than 1.6 mm in diameter

Inspect gutters for leaf accumulation
and ponding

Clean leaves from gutters; remove
more regularly if required. If water is
ponding, repair gutter to ensure water
flows to downpipe

Check signage at external roofwater
taps

Replace or repair the missing or
damaged signage

Check first-flush diverter if present

Clean first-flush diverter; repair and
replace if necessary

Check health of irrigation area and
irrigated grass or plants

Investigate observed adverse impacts
that could be dueto irrigation

Every
year

Check for cross-connections and
inappropriate tappings by checking
visible plumbing fittings, alternatively
turning off supplies. Also check after
any plumbing work

Remove cross-connections and
inappropriate tappings

Check condition of roof and coatings

Investigate and resolve apparent
changes to roof condition, such as
loss of material coatings
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Table2.1 (continued)
Indicative Inspection and criteria M aintenance action (where
frequency required)
Every Drain, clean out and check the Repair tank defects
3 years condition of the tank walls and roof to
ensure no holes have arisen due to
tank deterioration
Check sediment levelsin the tank Organise a suitable contractor to
remove accumulated sediment if
levels are threatening to block tank
outlets or are affecting water quality
Undertake a systematic review of | dentify the reason for any problems
operational control of risksto the identified and take actionsto prevent
system failures occurring in future
After Monitor soil copper and zinc levels Stop roofwater irrigation if levels
10 years exceed criteria
and then
every
S5years
After Monitor the effectiveness of any Clean or replace any clogged
20years  irrigation equipment over 20 yearsold  equipment
andthen  for clogging due to algal growth
every
S5years

Note: These recommendations do not supersede any relevant state or territory requirements.

Maintenance should also include inspection and follow up on any complaints or concerns
raised that could indicate problems with the system.

Monitoring should be designed to identify any problems with the system’ s operations

(eg potentially system-related health problems where a reasonably static population is
exposed, such as childcare facilities, and effects on plants watered by roofwater). However, it
IS not necessary to undertake routine monitoring of the quality of roofwater used for garden
watering, toilet flushing and laundry use.

2.5 Nonresidential roofwater reuse checklist

This checklist summarises the key health and environmental risk management actions for a
nonresidential roofwater scheme where there is no intentional drinking or contact with

roofwater.

O  Planning and other regulatory requirements are met.

O  Theoperating organisation is committed to the safe collection and use of roofwater,
including ensuring appropriate operation and maintenance.
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o)

The likelihood of accidental drinking of roofwater is minimised through appropriate
signage and tap design.

Backflow prevention devices protect the public water supply off-site.
Reliable insect-proofing prevents mosquitoes breeding in tanks.

Backup water supplies are available for essential services.

© 0 0 O

Time, method and location of any roofwater irrigation are selected to reasonably
minimise public contact with the roofwater and avoid runoff or soil saturation.

o]

Roof-cleansing biocides or environmentally hazardous chemicals are not used on the
roof.

o Irrigation or garden watering using roofwater from copper or zinc roofs is avoided
unless roofwater quality monitoring is undertaken or irrigation is limited, unless soil
monitoring is carried out.

Risk management actions are documented.

Appropriate maintenance is carried out.
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3 Sormwater reuse

3.1 Reuseapplication

This section describes a standard approach that can be adopted for managing the health and
environmental risks from an urban stormwater reuse scheme involving the irrigation of small-
to-medium scale open-space irrigation schemes, such as.

playing fields

golf courses

bowling greens

parks and gardens.
There is no requirement to follow this standard approach. Alternative risk management
practices can be used to achieve the same health and environmental risk management

outcomes, as described in Appendixes 3 and 4, and the Phase 1 guidelines (NRMMC-EPHC-
AHMC 2006).

For large schemes, schemes with other applications and schemes where stormwater is
supplied to athird party, arisk assessment should be carried out, as described in Appendix 6,
which links to the Phase 1 guidelines (NRMMC-EPHC-AHMC 2006). A risk assessment
should also be done when the primary purpose is open-space irrigation but possible ancillary
usesresult in higher public exposure (eg toilet flushing in the amenities building of a sports
field). Applications other than irrigation of public open spaces include:

toilet flushing

washing machine use

car washing

roadmaking or dust control

street cleaning

firefighting

water features and ponds

food crop irrigation (home grown)

food crop irrigation (commercial)

agricultural uses (crops other than food)

dual reticulation

industrial uses.
Stormwater quality varies considerably between storm events, and between catchments (see
Appendix 2). Thisvariability is greater than that observed in roofwater quality. The approach
outlined here is relatively conservative, and an individual operator could undertake site-

specific monitoring to assess whether less conservative risk management actions would be
appropriate. This should involve reference pathogen monitoring (see Appendix 3), because
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no statigtically valid relationship has been found between levels of pathogens and of indicator
bacteria such as Escherichia coli (E. coli) (see Appendix 2).

The approach involves:

using a project screening tool to assess whether a stormwater public, open-space
irrigation project can be readily designed to manage associated health and environmental
risks

implementing the standard risk management actions outlined in Sections 3.2-3.4
carrying out any additional investigations triggered by the screening tool, and
implementing any associated risk management actions.
The project screening tool is presented in Table 3.1 and its derivation is described in
Appendix 5. Use of the tool involves:
collecting data and information about the reuse project being considered

identifying any other risks that need to be managed beyond those readily managed by the
standard approach (managing these additional risks requires additional investigations, as
detailed in Appendix 5).

Figure 3.1 illustrates how to use the project screening tool. Other risk management actions
may be required to meet statutory requirements or other project objectives on a case-by-case
basis.

Collect data on project
and catchment

A 4

Additional investigations
—> as described in
Appendix 5

T_Return to screeningtool |

If triggered by

Answer questions in If prompted
project screening tool by a question

investigation
v v
Implement standard planning, Implement additional or
design and operational risk alternative planning, design and
management actions, as described operational risk management
in Sections 3.2 t0 3.4 actions, as described in Appendix 5

Figure3.1  How to usethe project screening tool
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Table3.1

Project screening tool checklist for ssormwater reusein public, open-

Spaceirrigation

Topic Question Response
Purpose 1. Does the scheme involve stormwater irrigation of |  Yes— next
(intended public parks and gardens, roadsides or sporting guestion
L . o
fr?s uses of facilities (including golf courses)~ a No — see
stormwater) Appendix 6
The 2. 1sthe catchment land use limited to resdential or |  Yes— next
catchment commercial uses, with no significant® additional | question
pollution sources, such as. g No or not known
- agricultural or industrial land use __ see Section A5.1
- asignificant proportion of the catchment
comprising corroding roofs
- extensive construction activity, eroding stream
banks or other significant sources of sediment
- on-site sewage management systems (eg septic
tanks)
. wastewater (eg sewage) treatment plants
discharging into the catchment
- contaminated sites or areas with acid sulphate
soils?
3. Isthe number of sewer overflows reported by the |  Yes— next
local water utility in the catchment relatively low, | question
that is, below 14 per 100 km of Sewer pipe per q No or not known
year as an average over the past five years?
— see Section A5.2
4. Are there any other stormwater harvesting or q Yesor not known
: : N
water extraction schemes in the catchment” __ see Section A 5.3
g No — next
guestion
The 5. Will the amount of stormwater withdrawn from q Yes— next
stormwater the scheme be less than 10% of the mean annual | question
stormwater runoff volume from the catchment q No — see
above the collection point? Section A5.3
6. Isthe stormwater drain where the stormwater is | g Yes— next
collected free from tidal influence, and isthe guestion
catchment free from significant® areas of high soil q No — see
salinity (eg > 2dS/m) or known salty lakes? Section A5.4
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Table3.1 (continued)

