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Executive Summary 

Wastewater in Regional South Australia (SA) is mainly managed by the Community 

Wastewater Management Systems (CWMS). Many CWMS have reached or are approaching 

their treatment capacity due to population growth, climate change impact and growing demand 

for recycled water. The typical wastewater treatment options of CWMS in SA are lagoon-based 

system, Sequencing Batch Reactor and intermittently decant extended aeration. This work 

provided a systematic analysis of the suitable options for expanding the capacity of current 

CWMS with a focus on the wastewater treatment systems. Options for how to expand the 

capacity of each stage of the wastewater treatment are provided, with the support of case-study 

based practical application. Constructed wetland could be used for all three wastewater 

treatment systems to increase the treatment capacity. It is a cost-effective and environmentally 

friendly expansion option. Different wastewater treatment options were compared, including 

high-rate algal ponds, lagoon-based system, constructed wetland, sequencing batch reactor, 

intermittently decant extended aeration and membrane bioreactor, to present the general 

characters of the systems. 

 

 

 

 

 

 

 

 

 

 

 



Report outline 

This report begins with the background of this project, CWMS stakeholders in regional SA and 

the aim of this project in section 1. Section 2 describes CWMS in regional SA. Section 3 

describes the current wastewater treatment technologies of CWMS. Section 4 talks about the 

reasons why this project focuses on the expansion options. Section 5 discusses the expansion 

options of each stage of the wastewater treatment process. Section 6 compares the different 

wastewater treatment options of CWMS. Section 7 provides conclusions and 

recommendations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction 

1. 1 Background of the project 

This project is supported by the Legatus Group, APR Intern and UniSA. APR. Intern and the 

Legatus Group provided funding for this project. The Legatus Group is a regional organisation 

of 15 local councils in Regional SA which supports its members in areas such as CWMS related 

projects. APR. Intern is Australia’s only not-for-profit PhD internship program and is 

supported by the Australian Government’s Department of Education and Training. APR. Intern 

connects PhD students with industry through short-term internships. UniSA and the Legatus 

Group have an MoU which allows them to work collaboratively on research projects, including 

this. In addition, the Legatus Group CWMS Advisory Committee has provided invaluable 

advice to aid this work.   

In SA, about 23% of the population (400,000 people) lives in the regional areas. The population 

of most regional towns is small (less than 10, 000 people) and they grow slowly but the peri-

urban towns have faster population increases.  

Wastewater is constantly generated because of human activities and industrial processes and 

wastewater management is essential to protect the health of the people, the environment and 

surrounding water quality. Wastewater in the metropolitan areas and some regional areas are 

managed by SA Water but not in most regional Council areas.  

Wastewater in regional SA consists of a major proportion of domestic wastewater and a small 

proportion of industrial wastewater. Wastewater in the regional areas is predominantly 

managed by the local government (50 councils) with 175 CWMS.  

A CWMS is defined as “a system for the collection and management of wastewater generated 

in a town, regional area or other community, but does not include SA Water sewerage 

infrastructure” under the South Australian Public Health Regulations 2013 (SA Health, 2013).  

 

1. 2 CWMS stakeholders in regional SA 

Councils, as owners of the CMWS, are responsible for the operation, maintenance, upgrading 

and replacement of the system within their area. Council charges property owners connected 

to the CWMS an annual service fee and all the fees collected are reinvested in the system. The 

Local Government Association (LGA) of SA manages new construction, which primarily 



involves maintaining the register of applications for construction of new schemes, determining 

the order of construction, managing the State Government subsidy payment and coordinating 

construction (LGA, 2021). The LGA of SA also provides technical advice to Councils and is a 

facilitator for Local Government with the State Government regulatory agencies (the 

Environment Protection Authority (EPA) and Department of Health & Wellbeing (DH&W).  

The State Government is involved in CWMS from a financial and regulatory perspective: The 

Office of Local Government makes the arrangements for the State's subsidy payment of $4.1M 

annually to the LGA; The DH&W sets the standards by which CWMS must operate and is the 

approving authority for new schemes, and the EPA issues operating licences for CWMS (where 

schemes service a population greater than 1,000 or are in a water protection zone where 

schemes service a population of more than 100). The Office of the Technical Regulator (OTR) 

is responsible for South Australia’s electrical, gas and plumbing safety and technical 

regulation. The Essential Services Commission of SA (ESCOSA) is an independent economic 

regulator that administers a principle-based regulatory and advisory framework focussed on 

financial sustainability over licenced schemes. 

 

1. 3 Aim of this project 

The initial aim of this project was to provide advice about designing and capital expenditure of 

building a new CWMS, but that aim evolved. It was found that, firstly, design criteria for 

CWMS are already provided by the LGA and, secondly, the variations in building a CWMS 

such as location, design options, and town layouts mean that there are almost no generalisations 

to be made about CWMS capital expenditure.  

