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1. Introduction 
 

 
This working paper was prepared as part of a suite of research entitled “Building Local 
Government Resilience through Scenario Planning” commissioned by the Burnett 
Mary Regional Group (BMRG).  This project aims to better equip coastal councils to deal 
with key emerging environmental concerns affecting the Burnett Mary Region.  The 
working papers in the suite include: Overview  – Climate Variability and Climate Change: 
Scenarios and Projections; Working Paper 1 – Climate Change in the Burnett Mary 
Region: Implications and Liability from Sea-Level Rise and Storm Surge in the Great 
Sandy Strait; Working Paper 2 – Urban and Peri Urban Water Security in the Burnett 
Mary Region through Decentralized Systems; Working Paper 3 – Coastal Settlement in 
the Burnett Mary: Addressing Climate change and Population Growth; Working Paper 4 
– Plantation and Farm Forestry in the Burnett Mary Region: Responding to Land Use 
Challenges.  This second document focuses on examining water security, especially the 
sustainable use and reuse of water through decentralised systems.  
 
The Burnett Mary Region (see back cover) is currently experiencing substantial 
population growth which is projected to continue in the coming decades (DLGPSR 2005). 
The current water shortages being experienced in many areas of South East Queensland 
(SEQ) has highlighted the risks to centralised water systems associated with rapid 
population growth and climate variability. As a result, decentralised water supply systems 
(such as domestic water tanks, stormwater harvesting and the use of recycled 
wastewater), need to be evaluated as a viable alternative to supply urban and peri-urban 
water demand.  
 
This paper looks at the potential risks to water supply generated from population growth 
and climate variability as the dual drivers of change within the region. In addition, this 
paper examines the potential contributions of decentralised systems to the sustainability 
of water supply under current and future climatic scenarios for the Burnett Mary Region, 
thereby setting the scene and the way forward for the Burnett Mary Regional Group and 
Local Government Authorities to proactively plan for sustainable water supplies. 
 
Additionally, this paper briefly outlines the more common approaches to alternate water 
supply systems and examines their resilience under current and potential future climatic 
conditions. SimCLIM tank modelling and other approaches are used to examine the 
contributions to water supply and security that can be made by these water systems.  
 
Case study investigations for Gayndah and Maryborough are introduced to illustrate 
different scenarios in providing decentralised water supplies at the domestic and 
community scales. The main approaches covered in this paper are: rain water harvesting 
from stormwater and rooftops; and the reuse and recycling of domestic waste water.  
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2. Population Pressures, Water and Climate Variability  
 

 
The 2005 South East Queensland Water Strategy highlights that the recent 
unprecedented population growth experienced in the region has occurred concurrently 
with the second worst drought on record.  This combination of events has exposed the 
limitations and vulnerability of the current centralised water supply infrastructure system, 
which for many areas has resulted in extreme water shortages throughout the region. 
 
The efficacy of supplying water from dams in a continent with high climate variability is 
highly contested (Thomas and Bates 2002, Kabat et al 2003).  However, much of the 
water accessed by regional Australia is from smaller reservoirs and weirs, which are 
generally accepted to be more susceptible to the impacts of global warming (Arnell and 
Hulme 2000). In addition, the Intergovernmental Panel on Climate Change (2001) have 
noted that many of the larger dams are already showing signs of stress and are likely to 
suffer further under future climate change conditions. Thomas and Bates (2002) report 
that in recent years decreased rainfall, increased evaporation and reduced runoff have, 
in many instances, resulted in the failure of dams to meet the demand of rapidly growing 
populations in both capital cities and regional centres. The National Water Commission 
(2008) has stated that the prospect of escalating water shortages in Australia has 
stimulated the investigation and development of innovative and efficient water 
management technologies and practices.  
 
There are numerous examples of water management innovation occurring both within 
Australia and worldwide.  The World Bank in 1993 advocated strongly that the key to 
sustainable water management is the adoption of local decentralised solutions to water 
supply and waste water disposal.  Local approaches can reduce the demand on existing 
water supply infrastructure, particularly through water re-use, water harvesting schemes 
and demand technologies (Franks 2002). In recent years a number of pilot sustainable 
urban developments have been initiated in Australia which integrate water tanks, water 
sensitive technologies, waste water reuse and stormwater management which have 
resulted in substantial water savings. In South east Queensland, housing developments 
such as Currumbin Ecovillage on the Gold Coast, Silva Park and Manly West have 
demonstrated the viability of sustainable water management communities. 
 

Population Growth:  A Regional Perspective 
 
The Queensland Department of Infrastructure and Planning (QDIP) estimate the current 
population of the Wide Bay-Burnett Region and Miriam Vale to have totalled 269 372 in 
2006 and project 2026 populations to rise between 32.4% to 365 546 (low series 
projection) and 52.7% to 411,319 (high series projection), with a medium growth 
projection estimating a 41.0% increase to 379 699 (QDIP 2008). Due to the irregularities 
of the Burnett Mary Regional boundaries a total evaluation of the regions population was 
not possible for this report. While the areas identified in Table 1 are used as a surrogate 
for current and future population in this report, it should be noted that portions of the 
Sunshine Coast, Dalby and Somerset Regional Councils also fall within the Burnett Mary. 
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Table 1: Current and Projected Total Population for the Burnett Mary Region 
 

 

Source: QDIP (2008) 
 

 
Population concentrations in the Burnett Mary are primarily found in the cities of 
Bundaberg, Gympie, and Hervey Bay.  Projections indicate that these centres will 
account for over 90% of the growth in the Burnett Mary by 2026 (PIFU 2008). 
Consequentially, domestic water demand may increase in these areas by a similar 
amount.  
 

