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Cyber-physical systems across the water cycle
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DAMS AND RESERVOIRS

Smart sensors monitor water
levels, flow rates and
infrastructure safety. Control
functions open and close dam
gates, whilst sensors provide
real-time data for safety
warning systems to alert public
and authorities about flood and
infrastructure failure.
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AGRICULTURE AND
GROUNDWATER

Smart irrigation systems
optimise water delivery to crops
based on data from drones,
satellites and on-farm sensors.
Automatic irrigation systems
can be controlled from personal
electronic devices. Smart
groundwater systems can
provide decision support for
water extraction.

URBAN WATER

Smart systems can cover the
entire urban water cycle,
including supply and drainage,
or can be highly focused. Smart
meters control water systems,
whilst cloud computing
integrates forecasts for flood
response, water quality, and
optimisation.

ESTUARIES AND COASTS
Multiple modes of sensing,
including mobile sensors
attached to buoys, boats, and
autonomous underwater
vehicles, collect real-time data.
Analytics and cloud computing
functions integrate data sets and
produce actionable information.

Current Opinion in Environmental Sustainability

WATERSHED GOVERNANCE -
RIVERS AND LAKES

Cyber-physical systems are
increasingly used to govern river
basins, enhancing decision-
making through comprehensive,
real-time data and analytics.
CPS inrivers, lakes and
wetlands range from highly
specific functions to
multifaceted roles.
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Alexandra C, Daniell KA, Guillaume J, Saraswat C, Feldman
HR (2023) Cyber-physical systems in water management and
governance, Current Opinion in Environmental Sustainability,
62(101290) https://doi.org/10.1016/j.cosust.2023.101290
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Water delivery data science?

« Spreadsheets

* Buy a new software product

» Software supplier provides update

« Consultant implements bespoke/customised solution
* In-house tool development

« Continuous integration into platform and processes
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Continuous innovation

« Capitalising on new data to better track
evolution of the system and improve

performance

« Building a knowledge system that
ensures that knowledge is updated over
time and available when a decision

needs to be made

Podcast with Murrumbidgee Irrigation:

https://algorithmicfutures.org/episode-7/

m] Australian

National
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Who can do
what to get
us there?
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What do we
know
already
about the
system?

What would
we like to
know?
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Building a tech accelerator

Machine Human
Prediction decision

Human in
the loop

Sensing and Evaluate
feedback performance

Continuous
integration
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Clear and agreed procedures,
Infrastructure, and relationships to help
test new ideas quickly

1. Access to real-world data

2. Well defined assessment
frameworks
- shared understanding
- clear pathways to implementation

Efficient onboarding

Continuous improvement of
assessment frameworks

5. Change management from a
systems perspective
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Organisational

Primary Authority decision Design and development of tech Adoption and assimilation processes Consequences
(feedback and revision)

Managerial
intervention |g¢—
. | Prototype
testing
Recognising the need to ) - ;
: o ; s e T Assimilation Reflection (1
improve efficiency in the » €O deslg:n of |« Lyl Subjective v Individual o (Colective i)
system the algorithms Norms [—#— adoption A

* ‘Water level Sensor

s Gearbox Facilitating
* Batteries Conditions
[ ]

Bayesian Network

adapted from Gallivan (2001)
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 Anomaly detection

SCADA alarms

Complex alarms

Fault analysis tools

Failure data collection tools

O O O O O

« Demand forecasting
o River ordering demand forecasts
O ...
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reliability water delivery

Project: QS5 Water Infrastructure Critical Component Anomaly |
Detection & Health Prediction Prototype ‘

Trialled processes for co-designing and operationalising new
tools to help detect anomalies in water delivery infrastructure

Improving reliability, reducing maintenance costs and
improving data quality.

Prototype tools targeted water level sensors and batteries

Building understanding of how these tools fit within a
broader failure mode analysis

What deploying these tools involves in practice.

https://rubiconwater.com/wp-content/uploads/2020/03/100216_Rubicon_Shepparton-0377-1.jpg

ANU: Joseph Guillaume, Wendy Merritt, Serena Hamilton, Fateme Zare, Su Ki Ooi, Philipp Braun, Tim Molloy, Sam Hutchinson
CICL: Ali Simmons, Steve Oosthuysen

MI: Sam Yenamandra, Aseef Zahir, Waleed Ali

UoM: Sneha Sharma, Erik Weyer, Wenyan Wu

Rubicon: Adair Lang ‘




HOST SOFTWARE

Determines control setpoints (default/custom),
and relays control and diagnostic control
between field instrumentation and the host

RADIO & COMMS SOLAR DRIVEBOARD  |_ SOLAR PANEL
(Peer to peer) o (SDB) Convert sunlight into
Relay control, measurement and Manages gate movement electrical energy
diagnostic information finc. and regulates power
customer orders) between field supply (voltage) to devices [%==%| BATTERY BANK
and comms tower l :
i Store electrical
OUTPUT DRIVE SYSTEM SHEIgy
LOCAL CONTROL SYSTEM/RTU [#=
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§ et DOOR FRAME &
LCD SCREEN & KEYPAD [ |- CONTROLDOOR B CONCRETE STRUCTURE
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U/S water level comparison
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Demand forecasting and one @
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Project: QS2 Irrigation demand forecasting for multi-
scale multi-objective system storage control
optimisation

How new demand forecasting tools can improve
water delivery across the landscape

Testing how demand forecasting can support river
ordering and the role that demand forecasts play in
water operations.

