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Highlights 
• Integration of centralised bulk water system model with small-scale decentralised models 

offers comprehensive modelling solutions. 
• The integrated approach supports adaptive and agile water resource management.  
• A case study to demonstrate how the innovative and enhanced modelling tools could support 

better water system planning. 
 

Introduction 
To meet rising water demand in a climate changed world, there is an increasing need to use a blend of 
traditional (rainfall-dependent) and alternative water supplies (such as recycled water, rainwater tanks, 
stormwater) to provide water security (Lee et al., 2010 and Maheepala et al., 2014). Traditionally, different 
aspects of the water system have been modelled separately, making it difficult to identify and assess 
integrated water management solutions (Sapkota et al., 2016). In response, eWater, in collaboration with 
our government-owners and project partners, has made significant enhancements to its eWater MUSIC and 
Urban Developer tools to allow integration with the eWater Source software. Source is an integrated 
hydrological model applicable for river water planning, management, and operation. MUSIC can model 
local scale treatment, reuse and recycling. The Urban Developer model can assess multiple water supply 
provision options at a range of scales (allotment through to catchment) and calculate urban demand. 
Combining the three models offers an integrated modelling platform to support water managers identify 
integrated water resource opportunities that are not readily apparent with conventional modelling 
approaches, based on centralised bulk water supply system behaviour. The new approach offers: 

• An ability to assess the trade-off between centralised and decentralised supply options, 
informed by robust and reliable information on water resource availability.  

• A greater understanding of current and future water demands and transparent assessment of 
the potential advantages and disadvantages of different management options and future 
scenarios. 

• The ability to identify the implications of change, including climate, on various components of 
the water cycle such as water supply catchments, urban water supply systems, local urban 
water demand, urban streams and receiving waters. 

• A tool to consider different system management options in providing water for environmental 
and consumptive uses.  

The focus of this study is to demonstrate the applicability of the new holistic modelling approach by 
identifying urban water management options that can contribute towards achieving Integrated Water 
Resource Management. Using a pilot case study, this paper demonstrates how the Source Model along with 
MUSICX and Urban Developer, can be used to identify the most efficient ways of providing water supply 
services, highlighting the benefits of the integrated approach compared with classic modelling approaches. 
 

Methodology 
The capability of the integrated approach has been demonstrated using a pilot model linked to the 
Melbourne Water Source Headworks Model. Figure 1 shows the pilot study area along with its 
representation within the model for integrated approach. The demand within some parts of the supply 
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zone (highlighted in orange) is met partly by stormwater and recycled water. This was represented by 
integrating a MUSIC model to determine the local supply and reuse volumes, and an Urban Developer 
model to determine demands. Figure 1 also shows how water demand information flows through an 
integrated solution. At the start of the timestep, Urban Demands are calculated for each configuration of 
Supply / Demand Zone (SDZ) areas, based on the Urban Developer runs. These calculations are based on 
dwelling types and alternative water supply use for various end uses. The calculation of the SDZ area’s 
alternative water volumes (Stormwater harvesting through Pond, Rainwater harvesting through Tanks and 
Recycled Water Reuse through user-defined function for this pilot case) comes from defined MUSICX runs, 
which then reduce the SDZ area’s alternative water demand on a time-step by time-step basis.  
 

 
Figure 1. Study Area and Representation within Model (Integrated Approach) 

 
At each demand zone, various possible water supplies are assessed. Water use is aligned with available 
water supply sources based on fit-for-purpose use, where the quality of available sources is matched to the 
quality requirement of end-uses (taking into account the supply prioritisation provided by the user). In 
addition, where multiple sources are available to meet a particular demand, priority is given to local water 
at the smallest scale. The remaining demand is then provided from the Bulk water system.  
 

Results and discussion 
The upgrades to MUSIC and Urban Developer allow them to interact with Source models, creating a more 
integrated tool. The integrated approach was explored using the Melbourne Water Pilot Model, which 
tested the following features: 

• Stormwater harvesting and reuse through pond system 
• Roof Water Harvesting through rainwater tanks 
• Local (subdivision scale) wastewater recycling scheme 
• Changes in demand on the centralised supply system 
• Changes in downstream catchment runoff 

A Water User Node in the Source Headworks model was set up to demonstrate the available alternative 
supplies. Supply from pond along with recycled water was set as one supply group and Rainwater Tank as 
another. Figure 2 shows the reduction in potable water supply volume from bulk water system achieved 
when the integrated modelling approach introduces alternative water supplies options. In this case, the use 
of small-scale water reuse led to an average 5 percent reduction in the Water User Node’s demand for 
potable water from the bulk supply system. 
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Figure 2. Comparison of Volume of Bulk Water ordered with and without alternative supplies 

 
Figure 3 shows the volumes of water extracted from Recycled Water and Pond, and Rainwater tanks. Figure 
3 also shows the increase in volume supplied by rainwater tanks to the system over time with the 
increasing trend in uptake of rainwater tanks within the system. This also illustrates how change in 
individual components can be reflected easily within integrated approach. 
 

 
Figure 3. The volumes of water extracted from various supply group 

 
The overall testing demonstrated the potential benefits of the integrated tool to model alternative water 
supply options to reduce demands on traditional water resources and its ability to represent projected 
changes in individual systems. 

 

Conclusions and future work 
A number of hydrological modelling tools have traditionally been used to model river, bulk/urban supplies 
and alternative water systems. Recent upgrades to the MUSIC and Urban Developer tools enable them to 
be used with the Source platform, providing water managers a new platform for investigating fully 
integrated water resource management options. Model Testing demonstrates that the integrated package 
can model the interaction between traditional and alternative water resources and offers flexibility for 
predictive demand modelling. Finally, the use of such a tool can aid water managers to make informed 
decisions by assessing the trade-offs between centralised and decentralised supply options considering the 
implications of changes in demand patterns and climate change. This process and the approach is planned 
to be applied across several areas for further validation. 
 

References 
Lee S., Yigitcanlar T., Egodawatta P.K. and Goonetilleke A. (2010). Sustainable water provision: Challenges, alternative strategies 
and sources in the era of climate change. In Sustainable Urban and Regional Infrastructure Development: Technologies, 
Applications and Management; Yigitcanlar, T., Ed.; IGI Global: Hershey, PA, USA, 2010; pp. 17–30.  
Maheepala S., Dey A. and Mirza F. (2014). A modelling tool to inform city scale integrated water cycle management plans. 3rd 
National Conference on Urban Water Management, Stormwater Association of Australia, 13–17 Oct, 2014 - Adelaide, Australia. 
Sapkota M., Arora M., Malano H. M., Moglia M., Sharma A. K., George B. A. and Pamminger F. (2016). An Integrated Framework for 
Assessment of Hybrid Water Supply System.Water 8(1):4. 