Water Supply and Demand 
 
Currently, the region’s water supply infrastructure is provided by a number of managed 
water supply schemes involving a network of 25 key dams and weirs, with a combined 
capacity of 1.66 million ML. From this supply, about 740 000 ML/annum are allocated for 
distribution, the majority of which is for irrigation in the agricultural sector. An additional 
90 000 ML/annum is drawn from managed groundwater aquifers (QDNRW 2008a). 
Scheme water is supplied for domestic use to 74% of the regions population which 
consumed 19 710 ML in 2006/2007 at an average rate of 272 L/person/day. This rate 
was lower than the historical consumption of 334 L/person/day which may reflect the 
impact of water restrictions and greater water efficiency practices. For consistency a 
middle ground value of 300 L/person/day was used for modelling consumption rates in 
the Burnett Mary region. 
 
 
The potential increases in demand for domestic water in each Regional Council are 
shown in Figure 1. These projections are based on: current consumption rates; medium 
growth trends; and the current proportion of the population serviced by scheme water.  
 
 
 

BURNETT 
MARY 2006 2026 

Low Growth 
 %                 

Growth 

2026 
Medium 
Growth 

% 
Growth 

2026     
High 

Growth 

 %   
Growth 

Bundaberg (RC) 87,898 113,929 29.6 120,453 37 128,057 45.7 
Cherbourg (ASC)   1,225     1,321 7.8    1,467 19.8     1,762 43.8 
Fraser Coast 
(RC) 89,144 131,293 47.3 139,960 57.0 152,699 71.3 

Gympie (RC) 43,945   55,457 26.2   58,918 34.1   63,868 45.3 
Miriam Vale   5,626    9,016 60.3    10,340 83.8   11,635 106.8 
North Burnett 
(RC) 10,756   10,423 -3.1    11,374 5.7   13,025 21.1 

South Burnett 
(RC) 30,778   35,107 14.1    37,187 20.8   40,273 30.8 

Total 269,372 356,546 32.4 379,699 41.0 411,319 52.7 
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Figure 1: Annual Domestic Demand for Scheme Water in the Burnett Mary Region  

 
 
 
 

Under these conditions, regional demand for domestic water may increase by 100 000 
ML by 2106.  This substantive increase will be most critical in the Fraser Coast Regional 
Council area accounting for the bulk of water supply infrastructure which may include 
rain water tanks, recycling treatment plants, desalination plants or the provision of bulk 
water supplies will be required in the Fraser Coast, which accounts for 57% of the 
regional demand in 2106 and Bundaberg which is projected to account for 29% in 2106. 
Figure 1 clearly demonstrates the disparity of development required between the 
coastal and rural areas and the potential pressures that will be generated by developing 
infrastructure in the coastal Regional Councils. Under this scenario, domestic water 
demand in the region could exceed 120 000 ML/annum by 2106. Of this 114 000 
ML/annum would be consumed in the coastal areas. Substituting the current projections 
with high population growth projections would see the total demand exceeding 180 000 
ML/annum of which 169 000 ML/annum would be generated by the “coastal councils”.   
 
 

Climate Variability and Climate Change and Water Supply 
 
Risk scenarios for water supply systems have been produced incorporating a combination 
of Global Climate Models (GCM) and emission scenarios that generate an array of 
potential outcomes with risk implications ranging from low to high. For example, the 
CSIRO Mark 2 GCM, when combined with low greenhouse gas emissions produces 
results that indicate a slightly wetter Burnett Mary in the coming decades. This can be 
considered a low risk scenario in terms of water security. On the other hand the Hadley 
GCM when coupled with a high greenhouse gas emission scenario projects a decline in 
precipitation across the region, which would be considered a high risk scenario in terms 
of water security.  Figure 2 illustrates the projected decrease in rainfall using the Hadley 
model. (See the Overview: Climate Variability and Climate Change: Scenarios and 
Projections for an explanation of GCMs and emission scenarios).  
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Figure 2: Annual Mean Changes in Rainfall for Selected Towns in the Burnett Mary 
Region – projections made with the Hadley model 

 
 
 

The scenario presented in Figure 2, using the Hadley model depicts the general decrease 
of precipitation across the Burnett Mary.  This scenario has implications for water 
supplies dependent on rain water harvesting including: centralised impoundments in 
dams and weirs; domestic water tanks; community roof top or storm water harvesting; 
and ground water aquifers. Increased temperatures resulting in higher demand, lower 
runoff rates and elevated evaporation will also compound risks associated with the 
reliability of the region’s water supply. This situation highlights the need to plan for 
reduced supply and implement strategies aimed at sustainable use of water resources. 
 
The 2007 report titled Infrastructure and Climate Change Risk Assessment for Victoria 
provides an overview of potential risks to water supply from climate change that are 
applicable to all Australian jurisdictions. Table 2 summarises three risk scenarios that 
have resonance in the Burnett Mary Region. 

 
 
   Table 2: Risk Descriptions of Potential Climate Change Impacts 

Risk 
Scenario 

Climate 
Variable 
(Cause) 

Risk Description  

 
Water 
Shortage Decrease in 

Available 
Moisture 

• Likely seasonal loss of supply to local areas. 
• Water supply shortage to towns and cities. 
• Increase in water treatment costs due to lower water quality of catchment 

supply and potential health risks. 
• Financial impact to water dependent industries and water supply agencies. 

