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Executive Summary
Wastewater recycling for the purpose of public open space irrigation in regional
Western Australia (WA) has become quite common. New Department of Health
(DoH) guidelines governing water recycling in WA have recently been published.
One of the main aims of this project is to help the Water Corporation’s Wastewater
Process Expertise Group (PEG) with the assessment of their recycling schemes. Eight
schemes were assessed, for various parameters. A desktop assessment was initially
conducted before a field visit and onsite assessment. The desktop assessment focused
on Wastewater Treatment Plant (WWTP) effluent quality and the presence of past
approvals and a recycled water supply agreement. The onsite assessment’s main
components were the storage areas, further treatment systems and the irrigation areas.
The onsite assessment found that most schemes were generally non-compliant in a
minor way, such as insufficient signage. However, serious irrigation management
issues and inappropriate end-use sites were found in Northam. The desktop
assessment found that two sites are currently operating without DoH approval,
Northam and Wagin and also that there are issues with WWTP effluent quality in
Kojonup and Mundaring. Suitable recommendations to overcome these issues were
made.
Another main aim was in investigating alternatives for WWTP capital expansion to
achieve wastewater treatment capacity increase or inflow reduction for selected sites.
A Multi-Criteria Analysis (MCA) was performed to select the most suitable option
from WWTP expansions works, residential greywater reuse and septic tanks. Water
efficiency measures were also considered in the analysis but not considered further, as
they were not seen as a suitable engineering measure. Residential greywater reuse was
found to be the most preferred option and two systems were designed; an R20+
system for higher density town centre lots and a Rural Lifestyle system for larger
plots. The R20+ system used a cluster-scale Nubian advanced greywater treatment
system and the greywater can then be used indoors, for irrigation and stored over
winter when not required. The Rural Lifestyle system used diversion devices for
irrigation with untreated greywater. The R20+ system can successfully reduce inflows
to a WWTP considerably and is also financially viable. However, the Rural Lifestyle
system was found to achieve neither of these objectives. Recommendations were
made for further study on the R20+ system and to integrate it into planning in the
selected sites.
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1 Introduction
1.1 Background
In the past few decades, decreased rainfall in Western Australia (WA) and an
increasing reliance on limited groundwater or energy-intensive desalination sources
has brought considerable focus on the suitable management and reuse of water. The
Water Corporation is WA’s largest supplier of scheme water, wastewater treatment
and drainage services. The Water Corporation’s Integrated Water Supply System
(IWSS) provides water to the Perth Metro, South West, Goldfields and Agricultural
regions of WA. Water is collected in surface water dams, from groundwater and
recently, increasingly from seawater desalination (Water Corporation, 2011). As seen
in the IWSS schematic in Figure 1 below, this water is mainly collected in regions
near the coast and transported through pipelines over long distances to interior areas.
Hence, the cost of supplying potable water to some regional areas (especially the
goldfields and eastern wheatbelt) is energy intensive and expensive. This, combined
with the lack of a suitable effluent disposal option in many towns, especially in
summer, has led to the development of several regional water recycling schemes,
mostly for the irrigation of public open spaces. 13.3% of the wastewater produced by
the Water Corporation is recycled. However, a water recycling target of 60% by 2060
has been set (Water Corporation, 2010).

Figure 1: IWSS Schematic
(Water Corporaion, 2011)
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These recycling schemes use “fit for purpose” treated wastewater, with the treatment
level depending on the risks associated with the reuse. The water quality required
after treatment and the level of risk are determined by the WA Department of Health
(DoH). Recycling schemes require DoH approval to operate and can be shut down if
they do not meet required standards or operate without approval. The DoH publishes
guidelines for the use of recycled water and these are updated periodically. The latest
edition of these guidelines was published in August 2011 and the draft guidelines
have been under review since January. This has led to a review of the Water
Corporation’s existing schemes to ensure compliance with the revised guidelines.
This review is the responsibility of the Recycling team at the Wastewater Treatment
Branch’s Process Expertise Group (PEG).
The recycled water in these schemes comes from regional Waste Water Treatment
Plants (WWTPs) operated by the Water Corporation. These are generally pond
systems through which a secondary level of treatment occurs. These systems are used
extensively in regional WA due to their easy construction, low maintenance and
power requirements. Larger areas of land are required for treatment compared to other
wastewater treatment systems, but this is generally not an issue in regional areas
(GHD, 2007). The water quality from pond systems depends on the detention time,
the loading and the design of the system. Effluent quality issues can occur from
excessive loading of these systems. Strong population growth in some regional areas
can put pressure on the performance of these systems, especially as some of these
systems are quite old.
The traditional approach to compensate for increasing inflows to WWTPs has been to
undertake capital works to expand the treatment capacity. However, this is very cost
intensive over a short period of time. Other decentralised options to reduce inflows
are possible and they can prove to be as efficient. They can also be more cost
effective. These systems need to be analysed before maximum capacity is reached, as
they will require more coordination with other agencies to accomplish and hence
more time.

1.2 Main Aims
There are two main aims in this internship. The first aim was to assist the Recycling
team in Wastewater PEG with their review of the Water Corporation’s Water
Recycling Schemes. Objectives under this main aim included:
- Data analysis of various WWTP characteristics.
- Site visits to some schemes (including the WWTP and end use site) carried out
to assess components for compliance.
- Modification of the Recycled Water Scheme Register, which is a compendium
of information on all of the Water Corporation’s recycling schemes, to make it
more useful to the assessment process.
The second aim was to identify the most appropriate option for wastewater treatment
capacity expansion or inflow reduction in selected sites. Objectives for this aim
included:
- Selecting sites which may have issues in the future from overloading due to
strong population growth and high current loading.
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-

-

Identifying suitable options for wastewater treatment capacity expansion or
inflow reduction and selecting the most appropriate one through a MultiCriteria Analysis (MCA).
Production of final design (if required) on the selected option.

1.3 Water Recycling Scheme Assessments
The sites visited for the assessments along with information on their WWTPs and date
of the visit can be seen in Table 1 below. The majority of these sites are in the
Wheatbelt region except for Subiaco and Mundaring, which are in the Perth
metropolitan region.
Table 1: WWTP designs and site visit dates
Primary

WWT Design
Secondary

Mundaring

Macerator

IDEA Tanks

York

Treatment Pond

Wongan Hills

Imhoff Tank
Sedimentation
Tank

Site

Northam
Wundowie

Imhoff Tank

Subiaco

Sedimentation
Tank

Kojonup

Imhoff Tank

Wagin

Treatment Pond

Treatment Pond
(2)
Treatment Pond
Treatment Pond
(2)
Treatment Pond
(2)
Activated Sludge
and Secondary
Sedimentation
Tank
Treatment Pond
Treatment Pond
(2)

Tertiary
UV and
Chlorination

Site Visit Date
29th August

Chlorination

13th October

Chlorination

20th October

Chlorination

3rd November

-

3rd November

Sand Filtration
and Chlorination

8th November

Chlorination

10th November

Chlorination

10th November

The DoH’s “Guidelines for the Non-Potable Uses of Recycled Water in Western
Australia” is based on the Australian Guidelines for Water Recycling: Managing
Health and Environmental Risks (DoH, 2011). These are national guidelines
published under the National Water Quality Management Strategy (NWQMS). The
12-element framework seen in Figure 2 below is set out in these guidelines for the
management of recycled water systems. This framework is identical to the drinking
water framework in the Australian Drinking Water Guidelines and is based on the
Hazard Analysis and Critical Control Points (HACCP) risk management approach
(EPHC, 2008).
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(DoH, 2011)
Figure 2: 12-Element Risk Management Process
For the assessment of the recycling schemes, the 12-element framework and other
aspects of the guidelines were incorporated into the Water Recycling Assessment
Tool (WaterRAT) by Liz Petrow from the Water Corporation. The WaterRAT is
essentially a multi-step form through which different areas of the recycled scheme are
analysed and issues can be easily identified.
The main components of a recycling scheme are as seen in the flow diagram below.
Most of the site visits for the assessments were in regional areas in the Wheatbelt
region. Hence, the catchment is generally domestic and commercial waste from the
town centres. Depending on the town, there may be light agricultural or industrial
waste as well. The inflows tend to be lower over the summer months and higher in
winter due to increased inflow from the rain. Most of the WWTPs in the towns visited
were pond systems, with single or multiple ponds for treatment. Further treatment in
the recycling schemes generally consisted of disinfection through chlorination or
Ultra-Violet (UV) irradiation. Filtering through sand or membrane filters was also
sometimes used. Treatment after storage was generally in tanks, but storage dams
were also used in some schemes. Lastly, the end use site in all cases was irrigation,
generally of public open spaces (football ovals, parks etc.). With suitable barriers,
irrigation of public open spaces falls under the “Low” risk category under the DoH
water recycling guidelines.

