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Enhancing Sydney Water’s
Leak Prevention Through
Acoustic Monitoring

Leaks and breaks pose a great challenge for every water
network around the world. These challenges include
disruptions to customer services, costly pipe maintenance
and unaccounted water loss. With ever-advancing smart
technology and the rise of the Internet of Things (loT),
acoustic sensors, as a method of leak detection, can
effectively identify potential leaks for proactive and
targeted repairs.

As part of its Active Leak Detection (ALD) program,
Sydney Water in collaboration with the University of
Technology Sydney (UTS) have deployed 204 acoustic
sensors since December 2019 across five Central
Business District (CBD) areas. The Sydney CBD,
Bankstown, Penrith, Chatswood and Liverpool have been
prioritised for sensor deployment through the Sydney
Water-UTS pipe failure prediction tool model.

Since deployment, 35 leaks have been detected, of which
21 have been confirmed (inclusive of a main break) and
repaired. 70% of these leaks have matched with the pipe
failure prediction tool model.

During this period, Sydney Water has also been
collaborating with UTS to progress development of
advanced acoustic analysis to improve the interpretation of
data and confidence in results. This analysis will be
translated into an automated machine learning algorithm
and a leak detection portal to host the range of acoustic
sensor models in the one location for ease and efficiency
of integration within Sydney Water.

This paper discusses the selection of zones for sensor
deployment, the deployment of different models of acoustic
sensors within Sydney Water’s system, and the change to
Sydney Water’s business-as-usual network operations to
ensure leak detection success. It also highlights the need
for integrated advanced analytics to increase the
confidence in identifying potential leaks and breaks.

With around 22,000 kilometers of water pipes in Sydney
Water’s network, Sydney Water experiences around 6,500
annual leaks and breaks resulting in an 8% unaccounted
water loss. 70% of these are leaks in small distribution
pipes and 175 of those breaks are on critical water mains,
with the total renewal costs amounting to $80 million,
including maintenance.

As part of the Sydney Water’s Active Leak Detection (ALD)
program, there is an ongoing need to reduce disruptions to
customers, identify unaccounted water loss from the
supply network, reduce costs of repair maintenance and to
ensure water is reserved for customer consumption to
support ongoing drought resilience efforts within NSW.

What is understood from water networks around the world
is that overall leakage from hidden leaks and undetected
breaks is significantly greater than from those that are
reported breaks (Samir, Kansoh, Elbarki and Fleifle, 2017).

The benefits of detecting leaks within the Sydney Water
system is thus two-fold; 1) detecting leaks before a main
break to reduce disruption to the network and customers,
and 2) detecting hidden leaks which never surface to
reduce unaccounted water loss.

The last decade has seen a rise in the use of the Internet
of Things (loT) to support city management with the
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development of so-called smart cities (Rojek and
Studzinski, 2019). To achieve successful leak detection by
similar means, one method currently under development is
acoustic monitoring capabilities. Acoustic sensors are
constantly improving and provide a viable solution to
remotely detect hidden leaks before a main break.

Since December 2019, Sydney Water, in collaboration with
the University of Technology Sydney (UTS) has deployed
204 acoustic sensors across five CBD areas. These
locations have been prioritised by UTS’ pipe failure
prioritisation tool.

Currently, Sydney Water relies heavily on its customers
and employees to report surface water from a leak or
break. This reactive approach to fixing leaks and breaks
needs to be improved in order to enhance Sydney Water’s
customer experience.

With aging infrastructure and a growing population, Sydney
Water’s network will continue to be susceptible to leaks
and breaks. As water pipelines are located deep
underground, until water surfaces or a leak turns into a
main break, leaks remain hidden and are unable to be
repaired (Liu et al., 2019). These leaks are known as
background leaks, with some leaks never surfacing and
instead continuing to leak within the pipe, causing
unaccounted water loss (Hamilton and Charalambous,
2020).