Expensive transport of water and extraction from other water constrained 
areas. 

• Increase in water demand due to temperature increases and heat stress on 
humans, animals and vegetation potentially causing fatalities. 

• Dry ground causing increased run-off and less filtration into ground water, 
therefore less water storage and reduced quality of water.  

• Less regionally stored water in reservoirs leading to under utilisation of 
irrigation and water storage infrastructure. 

• Increased regional costs due to greater need for establishing water collection, 
storage and reuse systems for communities, developers, investors, local 
government and water authorities. 

Decrease in 
Rainfall 

Increased 
Temperature 
and Heat 
waves 
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Risk 
Scenario 

Climate 
Variable 
(Cause) 

Risk Description  

 
Degradation 
and Failure 
of Water 
Supply 
Piping 

Increased 
Variation in 
Wet/Dry 
Spells 

• Degradation, failure and replacement of pipe and waterway structures due to flooding 
events and changes in groundwater. 

• Increased maintenance and replacement costs of water supply and waterway 
infrastructure. 

• Short term loss of water supply service in some localities due to increases to 
maintenance regime to repair and replace piping. 

• Regional cost to councils and water authorities located in areas with moderate to 
highly expansive clays which expand and contract greatly with changes in moisture 
content. 

Decrease in 
Available 
Moisture 

 
Bushfire 
Impacts on 
Catchment 
and Storage 

Increase in 
Bushfires 

• Increase in bushfire within the main water catchment for cities and towns causing an 
immediate loss of water supply from ash, debris, sediments and fire fighting chemicals 
affecting the water quality of the dams and reservoirs.  

• A financial cost resulting from cleaning or membrane filtration technology to treat 
water post bushfire. 

• Financial impact to water dependent industries and water supply agencies. 
• Significant community hardship and outrage. 
• Expensive transport of water and extraction from other water constrained areas. 
• Several years of reduced water yield from catchments due to increased water use 

during tree regrowth. 
Decrease in 
Available 
Moisture 

 Source: Infrastructure and Climate Change Risk Assessment for Victoria (2007)  
 

 
 
 

3. Alternative Water Supply Approaches 
 

 
 

Over the last decade, population pressures and drought in the South East Australia have 
exposed some of the weaknesses of the current centralised water network. As a result, 
the potential of developing alternate methods to supply water are now being examined 
by governments and their agencies at national, state and local levels. Domestic water 
tanks for example, are becoming more common in households and are mandated in 
several states for new housing developments. 
 
 

Domestic Roof Top Harvesting 
 
A traditional method of water supply in rural Australia has been the dependence on 
water tanks to store rainfall harvested from roof-tops. The ability of rain water tanks to 
satisfy demand depends upon a number of factors including the annual and seasonal 
variability of rainfall, roof-top catchment area for harvesting rainfall, tank storage 
capacity and the rate of consumption. While 16% of Australians (18% of Queensland 
residents) rely upon tank water for potable water (enHealth 2004) the infrastructure 
requirements to enable complete reliance on water tanks may not be available to most 
urban and peri urban consumers,  particularly with the current housing trend towards 
medium and high density dwellings which have a reduced roof top catchment areas per 
person. 
  
In urban areas, domestic water tanks tend to be smaller than in rural areas due to a 
combination of ascetics, cost, available area to install a tank and the lower priority given 
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to creating alternate water supplies. Roof sizes from which rain fall is collected are often 
smaller than that available in rural areas, which are often supplemented with sheds or 
other farm buildings. In addition, perceptions concerning health issues associated with 
water tanks may also limit the application of tank water to potable uses. However, 
domestic water tanks may still partially satisfy household demand and play a vital role in 
future water security strategies by either serving as a primary water source which is 
augmented by scheme water; or satisfying sectoral demands such as toilet flushing, hot 
water or laundry. 
 
 
The ability for water tanks to continuously supply domestic demand without running dry 
was investigated with SimCLIM’s Tank Modelling tool using historical daily rainfall data 
for the township of Gayndah. The relationship between catchment size and storage 
capacity is demonstrated in Figure 3. It was found that three phases of efficiency 
existed which influenced the daily water supply figures. These phases are: 
 
• The supply rate for smaller tank sizes has a lower dependency on the size of the 

catchment indicating that smaller tanks rapidly fill negating the advantage of 
larger catchments; 

 
• The larger storage capacities of mid-sized tanks increase the ability to retain 

runoff from larger rainfall events resulting in an increase in daily water supply as 
catchment size increases; and  

 
• Larger tank sizes capture the bulk of rainfall from the rooftops however as the 

storage capacity grows beyond the ability of the catchment to supply, the amount 
of the additional daily water supply plateaus. 

 
 
Figure 3: Litres per Day Supplied from Gayndah Rooftop Catchments by Tank and Catchment 
Size under Current Climate Conditions 

 
 
 

Modelling the impacts of climate change on domestic water tanks revealed that the 
effects are more pronounced on larger tanks than smaller tanks. Figure 4 illustrates the 
ability of tanks to provide an uninterrupted supply of water from a 200m2 rooftop in 
Gayndah. The SimCLIM analysis demonstrates that for Gayndah, domestic tanks smaller 
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than 20,000 L can provide a reliable though limited (147 L per day) amount of water 
under drying climatic conditions.  
 

