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Executive summary

The Living Ballarat project was initiated by the Victorian Government as a demonstration of a new

approach to integrated water cycle management (IWCM) for regional cit ies and towns. This project

is collaboration between local stakeholders and the Office of Living Victoria in the development of a

whole of water cycle management framework for the Ballarat region. A Project Control Board

(PCB) provided oversight and local governance for the development, delivery and implementation

of the Ballarat IWCM Framework. A local Strategy Development Team (SDT) with membership

from multiple agencies and leadership from the Office of Living Vi ct ori ads Chi ef S
providing the PCB with systems analysis of the water cycle across the region.

The Ballarat region chosen for this investigation includes 144 State Suburbs, 7 local government
areas and significant river basins managed by 5 Catchment Management Authorities. Central
Highlands Water provides urban water supplies to 15 water districts and reticulated sewerage
services to 10 districts within the region. The region is also dependent on groundwater resources
and bulk water allocations from the Moorabool, Campaspe, Goulburn, Loddon and Yarrowee River
catchments. These shared regional water resources are also subject to management by Southern
Rural Water, Goulbum Murray Water and the Murray Darling Basin Authority.

This report focuses on the base case behaviour of the Ballarat and Maryborough water districts
from the context of the performance of the entire region and whole of water cycle behaviours. A
Systems Framework of the Ballarat region was developed as part of the Living Ballarat Project to
allow understanding of whole of water cycle challenges and opportunities across the region.

A base case Systems Framework for the Ballarat region included ongoing ineractions with

stakeholders via the Strategy Development Team (SDT). The Strategy Development Team was

guided by the Office of Living Victoriabs Chief Sc
insights underpinning the analysis presented in this report. This process also included liaison with a

broader group of collaborators including local Catchment Management Authorities, Local

Government, land developers and environmental groups via formal workshops and various

discussions.

The Systems Framewak of the base case for the Living Ballarat project is complete. This
framework includes high population growth and climate change scenarios. The Systems Framework
was built up from local scale land uses from across the region and includes whole of water cycle
processes at local, suburb, town and regional scales. This structure captures the spatial, temporal
and behavioural variations of the water cycle across the region.

The framework has been developed to a state where it can be reliably and robustly applied to
detailed and targeted Owhat i fé analyses, i ncludi ng
range of climatic and population growth scenarios, and future management options. The spatial

and temporal detail within the Systems Framework allowed understanding, reproduction and

testing of the complex interactions between waterways, reservoirs, operations, water demands and

water restrictions. The Key Insights from this investigation are summarised as follows:
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1. Key drivers for water cycle management in the Ballarat region include a variable climate,
population growth, interactions with surrounding regions, health and viability of river basin,
flooding, water security and climate change.

2. The Systems Framework for analysis of the base case water cyclemanagement scenarios for
the Ballarat region is complete. The Framework can be reliably utilised to test scenarios and
options for water cycle futures, to optimise the performance of water operations and to
investigate policies for water allocations (including stormwater) and protecting waterways

3. Water Cycle management in the Ballarat region involves strong interaction with surrounding
regions including dependence on bulk water allocations and impacts on waterways. These
surrounding regions often experience lower rainfall depths and frequencies than the immediate
Ballarat region.

4. There is a high level of spatial and temporal variation across the region for most of the
parameters impacting on water cycle management. Analysis using monthly or annual average
assumptions would not reliably capture these important variations and hence would limit the
associated understanding of challenges and opportunities.

5. The region is subject to cyclic patterns of wet and dry conditions which drive strong variations
in spatial weather conditions. As a consequence, there are stark differences in the resilience of
river basin and water catchments across the region.

6. The characteristics of water uses throughout the region have changed dramatically over the
last decade. A majority of buildings and households have already incorporated measures which
deliver increased water efficiency.

7. The Systems Framework has successfully reproduced the water cycle behaviours over the last
decade including water demands and the performance of reservoirs.

8. The Ballarat West bore field, local water efficiency measures and water restrictions had a
significant impact on the water security of Ballarat during the last decade. Introduction of the
connection to the Campaspe and Goulburn River via the (ldfields pipe and flooding rains
ended the critical water shortages for Ballarat that were associated with drought.

9. A majority of reservoirs and extractions for water supply to the region are situated in the
headwaters of river systems that are subject to highly variable flows and their location and
functionality has significant impacts on downstream catchments and waterways.

10. Inclusion of the Goldfields pipe and the Ballarat West bore field has changed the operating
behaviour of the water supply system f or Ballarat.