Credit: Murrumbidgee Irrigation

ANU: Joseph Guillaume, Wendy Merritt, Serena Hamilton, Fateme Zare, Caroline Rosello

CICL: Ali Simmons, Steve Oosthuysen

MI: Sam Yenamandra, Aseef Zahir, Waleed Ali

UoM: Sneha Sharma, QJ Wang, Dongyreol Ryu, Andrew Western, Michael Cantoni, Erik Weyer, Wenyan Wu .
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River ordering demand forecasts
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Study area: Murrumbidgee
and Coleambally Irrigation
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Conceptual Module

|

Daily ET, and Crop lrrigation
Requirements (CIR)

— Data-driven Module

|

XG-Boost Model Training

Weather inputs: Min and max
temperature, rain, solar radiation

and ET,

Weather inputs: Min and
Other inputs: CIR and Actual max temperature, upper
demand precipitation and lower

precipitation
e T e i.{l

number of

b e e e e e = ol!lg_~"_“__T__~__°=_1 I inputs (X)
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Model
Evaluation

| » 7 Days Forecast
Values

Assessment context: business risks

1 Ability to meet demand needs of customers
across the short term

o Errors in 24-hour forecasts to be managed
through surge reservoirs etc.

o Longer forecasts: adjusting orders, river
operations anticipating changing conditions

1 Ability to adjust to customer ordering preferences
due to flexible levels of service, adverse weather
conditions etc.

o Support flexibility; accurate forecasts that
become more precise as lead time
decreases

1 Ability to adjust to supply side factors such as
river resource availability, transmission losses and
diversions, losses and storage levels in the short
term

o Relative value of demand forecast higher
when supply is constrained; potential for
loss, storage, asset failure forecasts

[l Ability to adjust to organisational interventions to
mitigate demand and supply side risks

o Water storage and water level
management across zones with
consideration of constraints; Deljvery
reliability performance




Where could demand forecasting fit across the landscape?

A
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_E River operations in the Murrumbidgee
a0 catchment (Section 4.2.1)
o
* Spatial and hierarchical

‘%’ Irrigation district W ' oL M bid ) s

; ter trading in the Lower Murrumbidgee catchment (Section .
= operations and &
S coordination with other 4.2.4) Scales Where deCISlonS
+- a . e, o
& actors (Section 4.2.3) an d a CtIVItIeS Of key

Water delivery during and after supplementary
events in dry years (Section 4.2.5) d Cto rs are curre nt |y
)
L
= focused
w
2
o
-8 Irrigation water ordering by
_& irrigation districts (Milestone 3)
Influence of conjunctive use of

£ surface water and groundwater on
= water orders (Section 4.2.2)
[

Operational Tactical Strategic

{daily o weekiy) {monthly to seasonaf) {annual to multi-year)

Low Uncertainty levels High
Consideration of activities for Consideration of water supply and Consideration of diverse option
effective operations (e.g., demand management options pathways

maintenance, conveyance, ordering) (availability and capacity dependent)
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Conjunctive use &

Coordination of
water orders

irrigation district : ion 5
operations Water delivery & (Section 5.2.2)

(Section 5.2.3) supplementary events

e ’ (Section 5.2.5)

* Fawer actors

+ (Clearly defined problem, Cﬂmpf&j{ff}f

solution and goals

tor change
Direct adoption by
organisation(s); Out-source
to agritech providers

Water trading in the
Short-term lower Murrumbidgee

water orders (Section 5.2.4)
(Section 4)

River operations in
the Murrumbidgee
(Section 5.2.1)
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Questions?



www.onebasin.com.au
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link will be emailed to you and uploaded to the AWS
website and YouTube channel.

As a live attendee, you will receive a
within the next two business days. This may count toward your
Continuing Professional Development hours.

will pop up at the webinar’s conclusion
or complete it on your phone now by scanning the QR code.

Australian Government

Department of Industry,
Science and Resources

Enjoyed the webinar today? Cogpe:ativg Research
See you at the next month’s One Basin Webinar: entres Frogram
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Thank you

www.onebasin.com.au
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