Figure 4: Litres per Day Supplied from 200m2 Rooftops by Tank  
Size Under a Dryer Hadley Scenario for Gayndah 2008 - 2100 

 
 
 

Further modelling was undertaken to test the impact of overdrawing on tank supplies. 
The results indicated that an additional 40 to 80 litres per day may be drawn down from 
houses with a 20,000 L tank at the risk of the tank running dry once a year. In an 
integrated supply system, tanks could be augmented from community water tanks or 
scheme supplies. Further modelling will need to be undertaken to determine the benefits 
of this approach. 
 
 

Community Rooftop Harvesting 
 
Community roof top harvesting is an alternate approach to individual rooftop harvesting. 
Under this approach, small water treatment plants are supplied with water harvested 
from the rooftops of surrounding houses and businesses. The water is then treated and 
returned for consumption within the local community and may be treated to an array of 
standards depending on the intended end use.  
 
To determine the range of climate change effects on daily supply from community 
rooftop harvesting, a range of GCM’s were modelled in SimCLIM to identify changes in 
the minimum tank size required to continuously supply either 40%, 50%, 60%  and 70% 
of demand. The results for a hypothetical greenfield development of 100 mixed dwellings 
near the city of Maryborough are shown in Figure 5 for the drier Hadley scenario. 
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Figure 5: Tank Size Required to Supply Daily Water Demand for Maryborough under a 
Dryer Hadley Scenario 

 
 

 
The results indicate that as demand increases, the size of the tank required increases 
disproportionately, often doubling in size for less than a 10% gain towards supply. This 
effect is exasperated further under the modelled climate change conditions. While a 40% 
supply may be met by a storage system simular to an Olympic sized pool, the cost of 
providing the storage capacity of almost 20 pools to supply 70% of domestic water 
needs for 2100 is clearly prohibitive. Further research to determine the most practical 
and cost effective level of supply would need to be undertaken to maximise the benefits 
of this approach. A comparison between community and domestic tank storage 
requirements was undertaken which indicated that a similar tank capacity is required for 
both approaches. 
 
An approach taken in several pilot sustainable communities in South East Queensland 
combines the additional benefits derived from a dual tank system. Overflow from 
domestic tanks are directed to a community tank which is used to top up domestic tanks 
as the supply is depleted. No modelling was undertaken to examine the extent of the 
benefits gained from this method. However, a model is currently being developed by the 
University of the Sunshine Coast to address this issue. 
 
 

Stormwater Harvesting 
 
Stormwater harvesting operations involves the capture of stormwater from the whole of 
the catchment including run off from yards, roads, footpaths, public spaces, and roof 
tops. Collected runoff can be stored in ponds or tanks before processing; however the 
availability of space for such storage facilities in existing urban areas is limited, making 
this option more suitable for new green-field developments (QWC 2007a). Unlike roof 
top water which is relatively clean, urban runoff may present the same health risks as 
sewage effluent (QWC 2007b). Stormwater may contain a range of domestic, commercial 
and industrial pollutants, including fertilisers, oil, toxic chemicals, sediment and biological 
risks from human and animal faeces.  The concentrations of pollutants vary depending 
on local conditions, the amount of runoff produced and the amount of pollutants 
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accumulated since the last rainfall event. Harvested stormwater is required to be treated 
to a level that reflects the degree of risk to humans from the end use. 
 
To determine the potential of stormwater collection to contribute towards meeting the 
full demand for a development of 100 dwellings with an uninterrupted water supply, 
modelling was undertaken using SimCLIM to identify the minimum size catchment 
required for various storage facilities. The results, shown for Gayndah and Maryborough 
in Table 3, highlight the potential benefits when larger storage facilities are used 
particularly in Maryborough, which has a higher rainfall. The results also illustrate the 
substantial increase in catchment size required for smaller economical storage facilities, 
which may prove problematic in dryer regions such as Gayndah. 
 
 
Table 3: Average Catchment Size* Required to Supply Daily Demand of 100 Dwellings 
from Stormwater Harvesting at Gayndah and Maryborough by tank size 2008 – 2100 

Location Rainfall 
Scenario 

20ML 
Storage 

10ML 
Storage 

5ML  
Storage 

Gayndah  
Baseline Historical 420 m2 850 m2 4 020 m2 

Gayndah 2100 Dryer Hadley  510 m2 1150 m2 4 250 m2 

Maryborough 
Baseline Historical  310 m2 370 m2  900 m2 

Maryborough 
2100 Dryer Hadley  370 m2 470 m2 1 060 m2 

* Catchment includes housing allotments, roads, reserves and other public lands   
 

Overall, the ability for stormwater harvesting to satisfy domestic demand was found to 
be substantial and has the potential in some areas to produce surplus water which could 
be used for: public irrigation; controlled environmental flows; or exported to 
neighbouring communities. While this approach may be satisfactory in limited situations, 
further studies need to be untaken to determine the impact on environmental flows if the 
practice became more widespread. 
 

Water Recycling 
Figure 6: Domestic Water Use 

The recycling of sewage, grey water and 
stormwater is increasingly being viewed 
as a viable strategy in the response to the 
nation’s water shortages. Recycled water 
has a number of benefits: it is 
independent of rainfall conditions; 
harvests water resources traditionally 
considered to be waste water; and 
reduces pollutant impacts on the 
receiving environment. Water recycling 
units can treat and supply water at a 
variety of scales, from individual 
households and small enterprises, to 
industrial complexes and regional 
schemes such as the Western Corridor 
Recycled Water Project.  
       