Figure 3: Recycling Scheme Flow Diagram
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The initial focus while preparing for the site visit was in analysing data from the
WWTPs and determining whether they were functioning normally. During the site
visit, the main focus was on the assessment of the further treatment, storage and end
use of the recycled water. Figure 4 below shows the components of the recycling
scheme and the applicable guidelines that they were assessed with. The catchment is
the only component where no real assessment was made against the guidelines, only
background information about the town itself was obtained. This is as there were no
real areas of the guidelines that deal with the catchment and its management. More
details on these assessments can be found in the Methodology section of this report.
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Figure 4: Assessment Focus of each Scheme Component

6

1.4 Wastewater Treatment Analysis
Western Australia had the fastest growing population from all the Australian states in
the year between 2009 and 2010. A majority of this growth has been in the Perth,
South West and Pilbara regions (ABS, 2011). The population and its growth in the
past five years for the various regional sites are being analysed are in Table 2 below.
The population growth in Subiaco was not analysed as the treatment plant serves a
variety of local government areas.
Please note that the Subiaco WWTP will not be examined as its characteristics are
very different to the other plants and the exact boundaries for its catchment could not
be determined.
Table 2: Site population, growth and comments
Sites

Population
in 2006

Mundaring
York
Wongan Hills
Northam
Wundowie
Kojonup
Wagin

3000
2088
745
6009
944
1122
1427

Population
Growth
(2005-2010
in %)
6.86
12.39
-0.40
8.95
8.95
-1.71
-0.47

There are considerable population increases in the shires of Mundaring, Northam and
York. The population increase in Mundaring can most likely be explained by its
relative proximity to Perth. York has been moving away from agriculture to a tourism
based industry. Northam has been selected as a “SuperTown” by the state
Government (Shire of Northam, 2011). It is also the proposed site of an immigration
detention centre (DIAC, 2011). The population in Wongan Hills, Kojonup and Wagin
has been fairly static over the past five years. It is important to note that Wundowie is
in the Shire of Northam and it was assumed that it experienced the same rate of
population growth.
Thus, some of WA’s growth in population is occurring in regional areas. Suitable
increases in wastewater treatment capacity will be required to accommodate this
population growth. The traditional approach to this has always been to expand the
treatment capacity of the WWTP. However, three other options will also be analysed
for the selected towns, the use of a septic tank, residential greywater reuse and a water
efficiency program. Each of these four options are discussed briefly below.

1.4.1 WWTP Capacity Expansion
WWTP capacity expansion refers to any capital works undertaken with the aim of
treating larger quantities of raw influent. All the analysed WWTPs, except for
Mundaring, are pond systems with single or multiple ponds. Capital works in these
would include the creation of another parallel pond or the expansion of current ponds.
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Similarly, in Intermittent Decanting Extended Aeration (IDEA) plants like
Mundaring, the expansion would require the installation of parallel treatment or larger
tanks.
This is a very cost intensive process. However, it is a proven system and the upgrades
can be used as an opportunity to deal with possible design issues in the system and to
improve the quality of effluent. Its outcomes are more reliable than the other options
and it requires less coordination with other agencies. This is generally the preferred
option of the Water Corporation.

1.4.2 Water Efficiency Measures
Water efficiency measures in this report are used to describe a method whereby a
range of water conservation and efficiency programs are run across a community. The
water efficiency programs will incorporate the changeover to low flow showerheads,
taps and dual flush toilets from higher flow devices and even potentially subsidised
rainwater and greywater reuse systems.
This option requires the least capital of all the options. However, its outcomes are also
the least proven. The program’s effectiveness depends on various factors including
community willingness, time of application, marketing and others. Additionally, the
focus of this project will be on engineering solutions to the issue and this option does
not necessarily provide it. Hence, this option has been considered for the MCA but
will not be analysed in detail and preference will be given to the other options for
their design aspect.

1.4.3 Residential Greywater Reuse
Greywater, according to the DoH, is wastewater from kitchens, washing machines,
showers, baths and wash basins. The reuse of greywater for suitable purposes can be
used to reduce the use of scheme water. Reusing the greywater will also lead to
reduced inflows to WWTPs. Greywater can be reused for a number of purposes
depending on the level which it is treated to. Primarily treated or untreated greywater
can be used for sub-surface irrigation. Tertiary treated greywater can be used indoors
for toilet flushing and washing machines. The reuse of greywater in WA is regulated
by the DoH through its Code of Practice for Greywater Reuse and the Guidelines for
Non-Potable Reuse of Recycled Water. There is also a list of greywater reuse systems
that is approved for use by the DoH.
There are some drawbacks to greywater reuse. The use of raw or primary treated
sewage for irrigation may lead to increased salt content in the soil (or increased
sodicity), which may have an effect on the plants being irrigated (Wiel-Shafran et al.,
2006). Greywater systems to treat water to a tertiary standard in a household scale are
quite expensive and this cost may not be compensated by the water savings. The
proper maintenance of these systems may also be an issue. There is also additional
plumbing required for these systems due to the use of a third pipe (purple pipe). Thus,
these systems are more suited to incorporation into planning before development
begins as they may be hard to retrofit. However, despite these drawbacks, greywater
reuse done correctly carries several environmental and economic benefits.
These benefits may be achievable more economically through the use of a
community-scale greywater system, where greywater is collected from several
8

households and treated centrally at a community greywater treatment plant. This
reduces the capital cost of the system on single households due to higher economies
of scale. The treated greywater obtained can then be reused through a third pipe
system on open spaces (private and public) or for indoor purposes (if treated
appropriately).

1.4.4 Septic Tanks
Septic tanks have been the traditional choice for remote communities with no or
expensive sewerage. They are essentially anaerobic tanks buried in the ground which
collect wastewater from households. They are often used with absorption trenches (or
leach drains) or soak wells. Once a certain level is reached in the tank, the effluent
(the wastewater without solids) is discharged into the trenches from which they flow
into the surrounding soil (ICAT, 2005). Two trenches or wells are required in WA by
the DoH. This is to alternate the area which receives the effluent and allow them time
to recover their capacity to break down the organic matter and nutrients. A schematic
of a septic tank system with a leach drain is seen in Figure 5 below.

(DoH, 2011)
Figure 5: Septic Tank and Leach Drain System Schematic
The main advantage of these systems is their relatively low capital cost and
maintenance. They require de-sludging every two or three years to remove the settled
solids (DoH, 2011). However, they can have adverse effects on the surrounding
environment due to nutrient overloading. Potential health hazards also exist when they
do not operate correctly and result in water logging. Some states and territories also
require that greywater be reused if a septic tank is in place, which will add to the cost.
Nevertheless, for this MCA, a standalone septic tank system with no greywater reuse
will be considered.
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2 Literature Review
2.1 Recycling Scheme Assessment
The recycling scheme assessment component of this project will focus on the
operational compliance of the schemes visited with the DoH’s Guidelines for the
Non-Potable use of Recycled Water in Western Australia. These guidelines are for the
safe use of “fit-for-purpose” treated wastewater for a variety of applications. This is
the main piece of literature that this part of the project will draw on. These guidelines
are based on the National Water Commission’s Australian Guidelines for Water
Recycling: Managing Health and Environmental Risks (DoH, 2011).
The need for the reuse of treated wastewater has been considered in many articles,
especially in Anderson 2005, where the importance of recycling wastewater in urban
areas is investigated. It is also discussed in van Roon 2006, where its importance in
reducing the impacts of urban living and development are stressed. Asano et al. 1996
provides a good overview of the development of wastewater recycling from its early
years.
All the recycling schemes that were visited used secondary treated effluent with or
without disinfection for the irrigation of open spaces. Various studies have been
performed on the use of secondary treated effluent for irrigation including Hamilton et
al. 2006 and Weber et al. 2005 looking at the risk of microbial and chemical
contamination respectively in food crops grown with secondary treated effluent and
found the risk to be fairly low. These confirm the “Low” risk rating that public open
space irrigation with suitable barriers is given in the DoH guidelines, where there is
even less contact than with food crops (DoH, 2011).
Risks from wastewater reuse have been well documented in literature, such as in
Toze, 2005, which investigates contaminants in wastewater and their potential effects
on human health. It also discusses risks associated with different end uses of recycled
water. Other research also focuses on risks from individual contaminants, such as
Nghiem et al. 2004 and Rattan et al. 2005 which focus on steroid hormones and
heavy metals respectively. These papers help quantify the risks in the use of recycled
water and show the need for proper management.
Additionally, there is large body of literature on the development of suitable
guidelines and management for water recycling, as seen in Shuval et al. 1997, Salgot
et al. 2006 and Anderson et al. 2001. Attempts to develop suitable guidelines and
parameters for recycling schemes have also been made such as in Cerba et al. 2003
and to a certain extent in Salgot et al. 2006. However, in an Australian context, the
NWC’s Australian Guidelines for Water Recycling: Managing Health and
Environmental Risks is the first to be produced on a national scale by a government
agency.
The majority of the literature focuses on individual components for risk assessment as
opposed to a barrier process described in the NWC’s national guidelines. Log
reductions in risk for different barriers have been prescribed in these guidelines and a
12 –element risk management approach which governs their application. The barriers
and approach prescribed in the national guidelines have been adopted by the DoH
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while compiling their Water Recycling Guidelines. These barriers, their presence and
quality will be the foci of the onsite assessment. This project will represent one of the
first series of results from an assessment of the Water Corporation’s recycling
schemes in Western Australia.