Topic Question Response
The 7. Will the irrigation water be stored in a tank g Yes— next
proposed (either underground or above ground)? guestion
\;tvater g No —see Section
orege 3.3.3 and Section
Ab5.5
8. Will stormwater be collected by pumping froma | g Yes— next
waterway or water body? guestion
g NoO — see
Section A5.6
9.Istheirrigation area outside any designated (by q Yes— next
utility, council or water resources agency) guestion

vulnerable groundwater protection zones

. . . No or not known
including groundwater protection zones for town q

water supply bores? — see Section A5.7
10. Are the characteristics of the irrigation area q Yes—last
relatively favourable, that is: guestion
- dope (for sprinkler irrigation) <6% g No or not known
. slope (for trickle, drip or microspray irrigation) — see Section A5.8
<10%
- landform — either crests, convex slopes and
plains

- no large surface rock outcrops

- soil salinity (0~70 cm) <2 dS/m (2000 puS/cm)

- soil salinity (70-100 cm) <4 dS/m (4000 uS/cm)
- depth to top of seasonal high water table >3 m

- depth to bedrock or hardpan >1 m

- soil saturated hydraulic conductivity (0—100 cm)
20-80 mm/hour

- available soil water holding capacity >100 mm/m

- nonsodic soil; for example, based on Emerson
soil aggregate test (0-100 cm, either class 4, 5, 6,
7, 8, or sodicity meter test)

- no acid sulphate soils?

a In this context, asignificant pollution source is one that can be expected to significantly increase thelevels of pathogens or
relevant chemica contaminants above those expected to be found in an average residential catchment.

Most of the answers to the above questions can be obtained from the local council, local
sewerage authority or state and territory government departments responsible for
environment and natural resource management. Information on sewer overflows can also be
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obtained from the National Water Commission’s (NWC'’s) National Performance Reports
(NWC 2007ab) or similar state documents (eg DWE NSW 2007). Some site-specific
investigations may be required, particularly to obtain irrigation area information.

If a scheme’s proponent or operaor cannot readily obtain some or al of this information

(eg catchment information), site-specific monitoring can be carried out (see Section A5.1).
However, the cost of adequate monitoring (ie of sufficient statistical and methodological
quality) may well exceed the cost of obtaining the services of a suitable person to collect the
information to complete the project screening tool. The interpretation of the monitoring data
will also require suitable expertise.

3.2 Preparatory steps

3.2.1 Organisational support

The organisation that will operate the stormwater reuse scheme should be committed to the
appropriate and ongoing management of the health and environmental risks. The organisation
should either nominate suitably qualified staff to maintain the system, or arrange for
maintenance to be contracted out by suitably qualified contractors.

Achieving organisational commitment is simpler where the scheme’s operator is also the
scheme’ s developer. If the staff membersthat are likely to be involved in operating a scheme
are also involved in the scheme’ s development, operational risk management actions are
more likely to be appropriate and able to be accommodated within the organisation’s
operating budget.

An organisation considering a stormwater reuse scheme should also ensure that ongoing
funding is available for the proposed scheme' s operations and maintenance, before afinal
decision is made to proceed with the project.

Where stormwater reuse schemes are to be constructed as part of a new urban or commercia
development project, the developer is normally responsible for the scheme's design and
construction. Responsibility for operations is often transferred to a separate organisation

(eg council, water utility, golf course or body corporate) following construction. The
scheme’ s operator should be involved in the development of the scheme, to ensure that the
proposed risk management actions for the operational aspects of the scheme and their
financial implications are acceptable. The developer and operator should prepare a written
agreement detailing risk management roles and responsibilities.

A similar arrangement on agreed risk management roles and responsibilities should be
developed in circumstances where one organisation collects, treats and distributes the
stormwater for reuse by another organisation. This should be noted in the scheme
management plan and reviewed regularly.

3.2.2 Legal requirements

Before starting the project, the local council or other regulatory authority should be contacted
to determine whether there are any specific requirements for sormwater reuse schemes,
including requirements for planning and operational approval. The scheme should be
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developed and operated to meet any such requirements. These guidelines do not override any
state, territory or council requirements.

3.2.3 Planning approval

The authority responsible for issuing planning approvals for a sormwater reuse scheme
(commonly alocal council) should seek information from applicants relating to health and
environmental risk management, including:

how public health and safety risks will be addressed during the design and operation of
the system

how environmental impacts will be considered during construction
how the system will be managed on an ongoing basis
what (if any) risks or financial obligations will be transferred to council if it operatesthe
scheme (eg operations, maintenance, monitoring and reporting costs).
The planning authority’s development consent for a stormwater reuse scheme should include
conditions relating to managing health and environmental risks, including:

requiring appropriate management arrangements to be in place if the local council is not
the scheme’ s operator (eg a club-operated golf course or a body corporate)

implementing an environmental management plan (or similar) to manage construction
impacts on the environment

implementing an operating plan for the scheme, including regular reviews and updates of
the plan

reporting monitoring results (including any exceedences — see Section 3.4.12) and
implementing any corrective actions.

3.3 Project design

3.3.1 Stormwater extraction
The potential direct environmental impacts of pumping stormwater from a natural
watercourse or waterway for reuse are:

drawing aguatic faunainto the pump

local erosion around the pump site.
Intake of aquatic fauna can be minimised by screening the pump intake or installing
screening around the pump sump. Screening of pump intakes is common, to avoid pump
blockages. Potential environmental risks associated with other forms of stormwater extraction

and online storages (where stormwater flows directly into the storage) are discussed in
Appendix 5.
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3.3.2 Stormwater quality risk management

Stormwater harvesting schemes should include stormwater treatment to minimise operational
risks, with additional treatment possibly used to manage health and environmental risks.

In addition, a scheme should incorporate a minimum 72-hour buffer time between the
collection of stormwater and its release for irrigation. This is intended to achieve two
objectives:

averaging (or equalising) the concentrations of pollutants and pathogens before reuse or
further treatment, to minimise any effects on the quality of irrigation water from any
spikes in the concentration of the raw sormwater (eg to minimise any ‘first flush effect’)
and to optimise the performance of subsequent treatment processes such as disinfection

a contingency arrangement to stop the stormwater from being used if there isa spill or an
unexpected water quality event (eg major sewer overflow) in the catchment.

This buffer is recommended because it takes into account the common variability in raw
stormwater quality and the limited control that a scheme operator usually has on catchment
activities that could affect stormwater quality. The 72-hour period should provide a suitable
time for operator notification and response (see Section 3.4.6); longer or shorter periods may
apply in specific circumstances.

Depending on the design of the scheme, there are different ways to achieve abuffer. Where a
separate (eg offline) storage is provided before treatment, the scheme’s storage volume
should be sufficient to hold a minimum of 72 hour’ s worth of irrigation water a maximum
demand. Alternatively, the residence time in any online constructed wetland or pond used to
pretreat the stormwater should have a minimum average residence time of 72 hours for at
least 90% of the time (preferably 95%). This can also apply where awetland is used to
pretreat sormwater before aquifer injection in a managed aguifer recharge scheme.