How Water is Used Domstically

Gardens, 
Pools, 

Carwash 
50%

Bathroom
19%

Laundry
10%

Kitchen
9%

Toilets
12%
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While recycling of water is for the most part independent of the effects of climate 
change, higher temperatures may result in an increase in the use of water in non-
recyclable sectors such as gardens, pools and evaporative air conditioners. Non-
recyclable sectors may include up to 50% of all water used in a household as illustrated 
in Figure 6.  
 
 
Substantial improvements can be made to this system by increasing the amount of water 
available for recycling either by introducing dedicated drainage for external water use or 
reducing the amount of water used externally. Data in Table 4 shows that increasing 
recyclable water from 50% to 70% results in more than a doubling of the total 
contribution to the water supply system over five cycles. It also needs to be noted that a 
full 100% return from recycling may not be likely and that a return rate of 80% may be 
more likely. Therefore if a generalised figure for potential recycling from households is 
50% of water consumed, the total that will be returned to the house as recycled water 
would be an amount up to 40% of the water consumed.  
 
 
Table 4: Return Rates from Recycling the Average Daily Consumption 

300 Litres Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Total Savings 

50% 
recyclable 

Return 
(L) 150 75 38 19 10 292 

Return 
(%) 50 25 13 6 3 97 

70% 
recyclable 

Return 
(L) 210 147 103 72 50 582 

Return 
(%) 70 49 34 24 17 194 

 
 
 

While the potential for water recycling to contribute to the quantity of water is 
considerable, the approach taken needs to consider water quality as well, with the 
process undertaken in a manner which does not compromise human and environmental 
health. To address this, state and national guidelines have been introduced including the 
Queensland Water Recycling Guidelines, Australian Guidelines for Water Recycling – 
Managing Health and Environment (Phase 1, 2006) and Augmentation of Drinking Water 
Supplies (Phase 2, 2008).  
 
 
The national guidelines recommend a risk management framework which provides 
mechanisms for suppliers to:  
 
• identify major hazards, risks and preventative measures; 
• establish operational monitoring approaches to detect faults before recycled water 

is released for use; 
• employ compliance monitoring to ensure system operations and management 

function to expectations; 
• develop incident protocols; and 
• build a supportive framework including staff and technical training as well as 

community involvement.  
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Grey Water Reuse and Recycling 
 
Grey water may be defined as water that enters the sewer that does not originate from 
toilets. Grey water represents around 68% of the total indoor use and includes water 
from laundries, showers, baths, kitchens and basins, but not water from kitchens or 
toilets.  The potential grey water harvest per person and for an average Queensland 
household of 2.2 people is shown in Table 6. These figures would be equally applicable 
to the Burnett Mary Region. 
 
Table 6: Potential Harvest of Grey Water in Queensland Homes 

 Percentage of 
Waste Water 

Percentage of 
Grey Water 

Potential Daily 
Harvest 

(per person) 

Daily Harvest 
(per average 
household) 

Bathroom 38% 55% 60 L 132 L 
Laundry 23% 35% 35 L 77 L 
Kitchen 7% 10% - - 
Total 68% 100% 95 L 202 L 
Source: QDIP Greywater guidelines for plumbers 2007  

 
The diversion by approved methods of untreated grey water is permitted for the 
irrigation of lawns and gardens in Queensland within 24 hours of capture. Untreated grey 
water is potentially hazardous and may become contaminated by: fecal or other 
pathogenic material: chemicals such as detergents and oils; and particles of dirt and 
food.  
 
Grey water can be treated either on site or at a community level to an appropriate 
standard for the end use. The Queensland Plumbing and Wastewater Code (QPW code) 
was amended in 2008 to allow domestic and commercial grey water treatment plants in 
both sewered and unsewered areas and expanded the range of end uses to include toilet 
flushing, washing machines and external uses. 
 

Non-Potable Reuse 
 
Recycled water production for non potable uses are already common within Australia 
involving over 270 agricultural irrigation projects and 230 local government schemes. An 
outline of existing applications for treated waste water is given in Table 7.  
 
Table 7: Existing Applications of Treated Waste Water in Australia 

Agriculture Horticulture, forestry, pasture/fodder, dairy, cotton flowers, orchards, nurseries, 
vegetables, viticulture, hydroponics, turf, grain and sugar cane. 

Aquifer Recharge Stormwater and treated water is stored in aquifers for reuse Mostly irrigation) or 
to prevent salt water intrusion. 

Fire Control Fighting fires, training and maintenance. 

Municipal Uses Irrigation of public areas, street cleaning, road making and dust control. 

Residential and 
Commercial 

Dual reticulation schemes using treated water for toilet flushing, laundries, 
garden watering, car washing, water features and utility washing 

Industrial Cooling systems, process water, and wash down. 

Environmental Provide flows for wetlands, streams and creeks, rivers and dams. 

Source: National Water Quality Management Strategy (2006) 
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Potable Reuse 
 
The ‘unplanned addition’ of recycled waste water into potable supplies is fairly standard 
practice throughout the world (EPHC 2007). Many treatment plants dispose of treated 
sewage into water bodies that serves as a potable water supply for other communities. 
In the Burnett Mary this practice is observed at: Gympie where effluent is pumped into 
the Mary River to be subsequently drawn down by the township of Tiaro and 
Maryborough; and at Kingaroy which discharges into the streams that feed the towns 
own water supply (GHD 2007). A study of water conditions in the Condamine River 
found the river contained 7.3% effluent at Chinchilla (EPA 2001). 
 