Through a literature search, consulting with LGA and people who work with CWMS, we 

identified that a common problem with CWMS in SA is that many of them are approaching 

their capacity. Therefore, this project has aimed to provide a systematic analysis of the suitable 

options for expanding the capacity of the current CWMS and that aims sets its scope which is 

the expansion options of wastewater treatment options of CWMS in regional SA.  

2. What is a CWMS?  

A CWMS is used to collect, treat and sometimes reuse/dispose of wastewater produced in the 

communities. The CWMS encompass a collection and sewerage system which transport 



wastewater to a treatment plant for treatment, storage, and reuse. A CWMS encompasses 

different types of wastewater schemes including the Septic Tank Effluent Scheme (STEDS) or 

full sewer or combinations of the two. CWMS components are outlined in Figure 1 (LGA, 

2019).  

 

Figure 1: Community wastewater management system components (LGA, 2019).  

 

2. 1  Septic Tanks 

The conventional septic system consists of only two components: the septic tank and a soil 

absorption field or soakage trench. This system holds wastewater on-site outside the household 

and is used when the household does not have access to a community system. The septic tank 

is for primary treatment, which removes the solid matter from wastewater. The septic tank 

system is the most common on-site wastewater treatment system due to its simplicity and 

affordability. It needs a small space compared to other wastewater treatment systems, requires 

low and economical maintenance and does not require highly trained staff to operate the system. 

The most common disadvantages of the septic tank are that they can lead to water and soil 

contamination in some cases; emit foul odours caused by poor maintenance or clog and run the 

risk of overflow. The solids of wastewater settle at the bottom of the tank while the fats float 

to the surface of the tank. The effluent gradually moves into the trench where it then soaks into 



the soil. Solids will migrate to the soakage trench if they are not regularly removed. This is the 

main reason that the septic systems breakdown. The solids and fats that cannot be absorbed 

into the soil will clog the soil. Then the effluent may break through to the surface level and 

cause a health hazard.  

 

2. 2  CWMS Full Sewer 

This system bypasses septic tanks and allows properties directly connecting to the community 

sewer system and transfer the wastewater to a wastewater treatment centre.  

Septic Tank Effluent Drainage Scheme (STEDS) 

The majority of the existing CMWS are STEDS. The STEDS uses on-site septic tanks which 

connect to the community sewer system with a wastewater treatment centre. Discharge from 

the septic tanks normally flows automatically to pumping stations by gravity and then is 

pumped through sewer mains to the wastewater treatment centre. Simple oxidation lagoons 

provide secondary treatment. Reuse schemes are developed and often in combination with 

small scale extended aeration plants.  

Comparisons of advantages and disadvantages of a STEDS and a full sewer are shown in Table 

1. The mean construction cost of full sewerage was $21,114 per connection (updated to 2021 

values) compared to $6,579 per connection for STEDS (Palmer et al., 2001). Operational and 

maintenance costs including the cost of septic tank desludging for STEDs were equal to or 

lower than full sewage schemes to serve the equivalent communities in SA (Palmer et al., 2001). 

Table 1: The advantages and disadvantages of a STEDS and full sewer (adopted from Yorke Peninsula 

Council, 2021).  

System 

type 

Advantages Disadvantages 

STEDS • Gravity drains: smaller and 

flatter pipework. 

• Less access chamber required. 

• Less risk of blockages. 

• Simpler and less expensive 

treatment. 

• Low capital and operating cost. 

 

• The Septic tank must be 

desludged every 4 years. 

• Sludge must be safely 

disposed/utilised. 

• Existing septic tanks may in poor 

condition and require replacing. 

• Difficult to connect to the system 

if the septic tank is located far 

back in the property.  



• Need to locate existing septic 

tanks and outlets as a design 

input. 

Full sewer • Better accommodate heavy 

rainfalls. 

• No householder management 

• High level of health and 

environmental protection 

• Steeper drains with deeper 

trenches and pump stations. 

• Require more operation. 

• More expensive to run.  

• Higher risk of failure. 

 

2. 3  Wastewater treatment centre 

At the wastewater treatment centre, the wastewater enters a series of tanks where microbes 

treat the water and solids are separated from liquids. The treated water then enters ponds for 

storage to be used on community grounds and parklands. The solids can be used as fertiliser. 

The wastewater treatment can be secondary or tertiary. Completing secondary wastewater 

treatment reduces common biodegradable contaminants, allowing for safer release to the local 

environment. Tertiary wastewater treatment can raise the quality of the water to domestic and 

industrial standards or meet specific requirements around the safe discharge. 

 

3. Current wastewater treatment technologies of CWMS 

Regional SA has a large number of STEDS, thus, this work focusses on the expansion options 

of STEDS. The current wastewater treatment systems commonly used in regional SA STED-

based CWMS are lagoon-based systems, Sequencing Batch Reactor (SBR) or Intermittently 

decanted extended aeration (IDEA) system. 

Treatment plants for the wastewater treatment centre of the CWMS include lagoons, 

sequencing batch reactors, intermittently decanted extended aeration plants, rotating biological 

contactor plants and membrane bioreactor plants. 