If awater quality incident occurs, the water in an offline storage should be treated (if
required) and discharged. For an online constructed pond or wetland, pumping of water for
the irrigation scheme should not recommence until the water-quality issue has been resolved
(eg through dilution or treatment).

Treatment for operational risks
The potential operational risks relating to sormwater quality are:

coarse material (or gross pollutants) such as sediment and leaves entering the scheme and
potentially blocking pipes, irrigation nozzles or drip irrigation systems, or damaging
pumps

high loadings of organic matter (eg leaves and grass clippings) resulting in reduced
dissolved oxygen levels during decomposition, potentially creating odours and releasing
pollutants from sediments

high nitrogen and phosphorus levels supporting algal growth in open storages, potentially
increasing turbidity and possibly reaching bloom levels, and biofilms clogging irrigation
equipment

high iron concentrations potentially blocking irrigation systems over time and impairing
the effectiveness of the disinfection system

Sormwater reuse 23



high hardness (ie high levels of calcium carbonate) of stormwater, which can block
irrigation systems over time.

The treatment criteria for managing operational risks will depend on the nature of the
scheme. Advice on design criteria could be sought from the manufacturers of pumps and
irrigations system components likely to be sensitive to sormwater pollution. A further
consideration isthe expected design life of sensitive elements (eg irrigation nozzles or
drippers). Table 3.2 provides an indication of potentially suitable treatment criteria for public,
open-space irrigation, in the absence of product-specific information (most elements are
likely to have a design life of lessthan 20 years).

Table3.2 Indicative stormwater treatment criteria for public, open-spaceirrigation
— managing operational risks

Parameter Stormwater treatment criteria
Design lifeup to 20 years Design life up to 100 years
Suspended solids <50 mg/L <30 mg/L
Coarse particles <2 mm diameter <1 mm diameter
Iron (total)? <10 mg/L <0.2 mg/L
Phosphorus (total)? <0.8 mg/L <0.05 mg/L
Hardness (CaC0s)? <350 mg/L <350 mg/L

a Derived from ANZECC-ARMCANZ (2000a).

The form of the pretreatment for coarse particles and, to some degree, suspended solids will
depend on the intake arrangements for the scheme. Where a pump intake is used, ascreenis
likely to be most appropriate. In circumstances where stormwater is diverted into the scheme,
agross pollutant trap is likely to be appropriate (refer to Engineers Australia 2006 for further
information on gross pollutant traps).

Iron and phosphorus concentrations are unlikely to be of concern where the irrigation
equipment has a short design life, based on the median concentration levels in Appendix 2.
Treatment is likely to be required for elements with alonger life, potentially using a
stormwater treastment measure such as a detention pond or constructed wetland (see
Engineers Australia 2006), or other treatment process. A biofilter can be used in stormwater
treatment, but usually reduces runoff volumes, which may affect inflows to the scheme.
Hardness is unlikely to be an issue in most urban catchments unless water-quality monitoring
indicates alocal problem.

Treatment for environmental risks

Additional treatment is not generally needed to minimise environmental risks where
stormwater is sourced from a predominantly residential catchment. Section A5.3 has
information relevant to managing environmental risks where stormwater extraction exceeds
10% of the average annual runoff volume.
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Treatment for health risks

Where stormwater from a sewered residential catchment is used for public, open-space
irrigation, health risks can be managed by either of the following:

using on-site access controls to minimise exposure to irrigation water (see Section 3.4.10)

providing additional stormwater treatment (ie beyond that required for managing
operational risks).

Treatment criteria

Table 3.3 presents the recommended stormwater treatment criteriawhere no access controls
are used. Appendix 3 describes the derivation of these criteria and contains criteriafor other
applications.

The recommendations in Table 3.3 apply where there has been no catchment-specific
assessment of the health risks posed by the quality of the stormwater. Where such arisk
assessment has been carried out, aternative risk management practices can be used (eg lower
stormwater treatment criteria may apply where microbial source tracking has found
negligible human sources of pathogens in a catchment).

The disinfection and turbidity criteriain this table could be considered to be less stringent
than those in the Phase 1 guidelines (NRMM C-EPHC-AHMC 2006) for wastewater
irrigation. The reason for thisisthat levels of faecal-derived microbial indicators and
pathogens in stormwater are commonly less than 1% of those found in sewage (based on the
ratio of the mean E. coli concentrations from Table A2.4 and the corresponding concentration
in raw sewage from the Phase 1 guidelines). This means that less stringent treatment or
exposure control requirements will achieve the same degree of health risk management.

Table3.3 Stormwater treatment criteria for public, open-spaceirrigation (no access
control) — managing health risks

Parameter Stormwater treatment criteria

Disinfection - >1.5 logso (96%) reduction® of viruses and bacteria
. >0.8 log1o (82%) reduction® of protozoan parasites
- E. coli <10 colony forming units (CFU)/100 mL (median)

Turbidity - <25 nephelometric turbidity units (NTU) (median)
. 100 NTU (95" percentile)

provided the disinfection system is designed for such water quality and that,
during operation, the disinfection system can maintain an effective dose by
using up all disinfectant demand and providing free disinfectant residual
and/or provides adequate UV dose even in the presence of elevated turbidity
and UV absorbing materials

Iron . <9.6 mg/L° (median)

a Refer to the Glossary for information on log reductions.
b Thisistheimpact threshold concentration for ferrousiron from US EPA (2006) — tota iron in urban stormwater is
expected to be ferrousiron, because stormwater is normaly well oxygenated.
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Due to the relatively low reduction in pathogen levels required relative to those for
wastewater, the turbidity criteriais less stringent than noted in the Phase 1 guidelines
(NRMMC—EPHC-AHMC 2006). As noted in Appendix 3, elevated turbidity levels can
reduce disinfection effectiveness; however, given the lower log reductions required, turbidity
impacts are less important. The criteriafor stormwater are derived from evidence of
disinfection capability in turbid surface waters, where the pathogens are largely in suspension
and the turbidity is derived from material other than sewage floccs.

In most schemes, the iron criteria are unlikely to result in the need for stormwater treatment,
because the 95" percentile total iron level in Appendix 2 is approximately half of the noted
criteria. Any reduction in iron levelsis likely to be required only where very high iron levels
are known to occur within a catchment.

Disinfection

For most small-to-medium sized schemes, ultraviolet (UV) disinfection is the most practical
and commonly used disinfection technique for achieving the required log reductions,
although other techniques can also be used (eg chlorination or ozonation), as detailed in the
Phase 1 guidelines (NRMMC-EPHC-AHMC 2006). Any UV disinfection unit should be
validated or should meet the requirements of a suitable standard (eg National Sanitation
Foundation/American National Standards Institute (NSF/ANSI) 55-2007 Ultraviolet
Microbiological Water Treatment Units). Disinfection by chlorination is also suitable for
stormwater reuse schemes, particularly for larger schemes. Chlorine disinfection to meet the
protozoatargetsis likely to require arelatively high Ct value (disinfectant concentration x
contact time), because inactivation of protozoa (particularly Cryptosporidium) requires higher
levels of chlorine disinfection than bacteria and viruses.