 

Indirect Augmentation 

 
The planned addition of treated water may be by either direct or indirect means. Indirect 
augmentation of potable supplies involves the addition of recycled waste water into an 
existing supply source, often a surface reservoir or ground water aquifer. Several major 
indirect augmentation schemes are identified by the Queensland Water Commission 
(2007b) as currently operating successfully internationally including operations in 
Singapore (2000), Orange County, USA (1976), Veurne-Ambacht, Belgium (1985) and 
Essex, England (1997).  
 
In Australia guidelines for planned augmentation of drinking supplies with treated waste 
water are currently being developed by the Natural Resource Management Ministerial 
Council, which released a draft policy for public comment in July 2007. This policy 
addresses health and risk management issues associated with direct and indirect 
augmentation and establish guidelines for the reuse of black, grey and storm waters 
within a risk management framework. A report commissioned by the Queensland Water 
Commission endorsed the conclusion that national and international experience indicates 
that risk associated with recycled water for drinking is manageable (DHI, 2005).  
 
The Western Corridor Recycled Water Project scheduled to commence operations in 
2008 will supply purified water for industrial purposes (including the Tarong and 
Swanbank Power Stations), irrigation for agriculture and for indirect augmentation of 
drinking supplies in Wivenhoe Dam. Currently there are no similar proposals for the 
Burnett Mary Region. 
 
 

Direct Augmentation 
 
Direct augmentation involves the supply of water from effluent treated to a potable 
standard, but which does not undergo a period of storage and is not mixed with surface 
or ground water.  No direct potable recycling is conducted in Australia and international 
examples of this process are limited. The Queensland Government’s position on direct 
augmentation was made clear in the EPA Queensland Water Recycling Strategy (2001) 
which stated that the government ‘does not support the use of treated effluent for direct 
potable purposes and does not intend to change this position’. 
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4. Integrated Urban Water Supply Scenario  

      Case Study – Gayndah  

 
 
The purpose of this case study is to illustrate the potential contributions an integrated 
decentralised approach may offer to domestic water supply, even under the harsh 
climatic conditions that may be experienced with global warming. Many of the systems 
described in this scenario are already being utilised in South East Queensland while 
others are in the process of being developed. Water tanks, on-site recycling plants and 
new water saving technologies are already common place in many households. 
Community water treatment plants are a central component in several innovative 
sustainable housing developments including the planned water sustainable estate at 
Coolum Ridge.  
 
The following integrated supply scenario is based on dwelling occupancy rates for 
Gayndah derived from the 2006 census data. As such, it examines the input from various 
supply sources using principles derived from research undertaken for this report. The 
scenario outline in Table 8 looks at current consumption (based on 300 litres / person / 
day) and how that may be offset in future developments by an integrated approach 
using:  
 
• Water saving technologies and behaviour; 
• domestic rainwater tanks; 
• A community based recycling plant that treats domestic waste water and 

stormwater; and 
• Scheme water as an augmentation and contingency supply. 
 
The following parameters were used to produce the integrated approach scenario: 
  
• Demand is reduced by 15% due to offsets from improvements in water saving 

technologies and behaviours. 
• Domestic tank supply is based on the uninterrupted supply potential of a 20,000 L 

tank. Tank water supply is not considered in the storm water figures below and is  
an additional factor to be considered in environmental flow issues; 

• Contributions from stormwater harvesting are limited to 25% of water demand so 
as to reduce impacts on environmental flows; 

• Recycling figures are based on a loss of 50% of the total consumption to non-
recyclable sectors such as gardens and other external uses; and 

• Recycling efficiency is considered to be 80% of recyclable sectors (i.e. 40% of 
total consumption) 
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Table 8: Integrated Decentralised Water Supply Systems in Gayndah  

Persons Demand Smart 
Use 

Tank  
Water Recycled Storm 

Water 
Scheme 
Water 

per 
household 

300 L 
/person /day 

15% offset 
to demand 135 L/ day 40% of 

demand 
25% of 

demand 
balance of 
demand 

1 300 45 135 120 - - 
2 600 90 135 240 135 - 
3 900 135 135 360 225 45 
4 1200 180 135 480 300 105 
5 1500 225 135 600 375 165 
6 1800 270 135 720 450 225 

 

To more fully appreciate the potential savings an integrated approach may be capable of producing, 

the savings achieved at the household level were transferred to the entire community of Gayndah. 

Household compositions of Gayndah were identified from the Australian Bureau of Statistics’ census 

data. Total household demand for water was then determined and the quantity of water required to 

be supplied by mains water was calculated from the Mains Water column from Table 9. The total 

reduction in the demand for mains water equalled 731250 litres per day representing a saving of 

95%.  

 

 
Table 9: Scheme Water Savings from Integrated Decentralised  
Water Supply Systems in Gayndah  

Persons Demand Number of 
Dwellings 

Total 
Demand 

Total 
Scheme 

Total 
Saving Saving 

Per 
household 

300 Litres 
/person /day ABS 2006 Litres / day Litres / day Litres / day % 

1 300 286 85800 0 85800 100 
2 600 391 234600 0 234600 100 
3 900 159 143100 7,155 135945 95 
4 1200 127 152400 13,335 139065 91 
5 1500 64 96000 10,560 85440 89 
6 1800 32 57600 7,200 50400 88 

Totals  1059 769500 38250 731250 95 
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5. Regional Scenarios  
 

 
The purpose of the following scenario is to illustrate one of the possible approaches that 
may unfold to adopt alternate decentralised water supply strategies in the region. The 
scenario was modelled using parameters that included: 
 
• Population estimates that assume a continuing rate of population growth for the 

region in the coming century as currently exists;  
• Domestic water demand will continue to be the life style equivalent of 

300L/person/day (actual consumption may be reduced by water saving offsets); 
• A drying climate scenario that sees a reduction in rainfall of about 10% every 25 

years; and 
• A development of water saving technologies and behaviours over time that are 

integrated into communities through mandatory and/or voluntary means. 
 
