Reducing
Uncertainties and
Enabling Multiple
Benefits in Water
Delivery Operations

This project aims to improve information
systems and processes that underpin
decisions around water deliveries to
reduce uncertainties faced by water
system operators in the MDB, and to
enable multiple environmental, social,
cultural and productive benéefits.

PROJECT OVERVIEW

This One Basin CRC project examines how
water delivery systems can be managed for
multiple benefits in the Murray Darling Basin.
Working with industry partners, this research is
examining the governance and institutional
arrangements and operational decision-making
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space around water deliveries, and developing a
suite of information-sharing and decision-support
tools to facilitate the design, evaluation and
implementation of delivery strategies that
generate positive outcomes across communities.

The project examines water systems operations
in the Southern MDB with focus on two core
case studies: 1) Mid-Murrumbidgee, and 2)
Barmah-Millewa Forest.

In addition to stakeholder interviews and
engagement to understand the current and
alternative systems of decision making for
deliveries, the project is designing and piloting
several prototype models and tools for
supporting multiple benefits, including:

¢ a multiple benefits framework for enabling
holistic assessment of environmental, cultural,
social and economic outcomes from water;

¢ asandbox model for stakeholders to explore
alternative policy or delivery options that
enable multiple benefits;

e arapid inundation model for evaluating
transfer and delivery strategies, as well better
targeting environmental watering; and

e a control system prototype to inform how
river and channel regulators can best be
operated to meet multiple objectives.

The project’s five work
packages, their key

objectives and outputs: decision making
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RESEARCH PROGRESS

Systems of decision making

The first work package, led by ANU, aims to
understand the current and alternative systems of
decision making around water deliveries. A key
objective is to explore opportunities within and
outside of current rules and regulations to enable
multiple benefits in water deliveries.

To date, this research has involved interviews and
other engagement activities with water system
operators, managers and other stakeholders from
across the Southern Basin.

A wide range of factors, explicitly and implicitly,
influence water delivery decisions. A typology of
decision factors has been proposed covering:

e Governance factors that provide the rules
and structures which determine what options
are allowed by legislation and policies, and
which are incentivised or discouraged through
various policy instruments;

e Internal drivers, including the goals, values,
and risk profiles of organisations and
individuals influence how they interpret
information, weigh trade-offs, respond to
uncertainty, and consider options;

e the Social setting of the water deliveries
which creates expectations and pressures
that shape what decisions feel socially,
culturally and politically acceptable;

e Informational factors — including access to
information, uncertainty in data and
knowledge, communication and transparency
— which shape decisions in terms of how the
problem and potential solutions are
understood and interpreted by operators; and

e the Operational capacity in terms of the
physical capacity of the system, and the
competencies and resource capacity of the
individual or organisation.

Engagement will continue through a series of
interviews and workshops aimed at refining and
testing the typology using example cases and

For further information on the project please contact:
T: 0422 727 002 E: serena.hamilton@anu.edu.au
onebasin.com.au
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Fig. 1: Our proposed typology of decision-making
factors.

developing a deeper understanding of how
decisions around water deliveries are made; what
information, guidelines and tools are used to
support decision; and opportunities for achieving
multiple benefits, under both current and
alternative governance arrangements.

As part of this work package, Adelaide University
has developed a sandbox model — a coarse
spatial resolution model of a river operations
system with explicit representation of uncertainty
in inflows and demands. The model will be tested
with project partners to explore its utility to support
discussion of trade-offs and identification of
promising policy options, infrastructure, or delivery
approaches. Informed by project partners, this
work focusses on high-demand, high-uncertainty
periods such as spring and early summer.

Multiple benefits framework

The second work package, also led by ANU, is
developing a multiple benefits framework to
enable holistic assessment of environmental,
cultural, social and economic outcomes from
water. This framework is intended to provide a
structure to identify and describe the broad
range of benefits, disbenefits and risks
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associated with water deliveries. It will be
designed to help bridge disciplines, sectors and
communities in discussions around water uses
and values.