The log reductions noted in Table 3.3 effectively provide the design criteria for the
disinfection system. Suppliers of commercial disinfection systems have normally tested and
validated the log reductions achieved by their products. There isno requirement to monitor
pathogen log reductions for each scheme (see Section A3.4).

Most disinfection systems do not achieve the same degree of log reduction for bacteria,
viruses and protozoa. Commonly, levels of bacteria are reduced more readily than those of
viruses or protozoa. Therefore, adisinfection system designed to achieve a 1.5 log reduction
of viruses, protozoan parasites and bacteriawill normally achieve a greater reduction of
bacteria. When potential disinfection systems are being evaluated, it is important to confirm
that the system achieves the reduction required across all of the pathogen groups.

The retention of indicator bacteria in conventional stormwater treatment measures

(eg constructed wetlands) is highly variable, and no information is currently available on the
retention of reference pathogens. If these measures are to be used as the only technique for
managing health risks, their retention of reference pathogens or suitable surrogates must be
validated (see Appendix 3); however, these measures can be used to reduce turbidity before
disinfection and to manage operational risks.
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Turbidity

High levels of turbidity decrease the effectiveness of UV disinfection; however, most of the
information on turbidity impacts on disinfection effectiveness relates to wastewater rather
than stormwater (see Appendix 3). Various techniques are available to reduce ssormwater
turbidity levels, including:

many types of stormwater treatment measures, including ponds, wetlands, bioretention
systems and sand filters

stormwater storage with appropriate draw-off arrangements (eg a floating draw-off ina
tank storage)

withdrawal of stormwater from a managed aquifer recharge scheme
an in-line filter of the type used for drinking or recycled water applications.

The most reliable of these techniquesis an in-line filter; the performance of the other options
is more variable, particularly in the case of the options involving open storages and
stormwater treatment measures. However, an in-line filter may also be the most expensive
option.

An approach that could be adopted to minimise costsis to initially use a technique other than
an in-line filter. This may be a cost-effective option where the technique is proposed to meet
another objective; for example, treatment to meet operational risk criteria or sorage of raw
stormwater. Where this approach is adopted, an allowance should be made in the design and
construction of the treatment system for easily installing a filter, should subsequent
monitoring indicate it is required. Turbidity monitoring would occur during the
commissioning phase, and afilter would be installed if the turbidity levels exceeded the
criterianoted in Table 3.2. Thisislikely to be a suitable approach when stormwater is
collected from catchments where the soils are not dispersive and the stormwater is stored in a
covered tank with arelatively long minimum hydraulic residence time (eg >2 days) to alow
for sedimentation. It may also be appropriate for open storages designed to minimise wind re-
suspension, where the stormwater is drawn from a location near the storage’ s outlet and there
isarelatively long hydraulic residence time.

Alternatively, if initial filtration is not planned, the capability of the selected treatment
process can be validated by an independent expert, based on verifiable, traceable information
and standards (eg US EPA 2006). This can be done either through a desktop assessment
(coupled with in situ monitoring during a validation after commissioning of a previously
validated standard design), or through more extensive validation of a novel design before
procurement.

3.3.3 Stormwater storage

Stormwater storage in tanks

The potential environmental risks associated with storing stormwater in tanks are low, and
relate primarily to changes in ssormwater quality during storage (the environmental impacts
associated with open storages are discussed in Section A5.5). Anaerobic conditions can
develop in stormwater storage tanks where the stormwater has high levels of organic matter
and the residence time is long. Bacterial decomposition of organic matter can lead to odour
problems. Unless the stormwater has high organic loading (eg from a catchment with high
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sewer overflows), potential impacts can be managed by appropriate operations and
maintenance (see Section 3.4).

To minimise the risks of mosquito-borne disease, tanks storing stormwater should be
designed with the same features as described for rainwater tanks (see Section 2.3), including:
close-fitting, impervious lids on maintenance access holes
vermin-proof and insect-proof mesh on overflows and vents.

Stormwater storage in open storages

Stormwater may be stored in online open storages such as constructed wetlands and ponds,
and offline open storages (eg turkey’ s nest dams). Additional risk management actions are
usually needed to manage the additional potential health and environmental risks. These are
detailed in Section A5.5 and include:

requiring an additional 1 log reduction of Campylobacter concentrations unless faecal
inputs from waterbirds are controlled

minimising the potential for mosquito breeding

minimising the likelihood of resuspending deposited sediment in the storage, to avoid
increasing turbidity levels

reducing nitrogen and phosphorus concentrations and/or designing the storage with a
short hydraulic residence time, to minimise algal growth

assessing the environmental impacts of any online storage, particularly if located on a
natural creek

undertaking additional monitoring to ensure that the additional controls are being
effectively implemented.

Stormwater storage through managed aquifer recharge

The Australian Guidelines for Water Recycling: Managed Aquifer Recharge (NRMMC—
EPHC-NHMRC 2009) provides guidance on aquifer storage in a managed aquifer recharge
scheme.

3.3.4 Didribution pipework

The distribution pipework for a ssormwater irrigation scheme should minimise the potential
for contamination between the final treatment facility (eg disinfection) and the end use. This
is usually achieved by employing a piped distribution system.

The likelihood of accidental cross-connections between the stormwater distribution network
and the mainswater system, or of inappropriate connections to the sscormwater pipe system,
should be minimised. Thisis particularly important for schemes using mainswater as a
supplementary water supply. To achieve this, the distribution system should incorporate the
following elements:

Where mainswater is used as supplementary water, an external, visible air gap should be
incorporated between the mainswater system and the stormwater system.
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Where practicable, the stormwater distribution scheme should be operated at lower
pressure than the mainswater system.

An appropriate testable backflow prevention device or approved air gap should be
installed at the meter.

Underground and above-ground pipes in a ssormwater distribution system should be
colour-coded (eg purple). The top of each underground pipe should be marked with
identification tape warning that the pipe contains recycled or reclaimed water and is not
suitable for drinking.

Hose taps for dual-reticulation schemes should have a removable handle and a different
connection to that used for mainswater supply (eg nonstandard inlet thread).

Signs with symbols should be provided, reading, for example, ‘ Recycled water — not for
drinking’. The sign should also include relevant symbols indicating that the supply is not
for drinking purposes. For sign design, refer to Australian Standard (AS) 1319-1994
Safety Sgnsfor the Occupational Environment.

All external taps should be fitted with hose connection vacuum breakers.

Flush valves in surface boxes should be ingtalled to allow periodic flushing for system
cleaning. Cross-connections should be inspected during installation.

For detailed information on the design of the distribution system’s plumbing see the Phase 1
guidelines (NRMMC-EPHC-AHMC 2006) and AS/NZS 3500.1 Plumbing and Drainage —
Part 1: Water Services.

The pipework for a sormwater reuse scheme should also be designed to incorporate
appropriate flow meters and sampling taps, to ensure monitoring is safe, efficient and
representative.

3.3.5 Irrigation system design

Managing health and environmental risks from stormwater irrigation should be considered
during the design of the irrigation system, particularly application rates and spray
arrangements where access to the irrigation area is controlled. Drippers (surface or subsurface
especially) can also minimise human exposure (Table 3.2) and the level of stormwater
treatment that is required.

Calculating the appropriate application rate is important to minimise surface runoff, and
impacts on groundwater and soils (eg soil saturation). The application rates should take into
account the site characteristics (particularly soils) and the vegetation to be irrigated.
Stormwater should be applied uniformly and at arate less than the nominal soil infiltration
rate, to avoid surface runoff.