2.2 Wastewater Treatment Expansion
The Wastewater Treatment Expansion section of this report looks at the selection of
optimal sites with strong population growth, which will potentially have issues with
their WWTP being over capacity. Population growth in Western Australia has been
well documented through the Australian Bureau of Statistics. It has the fastest
population growth of all the states in Australia. This growth is occurring in some
regional areas as well, the WA planning commission’s “Wheatbelt: Country Land
Development Program” says that 320 residences will be required to cope with this
growth in the Wheatbelt region. The majority of this growth is centred around larger
towns like Northam and York, as seen in the Shire of Northam’s Development Plan.
Thus, the increase in wastewater flows to the WWTPs is a real concern in the near
future. The development plan also indicated that there are mainly two distinct types of
plots developed, smaller town centre plots and larger lifestyle plots away from the
centre.
The majority of the WWTPs seen in the site visits were pond systems. According to a
report by GHD in 2006, they require larger areas for treatment of similar flows
compared to activated sludge plants but less maintenance and the expansion of these
plants requires extensive capital works in increasing pond size or adding other ponds.
This makes the use of residential greywater systems, septic tanks and water
conservation measures quite financially feasible comparably.
An MCA was used to select the most suitable option from the list. This is a commonly
used selection process and its use is considerably described in literature, including
Carrizosa 1995, Boender 1989 and others. The G3 guidelines by the Global Reporting
Initiative also use a similar process. Thus, it is a suitable method and has considerable
field validation for the selection of the most appropriate option from several, as seen
in Mendoza 2005 and Janssen 2001. The MCA resulted in the selection of greywater
reuse as the most suitable option.
The potential of greywater reuse has been analysed considerably in literature. Dixon
et al. 1999 speaks of the water savings possible while other Australian studies, like
Jeppensen 1996 and Christova-Boal 1996, indicate the challenges in implementing
domestic greywater reuse. The reuse of greywater in WA is governed by the DoH’s
Code of Practice for Greywater Reuse. Thus, greywater reuse is a fairly well
established practice with suitable guidelines for its design.
There is currently a hole in the literature analysing residential greywater reuse as an
option for the reduction in inflows to a WWTP. This project is aimed at filling this
gap and analysing the best option for this reduction. This is especially vital to the
selected WWTP as they have associated recycling schemes where the quality of the
effluent is essential.
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3 Methodology
3.1 Recycling Scheme Assessment
The Recycling Scheme Assessment followed the general methodology seen in Figure
6 below. This method can broadly be divided into the following:
- Desktop Assessment
- Onsite Assessment
- Feedback Preparation
- Process and Register Review
The information from the first two steps was entered into the Water Recycling
Assessment Tool (or WaterRAT), which is essentially a document which lists all
relevant aspects of a recycling scheme that need to be identified. This is then used to
generate feedback to the relevant parties. Each of the three steps are discussed in
detail below.

Figure 6: Recycling Scheme Assessment Flowchart

3.1.1 Desktop Assessment
The desktop assessment focused mainly on the site background and data analysis. The
WWTP type, further treatment systems, number of irrigated sites, agreement and
approval status of each site were obtained from the Wastewater Scheme Register.
Additionally, raw data on the inflows to the WWTP, reuse flows to the recipient and
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water quality of the final effluent was obtained from the Water Corporation’s data
storage system (ODSS).
The pH, Biochemical Oxygen Demand, Suspended Solids, Total Nitrogen and
Phosporous and Escherica Coli levels in the final effluent were analysed for the past
two years. Annual and biennial averages were found and sampled values were
compared to targets set in the agreements with the recipient. For the inflows and reuse
flows, average daily flows for each month were calculated (monthly daily averages)
as well as daily flows over the year. This analysis was done with two years of data.
All the information from the desktop assessment was entered into the site’s
WaterRAT.
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3.1.2 Onsite Assessment

Figure 7: Onsite Assessment Areas (Green and Red lines indicate Further Treatment and Storage and End Use Site Specifics
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The onsite assessment mainly focused on the Further Treatment, Storage and End Use
Site components of the recycling scheme. The areas and specifics where they were
assessed are seen above in Figure 7. Initially, the dam or tanks for storage from the
WWTP were assessed for suitable barriers and signage. Suitable barriers included
suitable distance from the town area, fencing or roofs on the tanks. Signs had to
follow Guideline 7,6 from the DoH recycled water guidelines. The recommended
contents are seen in Figure 8 below. If chlorination was performed in or around the
storage area, the safeguards were checked. This was especially the case for chlorine
gas. Suitable safeguards included a windsock (for wind direction in case of leaks),
eyewash and signage. Suitable training in handling chlorine was also checked.

(DoH, 2011)
Figure 8: Standard Signage for Recycled Water Sites
Then, the irrigation site was examined. Signage of the same format as seen in Figure 8
above had to be present at the irrigation site as well. Alongside the format, a suitable
number of signs in correct areas also needed to be present. The irrigation area also
required suitable barriers, which had to be the same as for the storage area. The
irrigation times also needed to be suitably managed so that there is a four hour gap
between the recycled water being applied and persons being on the oval. Thus, night
time irrigation is generally preferred. Additionally, the surface of the irrigation area
was checked to see if ponding of the recycled water might occur somewhere. Lastly,
the area around the irrigation site was checked for fountains, barbeques or other
similar fixtures where contact with recycled water may result in public health hazards.
The WWTP was inspected onsite, but this was more for an understanding of the flows
and the wastewater treatment process itself than to check their operation.

3.1.3 Feedback Preparation
Feedback was prepared by more experienced members of the Recycling team as there
was more focus on stakeholder engagement, especially with the recipients. However,
some input was provided by the intern on the structure of the report back to the
region, DoH and recipients.

3.1.4 Process and Register Review
After the desktop and onsite assessment was performed and there was suitable
familiarisation with the process and requirements, further work was done on
developing an alternative Water Recycling Register. Any work done was presented to
other members of the team and discussed. Hence, brainstorming with the other
members of the team and then applying the results was the main method for
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developing the new register. A similar method was used to review the WaterRAT
process and streamline it through brainstorming and discussion.

3.2 Wastewater Treatment Analysis
3.2.1 Site Selection
Before performing the MCA, the sites for which the analysis and system design would
occur were selected. Sites were selected based on substantial population growth and
an optimal WWTP loading. Sites with current issues such as overloading or water
quality issues were not selected as were sites with little or no population growth. The
decision flowchart used in this analysis is seen in Figure 9 below.

Figure 9: Decision flowchart for Site Selection

3.2.2 Multi-Criteria Analysis
A Multi-Criteria Analysis (MCA) was the method used to select the appropriate
option. The steps undertaken as a part of this analysis are as follows:
- Stakeholder and Criteria Selection
- Criteria Weighting
- Final Rating
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These are discussed in detail below.
3.2.2.1 Stakeholder and Criteria Selection
Following the identification of the sites, all stakeholders in any new wastewater
development were identified. They are seen in Table 3 below. While performing the
analysis, the Water Corporation, Local Government and Developers were grouped
together as the “Developing Agents”, as one of the three will generally develop the
project and their ratings were found to be quite similar.
Table 3: Stakeholders for Option analysis
Stakeholders
Regulators
Water Corporation
Local Government
Developers
Local Employees
Community

After identifying the stakeholders, the criteria to be used in this analysis were
identified. The criteria were selected according to the triple bottom line method,
categorised into Social, Environmental and Economic criteria. The selected criteria
are seen in Table 4 below. Some of these criteria were identified from the Global
Reporting Initiative’s (GRI’s) G3 guidelines for sustainability reporting.
Table 4: Selected Social, Environmental and Economic Criteria
1.
2.
3.
4.

Social
Education
Health and safety
Effectiveness
Regulatory
requirements

Environmental
1. Water
2. Materials
3. Energy
4. Biodiversity
5. Emissions
6. Compliance

Economic
1. Operating cost
2. Capital cost
3. Payback period
4. Sensitivity/Risk
Assessment

3.2.2.2 Stakeholder Weighting
After the stakeholders and criteria were selected for the analysis, they were then
weighted to determine the importance of the criteria. Each stakeholder was given a
rating between 1 and 10 for every criterion. This rating was determined through
communication with suitable representatives of each stakeholder group. For the
“Water Corporation” stakeholder, a range of employees from the Wastewater
Treatment Branch were interviewed. Local employees were contacted from the Water
Corporation’s regional branches when on site visits. Local Government, mostly
shires, were also contacted when on site visits. Weightings for the other stakeholders
were approximated through role-play and discussion with peers. The weightings from
the stakeholders were then added and converted to a percentage.

3.2.2.3 Final Rating
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Finally, the options were rated on the selected criteria. A rating between 1 and 5 was
given, where 5 was the highest. This was then multiplied with the criteria’s
percentage weighting to obtain the weighted ratings. The weighted ratings were added
up to obtain the option’s final rating.
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4 Recycling Scheme Assessments
4.1 Results
The results from the recycling scheme assessments have been divided according to the
analysed components: the background assessment, WWTP operation, Further
Treatment Systems, Storage Area, End-Use site and Process and Register Review. A
summary of all the results is seen in section 4.1.6.

4.1.1 Background Results
There were two main outcomes from the background information on the scheme. The
first one was if there was a Recycled Water Supply Agreement (RWSA) or a
Memorandum of Understanding (MoU) between the Water Corporation and the
Recipients in regards to the supply of the water. Secondly, if the scheme had
previously been granted approval by the DoH. These two outcomes are summarised in
Table 5 below.
Table 5: Scheme Agreement and Approval status
Scheme
Mundaring
York
Wongan Hills
Northam
Wundowie
Subiaco
Kojonup
Wagin

Recipient
Shire of Mundaring
Shire of York
Shire of Wongan-Balidu
Shire of Northam
Shire of Northam
University of Western Australia
Shire of Kojonup
Shire of Wagin

Agreement/MoU
Y
Y
Y
Y
Y
Y
Y
Y

DoH Approval
Y
Y
Y
N
Y
Y
Y
Interim

It can be seen that there are suitable agreements with all the recipients. The only
schemes with no prior DoH approval were Northam and Wagin. Wagin has an interim
approval, but will not get full approval till there are suitable upgrades to the scheme.