Sydney Water’s ALD program aims to maintain leakage
below the Economic Level of Leakage (ELL) target of 105
mi/day. As part of the ALD program, surveying of assets
entails specialist leak surveyors inspecting water
reticulation visually and testing for the characteristic noise
of leaks using acoustic equipment such as listening sticks
(El-Zahab and Zayed, 2019). This method relies on the
ability of the operations team to listen and use their
judgement to pinpoint a leak.

Depending on the material type of the pipes, listening
sticks can be effective, however the accuracy and
efficiency of determining a leak sound is influenced by
external noise and relies heavily on human sense and
experience (Hamilton and Charalambous, 2020).

Replacing this method with advancing leak detection
sensor technologies allows for Sydney Water’s network
operations team to place all their efforts on repairing the
pipe in a proactive and efficient manner.

A pipe failure prioritisation prediction tool based on the
assessment of Minimum Night Flow (MNF) has been
developed to integrate multi-source data collected from
Sydney Water and public data sources to assist with
sensor deployment.

MNF for a pressure zone is defined as the water flow
measured between 1 am to 5 am, connected to industry,
commercial and residential demand. The motivation for
choosing this time range is that the amount of water
consumption is minimal over the whole day. This model
enhances the “situational awareness” of network and
operations.

Further data analysis has been conducted using the
developed tool at a pressure zone level and pipe level. The
model of the tool is trained using the latest Sydney Water
historical records. The trained model can produce failure
likelihoods for various levels: pipes, shutdown blocks, and
trunk mains. Hence, the prediction results from the model
have been leveraged to prioritise zones and pipes to assist
sensor deployment.

The failure prediction tool has been evaluated using all
pipes and large pipes based on historical records alone.
The evaluation results are shown in Figure 1, showing the
performance on all pipes. The x-axis represents the
cumulative percentage of the inspected water pipes, and
the y-axis indicates the percentage of the detected pipe
failures. If 20% of pipes of the priority list are inspected,
about 80% of failures can be detected.
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Figure 1: Prediction performance on all pipes using the failure prediction tool

To prioritise zones/areas for sensor deployment, a priority As illustrated in Figure 2, all pressure zones are colour
map at zone level is also obtained based on the failure coded to represent different priority levels. In addition,
likelihoods from the pipe failure prediction tool. the top 10 CBDs are listed. Four highlighted CBDs
Specifically, a ranking score of the pressure zone is (Sydney, Liverpool, Bankstown, and Penrith) have been
aggregated by summing up all failure likelihoods of the selected for acoustic sensor deployment.

pipes in that zone.
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Figure 2: Colour coded pressure zones representing different priority levels
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Figure 3: Priority map of Sydney CBD

In addition to the priority map at zone level, it is essential to
generate priority maps at pipe level for each zone to guide
sensor deployment. Based on the failure likelihood of pipes,
the top 5% prioritised pipes are highlighted and coded in
different colours. Figure 3 shows an example of a priority
map for the Sydney CBD.

ACOUSTIC SENSOR TYPES
AND MODELS

Many sensing options exist for leak detection. Static
acoustic sensors are one acoustic monitoring technology
that can be used as a permanent or semi-permanent
solution for leak detection (akin to listening sticks widely
used by water utilities). These sensors are fixed onto a
pipeline surface and used to sense real information about
pipeline resources (Wong et al., 2018).

Many types of static acoustic sensor models exist, each
with unique sensing technologies, processes, and
suppliers. To gain a comprehensive understanding of how
different static acoustic sensors work, four different models
have been deployed within Sydney’s five CBD’s as shown
in Figure 4.
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Figure 4: Deployment of static acoustic sensors across 5 CBD areas in Sydney

Each static acoustic sensor model has different data
recording capabilities; however, noise recordings are
typically made between 2 and 4am, at a time of lower
water usage. By recording the audio file at this time every
day, environmental noise from water usage and traffic are
reduced (but not eliminated), allowing for audio files across
multiple days to be compared and monitored for changes.
Examples of the different data collection methods for the
four different acoustic sensor types are noted in the
following subsections.