11. The water supply systems in the region are highly sensitive to a range of assumptions and
display strong variations in responses to operating rules. This understanding has been
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13.
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15.

16.

17.

18.

19.

20.

unlocked by the detalil in the Systems Framework. There is substantial opportunity to optimise
water cycle systems using the Framework.

Regional storages that provide bulk allocations are subject to highly variable irrigation and
evaporation demands that can impact on the availability of water allocations.

The predictions of future average water demands for Ballarat and Maryborough are consistent
with the published Water Supply Demand Strategies. However, the detail in the Framework
has produced an improved understanding of substantial variability in the magnitude of f uture
demands.

The Ballarat district is not expected to experience unacceptable levels of water restrictions
within the planning horizon to 2051. This trigger for augmentation of the water supply is later
than previously reported. However, there is a prob ability of requirement for higher allocations
from ground and surface water within the planning horizon.

The linked spatial and temporal detail that is incorporated in the time based analysis in the

Systems Framework is substantially different to static met hods of esti mat

systems using average inputs at a coarser temporal scale.

Waterways throughout the region are impacted by extractions for water supply, population
growth, urban stormwater runoff, rainwater and stormwater harvesting, wa stewater
discharges and climate change. The future of regional waterways includes potential increased
impacts on waterway health and higher flood risks. The Systems Framework can guide the
development of necessary policies for management of waterways and aquifers from the
perspective of the entire water cycle.

It is an important insight that the waterways throughout the region are subject to cumulative
impacts including loads of contaminants, flood risks from high flows and diminishing fresh
water flows. Whilst indicators for water quality (as indicated by concentrations of
contaminants), peak flows (flooding) and average flows or flow regimes (waterway health)
may be acceptable at a location in a catchment (especially in the headwaters), the resultant
downstream cumulative impacts may not be acceptable.

There are a considerable number of properties that are subject to flood risks and there may be
opportunities to manage water supply storages in the upper catchment to also mitigate some
of the flood risks.

The West Moorabool River is currently highly stressed due to low flows and this situation is
expected to worsen into the future. There is a need to decrease extractions for water supply
from the river.

The Yarrowee River is likely to experience substartial increases in stream flows by 2051 that
are generated by increased inflows of effluent from wastewater treatment and flows in river
are expected to be dominated by effluent from the Ballarat South wastewater treatment plant.

Analysis of base case scenarios for the Living Ballarat project 6

Independent research and consulting

ng

iy

@)an Water Cycle
Solutions



T T T T T T T Y MY

21.

22.

23.

24.

25.

26.

Substantial increases in nurient loads are likely that may impact on the health of the
waterway. These impacts can be mitigated by reducing extractions of fresh water from the
Yarrowee catchment and reducing discharge of wastewater to the river.

Burrumbeet Creek may experience greater peak flows with associated increased flood risks.
These flows are likely to be decreased by the climate change scenarios. The creek will be
subject to moderate increases in nutrient loads because discharges of effluent from the
Ballarat North wastewater treatment plant are diminished by reuse of treated wastewater.

Bet Bet Creek in the Maryborough district may be subject to increased peak flows and
associated flood risks by 2051.

This investigation has revealed some interesting paradoxes including an understanding that
replacement of agricultural land uses with urban development results in the decreased loads of
nutrients in waterways. However this waterway health impact is countered by increased
nutrient loads from wastewater discharges and increased frequent flows in waterways.

Urban areas in Ballarat and Maryborough generated greater stormwater runoff than water
demands during the last decade. A combination of urban stormwater runoff and wastewater
discharges to existing treatment plants generated water volumes that were at least twice the
volume of water demands.

By 2051, the Ballarat district will be highly dependent on bulk water supplies from external
sources whilst discharging volumes of urban stormwater runoff and wastewater that are three
times the volume of water demands. There is an opportunity to utilise local water sources to
minimise impacts on surrounding communities and ecosystems.

By 2051, water supply to Maryborough will be highly dependent on the surface water extracted
from the headwaters of McCallum and Stoney Creeks with back up from bulk water allocations
and ground water, whilst discharging volumes of urban stormwater runoff and wastewater that
are six times the volumes of water demands. There an opportunity to utilise local water
sources to minimise impacts on surrounding communities and ecosystems.
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1 Introduction

The Living Ballarat project was initiated by the Victorian Government as a demonstration of a
contemporary and robust approach to integrated water cycle management (IWCM) analysis and
planning techniques for region cities and towns. This project represents collaboration between
local stakeholders and the Office of Living Victoria in the development of a whole of water cycle
management framework for the Ballarat re gion.