4.1.2 WWTP Results
Detailed effluent quality results from all sites could not be shown due to
confidentiality reasons. However a summary table, detailing whether the effluent met
the standards set by the guidelines or not is seen below. The parameters specified by
the guidelines are seen in Table 6 after.
Table 6: Effluent Quality Summary
WWTP
Mundaring
York
Wongan Hills
Northam
Wundowie
Subiaco
Kojonup
Wagin

Effluent Compliance with Guidelines
N
Y
Y
Y
Y
Y
N
Y
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Table 7: DoH Verification and Operational monitoring Guideline values for “Low”
risk schemes
Parameters
pH
Suspended Solids
Biochemical Oxygen Demand
E. Coli

Guideline Value
6.5-8.5
<30 mg/L
<20 mg/L
<1000 cfu/100ml

The effluent quality was found to generally comply with the quality set out by the
guidelines. Some issues were faced in regards to further treatment occurring after the
WWTP and no sampling occurring (other than for E. coli). This occurred in several of
the regional sites when the treated water was mixed with storm or rain water collected
in Shire dams. For these areas, appropriate judgement was used in relation to the
amount of dilution or the level of further treatment to assess whether the final
recycled water was compliant. Effluent was deemed non-compliant when one or more
of the parameters was non-compliant for more than half of the samples taken. Serious
effluent quality issues were only seen in the Kojonup and Mundaring WWTPs. Figure
10 below shows one of the ponds in the Kojonup WWTP.

Figure 10: Kojonup WWTP

Inflow data was further analysed to get an idea of the WWTP loading and potential
effects on effluent quality. This analysis is seen in Table 7 below. Mundaring is the
only site where the inflows exceed the capacity. Excess flows are stored onsite and
transported to the Beenyup WWTP through a tanker. Northam, Kojonup and Wagin
also had optimal flows and flows are sometimes close to capacity during winter
months. Figure 11 below shows the inflows into the Wagin WWTP over the year and
it can be seen that inflows are close to capacity in the June-July period.
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Table 8: WWTP License Capacities and Average Daily Inflows from 2009-2010
WWTP

Capacity (m³)

Average Inflow (m³/day)

Mundaring
York
Wongan Hills
Northam
Wundowie
Subiaco
Kojonup
Wagin

120
130
200
1500
200
61,400
250
260

149
85
150
1410
190
60,240
235
241

Average Daily Inflows to Wagin WWTP 2009-2011
300

Daily Inflow (m³/day)

250

200
Daily Inflows

150

Treatment Capacity

100

50

0
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Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Month

Figure 11: Comparison of Inflows to treatment capacity over the year for Wagin

4.1.3 Further Treatment Systems
As the Water Corporation has internal procedures and standards for the operation and
safety of its assets as well as staff that are adequately trained, assessment of the
further treatment was limited to those operated by the recipients. Initially, the type of
disinfection was identified. A list of the further treatment that occurs on the sites
visited is seen in Table 9 below along with the operators.
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Table 9: Further Treatment at Various Sites
Scheme

Further Treatment

Mundaring

UV and Chlorination

York
Wongan Hills
Northam

Chlorination
Chlorination
Chlorination

Wundowie

Dilution

Kojonup

Sand Filtration and
Chlorination
Chlorination

Wagin

Chlorination

Subiaco

Details
Hypochlorite used with on-line
monitoring
Chlorine Gas with interlock
Chlorine Gas with interlock
Chlorine Gas with interlock
Dilution with collected
stormwater
AMIAD sand filter and Chlorine
Gas with interlock
Chlorine Gas with interlock
Chlorine Swimming Pool
Tablets

Operator
Water
Corporation
Recipient
Recipient
Recipient
Recipient
Water
Corporation
Recipient
Recipient

There were no serious issues in relation to the operation of the equipment. There were
generally interlocks or alarms for when chlorine dosing was not occurring to stop the
flow of the recycled water. There were also generally suitable safety precautions for
chlorine gas systems. This included wind socks near the storage area, signs and an
eyewash basin.
Possible issues were seen in Wundowie and Wagin. There is no further treatment in
Wundowie and inadequate treatment in Wagin. However, the Wundowie WWTP is
highly underloaded and hence produces effluent which is within the guidelines even
without disinfection. In Wagin, pool tablets are used for chlorination. This is not a
recommended method and there is no on-line monitoring or interlock to stop flows if
there is no chlorination occurring.

4.1.4 Storage Areas
Table 10: Storage Area Assessment at Various Sites
Scheme
Mundaring
York
Wongan Hills
Northam
Wundowie
Subiaco
Kojonup
Wagin

Storage Area
Tanks
Dam
Tanks
Dam
Dam
Tank
Dam
Tanks

Barriers
Compliant
Compliant
Compliant
Compliant
Compliant
Compliant
Compliant
Compliant

Signage
Compliant
Compliant
Not Compliant
Compliant
Compliant
N/A
Compliant
Compliant

As seen in Table 10 above, storage areas were generally compliant across the board
with suitable fencing around the area, roofing (for tanks) and signage. Suitable
signage is seen from the Wagin scheme in Figure 12 below. No signage was present
in Subiaco, but the water is stored onsite at the Subiaco WWTP, hence suitable
barriers are present to prevent human contact. There were some issues with the
maintenance of the dam in Kojonup (plant growth around edges), however this was
minor. Additionally, there was no roof on one of the tanks in Wongan Hills, but an
order had been placed. Due to excessive rains in Wongan Hills, the shire storage dam
(prior to the tanks on site) was full and overflowing a bit. There was not enough
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suitable signage on the dam as well. The water in the dam was a combination of
effluent from the WWTP and stormwater.

Figure 12: Wagin Recycling Scheme Tanks

4.1.5 End Use Sites
Table 11: Irrigation Site Assessment
Scheme
Mundaring
York
Wongan Hills
Northam
Wundowie
Subiaco
Kojonup
Wagin

Signage
Not Compliant
Not Compliant
Not Compliant
Not Compliant
Not Compliant
Compliant
Not Compliant
Compliant

Irrigation Management
Compliant
Compliant
Compliant
Not Compliant
Compliant
Compliant
Compliant
Compliant

The most common issue seen in the irrigation site assessment was the signage. Only
two schemes had adequate signage, Wagin and Subiaco. The conformity of the signs
to the guideline recommended signage was checked, as well as the number of signs.
The focus was mainly on the number of signs and their placement. The nonconformity of the sign itself was not considered a serious issue as long as the message
was clear. The signage in Subiaco, seen in Figure 13 below, was not according to the
guidelines, but the meaning was clear and there were several signs all through
McGillvray Oval. Figure 14 after shows the signage at the football oval in Wagin.
The major issue in the sites was the lack of an appropriate number of signs as opposed
tonon-conforming signs.
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Figure 13: Recycled water sign at McGillvray Oval, Subiaco

Figure 14: Recycled water sign at Football Oval in Wagin
A more serious issue to arise from the assessment was the unsuitable irrigation
management in Northam. The timing and the areas of irrigation were checked during
this assessment. Most areas were generally compliant with four hours of gap time
between irrigation and use of the irrigated areas. However, incidents of irrigation
continuing as late as 7 AM were seen in Northam. Additionally, the recycled water
may be used for dust suppression while trotting races are conducted in the Northam
Trotting Club (which buys the water from the Shire of Northam). Both of these are
serious public health risks. These non-compliant irrigation areas are seen in Figure 15
below. Similar diagrams for the other schemes can be found in Appendix 9.1.
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Figure 15: Northam Non-Compliant Irrigation Areas (Marked in Green)
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The areas irrigated need suitable barriers from public access while irrigation occurs.
However, the Shire of Northam irrigates areas along the Avon foreshore, which has
very limited barriers, even late at night. This is especially true as the irrigation occurs
with sprinklers. Additionally, there are barbecues along the foreshore and contact with
irrigation water occurs on these. This could result in serious issues if the barbecue is
used soon after the irrigation.