The framework is envisaged as a set of related
tools and processes that will be codesigned with
stakeholders. A set of seven principles will be
used to guide its development: 1) coherency
and consistency, 2) whole-of-system, 3)
transdisciplinary, 4) equity, 5) inclusion, 6)
effectiveness, and 7) adaptive learning. These
principles are intended to ensure the resultant
framework supports different knowledge and
value systems, recognises the complexities and
uncertainties around water, and are useful and
relevant.

The framework will consist of five key outputs,
which successively build on one another:

e A common language around flow deliveries
and water outcomes

¢ Atemplate for characterising water outcomes

e A participatory process for identifying desired
water outcomes

e A process for aligning flow deliveries with their
associated benefits, disbenefits and risks

e A process for evaluating possible water
delivery and flow options

Identify desired
outcomes

Align

MULTIPLE
outcomes

BENEFITS

FRAMEWORK
Common

language

Support evaluation of
different flow
options

Fig. 2: The four application areas of the multiple
benefits framework.

For further information on the project please contact:
T: 0422 727 002 E: serena.hamilton@anu.edu.au
onebasin.com.au

Collectively, these co-designed tools and
processes are intended to help provide a
coherent and broad view of (dis)benefits around
water, and bridge disciplines, sectors and
different ways of seeing and knowing, and
enable consideration of multiple outcomes to
flow deliveries, including the sharing of benefits,
disbenefits and risks across stakeholder groups

After its initial development with stakeholders,
the framework will be tested with case studies in
the Southern MDB.

Models for evaluating delivery
strategies

The third work package, led by University of
Melbourne (UoM), is developing a rapid
inundation model for the Barmah Millewa Forest
(BMF). The research focusses on river operator
decisions resulting in inundation, and the
uncertainty relating to the outcomes of those
decisions. The evaluation of these strategies on
hydrodynamic models would typically take weeks
or months to run.

Using the LSG (Low-fidelity Spatial analysis &
Gaussian) process, the rapid inundation model
will emulate flood behaviour from a high-resolution
hydrodynamic model (the Reconnecting River
Country (RCC) hydrodynamic model developed
by the MDBA and NSW DCCEEW), allowing
operators to predict inundation extents at
significantly reduced runtimes.

This will allow operators to make more informed,
risk-based decisions, by considering current
conditions and inflow uncertainty. The model is
intended to improve the ability of river operators to
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explore multiple options, make decisions, engage
with stakeholders and communicate their
decisions. The BMF was selected as the primary
case study for this research due to its operational
and ecological significance.

Control systems

The fourth work package (UoM) is developing a
control system for the Murrumbidgee River
between the headwater storages and Darlington
Point. A control system is an algorithm that
automatically sets control inputs such as releases
from the main dams, flows over weirs, and flows
into and out of off-river storages. The control
system can be configured to achieve multiple
objectives, which would typically include 1)
efficient and timely delivery of irrigation and
environmental water as ordered, 2) keeping flow
rates along the river, their rate of change, and
storage levels within constraints, and 3)
minimising losses and surplus flows.

Importantly, the control system accounts for
uncertainty in factors such as tributary inflows and
irrigation demand. A particular focus of this case
study is on using off-river storages, including
those operated by irrigation infrastructure
operators, to buffer shortfalls or surplus flows,
manage shortfall risks, and generally support the
river operation.

Early assessments show that such a control
system could help significantly reduce surplus
flows while keeping irrigation shortfall risks low.

This could potentially allow water savings or better

targeting of water to achieve environmental
outcomes.

To ensure applicability in practice, the control
system will be able to compute the control inputs
in a matter of minutes. It is anticipated that the
control system would initially be used as a
decision support tool, with the control system
computing inputs or an ensemble of alternative
control inputs that are optimal in an appropriate
sense, but with a human operator making the final
decisions.

For further information on the project please contact:

T: 0422 727 002 E: serena.hamilton@anu.edu.au
onebasin.com.au

Integrating tools into decision
making

The project’s models and tools are being co-
designed, developed and tested with end-users in
select case studies in the Southern MDB. This is
critical for ensuring the intended outcomes of the
project including:

e Understanding the institutional landscape
required to enable cooperation amongst
water system operators and production of
co-benefits through water deliveries

o Development of relevant, reliable and user-
friendly tools that reduce uncertainties for
water system operators and increase their
capacity to develop and implement delivery
strategies that yield better outcomes for
themselves, their customers and other water
users