Detection Services - Von Roll Ortomat loggers: The
loggers record a noise level reading (irrespective of
frequency band) every day in 5-minute intervals, along with
a 10-second audio file at 2:05am every day. All data is
available in the online portal ‘HydroPort’ for further
analysis. An example of a Von Roll static acoustic sensor
is shown in Figure 5.

Figure 5: A Von Roll acoustic sensor and logger in the
Sydney CBD

ournal of the Australian Water Association




Leak Prevention

Detection Services - HWM PermaNET+ loggers: Every
day at 3:45am, the loggers record a 10-second audio file.
Histograms are generated in the HWM Online portal,
noting the leak spread and noise level.

WaterGroup - SebaKMT Log N-3 loggers: Every day
between 2 and 4am, the loggers take 100 measurements
of the noise level (measured in dB). The loggers also
record a 2-second audio file at 2am. The logger will only
send the audio file if the lowest measured noise level
exceeds a set threshold value. The audio files and

histogram data of the 100 measurements can be accessed

on the Seba Cloud portal.

Ovarro - Primayer Enigma3m loggers: Every day at
2am, the loggers record a 10-second audio file. The Prime
Web portal uses these audio files to analyse and present
automatic correlations between the loggers.

All these acoustic sensors will work to gather data utilising
their own methods and processes, which will enhance the
data received. UTS and Sydney Water have access to all
the mentioned portals, and with training from acoustic
sensor providers have understood how to interpret the
data.

Detected leaks

Leaks verified by Sydney Water

To date, a total of 35 leaks have been detected of which
21 have been verified (inclusive of a main break) and
repaired. When assessing the location of the verified leaks,
it was found 70% overlapped with priority pipes assessed
by the Sydney Water-UTS pipe failure prediction model.
Table 1 presents a summary of the detected and verified
leaks on a per-zone basis.

The automatic leak flags raised from each respective
sensor portals were assessed, and the data further
analysed before investigations were conducted on-site for
leak localisation and repair. Some examples of the online
portal leak flags are listed below.

Priority pipes overlap of verified leaks

Sydney 20 14 11
Penrith 3 3 2
Bankstown 7 2 1

Liverpool 4 2 n/a

Chatswood 1 n/a n/a

Table 1: Summary of detected and verified leaks in the 5 CBD zones

The histogram shown in Figure 6 from the SebaCloud
portal was assessed, where it was found that the logger
highlighted in the bottom row was showing a high
probability of a leak.

In the histogram shown in SebaCloud, the highlighted
logger is shown in a leak state (red) prior to repair taking
place. After this, the logger status turns green, indicating
low noise levels.

Further analysis by UTS of the available audio files
revealed elevated noise levels since the logger was first
deployed as shown in Figure 7.
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Figure 6: Histogram in SebaCloud
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Figure 7: Power spectrum density of logger audio files before and after repair (repair took place on 21 May)
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VON ROLL HYDROPORT
LEAK EXAMPLE —
BANKSTOWN

Elevated noise levels were being recorded by a Von Roll

Figure 8 shows the elevated noise levels which were
recorded by the Von Roll logger and shown in HydroPort,
prior to the repair taking place on 15 May.

There was a significant reduction in noise after the leak
was repaired. The red bars show that the logger was in a
leak state prior to repair, with the bars turning green after
the repair took place, indicating the logger is not picking up

logger in Bankstown since deployment in mid-March. With a leak.
an approximate location provided by online correlation of
multiple loggers in the HydroPort portal, Sydney Water
crews performed on-site correlations to pinpoint and repair
the leak.
00eeo
15th May
H w
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Figure 8: Elevated noise levels recorded by Von Roll logger before 15 May

HWM ONLINE LEAK
EXAMPLE — PENRITH

Elevated noise levels were being recorded by an HWM
PermaNET+ logger in Penrith since deployment in mid-
March, as shown by the leak state of the logger in the
HWM Online portal in Figure 9.