 

3. 1  Lagoon-based system 

Lagoon-based treatment systems are the most common in regional and rural South Australia. 

Treatment lagoons include facultative, anaerobic, high-rate algal ponds and aerated lagoons. 

Facultative lagoons are the typical lagoons for wastewater treatment CWMS in SA. 



Lagoons are also called wastewater stabilisation ponds.  They are open ponds with a typical 

retention time of 66 days. Wastewater is treated by bacteria using oxygen in the air provided 

usually by mechanical aeration equipment.  

More than 50% of the CWMS in SA incorporate lagoons (Buchanan et al., 2018). Lagoons are 

sustainable and resilient treatment options when well maintained, and treatment is achieved at 

a significantly lower cost when compared with conventional WWTPs. Lagoons are generally 

used to service small populations (<5,000) in rural and remote areas. Lagoons are simple 

wastewater treatment system and provide flexibility for non-expensive upgrades such as 

floating baffles. Floating baffles are ideal for creating effective hydraulic flow patterns and 

circulation in the lagoon. The challenges to lagoon maintenance are sludge accumulation over 

time and increasing frequency of toxic alga bloom events (Coggins et al. 2019). Increasing 

demand for recycled water adds further pressure on the lagoon systems.  

 

Figure 2: Facultative lagoon treatment plants of Berri Barmera Council (Trility, 2020).  

The lagoon system could meet future treatment demand through optimisation and upstream/or 

downstream enhancement. Facultative lagoons are reliable and easy to operate and that is 

attractive to small communities. The lagoons require little energy as they are designed to 

operate by gravity flow. Settled sludges of the lagoons require periodic removal. Wastewater 

lagoons take little maintenance including making sure the mechanical equipment, pipes and 

valves in good operating conditions (Kansas Government, 1999).  

When well-maintained, lagoon-based systems are sustainable and resilient and with a 

significantly lower cost when compared with conventional WWTPs (Coggins et al., 2019).  

The lagoon system is also suitable for treating high load fluctuating wastewater inflow.  



3. 2  Sequencing Batch Reactor (SBR) 

Sequencing Batch Reactors (SBR) are another commonly used wastewater treatment method 

for regional SA. SBR is a fill and draw activated sludge treatment process and all the treatment 

process happens in the same reactor. SBR system is a type of mechanical treatment plant and 

is commonly used by small communities for sewerage treatment. The operational cycle of an 

SBR system has five phases: fill, react, settle, draw and idle. Appropriate process control of 

SBR is important in ensuring the removal of the target contaminants from the wastewater.  

 

 

Figure 3: Sequencing batch reactor (Mid and Dua, 2018). 

SBR systems are suitable for low or intermittent flow conditions and are typically used at flow 

rates of 5 megalitre per day or less.  

SBR process can be effectively automated and could save more than 60% of the operational 

cost compared to conventional activated sludge process (Dutta and Sarkar, 2015). This is 

because the unit processes of SBR and conventional activated sludge are the same.  All the 

processes happen in one reactor for a SBR system whereas different processes of conventional 

activated sludge occur in separate reactors. SBR is a preferable technology for densely 

populated areas due to its low requirement of area and manpower for operation.  

 



3. 3  Intermittently decant extended aeration (IDEA)  

IDEA is an advanced technology of SBR and a type of mechanical plant. The IDEA treatment 

process has three phases: aeration, settling and decanting. These three phases occur repeatedly 

in one reactor. Aeration involves rapid surface mixing to mix the influent with the activated 

sludge. Settling allows solids to migrate to the bottom of the tank. During decanting, the treated 

water is discharged for further processing in downstream processes. The average biological 

removal efficiencies for BOD removal and COD removal were about 95.5% and 90%, 

respectively, and the average total nitrogen removal efficiency was about 90%.  

The advantages of the IDEA process are claimed to be the high quality of effluent, low volume 

of sludge, easy operation and maintenance and odourless operation. The disadvantages of the 

IDEA system are high operational cost (energy), sludge is often difficult to settle, and the 

process is not suitable for large flows. Most recent IDEA-based CWMS schemes have tended 

to use sand filtration and disinfection (Palmer, 2001).   

 

4. Reasons for focusing on expansion options of current CWMS 

There are concerns about the capacity of many existing systems and questions about whether 

they can meet current and future demands. Many CWMS were originally built as early as the 

1970s. The majority changed from facultative lagoon systems to mechanical treatment plants 

during the period 2005-2012 because of Federal Drought Funding. Many CWMS systems in 

regional SA do not have 100% connection coverage.  These CWMS are in need of expansion 

as they are operating near or at the treatment capacity. The reasons for expansions are the 

following: population growth, climate change impact and growing demand for treated 

wastewater.  

Even though the population growth in the regional areas is quite steady, with an average annual 

growth of around 1%, the CWMS system needs to have sufficient capacity for a projected 

increase in the sewage volumes. Population growth results in development such as new 

subdivision and tourism-driven development can require the expansion of existing CWMS.  