Where practical, signage should be displayed at al public access points to areas irrigated with
stormwater, warning not to drink the water. In public access areas where untreated spray
irrigation is used, facilities such as drinking water fountains, swimming pools and picnic
tables should be placed outside the area irrigated by treated ssormwater, or be protected from
drift and direct spraying.
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Where spray irrigation with restricted access is used to manage exposure to the stormwater,
the irrigation system should be designed to include:

clear delineation of the irrigation area, for example, using fencing or vegetative borders

signs, including words and pictures, on al designated entry points to the irrigation area,
warning the public that the water in use is not for drinking and that the irrigated area must
not be entered from the time irrigation begins until the irrigated area is dry

aminimum 25 m buffer from the irrigation scheme’s wetted perimeter to the nearest point
of public access and spray drift control using low-throw sprinklers (180° inward throw),
vegetation screening or anemometer switching.

These arrangements are adequate to manage the additional health risks potentially associated
with open storages, as noted in Section 3.3.3, when combined with the access controlsin
Section 3.4.9.

Where drip irrigation of garden beds is proposed, this provides effective access control
provided appropriate advisory signs are erected. Thisis based on the assumption that people
may be in the area during the irrigation, but are unlikely to enter garden beds.

3.4 Operations, maintenance and monitoring

3.4.1 Qualified staff

Only appropriately qualified staff should manage and operate the scheme. Depending on the
nature of the scheme, plumbers, electricians and specialist technicians may all be involved in
operations. These staff should be trained in relevant aspects of the scheme’ s operations and
should follow operational procedures.

If an organisation does not have the capacity to operate part or the entire scheme, external
contractors should be suitably qualified, and should be informed about operational procedures
and protocols.

The operator should maintain details of competencies, qualifications, licences, training
programs undertaken, training needs identified and training records for employees and
contractors.

3.4.2 Scheme management plan

A scheme management plan should be prepared during the design phase, to describe the
health and environmental risk management actions to be implemented during operations. This
will ensure critical knowledge is not lost with staff changes. The plan should highlight the
roles and responsibilities of relevant parties, and provide a framework for appropriate
operation. It should be made available to all saff involved in operations. The content and
extent of the management plan will vary, depending on the nature and scale of the scheme,
but could include the information in Table 3.4.
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Table3.4 Indicative contents of a scheme management plan

Section

Contents

Background

Statutory requirements
Relevant permits or approvals

Description, process flow diagram and map of the scheme,
including the location of public warning signs and all underground
pipes

Water quality and treatment objectives against which monitoring
data is measured

Roles and
responsibilities

How responsibilities are shared between treated stormwater
suppliers and end users (if applicable)

Responsihilities of any third parties (eg councils)

Operations

I nformation on operaing plant and equipment

Information on operating the irrigation scheme (if applicable),
such as loading rates, access restrictions and irrigation timing

Procedures for responding to noncompliance with scheme
objectives (eg water-quality criteria)

Qualifications of personnel involved in the scheme's operations

Maintenance

Inspection schedules

Maintenance requirements

Statements of safe working methods to protect workers
Asset management procedures

Incident (emergency)
response
(contingency) actions

Incident response protocols
Incident communications procedures
List of key stakeholders with current, verified contact details

Monitoring

Operational monitoring requirements, including sampling
methods

Reporting procedures

Decommissioning

Proposed arrangements for the safe decommissioning of the
scheme

As part of the operator’s commitment to continuous improvement, the management plan
should be reviewed regularly (eg every three to five years and after any major incident) and

updated as required.

3.4.3 Scheme commissioning, validation and verification

To prove a scheme is operating as designed, it should go through a three-phase process of
commissioning, validation and verification (NRMMC—EPHC-AHMC 2006).
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Commissioning

Commissioning refers to fine tuning and testing the operation of all equipment and the
scheme as awhole. The objective is to define the routine operating conditions of the scheme
for the long term, and to confirm that the equipment and systems operate as intended.
Contractual performance payments are often related to successful completion of
commissioning. Stormwater should be diverted during the commissioning phase and not used
for the intended application, or should be used only under highly controlled conditions during
commissioning.

Validation

Validation congtitutes the initial check that the system isworking as intended, and is
undertaken before schemes are considered ready for use. The validation phase is particularly
important for sormwater reuse schemes that involve treatment, asthisis arelatively new
approach to water management and there is a degree of uncertainty associated with some
aspects of scheme design (eg disinfection).

During this validation period, the scheme operates normally for a certain period (typically
from one to three months) and further testing is performed for quality assurance purposes.
The treated Sormwater is diverted and is either not applied to its intended end uses or is only
used for a grictly controlled and limited set of interim uses. Frequent monitoring and testing
of the equipment, water quality and other key aspects of the scheme should be carried out
(Appendix 3), and action taken to address any identified problems.

If treatment is required, validation should be undertaken to confirm that the treatment system
used allows the scheme to meet the required quality criteria. The performance indicators that
will be monitored during routine operation (Section 3.4.11) should be monitored more
frequently over the validation period, during which at least 20 samples of the treated water
should be tested for E. coli. Sampling should occur on different days of the week, at different
times during the day and, most importantly, under different hydrological conditions

(eg varying periods after storms). Validation testing needs to demonstrate median E. coli
concentrations of <10 CFU/100 mL.

If treatment is not required and risk management is based on access restrictions during
irrigation, the efficacy of the restrictions should be checked by surveying the irrigation area
and walking the irrigation lines during test irrigation runs, to confirm that all the required
restrictions are operating as intended.

Verification

If validation is satisfactory, a scheme can become fully operational. Verification monitoring
is then undertaken in a similar fashion to the validation monitoring, but typically at alower
frequency. Verification monitoring is likely to include inspection of the exposure controls for
all schemes, aswell as stormwater quality monitoring for schemes involving treatment.
Further discussion of verification monitoring is included in Section 3.4.11.

3.4.4 Catchment surveillance

Potential health and environmental risksto a sormwater harvesting scheme from its
stormwater catchment should be addressed during the project’s design phase. During the

32  Australian Guidelines for Water Recycling: Sormwater Harvesting and Reuse



operational phase, catchment management activities should focus on catchment surveillance
to identify any changed catchment activities that may add to the risks that were identified in
the design phase.

If any additional risks are identified, arrangements should be made to mitigate the risks or to
modify the scheme’ s risk management actions. There should be regular liaison with the local
council or the catchment manager, to help identify any potential new hazards that may
present arisk to the scheme.

3.4.5 Managing chemicals

Some chemicals used in stormwater harvesting and reuse schemes may adversely affect the
quality of treated ssormwater or the receiving environment (eg chlorine for disinfection).
These chemicals should be evaluated to determine how likely they are to contaminate the
scheme and affect its integrity (eg determine corrosion potential). All chemicals used in
treatment processes should be securely stored and placed in an area protected by a low wall to
prevent the spread of liquids (ie bunded) as appropriate, to avoid spills or leakage to waters.

3.4.6 Incident response

By their nature, most incidents and emergencies are difficult to predict in terms of their
nature and timing; therefore, a contingency planning approach to management is required.