4.1.6 Register Review
The Water Recycling Scheme Register was reviewed and an alternate version made
for the purpose of the assessments. After discussion, the following aspects of each
scheme were chosen to be included in the new register-

The WWTP’s current Annual Environmental Report
The WWTP’s Process Control Table
Further treatment information (including operators)
E. coli averages for 2009-2011 along with breaches over 1000 cfu/100ml
Number of schemes and sites in the scheme
DoH Approved or not
RWSA/MoU between Water Corporation and Recipients
Assessment status along with WaterRAT document and feedback report if
completed

These were then incorporated into a new excel file. A screenshot of which is seen in
Figure 16 below. There are still some blanks in the file, which are currently in the
process of being obtained from other branches of the Water Corporation or through
analysis.
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Figure 16: New Recycled Water Scheme Register Screenshot
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4.1.7 Final Summary
A summary of the results from the various Recycling Scheme Assessments is seen in
Table 12 below. The red cells indicate areas of non-compliance in the various
schemes.
Table 12: Recycling Scheme Assessment Summary
Desktop
Site

Onsite

WWTP

Approval

RWSA/MoU

Storage

Further
Treatment

Mundaring

Not
Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Wongan Hills

Compliant

Compliant

Compliant

Not
Compliant

Compliant

Not Compliant

York

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Northam

Compliant

Not
Compliant

Compliant

Compliant

Compliant

Not Compliant

Wundowie

Compliant

Compliant

Compliant

Compliant

-

Compliant

Subiaco

Compliant
Not
Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant
Not
Compliant

Compliant

Compliant

Not
Compliant

Compliant

Not
Compliant

Compliant

Kojonup
Wagin

Compliant

Compliant

Irrigation

Signage
Not
Compliant
Not
Compliant
Not
Compliant
Not
Compliant
Not
Compliant
Compliant
Not
Compliant
Compliant

4.2 Analysis
As seen in Table 12 above and from the results sections, the most widespread problem
was the lack of proper signage. There are only two sites with adequate signage. This
is not the most serious concern, but a public lack of awareness on the use of recycled
water could have potentially high repercussions. Suitable steps need to be taken to
remedy this issue. Recipients need to put up suitable signage around the irrigated
areas; this is an easy and low cost step towards compliance with the new guidelines.
Signage is especially important near all entrances as they will cover a majority of the
users. The Water Corporation’s Wastewater Treatment Branch has applied for a grant
to purchase a large amount of these signs and make them available to recipients. If
this is successful, it will serve not only as a useful method of getting the schemes
closer to compliance, but will also serve to build better relationships with the end
users.
The issue that could have to most impact on public health was the inappropriate end
uses of recycled water in Northam. The Shire of Northam resells the water to the
Northam Trotting Club. As there is no turf or vegetation on the trotting track, there is
a serious issue with the amount of dust that gets raised during the races. Hence, the
trotting club use this water for dust suppression during races. However, there is a high
possibility of human contact with the recycled water when this occurs, especially for
audiences and employees near the track and on windy days. This is an unacceptable
use of recycled water. Additionally, the Shire of Northam themselves irrigate on areas
that are unsuitable for irrigation with recycled water, along the Avon river foreshore.
Open areas with no physical barriers are unsuitable for irrigation with recycled water,
especially with sprinklers. Public access is not restricted in these areas and there could
be contact with the water even late at night. The sprinklers also irrigate around
barbecues, which could result in contamination of food cooked on these. Lastly,
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incidents of irrigation occurring in Northam as late as 7AM have been reported.
According to the DoH guidelines, there needs to be atleast a four hour gap between
the application of the water and use of the irrigated area. Depending on the area and
its recreational use, the irrigation clearly needs to end well before 4 AM for there to
be this gap. Hence, there are several uses of recycled water that may have to be
reconsidered in Northam.
The Northam Trotting Club needs to be made aware of their obligations in regards to
the use of recycled water and its supply to them should be stopped till suitable
agreements are reached in regards to its safe usage. There is no formal agreement
currently in place between them and the Shire of Northam or the Water Corporation.
Additionally, the irrigation by the Shire of Northam also needs to be managed more
effectively. The riverside areas, near barbecues and with no barriers, need to be
irrigated with scheme water. Alternatively, if the Shire wishes to keep using recycled
water, sub-surface reticulation for irrigation needs to replace the sprinklers. This
reduces the chance of human contact and is also more effective water-wise. Lastly,
the irrigation needs to be suitably managed by the Shire of Northam, so there is not
irrigation occurring after 4 AM. This is complicated due to the large number of sites
irrigated with recycled water in Northam. However, a suitable regime through which
the irrigation needs are balanced with appropriate timing needs to be established and
complied with. The Northam scheme does not have approval from the DoH and will
not obtain it until these procedures are correctly established.
Issues with the quality of the treated effluent were seen in Mundaring and Kojonup.
Mundaring WWTP is an Intermittent Decanting Extended Aeration (IDEA) plant and
consists of a demand aeration tank, an intermittent aeration tank, UV and Chlorine
disinfection. The WWTP has been overloaded for some periods of the year for the
past two years and excess inflows were being tankered to the Beenyup WWTP. This
excess flow has resulted in lower quality effluent from the WWTP. As a temporary
solution till capital works occur, duty pumps are being installed on storage tanks in
the WWTP so that influent can be stored temporarily (Water Corporation, 2010). This
can then be treated once there is capacity in the WWTP. This will alleviate some of
the issues in Mundaring. However, expansion of treatment capacity is required before
effluent quality can be fully addressed.
In Kojonup, the effluent quality is also lower than the guideline standards due to high
loading. The WWTP is around 94% loaded on average through the year. The
treatment in Kojonup consists of an Imhoff tank which then leads to two parallel
secondary treatment ponds. Further to the high loading, there are also issues with the
design of the ponds. The ponds are both just over one metre deep. These are meant to
be facultative ponds, where the upper surface is aerobic and the bottom is anaerobic
after sludge suitably settles. However, facultative ponds are generally deeper, around
three metres or so (GHD, 2007). Generally, maturation ponds are around one metre
and wastewater is transferred to them after treatment in the facultative ponds for
polishing. Hence, the ponds in Kojonup are too shallow to function correctly as
facultative ponds, resulting in effluent quality issues. To solve these issues, the
Kojonup WWTP will require a suitable redesign and upgrade or changed process
control. Consultation with PEG’s Process Specialist team could help with suitable
process control. Upgrades could include making one or both ponds deeper and the
development of additional ponds in the treatment system.
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Most schemes that were visited had DoH approval prior to the new guidelines being
published. The only schemes without this approval were Northam and Wagin. Wagin
has an interim approval till their current application is processed. The main issue in
Wagin, as discussed previously, is their disinfection system. The system uses pool
chlorine tablets for disinfection. However, with suitable testing and procedures, the
Wagin system might be acceptable to the DoH. It is recommended that they codify
their procedure and include testing of the water’s chlorine residual with chlorine kits
before irrigation is commenced. The Shire of Northam only recently signed an
agreement with the Water Corporation on the supply of recycled water. This is a
prerequisite to getting DoH approval to operate. Hence, Northam can apply for
approval once other aspects of the system are corrected. All visited sites had current
Agreements or MoUs with the Water Corporation in regards to the supply of recycled
water.
There were no real issues with the storage in most areas, with Wongan Hills being the
one exception. Suitable barriers, signage and roofing were seen in most cases. In
Wongan Hills, the shire storage dam, which has both collected stormwater and
effluent from the WWTP, was overflowing. This is seen in Figure 17 below. There
was some unseasonal rain during spring when the site was visited, which caused this.
Suitable signage was required for the overflowing areas and around the shire dam.
Normal levels of rainfall would not result in this overflow. Hence, this was not
considered a serious issue.

(Photo Courtesy: Kate Meenan, Water Corporation)
Figure 17: Shire of Wongan Hills Storage Dam
On a final note with the analysis of the Recycling Scheme Assessments, the clearest
area for improvement in terms of the process was communication. The relationship
between the recipients, DoH, regional water corporation branches and the PEG needs
to be stronger. The recipient’s end point sampling results are sent to the DoH, but not
the Water Corporation, who could potentially do more to improve quality. There was
also quite a gap in the sharing of knowledge between PEG and the Regional
Branches. The Recycling team at PEG is relatively new, hence these issues are
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expected. However, they need to be overcome for there to be an effective recycling
organisation and framework in Western Australia.
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5 Wastewater Treatment Analysis
5.1 Results
5.1.1 Site Selection
As seen in the diagram below, the final sites selected for analysis were Northam and
York. These were the only two sites with optimal loading, no effluent quality issues
and strong population growth. The diverging arrows show reasons for not analysing
the listed sites.

Figure 18: Site Selection Conceptual Flowchart
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5.1.2 MCA Results
The final criteria weightings are seen in Table 13 below. The social criterion with the
highest weighting was Health and Safety, followed by Education and Effectiveness
after. The social criterion with the least weighting was community visibility.
Similarly, the highest for environmental criteria were Water, Emissions and Energy,
while the lowest was Biodiversity. The highest for the economic criteria were the
Operating and Capital Costs while the least was for Sensitivity. More detailed tables
for the weighting and the scores attributed to each stakeholder can be found in the
Appendix 9.2.
Table 13: Final Criteria Weightings
Area

Social

Environmental

Economic

Criteria
Health and Safety
Education
Effectiveness
Regulatory Req.
Community Visibility
Total %

% Weighting
26.87
20.15
20.15
17.16
15.67
100

Water
Emissions
Materials
Energy
Biodiversity
Total %

23.53
22.79
18.38
16.18
19.12
100

Operating Cost
Capital Cost
Payback Period
Sensitivity/Risks
Total %

27.39
26.03
26.03
20.55
100

The final rating table for the Greywater Reuse option is seen in Table 14 below. This
table is provided as an example for the process used in the final rating. Tables for the
other options can be found in the Appendix 9.2.
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Table 14: Greywater Reuse Final Rating
Criteria

Rating
Social Criteria
Education
2
Health and safety
4
Effectiveness
5
Regulatory Req.
3
Community Visibility
5
Overall Social Rating

Weighting

Weighted Rating

20%
27%
20%
17%
16%

0.4
1.08
1
0.51
0.8

Environmental Criteria
Water
5
Materials
3
Energy
3
Biodiversity
4
Emissions
3
Overall Environmental Rating
Economic Criteria
Operating Cost
4
Capital cost
2
Payback Period
4
Sensitivity/Risks
4
Overall Economic Rating

3.79

24%
18%
16%
19%
23%

1.2
0.54
0.48
0.76
0.69
3.67

27%
26%
26%
21%

1.08
0.52
1.04
0.84
3.48

Total Rating

10.94

The final ratings for all four analysed options can be seen in Table 15 below. Water
Efficiency Measures has the highest rating, followed by the Residential Greywater
Reuse, Wastewater Treatment Plant Expansion and Septic Tank options.
As discussed previously, the Water Efficiency measures will not be looked at in
further detail as it does not entail an engineering solution. Hence, the next highest
rating is for Residential Greywater Reuse and a suitable system will be designed for
the selected towns.