Climate change will have a large impact on the CWMS. Climate change is creating more 

frequent and intense weather events, with more heavy rainfall events as well as more intense 

droughts. CWMS are under pressure from the increasing frequency of extreme rainfall events, 



but climate changes will impact each stage of the CWMS, including wastewater conveyance, 

pump stations, and wastewater treatment plants (Hughes et al., 2020).  

Heavier rainfall will more often exceeds the capacity of CWMS, leading to increased overflows, 

increased blockages and breakages of wastewater conveyance and pump stations. Increased 

inflows could lead to more frequent bypassing. In addition, droughts also associated with 

climate change cause corrosion of the sewerage because low flows lead to increased 

concentration of influents. Both population growth and climate change have underlying 

environmental risks of the CWMS.  

There is also a growing demand for treated wastewater water because recycled water is a 

climate-independent source that can build long-term resilience in water supply and security.  

There is a growing demand for water reuse for conservation, recreation, irrigation, industry, 

and domestic use. Recycled wastewater is likely to become increasingly important in the future 

in regional SA with changing rainfall patterns as a result of climate change.  

SA is recycling one in every three litres of treated wastewater in irrigating vineyards, other 

horticulture crops and city parklands (Department for Environment and Water, 2020). There 

are programs such as Regional Drought Resilience Planning Program and Water Smart, State-

wide Wastewater System Upgrades in SA, to build drought resilience. Water recycling is a 

vital component in securing and maintaining a sustainable water supply.  

An example of a CMWS plant being established and the potential problem of capacity is that 

at Port Vincent which was installed in 2000 to service the Port Vincent Foreshore Caravan Park 

and was extended to service the Marina and Vincent Rise developments between 2003 and 

2005. This led to 30% of the township being connected to CWMS. The EPA has identified an 

environmental risk due to nutrients from overloaded onsite systems in summer, causing 

reduced seagrass health. This is an example of an existing CWMS with insufficient to service 

the entire town at all times. The Port Vincent CWMS was ranked as a high priority for upgrade 

or replacement in 2006 (York Peninsula Council, 2021).  

 

5. Expansion options of CWMS  

Expansion of existing wastewater treatment plants (WWTPs) is a challenging task. The purpose 

of the expansion is usually to increase the capacity and reduce the pollution concentrations in 



the effluent. Various technologies can be used to expand an existing system. The expansion 

options are assessed based on the following factors: conditions of the site, technical reliability, 

quality of the treated water, flexibility and adaptability, and costs.  

For conditions of the site, current systems and land requirements for upgrading are considered. 

The technical reliability is based on the test of whether the technology is proven in SA regions 

or other similar Australian applications. The quality of the treated wastewater needs to meet 

the standard of irrigating parklands or agriculture after upgrading. The expansion options are 

also assessed against is the criteria of flexibility in use and allow for future expansion. The 

costs of the expansion options, including capital, operational and maintenance costs are also 

considered. Several effective expansion methods are reviewed in this section, including 

coagulation, constructed wetland and membrane bioreactor (MBR).  

 

5. 1  Expansion option for Inlet 

A sewerage bypass system could be used as an expansion option for upgrading pump stations. 

A bypass system is an emergency overflow facility and is the key to solving a sewer emergency. 

When there is heavy rainfall, the bypass system will be activated (Jayasena and J Anderson 

2016). The bypass system diverts the rainwater around the wastewater treatment process to the 

storage tank. The bypass system can remove solids from rainwater and capture hydrocarbons 

and other light-liquid pollutants. The bypass system can also protect the biological WW 

treatment from solids washout and maintain process stability. A bypass system can expand the 

hydraulic capacity of the pump station. Bypass pumping can be trenchless to cut down on 

labour and energy consumption. The bypass system for the pump station allows the CWMS to 

adapt better to future climate change. Raw sewerage by-pass system should be installed to 

avoid overflow and flooding for the pump stations. The rainwater can be diverted into a large 

basin and can be treated by settling and disinfection.  

A stormwater bypass system was constructed at Westernport Water Cowes wastewater 

treatment plant to divert peak wet weather flows around the biological processes during severe 

storm events.  This has effectively increased the treatment and storage capacity of the plant 

(Jayasena and J Anderson 2016).   

 



5. 2  Expansion option for preliminary treatment 

Preliminary treatment operation typically includes coarse screening and grit removal. In 

regional SA, for STEDs, septic tanks act as ‘screens’ and can capture grit, so most lagoon-

based systems do not have inlet screens.  However, some SBR systems do.  

Grit removal is normally used as pre-treatment to remove solids, including silt and sand, from 

wastewater. Grit removal is achieved by reducing the flow rate (velocity) of the wastewater in 

a large chamber to allow the solids to settle by gravity. However, grit removal is not included 

in most small wastewater treatment plants.  