 

2006 – The Current Situation 
 
Regional population:  264 856 
 
The first decade of the 21st century saw unprecedented population growth in the Burnett 
Mary region. The ‘Sea Change’ phenomena occurred during one of the worst droughts on 
record resulting in widespread water shortages. The subsequent hardships endured by 
the community, highlighted the problems associated with dependence on centralised 
water supplies during periods of low rainfall. The ensuing public debate surrounding the 
security of future domestic water supplies, focused sharply on addressing the prospect of 
a 400% increase in population, in a region that could experience a 40% reduction in 
rainfall by the end of the century. Long term strategic planning was seen as an essential 
component of addressing the problems.  
 
Regional conferences involving the community, government, industry and other key 
stakeholders were held over a four year period, culminating in the Plan Now conference 
of 2012. It was decided, that decentralised local solutions provided the best opportunity 
to ensure the security of the future domestic water supply. As a result a general 
commitment was undertaken by stakeholders to follow the principles set out in the 
Burnett Mary Sustainable Community Water Resource Strategy. This plan essentially 
called for a diversified approach to provide domestic supply at the household and 
community level. These approaches included demand management, rooftop and 
stormwater harvesting as well as the phased introduction of water recycling. Existing 
dams would continue to play a significant though more limited role in the supply of 
domestic water, particularly for potable supplies.  
 
The key objectives of the strategy included: 
• To ensure a sustainable domestic water supply through strategic planning; 
• To preserve regional lifestyles;  
• To seek local solutions at the home and community level;  
• To adopt and promote the principles of reduce, reuse and recycle;  
• To adopt and promote new water reducing and water providing technologies; 
• To decrease the dependency on dams as a means to provide water to urban 

areas;  
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• To promote ‘Green Urban Developments’. 
 

2026 – The next generation 
  
Regional population:  370 000 
 
• A target to reduce domestic water demand by 5% across the region was achieved 

by 2020 through a ’Smart Use’ water reduction program. This program involved the 
use of financial subsidies and education programs to encourage the adoption of 
water saving devices such as shower heads, washing machines, dish washers and 
toilets. Water loss reduction through leakage detection and prevention programs 
were also launched by Local and State Governments which contributed to the target 
being met. During this period the State Government amended the Water Act, 
prohibiting the sale of water using devices that did not meet the 4 star WEL rating. 

 
• The compulsory inclusion of water tanks for new dwellings and those undergoing 

major renovations resulted in a regional average saving of 40 litres per person per 
day.  Subsidies and public awareness programs also see an uptake of water tanks 
being retrofitted into 20% of pre 2006 houses.  

  
• Grey Water reuse is encouraged and heavily subsidised. The public responds well to 

this strategy especially in medium and low density housing that require the treated 
water for lawns and gardens. 50% of new developments have this option installed 
as does 30% of pre-2006 dwellings resulting in an average regional saving of 45 
litres per person per day.   

 
• Green housing developments which include community recycling plants have found 

a niche in the market place. Approaches differ but all plants recycle greywater and 
rain water from rooftops. Some plants also offer a complete recycling service 
including blackwater and storm water. Potable water (drinking quality) continues to 
be supplied from supplied by dam water. Community treatments plants are now 
included in 10% of new developments and represent a savings across the region of 
18 litres per person per day.  

  
• All together these approaches represent a 26% reduction in demand from dam 

water supply providing an equivalent daily total of total of 29.7 ML.  
 
• However, the strategies fell short of the intended goal and low level water 

restrictions (260 litres per person per day) have been in place since 2012. 
 
 
Table 10: 2026: Daily Water Supply Using an Integrated Approach  

2026 Water 
Management 

Rooftop 
Harvesting 

Grey Water 
Treatment 

Only 

Full 
Recycling 

Storm Water 
Harvesting 

Total from 
decentralised 

systems 

Required 
from 

centralised 
systems 

Total 
(Litres) 5,700,000 9,253,993 12,343,194 1,066,198 1,368,287 29,731,671 84,268,329 

Litres/ 
Person 15 24 32 3 4 78 222 
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2050 – Mid century 
 
Regional population:  550 000 
 
• Advances in technology see a further improvement in water savings devices. Market 

driven research into low water plants and grasses has seen a reduction in demand 
for water in the garden.  

 
• Water tanks continue to be a compulsory inclusion in new dwellings and are 

installed in 90% of post 2006 dwellings. The benefits of low cost water from tanks 
also see a greater voluntary uptake and are now found in 60% of older houses. 

 
• A major reform was initiated in 2030 to introduce greywater systems or recycling 

into all dwellings by 2050 has for the most part been achieved. On site or 
community greywater systems are now a required inclusion in all dwellings not 
serviced by a recycling plant. Around 80% of all dwellings including high rise, are 
now serviced in this manner providing an average of 70 litres per person per day. 

 
• While many areas are serviced by grey water recycling plants, total recycling 

systems are only now being more widely accepted. Around 20% of the community 
is currently serviced with fully recycled water, creating a saving of 27 litres per 
person per day. 