A Project Control Board (PCB) provided oversight and local governance for the development,

delivery and implementation of the Ballarat IWCM Framework. A local Strategy Development Team

(SDT) with membership from multiple agencies and leadership from the Office of Living Vi ct or i ad s
Chief Scientist provided the PCB with systems analysis of the water cycle across the region.

The Strategy Development Team collected and analysed substantial data and information that
underpins the local Systems Framework presented in this report. The project includes 144 State
Suburbs, seven local government areas, five catchment management authorities with interaction
across many river basins from the Goulburn River to the Moorabool River. The extent of the Living
Ballarat project is illustrated in Figure 1.1.

Figure 1.1 revealed that the region adopted for the Living Ballarat project incorporates a
substantial spatial area that includes interactions with a large number of local government areas.
The region also includes a diverse topography as shown in Figure 1.2.

This data and information was used to construct the Systems Framework for the Ballarat region.
This process has involved forensic analysis of the water cycle across the region with automation of
processes to sinplify the validation and testing of the impacts of different assumptions and inputs.
The detailed Systems Frameworkrevealed that water management systems throughout the region
are highly sensitive to assumptions and operating rules i this report has evolved in response to a
number of iterations in the analysis to seek optimum base case performance. Substantial
opportunities remain to establish optimum performance.

On Wednesday 18 December, a verbal briefing was provided to the Project Control Board (PCB)on
the findings from the systems analysis of the region as defined by the physical performance of the
whole of water cycle systems. The PCB requested more detailed findings, insights, supporting
evidence and completion of the final report on the base case behaviour of the region as soon as
possible. Timely provision of this report allowed greater knowledge of the processes and provide
ample time for questions ahead of the PCB meeting in March.

The Living Ballarat PCBrequested the following information:
1 Afinal written report on the progress to date with analysis of the base case for water cycle
management

1 Includes in the report the analysis of risks and ranges of uncertainty under two scenarios:
o climate change (high emissions)
o high population growth as defined by the Victoria in Future 2012 (VIF 2012)

forecast population for 2051 achieved at 2041.
1 Additional detail about waterway health and flooding
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Figure 1.1: Extent of the Living Ballarat project

The Office of Living Victoria has acknowledged the comprehensive nature of this request and
clarified that this report should be finalised as soon as possible. As such, this report is limited to
the physical performance of the whole of water cycle systems for the Ballarat and Maryborough
regions. This does not include the financial and economic analysis that is published in a companion
report.* It includes analysis of the risks and uncertainty from two scenarios of climate change (high
emissions) and high population growth (VIF 2012 forecast population at 205 1 achieved at 2041).

! Coombes P.J., and M.E. Barry (2014). Systems analysis of water cycle systems for the Living Ballarat projecti economic
analysis of Options and Scenarios. Report by the Chief Scientist at the Office of Living Victoria
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This report also documents the methods, inputs, assumptions and the consultative processes
utilised to develop a systems framework accurately reproduces the water cycle behaviours
throughout the Ballarat region with a focus on the Bal larat and Maryborough urban areas.

Elevation (metres AHD)

| 590
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o

Figure 1.2: Topography of the Ballarat Region

Figure 1.2 demonstrates that the Ballarat region is characterised by an area of higher elevation
that includes the location of the City of Ballarat and lower land elevati ons throughout the
remainder of the region.

The topography demonstrates that the City of Ballarat is situated in the headwaters of river
catchments that flow in north, south and easterly directions. The state -wide annual average rainfall
depths and frequencies are shown in Figure 1.2a. The City of Ballarat area is subject to relatively
high rainfall depths and frequencies in comparison to surrounding areas.

These topographical characteristics also correspond to a high level of spatial variation in climate
parameters across the region. For example, the variation in the average annual rainfall depth,
frequency of rainfall, average daily maximum and minimum temperature are presented in Figures
1.3, 1.4, 1.5 and 1.6 respectively. These parameters influence water use behaviours and the
performance of waterways and water cycle management systems.
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Figure 1.2a: Average annual rainfall depths and frequency for Victoria i showing the relative
spatial weather behaviours.
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Figure 1.3: Average annual rainfall depth as an indicator of spatial climate variance
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Figure 1.4: Average annual frequency of rainfall as an indicator of spatial climate variance
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