Grit removal is often seen as a minor part of the treatment process and can be overlooked in 

upgrades as grit is poorly regulated (Andoh, 2015). But grit can have a large negative impact 

on the downstream wastewater treatment processes. Without grit removal, collected grit in 

pipes, pumps and sensitive treatment processes such as aeration chambers could add significant 

energy and maintenance costs. Grit removal can also expand capacity by removing most of the 

solids from wastewater and making the treatment process more efficient.  

There are two types of grit removal systems: conventional and advanced. Conventional grit 

removal targets relatively larger particles (212-300 μm) and only removes 30 to 50% of the 

total suspended solids. Advanced system targets relatively smaller particles (75 - 150 μm) can 

remove between 85 - 95% of the particles from wastewater.  

Removing more grit will ensure that the treatment processes fulfil their expected life cycles, 

having lower maintenance requirements, and meeting their expected treatment targets. A lot of 

maintenance can be reduced with a good screening and grit removal for most plants.  

Such an advanced grit removal (HUBER Vormax grit removal systems) has been used at 

Bolivar WWTP in Adelaide to remove 90% of dry solids. It is important to consider an upgrade 

for the grit removal system. Another example is the Wide Bay Water in QLD which has 

upgraded the inlet of the Pulgul wastewater treatment plant including screens and grit removal 

upgrades to cope with rag blockage issue and improve the plant efficiency (Mitchell, et al., 

2013). 

Other examples include CWMS of the Berri Barmera Council which was upgraded to a reuse 

scheme to reduce the use of river water by more than 650 ML per year and ensure an 

environmentally sustainable future for the region. Screen filtration was combined with the 

facultative lagoons and a chlorination process to produce the standard reuse water (Cock, 2013).  



 

5. 3  Expansion options for lagoon-based system 

Two interesting options can be used to expand the capacity of the lagoon-based system. The 

first one is a constructed wetland, which uses plants and soil to remove nutrients. Constructed 

wetlands have been used to treat different types of wastewater including municipal wastewater 

and household effluent.  

A constructed wetland is an eco-friendly method within a controlled environment that uses 

plants, soil, and associated micro-organism ecological processes to remove contaminants. 

Constructed wetlands are a viable option for expansion and can become an integral part of the 

overall landscape plan (Vymazal, 2011). It has been used extensively in North America and 

Europe, and China in association with WWTP. It provides an opportunity for wildlife habitat, 

landscape enhancement and recreation for communities.  

Constructed wetlands can also be suitable for tertiary treatment to upgrade the treatment system 

such as lagoons (Hu et al, 2018). It is a low-cost alternative to tertiary biological nutrient 

removal and so is particularly appealing for small communities.  It also generally works well 

in a warm climate which makes it relevant to regional SA.  

The treated wastewater from the wetland can be used to irrigate crops, playing fields, parks and 

gardens, or golf courses. Both government and community concerns are expressed about 

mosquitoes breeding in wetlands (Greenway, 2005). However, a constructed wetland can be 

designed to function as wetland ecosystems with a diversity of aquatic organisms to reduce the 

mosquito risk. The most commonly used plant in subsurface wetlands is P. australis. Typha 

spp. such as T. latifolia, T. domingensis, T. orientalis C. Presl, and T. glauca Godr. are also 

popular plants in subsurface flow wetland found in Australia (Almuktar et al., 2018).  

A combined system of lagoons and constructed wetlands can be used as an effective wastewater 

treatment. Constructed wetlands have been used to upgrade some wastewater treatment plants 

in Australia, such as the Maleny Sewage Treatment Plant in Queensland (Carroll and Ball, 

2015). A wetland effluent disposal scheme was designed with a sustainable irrigation system 

to disperse effluent over 13.8ha of potential native rainforest. In addition, a 3ha constructed 

surface flow wetland was used as the main drainage path which allows treatment and runoff 

during wet weather periods.  



The second option is high-rate algal ponds (HRAPs) which use algal and bacterial growth to 

breakdown organic waste and remove nutrients. High-rate algal ponds are shallow lagoon-

based system with depth between 300-500mm which use algal and bacterial growth to 

breakdown organic waste and inactivate pathogens via sunlight exposure. Algal growth and 

oxygen production of HRAPs are important processes to remove nitrogen and organic 

pollutants from the wastewater. Using HRAPs reduces retention times to 4-10 days for 

effective treatment, a shorter period compared to standard lagoon systems.  

The HRAPs uses paddlewheels to mix the system which is a low power consumption 

technology than lagoon-based system (LGA, 2020). It requires minimal operator intervention 

when instrumentation and alarms are installed.  

The evaporative losses are significantly reduced with HRAPs because of the shorter retention 

time and reduced surface area and that increases the volume of treated wastewater available for 

reuse (Yong et al., 2017). HRAPs has much lower construction costs (25-50%) compared to 

the lagoon-based system, because of the reduction in surface area (40-50% less).  