Table 15: Final MCA Ratings Summary
Option
Water Efficiency Measures
Residential Greywater Reuse
Wastewater Treatment Plant Expansion
Septic Tanks

Final Rating
11.13
10.94
10.29
8.8

5.2 Final System Design
The two selected sites, Northam and York, are both relatively large West Australian
towns and close to Perth. From the Shire of Northam’s development plan, it was
found that there were two main types of developments in Northam. The first was the
town centre development, which generally had a rating of R20 or higher. R20 means
that there are twenty plots of land in one hectare. The second main type of
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development was the rural lifestyle plots, which are generally much larger in size.
These developments represent two very different scenarios for greywater reuse. Thus,
they are treated accordingly and two different systems will be designed for them: The
R20+ System and the Rural Lifestyle System. Initially, we will look at the
assumptions and constraints in the design.

5.2.1 Assumptions
The following assumptions were made for the purposes of the design:
-

The average household in Northam and York uses 375kL of water per annum.
This was obtained through a report by GHD which suggested that households
in the Avon catchment area use between 350 and 400 kL/annum.
Northam and York follow similar development trends: the town centre R20+
and the rural lifestyle developments.
All the water used indoors gets converted to wastewater that is there is no loss
in the quantity of water after it is used.
The water use patterns in Northam and York are the same as seen in the Perth
Residential Water Use Study by the Water Corporation. This assumption was
made as no data was found on the water use patterns for the Wheatbelt region.
Using the study’s patterns with the 375kL usage per household produced
Table 16 below.
Table 16: Approximate Water Use Breakdown in Northam and York

-

Area
Outdoors

Component
Total

Indoors

Toilet
Annual Greywater
(Kitchen+Bathroom+Laundry)
Approved Greywater
(Bathroom+ Laundry)
Total

Annual
Water Use
(kL)
157500
33750
168750
127500
202500

For financial assumptions, see the constraints section below.
Kitchen Greywater is not included in the analysis as current DoH guidelines
do not allow for its reuse.
Irrigation water has been increased for the Rural Lifestyle plots, as they are
likely to have larger garden areas.

5.2.2 Design Constraints
Before looking at the constraints, a simple financial analysis was performed for the
cost savings that could be produced through the reuse of greywater. Annual water cost
with and without greywater reuse was calculated and the difference found. This is
seen in Table 17 below.
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Table 17: Greywater Reuse Cost analysis
(Pricing from Water Corporation’s Residential Country Pricing)
Scenario
No Reuse
With Greywater Reuse

Annual Water Use
(kL)
375
247
Cost Savings

Cost
($)
751
514
237

Hence, with the current pricing of water, only around $240 is saved annually through
the reuse of water. Using a simple payback system with a greywater system lifespan
of around fifteen years, this provides us with a household budget of around $3600.
This does not include maintenance and electricity costs. However, this should balance
out with a higher water price, which is inevitable.
Hence, the constraints for this design are as follows:
- Financial constraint: as mentioned above, the system needs to be priced at
around $3600 per household.
- Technical capability in Northam and York: Suitable personnel need to be
available for maintenance and installation in the towns.
- Approved Greywater System: The system used needs to be in the list of
systems approved by the DoH.
- Design needs to adhere to the DoH’s Code of Practice for Greywater.

5.2.3 R20+ System
5.2.3.1 Catchment
From the financial constraints, a cluster scale system, integrating several lots, was
found to be more advantageous than individual lot systems. Household-scale
advanced greywater systems cost in the range of $15,000-20,000 to purchase and
install (ENTER, 2011). This is not a feasible price for our budget of $3600 over
fifteen years. However, using a cluster size of 50 or 100 dramatically increases the
budget to $180,000 and $360,000 over fifteen years.
Hence, a larger catchment is more advantageous for the R20+ system. Especially as
these are relatively higher density plots than the rural lifestyle ones. For the purposes
of this design, the cluster size has been assumed to be 100 lots. Thus, all flows will be
suitably multiplied to obtain sizing.
5.2.3.2 Greywater Treatment System
With a budget of around $300,000, advanced greywater treatment options become
more feasible. This allows the Greywater to be used indoors for toilet flushing and
washing machines, as well as outdoors for above and below ground irrigation.
Additionally, advanced treatment reduces considerable amounts of issues associated
with irrigation through diversion systems. Untreated greywater can cause increased
levels of salts in the soil, potentially harming plants unable to cope with the salinity.
Detergents in greywater can also cause soil to become water repellent (Wiel-Shafran,
2006). Lastly, untreated greywater cannot be stored for more than twenty four hours
before reuse occurs according to the DoH code of practice. This is as greywater
quality improves in the first day due to the settling of organic particles, however
beyond two days there are issues with the induced anoxic conditions and increased
microbial presence (Dixon et al., 2000). Hence, advanced treatment offers more
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flexibility in use due to the higher levels of treatment and there are fewer issues
associated with its use.
Two advanced systems are approved by the DoH, the Nubian and Novagrey systems.
Both of these produce greywater of a suitable quality to use indoors. The household
scale version of the Novagrey treats around 1000 litres per day (Water Gurus, 2011).
However, a larger, commercial version of the Nubian system that is scaled between
2000 and 100,000 litres per day is available. For 100 households, the average daily
greywater produced is around 60,000 litres (Nubian, 2011). Hence, the Nubian
System seems to be the best options for the R20+ system and is used further in the
design.
5.2.3.3 End Uses
With the Nubian system in use, water of sufficient quality to use indoors is obtained.
Figure 19 in the next section shows the flows that will occur with the system in place.
The two main end uses will be irrigation in the non-winter months and indoor reuse in
the winter months. With suitable irrigation management and the use of appropriate
native vegetation, some greywater can be used indoors during the summer months as
well. In the winter months, not all the greywater can be used indoors, the water could
be stored over winter in a storage dam or tanks and integration with design water
features could be another option.
5.2.3.4 Water Balance Model
The water flow diagram is as seen below in Figure 19. The cluster wastewater is
essentially just the lot scale multiplied by the number of lots (100). The black water
still flows into the Water Corporation WWTP. However, the inflow will be reduced
by around 59%, which is quite significant. After the greywater is treated by the
Nubian system, it can be used for irrigation or indoor uses, with the excess stored
suitably. For a more in-depth look, Figure 20 after has the schematic for lot scale.
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Figure 19: R20+ Cluster Scale Greywater Reuse Schematic Diagram (Purple and
black arrows represent grey and black water respectively)
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Figure 20: Lot Scale Schematic for R20+ System (Purple, blue and black arrows represent grey, scheme and black water respectively)
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5.2.3.5 Management and Integration
The planning for such a system needs to be integrated into town planning
requirements and be a part of development processes. It needs to be made a
requirement or at least an option for large developments occurring in Northam and
York. Suitable plumbing will have to be constructed during the development, a third
purple pipe for non-potable greywater. Suitable documentation should also be made
available for visiting contractors once development is finished to reduce potential
misconnections.
The Shire of Northam is planning to construct a large dam to store treated wastewater
from the Northam WWTP over the winter period and some integration of the
greywater system for storage over winter alongside may be possible. This would
reduce the issue of excess greywater over winter. Integration of the treated greywater
with a storm and rain water capture system is another possibility, with suitable
landscaping and rainwater tanks. This could then be used to further supplement water
for irrigation. Finally, issues with the clogging of sewers due to the lack of greywater
can be solved through the use of the Drainwave or other sewer flushing technology.
The Drainwave collects wastewater from the house till a certain level is reached and it
then surges the water through the pipes to prevent blockages which might occur due
to lower flows (Drainwave, 2011).
The management of the system should be allotted to someone of expertise, ideally the
Water Corporation. The Water Corporation has a regional office in Northam and staff
visit York to inspect the WWTP. Additional protocol for the new greywater treatment
system can be developed by the Water Corporation after consultation with the
manufacturer. An annual fee should be collected from the residents for the
maintenance of the system which is payable to the Water Corporation. If no suitable
agreement can be reached with the Water Corporation, other contractors should be
sought.
The Nubian system is quite low maintenance, requiring two to three maintenances per
year. Suitable contracts with the manufacturer for this should be arranged. Lastly, all
residents should be suitable educated about the greywater reuse and system. A list of
acceptable products to use in their laundry and bathroom to reduce loading on the
greywater system should be compiled. The irrigation management should be centrally
controlled and managed, with options for residents to choose to irrigate or not. Excess
water in summer months can be used to irrigate public open spaces.
5.2.3.6 Cost
The cost of the system is hard to estimate as a number of components are required for
it to function. Nubian was contacted for the price of a commercial system, but no
answer was given. But, the greywater treatment system should in the range of
$200,000-300,000. This is almost the entire component of the savings from fifteen
years for 100 lots. However, as this is a commercial system, the system will be quite
durable and is likely to last longer. Other costs from the system were much harder to
estimate, such as the third pipe fittings, storage dams and water features.
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5.2.3.7 System Summary
The selected R20+ system is summarised in the table below. The system seems to
financially viable and would also result in considerable water savings. A reduction in
inflow from new developments to the WWTPs by about 60% would also occur.
Table 18:R20+ System Summary
Component
Catchment size
Greywater System
End Use
Management
Integration