With an approximate location provided by online
correlation of two loggers in the HWM Online portal (see
Figure 10), Sydney Water crews performed on-site
correlations to pinpoint and repair the leak.

6 Water e-Journal  Online journal of the Australian Water Association

Significant changes in the audio spectrums at this location
have been recorded since the repair was conducted on
27 May.

This is shown in Figure 11 by the spectral analysis of the
individual audio files conducted by UTS.

Prior to 27 May, leak noise was evident as a relatively
high-power persistent noise in the frequency band around
300 Hz, with other persistent bands around 700, 800 and
1000 Hz.
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Figure 9: Logger was in automatically calculated leak state until repair was undertaken
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Figure 11: Spectrum density plot for HWM PermaNET+ logger in Penrith
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A NEW, PROACTIVE
APPROACH TO WORKING

Sydney Water developed a process of action to follow up
on leaks detected by acoustic sensors by communicating
with Sydney Water's Network Operations team. The team
interpret UTS recommendations and reviews of the
acoustic sensor data and issue work orders for Sydney
Water area network technicians to investigate and repair
the leak.

Both UTS and Sydney Water teams are currently working
to orient, train and upskill the required teams who are
already experiencing changes to the way they work.

Repairing pipes with acoustic sensors is proactive, and this
new way of working will optimise the efficiency of area
network technicians with work being planned and
scheduled. The ability for acoustic sensors to provide an
approximate location of the leak also reduces time spent
on manual surveying of the water pipe and significantly
improves safety.

The two leaks mentioned below were confirmed and
successfully repaired through proactive measures of the
Sydney Water Network Operations team and the Area

Network Technician team. These leaks were repaired at
night as external noise is low, allowing for listening sticks
and mobile correlators to be used by the network
technicians to confirm and pinpoint the location of the leak.

LEAK #1 — DALLEY STREET,
SYDNEY CBD

SA Water assisted with the deployment and analysis of 40
Von Roll acoustic sensors deployed in the Sydney CBD. A
leak detected on Dalley Street was first reported on 15
January. Noise produced was loud with the acoustic
sensors identifying a leak every few meters in Underwood
Street.

Sydney Water crew responded to the leak on 2 March,
where the main was isolated prior to excavation. A faulty
main tap was found (which was causing a leak of about 3
L/s), removed, and a bolted clamp was installed, as shown
in Figure 12.

Figure 12: A faulty main tap (left) which was causing a leak was replaced with a bolted clamp (right)

@ Water e-Journal  Online journal of the Australian Water Association
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UTS analysis confirmed a noisy logger with a high
probability of a leak. With the acoustic sensor providing an
approximate leak location, Sydney Water crews discovered

water from the leak was flowing into a nearby stormwater
pit at an estimated rate of 2-3 L/s on 19 May.

On 20 May, the leak was pinpointed on-site through
correlation, with a hole found in a 50mm copper service
under two buried fire service valves as shown in Figure 13.
The following day Sydney Water repaired the leak
overnight.

Leakingwater found discharging
into the stormwater pit at the
frontof 2-4 Speed St

Figure 13: Leak discharging into the stormwater pit (left), a hole found on a copper service, alongside main tap shown

and the two fire service valves (right)

Many water utilities have trialled the use of leak detection
systems with much success, with case studies explored in
Leak Detection: Technology and Implementation (Hamilton
and Charalambous, 2020). Each utility has faced unique
challenges based on the material, age, and location of
their assets.