Kingston-on-Murray and Peterborough have used HRAPs (LGA, 2020). Peterborough has a 

population of 500 people and located 250km north of Adelaide. The CWMS of Peterborough 

includes two anaerobic lagoons in parallel that provide primary treatment to combined sewage 

and abattoir waste. Each is 5000m2 and 03-0.5 metres deep. The primary treated wastewater 

goes into the HRAPs lagoons. Water gravity overflows from the HRAPs into two storage 

lagoons that store recycled water for irrigation purposes.  

HRAPs are a practical alternative to the lagoon-based system in rural SA communities 

(Buchanan, et al., 2018). HRAP is proven to be a low energy and carbon footprint solution and 

has lower construction and operational cost than conventional lagoon systems. HRAPs have 

better performance than the facultative lagoons to treat wastewater because of the reduced 

hydraulic retention time of 4.5 days.   



 

Figure 4: Peterborough CWMS and HRAPs (LGA, 2020).  

CW and HRAPs are low-cost alternatives to tertiary biological nutrient removal such as the 

advanced oxidation process or MBR (which are discussed below). Both methods are eco-

friendly, require less operational and maintenance work, and can produce high-quality effluent. 

Both options can be used to expand the lagoon system by cheaply and effectively adding to the 

water treatment and improving treated water quality and treatment capacity. Both options are 

emerging preferences for natural wastewater treatment systems, reducing energy demand and 

greenhouse gas emissions.  

 

5. 4  Expansion options for the SBR system 

Many CWMS use the Sequencing Batch Reactor and one expansion option for SBR is to use 

granular sludge instead of traditional activated sludge.  

Conventional activated sludge is fluffy and slow-settling floc. Granular sludge is dense and 

fast settling. The improved settleability reduces the total cycle time, therefore granular sludge 

can increase the treatment capacity and reduce energy consumption. In addition, activated 

sludge has a low tolerance to toxic pollutants while granular sludge is much more tolerant.  

Granular sludge is extensively studied for implementation in sewerage treatments. It was found 

in the literature that granular sludge grows more slowly in sewerage than industrial wastewater 

which have long start-up periods of 10-13 months (Nancharaiah, and Reddy, 2018). By 

contrast, a one-month start-up of a granular sludge plant was achieved by employing an 

anaerobic feed and rapid settling time in pilot trials and full-scale SBR (van den et al, 2014). 

The granular sludge was easily and steadily established. Granular sludge could increase SBR 



hydraulic capacity by 25% because of the rapid settling time. This is a cost-effective solution 

for a capacity upgrade (van den et al, 2014).  

Another option to expand SBR is to use anammox sludge. Anammox stands for Anaerobic 

Ammonium Oxidation. This is a new process that combines ammonia and nitrite directly into 

dinitrogen gas instead of passing through a two-stage process of aerobic nitrification and 

anaerobic denitrification. Anammox is a cleaner and greener way to treat wastewater. 

Anammox bacteria eat nutrients naturally. Anammox process requires much less energy as it 

does not require a carbon source. Anammox is chemical-free, can produce less sludge and low 

CO2 emissions, compared to the conventional activated sludge method.  

However, Anammox bacteria grow especially slowly and need suitable conditions for 

temperature and pH level.  Anammox sludge has been used to treat wastewater in Queensland 

by Urban Utilities. Anammox can increase the capacity of the system because it is a very 

efficient treatment option if the process works properly. However, the application of the 

Anammox process is limited by a long start-up period because of the low growth rate and the 

suitability for wastewater is problematic because it contains a high level of ammonia. The 

greater settleability of Anammox sludge in SBR is beneficial to biomass retention (Wang et al., 

2012).  

A constructed wetland is a third option to expand an SBR-based CWMS; it can integrate with 

the SBR system to improve the effluent quality, allowing more wastewater to be treated. A 

constructed wetland can be used as a polishing treatment step. Studies show that by combining 

the SBR with the wetland, a short cycle of 2.5h was achieved compared to the normal cycle 

time of 4- 6hrs. Also, the need for chemical precipitants such as alum salt was reduced by 50%. 

The combination of an SBR system along with classical chemical precipitation and a polishing 

step of constructed wetland is a sustainable method to keep the discharge levels low (Morling 

et al., 2014). 

 

5. 5  Expansion option for IDEA system 

The third commonly-used type of CWMS wastewater system in SA is a so-called IDEA system, 

and one expansion option for that is a membrane bioreactor (MBR). An MBR system can be 

constructed or retrofitted to the existing IDEA. MBR works based on solid-liquid separation 

and can produce high-quality water.  



A membrane is simply a two-dimensional material used to separate components of fluids, 

usually based on their relative size or electrical charge. The MBR process combines biological 

treatment and membrane filtration process (Chapman et al., 2014). It is a robust and cost-

effective treatment method for decentralised and unsewered areas. This technology has a small 

land footprint. Converting the existing, conventional treatment plants into an MBR system can 

increase the treatment capacity by up to threefold without additional space requirements. The 

drawback of MBR technology is the membrane price and life expectancy. MBR is often 

installed when there is a high quality requirement for water reuse. 