Selected Design
100 lots
Nubian Commercial Grade Advanced Treatment System
Irrigation, Indoor Use, Water Features
By Water Corporation or skilled contractors
Potentially with Shire of Northam storage scheme or with rain or
storm water harvesting systems within the development

5.2.4 Rural Lifestyle System
5.2.3.1 Catchment
The rural lifestyle plots are much larger than the R20+ plots, making a combined
catchment difficult. This limits the ability to increase catchment size. However, the
financial savings from greywater use in a single catchment and thus the financial
feasibility are quite small from a single lot. This makes the feasibility of this system
severely limited, as it would have to cost under $3600, which is the savings from one
lot. These lots may also have septic tanks on site. Some states in Australia require
greywater reuse if a septic tank is in use, however this is not a requirement in WA.
Although, greywater reuse would reduce loading on the septic tank and reduce
maintenance.
5.2.3.2 Greywater Treatment System
As the budget is quite severely limited, the advanced treatment systems cannot be
used here. A simple diversion system would the most advantageous to use for reuse.
Several diversion systems are approved by the DoH. They cost around $1000 and
upwards. Some systems have tanks for storage (for a maximum of twenty four hours)
and are thus more expensive. For the case of this system, a simple diversion system
with no tank has been used, the Aquarius Gecko Greywater Diverter.
5.2.3.3 End Uses
With a simple diversion device, indoor uses are not possible. Hence, irrigation can be
the only end use. For these plots, the irrigation water requirement has been increased
and more cost savings are possible. If a tank is also installed, greywater can be stored
for a day to improve quality before use or in case of excess flows, but this will
considerably increase costs. Additional indoor piping will not be required and subsurface reticulation needs to be used for the irrigation to prevent human contact. It is
recommended that scheme or an alternate fresh water source (such as rain water) is
used occasionally for irrigation as this helps reduce potential effects of the untreated
greywater (Gross et al., 2005).
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5.2.3.4 Water Balance Model
The Water Balance diagram with all the flows is seen in Figure 21 below. The
irrigation flows have been increased to maximum amount of 127.5 kL/year to account
for the larger garden area. However, it is highly unlikely that all the greywater will
ever be reused for irrigation as little or no irrigation will be required during the winter
months. Excess greywater can be stored temporarily in a tank and if not required,
diverted to the sewer or septic tank.

Figure 21: Rural Lifestyle Lot Scale Schematic Diagram (Purple, blue and black
arrows represent grey, scheme and black water respectively)
5.2.3.5 Management and Integration
The management of such a system will be fairly easy due to its lower complexity and
flows. The residents should be able to manage this system given enough education
and motivation. Residents should be made aware of the untreated reuse and the risks
associated with it. Like in the previous system, they also need to be made aware of
appropriate products to use in their bathroom and laundry.
The integration of this system with a rainwater tank should be considered. As
mentioned before, it is possible to avoid issues occurring with untreated greywater
irrigation if there is an occasional flush with rain or scheme water.
5.2.3.6 Cost
The cost of such a system will be fairly low, especially as there are very little running
costs and maintenance requirements. The overall cost including parts and labour
should be around $5000. This is still higher than from our financial constraints. If a
tank is included, costs are likely to be higher. Hence, the Rural Lifestyle System is
financially unviable.

42

5.2.3.7 System Summary
The summary of the system components for the Rural Lifestyle system is seen in
Table 19 below. A reduction in flows to the WWTP does occur in summer. However,
in winter, low irrigation needs could lead to higher flows. The system is also
financially unviable due to the small size of the catchment.
Table 19: Rural Lifestyle System Summary
Component
Catchment size
Greywater System
End Use
Management
Integration

Selected Design
1 lot
Aquarius Gecko Diversion Device
Irrigation
By residents
With rain water harvesting systems within the lot
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6 Conclusion
Lower rainfall in the South West and Perth Regions of WA has applied significant
pressure on the Water Corporation’s water supply dams. This has resulted in the
increasing use of groundwater for water supply in the Integrated Water Supply
Scheme (IWSS) as well as more water restrictions and water recycling. Non-Potable
water recycling in WA is governed by the DoH and its most recent guidelines were
published in August. One of the main aims of this project was to assist the Water
Corporation’s Wastewater PEG with their current assessment of their recycling
schemes for compliance with the new guidelines. This included site visits to eight
schemes and suitable data analyses. The recycled water scheme register, which is an
excel file containing information on all the Water Corporation’s recycling schemes,
was updated and an alternate version was created to help with the assessment process.
The assessment was divided into two main aspects, desktop and onsite. Desktop
assessment included the analysis of WWTP effluent quality and outflow data and
obtaining suitable background information. The onsite assessment focussed on the
irrigation sites, storage areas and further treatment systems. The desktop assessment
showed that the visited WWTPs generally produced effluent of a quality suitable for
use in “Low” risk schemes as defined by the DoH after disinfection. Issues in the
effluent quality were seen in the Mundaring and Kojonup WWTPs. It was
recommended that the Mundaring plant have increased capacity for treatment. The
Kojonup WWTP requires a redesign and infrastructure works to remedy its shallow
facultative ponds. Issues with WWTP effluent quality will be referred to PEG’s
Process Specialists who can provide suitable advice regarding change in plant control
or expansion. Background information obtained on the sites also indicated that the
Northam and Wagin schemes do not have approval from the DoH to operate their
recycling schemes.
The onsite assessment revealed several areas where there was non-compliance. The
most widespread problem was the lack of suitable signage in the irrigation areas,
which is an essential barrier to control public health risks. The most significant issues
identified were inadequate irrigation practices and irrigated areas in Northam.
Unsuitable areas included riverside parks and the Northam Trotting Club. The
inadequate practices were in late morning irrigation when there was a possibility of
human contact. It is essential that these practices are changed to comply with the
guidelines. Supply to the Northam Trotting Club needs to be stopped and riverside
areas need to be irrigated through sub-surface reticulation or with scheme water for
suitable compliance with the guidelines. Other onsite areas generally followed the
guidelines, with the other major issues being a non-compliant disinfection system in
Wagin and lack of barriers in a storage pond in Wongan Hills.
The assessment of these schemes revealed that almost all of them have an issue in
regards to their compliance with the DoH guidelines. The only scheme which is fully
compliant is Subiaco, which has much more operational control and manpower
supporting it due to its large size and location in a metropolitan area. However, most
of the identified issues were minor and can be remedied easily. Potentially major
issues are only in a few schemes such as Northam and Wagin. As more information is
collected, schemes with critical problems and needs are being identified. This allows
for a priority list to be made for schemes, through which capital, effort and resources
can be proportioned by the Water Corporation, recipients and the DoH. The final
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outcome of the assessment process would be the optimal performance of these
systems within DoH guidelines and with operational approval. Recommendations to
move towards this outcome are seen in the next section
Many of these sites had WWTPs which were nearing or at treatment capacity. Hence,
the second main aim was to select sites where strong population growth may result in
the overloading of the WWTP in the near future. Then, different options to expand
wastewater treatment capacity or reduce inflows were assessed to find the most
suitable one. A final system design of the identified option was also performed.
Initially, the sites where the analysis was going to be undertaken were chosen through
a site selection process. Northam and York were identified as the most ideal towns for
this analysis.
The identified options were the expansion of WWTP capacity, water efficiency
measures, residential greywater reuse and septic tanks. An MCA was used to identify
the best option and it resulted in water efficiency measures having the highest score.
However, the residential greywater reuse was chosen for the final design as an
engineering solution was required and it had the next highest score.
Two final designs were put forth, one for residential greywater reuse in a higher
density town centre development (R20+ system) and another for low density rural
lifestyle plots (Rural Lifestyle System). Financial analysis on the savings from reusing
greywater was performed. Using simple payback, around $3600 was saved from
fifteen years of reusing all the greywater in a typical household.
A large catchment size of 100 lots (or one cluster) was chosen for the R20+ system as
it made the system more financially feasible. This improved the payback significantly
and allowed for advanced greywater treatment to be used. A commercial grade
Nubian advanced greywater system was chosen with a 60kL/day treatment capacity.
The treated greywater will be used for irrigation in summer and indoor use in winter.
Suitable integration with a Shire of Northam storage scheme or in water features
through the development will allow for storage during the winter months. The system
is likely to be financially viable and needs to be implemented before development
occurs. Incorporation into the town planning strategy or offering it as an alternative to
a traditional development should be used for its promotion. Sufficient education for
residents will be required to make sure no contamination of the treatment system
occurs and to reduce health risks. The system should be managed by suitably qualified
consultants or the Water Corporation, which has a regional branch in Northam.
A large catchment system was not possible for the rural lifestyle system as the plot
sizes are much larger than the R20+ system. Hence, a lot scale system was chosen.
This reduced the financial capacity considerably, thus advanced treatment was not an
option. A diversion system was used, through which untreated greywater could be
used for irrigation directly. Storage of this greywater for longer than a day is not
possible, due to its degrading quality over time. Additionally, there could be soil
issues arising from its prolonged use. Thus, additional scheme or rainwater irrigation
may be required periodically to maintain soil quality. Integration with a rainwater
harvesting system for this is also an option. However, greywater will need to be
diverted to the WWTP or septic tanks during winter months when irrigation is not
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required. Hence, this system has not achieved the design requirements of reducing
WWTP flows.
The R20+ system reduced inflows from the cluster to the WWTP by about 58%. This
is a considerable reduction and could lead to fewer issues at the WWTP. Additionally,
the system also seems to be financially viable. It is also a more intensive system,
reducing wastewater flows from higher density town centre areas. However, the rural
lifestyle system is not nearly as effective. It is not financially viable, being more
expensive than its payback. It only reduces summer flows to the WWTP as winter
flows will remain unchanged. This could result in the WWTP being overloaded only
in winter. However, it is important to note that less of the town’s sewer connections
come from these type of lots, the majority being from areas around the town centre. It
is likely that a septic tank will be used in such a system.
With the current pricing of water, lot scale greywater systems are not financially
feasible, even if they are implemented prior to development. This is as water prices in
WA are not reflective of the cost of water, but only the cost to transport it. Water
prices are also likely to go up in the near future due to the implementation of the
carbon tax and from rising electricity prices. Further research on decentralised
schemes that reduce sewer inflows should be performed as they have the ability to
provide financial benefits coupled with sustainable water use and water conservation.
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7 Recommendations
7.1 Recycling Scheme Assessment
From the assessment of the recycling schemes, the following recommendations have
been developed:
-