Some of the types of incident that could influence a ssormwater harvesting and reuse scheme
are:

a chemical spill or sewer overflow in the catchment upstream of the scheme

power failure

failure of part of the treatment system (eg disinfection)

electrical or mechanical equipment failure (eg pumps)

vandalism

operator error

algal blooms in storages

flooding.

The incident response should follow established procedures to communicate the details to
relevant stakeholders.

For serious incidents, the scheme’'s operator should document appropriate proceduresin a
response plan. Operational staff should receive training in following the plan, and the plan
should be put into practice and regularly reviewed. A communications procedure should form
part of such a plan. Depending on the nature of the scheme and the incident, the procedure
should nominate a person to communicate information to any end users of the treated
stormwater, as well asto the relevant regulatory stakeholders. The notification should
summarise the nature of the incident and the actions to be taken. Following the incident, once
the scheme’ s operations have returned to normal, all parties initially notified should be
advised of any corrective and preventive actions.
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As part of the incident response arrangements, the scheme’' s operator should arrange with the
relevant regulatory stakeholders to be notified of any major chemical spillswithin the
catchment, and with the water utility to be notified of any sewer overflows. If notification of
sewer overflows is not possible, stormwater collection or supply should be avoided during
large storm events when wet weather overflows are more likely to occur. Water utilities can
typically identify the design criteria that apply to their sewerage system and the size of storm
event that would be expected to lead to a sewer overflow. In the case of spills or sewer
overflows within the catchment, or algal blooms in the storage, the operator should consider
suspending the supply of stormwater for end uses.

3.4.7 Occupational health and safety
The potential health risks to workers in stormwater harvesting and reuse schemes can be
minimised by:
training workers (staff and any contractors) on health risks and appropriate risk
management activities
considering providing immunisation against hepatitis A (depending on the risk)
avoiding drinking treated sormwater — mainswater should be provided
installing a washbasin that provides mainswater a worker amenities
prohibiting eating, drinking or smoking while working with treated stormwater
promoting hand washing with soap and mainswater after working with treated stormwater
ensuring prompt cleaning of any wounds with antiseptic, followed by a medical dressing
providing appropriate personal protective equipment

avoiding high exposure to treated sormwater; for example, by minimising access to
irrigation areas during irrigation of untreated sormwater

protecting against hazardous treatment materials, and electrical and mechanical hazards
such as from pumps

protecting against dlip hazards and hazards from open water bodies.

3.4.8 Managing storage tanks

Stormwater storage tanks need to be monitored and maintained in a similar manner to
roofwater storage tanks. Table 3.5 shows details of recommended inspection and
management practices for managing health and environmental risks.

Odours from stormwater sorage tanks or from irrigated sormwater are most likely when
storage times are long. Should the odours become problematic, management options include
storing little or no sormwater during periods of limited demand or long retention (eg winter),
or installing odour controls or aeratorsin the tank. In the unlikely event of serious odour
problems, organic matter loads (eg leaves) can be reduced before storage of water by
installing a gross pollutant trap or biofilter.
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Table3.5 Standard stormwater scheme monitoring

Scheme Frequency  Monitoring Action
type
All schemes Quarterly Check condition of catchment, Undertake corrective
and in irrigation area and irrigated plants ~ actions
responseto  and grass
notifications Check irrigation areas for signs of Modify irrigation
erosion, underwatering, practices
waterlogging or surface runoff
Annually Check lines for blockages and leaks Clear blockages and
and in flush/clean lines;
response to repair leaks
blockages
Annually Check for cross-connections by Shut down system
and in checking visible plumbing fittings,  immediately and
responseto  alternately turning off supplies rectify problems
notifications
and new
connections
Triennially  Undertake a systematic review of Determine the reason
and operational control of risksto the for any problems
following system identified during
any inspections and take
incidents actions to prevent
failures occurring in
future
All schemes Annually Check access coversto storage Repair any defects
withtanks  and in tanks are closed
L%St?g 2:53?15 Check that screenson inI(_ats, Repair any defective
overflows and other openings do screens
not have holes and are securely
fastened
I nspect tank water for mosquito Treat tanks containing
larvae (inspect more frequently in larvae with kerosene
subtropical and tropical northern or medical paraffin
Australia based on local
requirements)
Triennially ~ Drain, clean and inspect storage Repair any defects
or as tanks
appropriate
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Table 3.5 (continued)

Scheme Frequency  Monitoring Action
type
Unrestricted  Weekly® Verification of disinfection system  Follow up results
irrigation performance using E. coli >100 CFU/100 mL by
re-testing and
investigation of likely
pathogen sources
Continuous  Efficacy of treatment system Shut down system
performance (eg turbidity and immediately and
ultraviolet dose for disinfection)® rectify problems
Restricted ~ Weekly Efficacy of irrigation restrictions Rectify problems
irrigation (eg fencing of irrigation areas)

a If weekly sampling over athree-month period indicates that the median E. coli levels are eg <10 CFU/100 mL, the
monitoring frequency may be reduced to quarterly. Weekly monitoring should recommence for three months after any result
>100 CFU/100 mL.

b Thisis particularly important for systems where the ssormwater to be disinfected has high turbidity levels.

3.4.9 Accesscontrol

Control of accessto irrigation areas can be used to adequately manage health risks when no
specific treatment to manage health risks is implemented. These access restrictions do not
apply to operations staff (Section 3.4.7) or where stormwater is treated to meet the criteria set
out in Table 3.2. Access controls are not required where untreated or treated scormwater
irrigation is carried out using subsurface or drip irrigation.

Suitable approaches for controlling accessto spray irrigation areas include:

irrigating at times when there is no intended, permitted or organised public access to the
irrigation area and the likelihood of persons being present within the areais low (eg late
at night)

implementing an appropriate withholding period to allow the irrigation area to dry before
access is permitted (depending on the application rate, soil conditions and climate, this
withholding period is typically between one and four hours in temperate zones).

These controls should also achieve an additional 1-log reduction in pathogen levels above
those for the standard scheme, should this be required through recommendations in
Appendix 5.

3.4.10 Irrigation scheduling

Anemometers, used to determine wind speed and direction, can be used to predict the
direction and extent of spray drift; they can also be used to trigger the irrigation system to cut
out under high wind conditions. The wind speed at which the system cuts out can be
determined by considering proximity to public or sensitive areas, the wind direction, the
height of sprayers and droplet size, and the type of irrigation system used. Wind-activated
systems may also be used to gart irrigation when conditions are suitable.

36  Australian Guidelines for Water Recycling: Sormwater Harvesting and Reuse



Irrigation scheduling and monitoring should minimise the risk of over-irrigating or excessive
pooling of water on the soil surface.

The application of the correct amount of treated sormwater to avoid runoff can be controlled
by manual or automated techniques. For example, the soil moisture deficit can be easily
computed using monthly average evapotranspiration and actual rainfall events. Irrigation is
then applied according to the size of the deficit. The irrigator will need to know how much
water is delivered by the irrigation system over a given area. Soil moisture monitors linked to
a computer system can also be used to determine when irrigation is needed. Both manual and
automated methods are likely to give false results under certain circumstances. Whatever
method is chosen, regular checks of moisture in the topsoil should be made before irrigation
(to ensure that the soil is dry and needs irrigating) and after irrigation (to check that watering
has been adequate but not excessive).