 
• Stormwater harvesting by community water treatment plants as well as by 

householders in domestic runoff storage tanks has undergone a rapid escalation 
and now tops up supplies in almost 25% of all dwellings. While the potential supply 
is significant, concerns about environmental flows limits the extent to which 
stormwater is harvested. None the less it is the highest source of water providing 
an average of 56 litres per day per person. 

 
 
Table 11:  2050: Daily Water Supply Using an Integrated Approach  

2050 Water 
Management 

Rooftop 
Harvesting 

Grey Water 
Treatment 

Only 

Full 
Recycling 

Storm Water 
Harvesting 

Total from 
decentralised 

systems 

Required from 
centralised 

systems 

Total 
(Litres) 11550000 21539156 38470281 13244578 25378433 110,182,448 54,817,552 

Litres/ 
Person 21 39 70 24 46 200 100 
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2075 – Three generations away 
 
Regional population:  750 000 
 
• Continued improvements in plant breeding and other water saving approaches 

reduce the demand for domestic water by 27 litres per person per day. 
 
•  Rooftop harvesting is almost universal and reaches its workable maximum level 

of 49 litres per person per day. 
 
• While all dwellings are supported by greywater recycling, many grey water plants 

have been upgraded to provide full recycling and stormwater harvesting 
capability.  More than 50% of the community, including may older areas which 
have been retrofitted, are now fully sustainable. 

 
 
Table 12: 2075: Daily Water Supply Using an Integrated Approach  

2075 Water 
Management 

Rooftop 
Harvesting 

Grey Water 
Treatment 

Only 

Full 
Recycling 

Storm Water 
Harvesting 

Total from 
decentralised 

systems 

Required from 
centralised 

systems 
Total 
(Litres) 20,250,000 36,536,747 25,176,506 54,485,240 50,713,138 187,161,632 37,838,368 

Litres/ 
Person 27 49 34 73 68 250 50 

 
 
 
 

2100 – Eve of a new century 
 
Regional population:  1 00 000 + 
 
• All community based water treatment plants provide total supply for domestic 

demand.  
 
• Some peri-urban, rural and heritage sites have limited recycling capability.  
 
 
Table 13: 2100: Daily Water Supply Using an Integrated Approach  

2070 Water 
Management 

Rooftop 
Harvesting 

Grey Water 
Treatment 

Only 

Full 
Recycling 

Storm Water 
Harvesting 

Total from 
decentralised 

systems 

Required from 
centralised 

systems 
Total 
(Litres) 30,000,000 49,133,072 10,000,000 105,000,000 84,693,542 278,826,614 21,173,386 

Litres/ 
Person 30 49 10 105 85 279 21 
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6. Summing Up 
 

 
The research undertaken for this paper has revealed that no single approach is adequate 
to supply water needs without potential for negative impacts on the environment. 
Therefore, the adoption of an integrated approach may provide a more appropriate 
solution to increasing both water supply and water security. 
 
The security of water supply in the Burnett Mary is potentially at risk from the dual 
drivers of population growth and diminishing rainfall due to climate change. Coastal 
regions are projected to undergo rapid increases in population resulting in escalating 
demand for domestic, industrial and commercial water supply. Climate change 
projections from the CSIRO and those generated by SimCLIM modelling suggest that 
coastal regions will suffer less reduction in rainfall than inland areas and under some 
scenarios, may even experience increased precipitation. Even so, water supply is a 
recognised limiting factor of sustainable regional growth and the failure to meet the 
increasing demand may result in negative impacts on the economic, environmental and 
social sectors. Projections for inland population growth range between moderate and 
negative, limiting pressures from this driver. However, the reduction in precipitation rates 
is likely to be more considerable, increasing a number of community risks including: 
failing infrastructure, water supply shortage, expensive water transport costs, and 
increasing water treatment costs.  
 
Widespread exposure to risk may be limited by adopting alternate decentralised water 
supply strategies such as domestic and community water tanks, stormwater harvesting 
and the recycling of waste water. It was found from modelling potential supply rate 
against consumption rates under both current and future climate change scenarios that: 
 
• Rooftop harvesting had a limited potential for supply and was dependent on roof 

size, tank storage capacity and rainfall patterns; 
 
• Water tanks have an optimal size (around 20,000 L in Gayndah), after which 

system dynamics result in diminishing utility;    
 
• Augmentation of tank systems from other sources extend the potential daily draw 

down in a relatively favourable manner; 
 
• Community roof top harvesting may not prove as beneficial as domestic rooftop 

harvesting; 
 
• Storm water harvesting has the potential to provide a surplus beyond local 

demand; however the extent to how this may impact on stream flows was 
undetermined. 

 
• Waste water recycling can reduce dependency on other sources. 
 
• An integrated approach is required as no single system of those examined 

satisfied demand without potential negative impacts on environmental flow. 
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7. For Further Consideration 
 

 
The research undertaken for this working paper has raised the following issues for 
investigation: 
 
• Further modelling be undertaken to refine tank water modelling outcomes 

including the affects of evaporation, runoff and first flush losses; 
 
• Further modelling be undertaken to determine the extent of mains augmentation 

required to maximise utility of rainwater tanks; 
 
• A detailed comparative analysis be undertaken to determine the relative benefits 

of domestic rooftop harvesting and community roof top harvesting; 
 
• Impacts on domestic flow from stormwater harvesting be investigated; 
 
• Comparative cost analysis be undertaken to examine the economic implications of 

each supply system;  
 
• Further modelling be undertaken to determine impacts on additional settlements 

in the region; 
 
• An analysis of public opinions on each system be conducted; and  
 
• Further integrated supply options. 
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