Improved communication mechanism between recipients, regional Water
Corporation branches and Wastewater PEG: This could take the form of an
established protocol for incidents (an incident management system is currently
being developed by PEG), shared resources (such as E. coli results sent to
DoH), a shared database of information and/or regular meetings.

-

Develop suitable signage protocol for irrigation sites: Signage was below par
in most of the sites. It included issues with the number of signs, their
placement and the message. A protocol for the use of signage would go a long
way in alleviating these issues. Additionally, a large purchase of signs by the
Water Corporation would allow them to distribute it to sites where they are
found to be an issue, serving as a goodwill gesture and helping to improve
sometimes troubled relationships. There are currently plans underway within
the PEG obtain funding for this purchase.

-

Use of updated register: The updated register has been made with the
assessment as the main focus. It helps to find relevant information more easily
and quickly than the old register.

-

Deal with improper irrigation issues in Northam: As the enforcing agency for
the recycling schemes is the DoH, they need to be informed promptly about
the inappropriate irrigation in Northam’s Trotting Club and Parks so action
can be taken. This has to be dealt with sensitively, so as to avoid issues
between the Water Corporation and the recipient. However, taking no action
could lead to legal liability from potential public health risks.

7.2 Wastewater Treatment Analysis
The analysis of various wastewater treatment and reduction options provided the
following recommendations:
-

Further payback period analysis: More detailed analysis for the payback
period including suitable inflation rates for the price of water, discount rates
and other factors should be performed to verify the suitability of the R20+
system. Further analysis on the development of a budget for a household scale
system with different future water pricing will also help with the Rural
Lifestyle system.

-

Storage of treated greywater: Research on the viability of storage through the
use water features or other methods should be performed. Additionally,
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investigation on this use against the DoH guidelines and code of practice to
determine regulatory requirements should also be undertaken.
-

Calculations: As the data used for the water use components indoors and
outdoors was from Perth, there may be variations in Northam and York.
Research on the patterns of use in these towns may be required for this data.
This can then be used to verify greywater reuse, water savings and payback
period for the two systems.

-

Implementation of R20+ system: The use of the R20+ system for cluster-scale
greywater treatment should be proposed to the relevant stakeholders for their
feedback and opinion. This system is financially feasible and can result in
reduction in flows to the WWTP of around 58%.
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9 Appendices
9.1 Recycling Scheme Assessment
9.1.1 Recycling Scheme Schematics

.
Figure 22: Mundaring Recycling Scheme Schematic
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Figure 23: York Recycling Scheme Schematic
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Wongan Hills WWTP

SoWH Award Winning
Football Oval

SoWH Chlorination and
Storage Tanks

Figure 24: Wongan Hills Recycling Scheme Schematic
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Figure 25: Northam Recycling Scheme Schematic

56

Figure 26: Wundowie Recycling Scheme Schematic
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Subiaco WWTP, with on-site
irrigation

UWA Sporting Ovals

AMIAD sand filter and
chlorination
Storage Tank

Figure 27: Subiaco Recycling Scheme Schematic
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Kojonup WWTP

SoK Ovals

SoK Reuse Storage Dam

Figure 28: Kojonup Recycling Scheme Schematic
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Figure 29: Wagin Recycling Scheme Schematic
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9.2 Wastewater Treatment Analysis
9.2.1 MCA Tables
The tables 20, 21 and 22 below show the individual weightings given for each
stakeholder and criteria along with final weighting averages for each criteria.
Table 20: Weighted Social Criteria
Stakeholders
Regulators
Developing
Agent
Local
Employees
Community
Totals
%

Social Criteria
Effectiveness Regulatory Req.
5
8

Education
6

Health and Safety
9

Community Visibility
4

9

9

7

8

5

8

9

6

5

4

4
27
0.20

9
36
0.27

9
27
0.20

2
23
0.17

8
21
0.16

Table 21: Weighted Environmental Criteria
Stakeholders
Regulators
Developing
Agent
Local
Employees
Community
Totals
%

Environmental Criteria
Energy
Biodiversity
5
8

Water
8

Materials
6

Emissions
8

8

5

7

6

7

7

7

5

6

8

9
32
0.24

7
25
0.18

5
22
0.16

6
26
0.19

8
31
0.23

Table 22: Weighted Economic Criteria
Stakeholders
Operating Cost
Developing
Agent
Local
Employees
Community
Regulators
Totals
%

Economic Criteria
Capital
Cost
Payback Period

Sensitivity/Risks

6

7

8

6

8

7

5

5

4
2
20
0.27

3
2
19
0.26

4
2
19
0.26

2
2
15
0.21
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Tables 23, 24, 25 and 26 below show the ratings for each option and criteria. The final
rating for each option is also seen.
Table 23: Water Efficiency Measures Final Rating
Criteria

Rating
Social Criteria
Education
2
Health and safety
5
Effectiveness
3
Regulatory Req.
5
4
Community Visibility
Overall Social Rating
Environmental Criteria
Water
3
Materials
4
Energy
4
Biodiversity
4
Emissions
4
Overall Environmental Rating
Economic Criteria
Operating Cost
4
Capital cost
4
Payback Period
3
Sensitivity/Risks
3
Overall Economic Rating
Total Rating

Weight

Weighted
Rating

20%
27%
20%
17%
16%

0.4
1.35
0.6
0.85
0.64
3.84

24%
18%
16%
19%
23%

0.72
0.72
0.64
0.76
0.92
3.76

27%
26%
26%
21%

1.08
1.04
0.78
0.63
3.53
11.13

62

Table 24: WWWTP Capacity Expansion Final Rating
Criteria

Rating
Social Criteria
Education
5
Health and safety
4
Effectiveness
5
Regulatory Req.
3
3
Community Visibility
Overall Social Rating

Weight

Weighted
Rating

20%
27%
20%
17%
16%

1
1.08
1
0.51
0.48
4.07

Environmental Criteria
Water
3
Materials
3
Energy
3
Biodiversity
3
Emissions
3
Overall Environmental Rating

24%
18%
16%
19%
23%

Economic Criteria
Operating Cost
4
Capital cost
3
Payback Period
2
Sensitivity/Risks
4
Overall Economic Rating

27%
26%
26%
21%

Total Rating

0.72
0.54
0.48
0.57
0.69
3

1.08
0.78
0.52
0.84
3.22
10.29

63

Table 25: Septic Tank Final Rating
Criteria

Rating
Social Criteria
Education
3
Health and safety
3
Effectiveness
2
Regulatory Req.
3
Community Visibility
2
Overall Social Rating
Environmental Criteria
Water
2
Materials
3
Energy
3
Biodiversity
4
Emissions
3
Overall Environmental Rating

Weight

Weighted
Rating

20%
27%
20%
17%
16%

0.6
0.81
0.4
0.51
0.32
2.64

24%
18%
16%
19%
23%

0.48
0.54
0.48
0.76
0.69
2.95

Economic Criteria
Operating Cost
Capital cost
Payback Period
Sensitivity/Risks
Overall Economic Rating
Total Rating

3
4
2
4

27%
26%
26%
21%

0.81
1.04
0.52
0.84
3.21
8.8

64

Table 26: Greywater Reuse Final Rating
Criteria

Rating
Social Criteria
Education
2
Health and safety
4
Effectiveness
5
Regulatory Req.
3
Community Visibility
5
Overall Social Rating
Environmental Criteria
Water
5
Materials
3
Energy
3
Biodiversity
4
Emissions
3
Overall Environmental Rating

Weight

Weighted
Rating

20%
27%
20%
17%
16%

0.4
1.08
1
0.51
0.8
3.79

24%
18%
16%
19%
23%

1.2
0.54
0.48
0.76
0.69
3.67

Economic Criteria
Operating Cost
Capital cost
Payback Period
Sensitivity/Risks
Overall Economic Rating
Total Rating

4
2
4
4

27%
26%
26%
21%

1.08
0.52
1.04
0.84
3.48
10.94
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