MBR has a high loading rate capability and can produce high effluent quality. It has a small 

footprint as it removes secondary clarifiers and tertiary filtration processes. However, it has 

high operational and capital costs, high energy demand, requires regular maintenance, and 

skilled people due to membrane complexity and potential fouling. Membrane bioreactors are 

suitable for decentralized, sensitive, and unsewered areas.  

There is only a small number of examples of using MBR in Australia, but UK, US, Canada, 

and China have embraced this technology. However, high levels of wet weather infiltration 

could be a barrier to the use of MBR because the cost of membrane equipment is proportional 

to the peak hydraulic rate (Chapman et al., 2014). 

The upgrade of the Warrnambool sewerage treatment plant considered options of new MBR 

rectors and MBR retrofit (converting existing to the MBR process) are proposed (GHD, 2017). 

The new MBR would be constructed adjacent to the existing IDEA tanks. An MBR would 

require finer screening (typically 1-2 mm). This plant services a population of 36,000 and so is 

for a large community. This case gives ideas of how to upgrade the IDEA system for small 

communities. 

Another expansion option for IDEA is a constructed wetland. A constructed wetland can be 

used for effluent polishing and expanding the treatment capacity. It requires much less energy 

and chemical dosing compared to the IDEA system, thus, it reduces the capital and operational 

costs for upgrading.  

Constructed wetland combined with the IDEA system has been used to treat wastewater for 

small communities (Blayney Shire Council, 2021). Floating treatment wetland rather than 

conventionally constructed wetland appears to be the most feasible option as it allows 

retrofitting of existing structures. 



 

5. 6  Expansion option for storage   

To align the CWMS practices with the recent policy changes related to climate change act and 

water reuse initiatives, the expansion option for some existing CWMS systems also needs to 

consider expanding the storage capacity for recycled water.  

Recycled water is an integral component of sustainable water use and is strongly supported by 

the SA Government. It can be used for a variety of purposes to reduce the demand for 

freshwater supplies. Currently, SA reuses 1/3 of treated wastewater to irrigate vineyards, other 

horticulture crops and parklands. Some councils are achieving high levels of reuse and 

generally use recycled water for irrigating public open space. The Mount Barker District 

Council operates the largest Council wastewater treatment plant and recycled water scheme in 

SA, targeting 100% reuse of treated wastewater. The water is reused for watering parks and 

gardens, Council's dust suppression programme, and irrigation by market gardeners. 

Another example is in Strathalbyn which is serviced by CMWS with a STEDS. The WWTP 

currently operates at 500-700kL/day and has a capacity of 1,500 kL/day. The existing 120 ML 

storage lagoon has inadequate capacity to balance the annual water storage variation based on 

observations and a water balance assessment. Thus, a new 110 ML storage lagoon was 

constructed in 2019 at the cost of $1.8 million to provide additional recycled water storage for 

current and anticipated growth within Strathalbyn (Alexandrina Council, 2020). 

 

Figure 5: Strathalbyn wastewater treatment plant with a new storage lagoon. 

 



6. Comparison of wastewater treatment options 

The aforementioned wastewater treatment options of CWMS are compared, including HRAPs, 

lagoon-based system, constructed wetland, SBR, IDEA and MBR. A simple scoring system is 

used to rate each technology and compare the different options. The purpose here is to give 

some general ideas about the cost and characteristics of different wastewater treatment 

expansion options.  

The comparisons are based on a range of criteria: capital cost, operation & maintenance cost, 

treated water quality, reliability, sludge production and life span, as shown in Table 2. There 

are few generalisations possible because different wastewater treatment methods in different 

plant mean costs will vary. In general, as we move from low to high level of treatment 

technology, the capital, operating and maintenance costs increase accordingly. Further 

complications arise because different treatment technologies generate different qualities of 

treated water. The information on costs of different wastewater treatment methods was adopted 

from literature studies (Molinos-Senante et al., 2012; Young et al., 2017).  

Table 2: Comparison of wastewater treatment methods of CWMS.  

 
HRAPs Lagoon 

system 
Constructed  

Wetland 

SBR IDEA MBR 

Capital cost 1 2 2.5 4.2 3.3 5 

O & M cost 0.5 1 2 2.5 3 4.5 

Treatment 

level 

Secondary Secondary Secondary Tertiary Tertiary Tertiary 

Log removal  2-3 2-3 2-3 1-3 2-4 3.5-6 

Reliability  4.5 4 4.5 4.5 4.5 5 

Sludge 

production 

extremely 

low 

low extremely 

low 
low low very 

low 

Life span 

(year) 

20+ 20+  20 +  20+ 20+ 7-15+ 

Note: Capital, operational and maintenance (O& M) costs are ranked based on a scale of 1-5, 1 represents the 

lowest cost while 5 refers to the highest cost. Reliability is scaled at 1-5 from the least reliable to the most reliable.  