3.4.11 Operational monitoring

Monitoring and inspections should be implemented during the scheme’ s operations to ensure
that public health and environmental risks are being appropriately managed. Table 3.4
provides guidance on appropriate routine operational monitoring parameters and their
monitoring frequency (see Appendix 5 for additional monitoring recommendations for open
storages).

Maintenance should also include inspection and follow up on any complaints or concerns
raised that could indicate problems with the system.

The key indicators of treatment system performance will be different for each system, and
should be advised by the treatment system designer and supplier. For UV disinfection, key
performance indicators are likely to include turbidity and UV intensity. Indications of
inadequate treatment system performance should lead to the immediate cessation of supply of
the irrigation water, while any problems are identified and resolved. Specialist services may
be required to help identify and repair some treatment system problems.

Irrigation restriction methods will be different for each scheme and should be stated in the
scheme management plan. Restrictions (which should be checked) include:

any subsurface irrigation should be at least 100 mm below the surface level

directional sprays should throw correctly

microspray or low-throw sprinklers should not discharge excessively

irrigation lines should not leak

signage should be in place

irrigation timers should operate correctly.

Any shortcomings in the irrigation restrictions should be promptly remedied.

Every year, the scheme's operator should check that there have been no major changes in the
nature of the catchment that might create new risks (eg new industrial developments or
construction sites), that the irrigation area is not becoming inundated, and plants are not being
damaged. Adverse changes in the nature of the catchment or the effects of irrigation should
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be promptly investigated, to identify and resolve any problems. Specialist services may be
required to help explain unanticipated irrigation effects in some cases.

3.4.12 Reporting

Monitoring results and other information on scheme performance should be reported to key
internal and external stakeholders (eg the consent authority) at least yearly and after any
incident, or to meet any regulatory requirements. This allows the operator and the consent
authority to assess the ongoing performance of the scheme, in particular by comparing
monitoring results to the scheme’ s stormwater quality criteria. The appropriate follow-up
actions needed where systems are not performing adequately should be identified. Where
there is no consent authority, an annual written report should be provided to the chief
executive of the organisation managing the scheme, or the responsible senior manager.

3.4.13 Record keeping

All monitoring results should be retained for a suitable period. The minimum storage period
isthat required to meet relevant regulatory or development consent requirements and to
satisfy auditing needs. The managers of the system should determine how long records need
to be stored past this minimum period.

Other relevant considerations may be the need to track treatment system performance over
time, monitor the performance of new technology, or maintain data.on microbial or chemical
contaminants of potential value to future projects.

3.4.14 Auditing scheme oper ations

The Phase 1 guidelines recommend that both internal and external auditing of each recycled
wastewater scheme is undertaken (NRMMC-EPHC-AHMC 2006). A lessrigorous auditing
regime is considered appropriate for sormwater recycling schemes, given the generally lower
risks associated with using stormwater rather than sewage as an initial water source.
However, based on experience of auditing household plumbing and on-site sewage
management systems, some auditing is warranted.

The auditing should establish how well scheme operators are complying with treatment and
irrigation controls. As with many other water-related auditing programs, external auditing can
be undertaken by approved third-party inspectors or directly by local or state government
staff.

A scheme’ s operator should arrange for aregular audit of the access controls, as part of a
‘due diligence’ approach to risk management. The audit can be undertaken by the operator of
another scheme or another suitably experienced person. The frequency of the audits can be
determined by exposure risk, for example, higher risk schemes (eg with larger exposed
populations and with children or the elderly among the exposed) being inspected quarterly
and lower risk schemes every two to three years.

For sormwater irrigation schemes with unrestricted access, scheme-by-scheme auditing is
essential. Regulatory agencies should place all registered sormwater irrigation schemes with
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unrestricted access on a programmed inspection regime. Targeted auditing and advice may be
required to follow up any issues that emerge.

3.4.15 Continuous improvement
The management team responsible for a stormwater reuse scheme should be committed to the
continuous improvement of the scheme’s operations. Thisis likely to involve:
reviewing monitoring results and assessing what, if any, corrective actions are required
preparing and implementing a plan to address identified problems

auditing operations to identify any areas where procedures are not being followed based
on the audit results

reviewing procedures or retraining staff

regularly reviewing operations to assess whether there have been any changes to public
health or environmental risks

revising the risk assessment and altering operations as required.

3.5 Additional risk management actionsfor projects other than
irrigation of public open spaces

Additional or modified risk management actions may be needed, as identified during the
investigations described in Appendix 5. These additional risk management actions need to be
implemented on a project-specific basis in addition to, or in place of, the standard control
measures.

3.6 Stormwater irrigation scheme checklist

The checklist below summarises the key elements of the health and environmental risk
management actions for a ssormwater reuse irrigation scheme.

O  Applicable planning and other regulatory requirements are met.

O  Theorganisation is committed to the safe reuse of stormwater, including ensuring
appropriate operation and maintenance.

O  Stormwater extraction does not adversely increase upstream flood levels or impact
on stream flows.

O  Stormwater istreated (including disinfection) if there are no restrictions on access to
theirrigation area.

Appropriate plumbing controls and signage are used.
Irrigation systems are designed to deliver water efficiently and uniformly.

Appropriate monitoring occurs during the validation phase.
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40

Appropriately qualified staff or contractors operate the scheme in accordance with a
scheme management plan, including following appropriate incident response and
workplace safety procedures.

Appropriate catchment management arrangements are in place with the relevant
stakeholders.

Controls on access to the irrigation area are effectively implemented, if required.

Irrigation scheduling, rates, uniformity and water delivery to irrigation areas are
monitored.

Operation of the scheme is independently audited annually where accessto the
irrigation area is unrestricted, and triennially where accessto the irrigation area is
restricted.

Appropriate monitoring, reporting and record-keeping procedures are followed.
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Appendix 1 Risk management framework

The risk management approach given here is based on the 12-element risk management
framework on which Phase 1 of the water recycling guidelines is based (NRMMC-EPHC-
AHMC 2006). Details are given in Chapter 2 of the Phase 1 guidelines. Table A1.1 lists the
12 elements, and shows how they have been included in these guidelines for reuse of
roofwater and stormwater.

Table A1.1 Application of risk management framework to roofwater and stormwater

reuse
Element Description L ocation in document
Roofwater Stormwater
1 Commitment to the responsible use and Section 2.2.1 Section 3.2.1
management of recycled water quality
2 Assessment of the recycled water system  Appendixes 3 Appendixes 3
and 4 and 4
3 Preventive measures for recycled water Sections 2.2.3, Section 3.2 and
management 2.3and 2.4, Appendixes 3
Appendixes 3 and 4
and 4
4 Operational procedures and process Section 2.4 Section 3.4
control
5 Verification of recycled water quality and ~ Section 2.4 Section 3.4
environmental sustainability
6 Management of incidents and emergencies Section 2.4 Section 3.4
Employee awareness and training Section 2.2.1 Sections 3.4
and 3.2.1
Community involvement and awareness Section 2.3 Section 3.3
Validation, research and development Not applicable Section 3.4
10 Documentation and reporting Section 2.4 Section 3.4
11 Evaluation and audit Section 2.4 Section 3.4
12 Review and continual improvement Section 2.4 Section 3.4
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Appendix 2 Stormwater and roofwater quality

A2.1 Stormwater

A2.1.1 Stormwater quality and land use

The levels of chemicals in stormwater runoff are strongly related to a catchment’s land use,
particularly the proportion of the catchment that isimpervious. Other factors aso influence
pollutant concentrations, with apparently similar land uses yielding different pollutant loads.
Duncan (1999) compared pollutant characteristics in urban stormwater from different land
uses and found that the variation in pollutant concentrations between land uses (eg between
residential and industrial land) was considerably less than an order of magnitude. Nutrient
levels were lower in commercial and industrial catchments than in residential areas, while the
opposite applies to heavy metal concentrations. Concentrations of chemicals in an urban river
with a partly nonurban catchment may be lower than those from a totally urbanised
catchment. Chemical concentrations in stormwater can aso be affected by spills or illegal
dumping of chemicals.