Reliability refers to the treatment performance of the wastewater treatment systems. A 

wastewater treatment system is reliable if the process has a low likelihood of failure. The 

treatment process fails when the required effluent discharge standards are exceeded. All six 

different wastewater treatment systems are generally reliable and have few operational issues. 

HRAPs generally have better performance and more reliable than the lagoon system (Young, 

et al., 2017). SBR and IDEA have a similar level of reliability as the HRAPs. MBR is a more 

robust system compared to other systems.  

All six systems have low levels of sludge production. Lagoon-based systems have a low level 

of sludge production because they are designed to function well without sludge removal for 5-

10 years or longer (US EPA, 2002). HRAPs and constructed wetlands virtual eliminate sludge 

disposal, thus extremely low level of sludge production. MBR produces less sludge than SBR 

as MBR has the ability to operate at a long sludge retention time (Innocenti et al., 2002).  

The life spans of all six types of systems are more than 20 years except for MBR has a shorter 

lifetime. The useful life of wastewater system components varies. The concrete structures of 

the treatment plants may have 50 years of useful life whereas the mechanical and electrical of 

the treatment plants may have a useful life within 15-25 years (ASCE, 2011). For instance, the 

construction life for lagoon systems with guaranteed service of no less than 20 years is 

preferable. The constructed wetlands should function a minimum of l0 years’ effective life 

before replacement. The lifetime of constructed wetland is determined by wastewater loadings, 

the capacity of the wetland to remove and store contaminants. 

It is critical to effectively manage pathogens in wastewater to safe levels for human health and 

the environment. Log removal value is a health-based target measure of the effectiveness of 

wastewater treatment processes to remove pathogenic microorganisms. Pathogen log removal 

requirements are outlined in the Australian Guidelines for Water Recycling which is required 

by the DHW (EPHC, et al., 2006). The log removal requirements related to various end uses 

of recycled water are shown in Table 3. For instance, for irrigation of parks and sports grounds, 

1-log removal of pathogens is required; for dripping irrigation of crops, 2-log removal is needed. 

1-log removal is equal to a 90% reduction in density of the target organism, 2-log removal is 

equal to 99% reduction and 3-log removal is equal to 99.9% reduction, and so on. The log 

reduction of different treatment systems varies depending on their configurations and 

performance. A lagoon-based system could achieve a 2-3 log reduction without disinfection 

(Vassors, T, 2017). A constructed wetland could achieve up to 3 log reduction. MBR can 



achieve 3.5-6 log removal of pathogens (Toifl, et al., 2010). Further log reduction can be 

achieved by disinfection methods such as chlorination and ozonation. 

 

Table 3: Log reduction requirements of recycled water for irrigations. 

 

A case study comparing the options for upgrading the Warrnambool STP is shown in Table 4. 

The capital cost of IDEA was calculated as $37.2M which is slightly higher than the capital 

cost of MBR, $36.2M. However, the estimated capital cost of MBR was a range of values from 

-10% to + 30% of $36.2M (GHD, 2017). The estimated operational costs of IDEA and SBR 

were similar. The capital cost of an MBR system is typically about 10-20% greater than an 

SBR. MBR has high energy consumption due to membrane air scour requirements and ongoing 

cleaning chemical costs. Membrane renewable is required typically every 7-10 years.  

Table 4: Cost comparisons of IDEA vs MBR for upgrading the Warrnambool STP (GHD, 2017). 

 IDEA MBR 

Bioreactor volume per tank 7ML 4.7ML 

Depth at BWL 4m - 

Depth at TWL 4.6m 4m 

Anoxic/anaerobic zone fraction 20 %v/v - 

Average aeration demand 8200 Nm3/h 6900 Nm3/h 

Capital  $37.2M $36.2M 

Operational $0.57M $0.68M 



 

7. Conclusion and recommendation 

This work has provided a systematic analysis of the suitable options for expanding the capacity 

of the current CWMS. The focus was on the expansion options for wastewater treatment of 

CWMS using a STED. The typical wastewater treatment options for these  CWMS in SA are 

lagoon-based system, SBR and IDEA. Options of how to expand the capacity of each stage of 

the wastewater treatment were provided with the support of case studies to identify practical 

applications. The different wastewater treatment options were compared, including HRAPs, 

lagoon-based system, constructed wetland, SBR, IDEA and MBR, to present the general 

characters of the systems. 

The most striking result is that constructed wetland could be used for all three wastewater 

treatment options to increase the effluent quality, increase the treatment capacity and to prolong 

the useable life and delay expensive upgrades. It is a cost-effective and environmentally 

friendly option.  

It is recommended that a detailed assessment of expansion options of CWMS is required for 

specific cases. Considerations should include various economic, environmental, social, and 

technical criteria. In addition, it is important to understand key infrastructure requirements, 

opportunities for staging, cost, risks and flexibility to accommodate future upgrades when 

considering the upgrade options.   

For future research, a cost-benefit analysis could be conducted to assess the economic 

feasibility of the upgrade options in specific instances. Environmental and other external 

benefits could be quantified using the concept of shadow prices.  
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