Variation in stormwater contaminant levelsis likely to have significant implications for
environmental management. However, in terms of reuse, such variation is relevant primarily
where above-average levels of contaminants present a high environmental or public health
risk. Data from Duncan (1999) and Makepeace et al (1995) can be used to assess whether
more intense land uses (eg commercial or industrial) will affect environmental risks

(eg through high concentrations of metals).

Levelsof faecal indicator bacteria— such as Escherichia coli (E. coli) and thermotolerant
(faecal) coliforms — between catchments and between storm events within a catchment can
vary by many orders of magnitude. The review by Duncan (1999) noted that, on average,
thermotolerant coliform levels were approximately one order of magnitude lower in
commercial or industrial areas than in residential catchments. A more recent study found that
lower coliform levels were attributed to an absence of domestic animals in commercial or
industrial areas (McCarthy et a 2006).

The microbial quality of stormwater from surface runoff (eg car parks) is likely to be better
than that of stormwater collected from adrain, which islikely to be contaminated by sewer
leakage or overflows. Although few data are available, pathogen levelsin surface runoff are
likely to be somewhere between those in roofwater and those in stormwater drains. Surface
runoff pathogen loads are likely to be higher than those in roofwater, due to faecal inputs
from animals, particularly those associated with humans (eg cats and dogs). If a scheme
developer considered that the approach outlined in Chapter 3 wastoo conservative for a
surface runoff harvesting project, they could undertake their own pathogen monitoring
program, although the costs would be high.

A2.1.2 Stormwater monitoring

Any monitoring of chemical constituents in stormwater should focus on parameters likely to
reach the threshold of concern described in Appendix 4 (eg approaching the long-term trigger
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value). This risk-based approach to monitoring design avoids the expense of monitoring for
chemicals that are unlikely to be relevant for the environmental risk assessment.

With respect to microbial contaminants, there is no simple statistical correlation between
faecal indicator bacteria and human pathogen concentrations in stormwater. Concurrent
monitoring of faecal indicator bacteria (eg E. coli) and pathogens has generally found a poor
correlation between the levels of these microorganisms in both stormwater (eg Schroeder

et a 2002, Lemarchand and Lebaron 2003, Jiang 2004, Rgjal et al 2005, Signor et al 2005,
AWQC 2008a) and combined sewer overflows (Arnone and Walling 2006).

This lack of asimple relationship isto be expected, given that faecal indicator bacteriain
stormwater are derived from both wildlife and sewage, whereas human pathogens are derived
primarily from sewage and the faeces of some warm-blooded animals. Hence, monitoring of
indicator bacteria for a specific project is unlikely to yield information on pathogen
concentrations that can directly inform a health risk assessment with reasonable certainty.

Direct monitoring of pathogensis likely to be more useful, although the detection,
enumeration and infectivity assessment of pathogens in environmental water samplesis
complex and costly, with arelatively long analytical testing period. While the design of a
monitoring program will be specific to each project, the monitoring should involve sampling
during the rising limb, peak, and falling limb of the hydrograph, to ensure that the sampling is
reasonably representative of the water quality throughout a sorm event. A minimum of three
events (preferably five to six events) should be sampled, with the sampling covering events
ranging from small to medium size, and possibly large events (most sormwater for reuseis
collected from small-to-medium sized events). Some dry weather sampling is also
recommended where the scheme will use dry weather flows.

A2.2 Roofwater

A2.2.1 Roofwater quality

Roofing material heavily influences the contaminants in roofwater. Metal roofs generate
higher levels of metals than ceramic tiled roofs. Elevated zinc levels are common for metal
roofing (Yaziz et a 1989, Thomas and Greene 1993, Chang et al 2004, Morrow et a 2007).

Pathogen levels in roofwater are usually lower than those recorded in stormwater, with
pathogens mainly sourced from faeces of birds and small animals. Campylobacter is the most
common reference pathogen detected in roofwater, with Cryptosporidium (Savill et a 2001,
Simmons et al 2001, Schets et al 2007) and Salmonella detected occasionally. As for
stormwater (and for the same reasons) there is no simple statistical correlation between
indicator bacteria (eg E. coli) and human pathogen concentrations. The preferred approach is
direct pathogen monitoring, focusing on the most relevant pathogens commonly detected in
roofwater (eg Campylobacter).

A2.2.2 Roofwater monitoring

Where chemical constituent levels in roofwater are monitored, this should occur throughout a
storm event. The sampling should preferably be flow-weighted, because high concentrations
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have been reported early in a storm event (at ‘first flush’) when runoff volumes (and hence
loads) are low. Asroofwater will be stored before use, this storage will effectively equalise
roofwater concentrations in storage — any first-flush effect istherefore of little relevance.

A2.3 Dataanalysis

A2.3.1 Overview

An extensive range of Australian-sourced stormwater contaminant data, both published and
unpublished, was collated to characterise general roofwater and stormwater quality, potential
contaminants and their expected ranges of concentration. These data were used to derive the
summary statistics given in Section A2.3.3.

Thereisalack of Australian and, to alesser degree, international data for some parameters
(eg boron and herbicide levels) compared to the data available for sewage. This affects health
and environmental risk assessment, and highlights the importance of monitoring for
identifying unexpected environmental impacts.

A2.3.2 Data analyss

The data was initially categorised into source catchment types and runoff conditions (ie dry
weather, wet weather or not specified). The preliminary list of source catchment types
included agricultural, forest or natural, industrial, mixed-urban or rura roads, roofs, rural, and
urban.

The collated data revealed many combinations of source catchment types, contaminants and
types of flow for which no data were available. In a subsequent step these were grouped,
irrespective of runoff conditions, into the following source catchment categories:.

all roofs (Tables A2.1 and A2.2)
urban (Tables A2.3 and A2.4).

Some data sourcesindicated that ssormwater was sampled from urban, road or industrial
catchments; however, due to the lack of data and of clarity in the descriptions of the source
catchment attributes, these categories were pooled into the urban dataset. Source catchment
types defined as agricultural, forest or natural, and rural were considered to be outside the
scope of these urban ssormwater reuse guidelines. Examination of the source catchment data
indicated that most were from urban catchments. Data for roofs with and without zinc were
not separated.

A2.3.3 Characterisation of concentration ranges

Multiple studies have been combined to develop the roofwater quality summary statistics,
and the physical and chemical urban stormwater quality summary statistics. To enable these
multiple studies to be combined, collated data on stormwater were used to develop lognormal
probability density functions for each parameter recorded as present in Australian
stormwater. Distributions were fitted with the distribution-fitting software package Riskview
(software distributed by Palisade Corporation, Newfield, NY, 2002). Dueto the great
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variation in reporting of data value