Depending on the location of sensor deployment, the
magnitude of environmental noise can significantly differ.
For example, in Australia, Adelaide’s CBD is vastly
different to that of Sydney’s CBD, which can be
attributed to:

1.a higher population and an increase in both pedestrian
and vehicular traffic,

2.a more expansive public transport system — with an
underground railway, and the newly commissioned
above-ground light rail, and

journal of the Australian Water Association

3.a higher number of commercial businesses.

Basic analysis of acoustic sensing data is therefore
unreliable in detecting a leak and raising a true positive
leak alert. A common approach to reduce the number of
false positive leak alerts is to train a machine learning
classifier to distinguish a true leak noise from other
environmental or water usage noise (El-Zahab et al., 2017,
Kang et. Al. 2018., Liu et. Al. 2019).

SA Water is an example of a water utility within Australia
which has successfully developed an algorithm to
understand leak sounds (Stephens et al., 2019). Without
training, vibrations from environmental sources are
indistinguishable from the sound of a leak due to their
similar frequency spectrum (Liu, Ma, Li, Tie et al., 2019). It
is these “non-leak” noises that the system confuses for a
leak and causes false positive rates (Hamilton and
Charalambous, 2020).

Using the data obtained from the large array of sensors
deployed across Sydney, an opportunity has arisen to train
and test a machine learning classifier for five different CBD
locations. The trained classifier will ideally be able to
interpret a variety of environmental noises and accurately
determine a leak noise in multiple deployment zones
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unique to Sydney. As the sensors will remain in-situ, the
data collection and verification of leaks from Sydney Water
operational teams will be ongoing, allowing for the model
to be re-trained and improved as the sensor database
grows.

Since each acoustic sensor deployed in the five CBD
zones have slightly varying capabilities and available data,
UTS is currently developing a method for the consolidated
analysis of all data from the various acoustic sensors.

Furthermore, since many of the deployments are in their
early stages, the environmental noises recorded by the
acoustic sensors are still being analysed and understood.
For example, one logger in Bankstown is located near two
major stormwater assets, and therefore records significant
increases in noise during periods of rainfall.

Currently, the acoustic data is being monitored and
possible leaks are being flagged weekly for further
investigation by Sydney Water.

LEAK DETECTION WEB
PORTAL

To improve the current process of accessing and analysing
acoustic sensor data from multiple portals, an integrated
sensing and analytics toolkit prototype is to be developed.
The aim of this portal is to consolidate the sensing data
from various sensor providers through web/cloud-based
applications and incorporate multiple data sources from
Sydney Water. Having all information under one platform
will also enable for this data to be easily transferred into a
machine learning system.

The platform is to be Geographic Information System (GIS)
based and compatible with Sydney Water’s Information
Technology (IT) requirements to produce regular reports
on leaks and high-risk assets for the operational teams.
The web portal will communicate with sensor providers to
set up access to data portals, enabling further data
analytics and prediction. The system diagram of the web
portal is shown in Figure 14.

Pipe and zone prioritisation
False alarm reduction
Sensing Data integration

HWM Logger

Leak pattern analysis
Leak detection & localisation

|

SebaKMT Logger \’

Web Portal
Von Roll Logger
rSensovs_ quloyment
Primayer Logger = = |

Sensor deployment optimlsation

Risk map generation
Pipe and zone prioritisation

Sensing data signal processing
Data integration of sensing data and
failure records

Sensing data pattern discovery
Correlation analysis of sensing data
and pipe failures

Detection result evaluation
Reduce false alarm

SW Web Portal

Regular reports

Figure 14: System diagram of the leak detection web portal
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Following the deployment of acoustic sensors, Sydney
Water aims to reduce reactive leak detection work by 50%
and reduce 50% of unaccounted water loss within three
years in the five CBD areas.

These findings will also consolidate the current learnings of
UTS and Sydney Water in its predictive MNF and
predictive modelling of pipes for leaks to improve its ALD
program by reducing 25% of unaccounted water loss in
50% of the pressure zones over three years.

The lack of disruption to Sydney Water’s network will
benefit all customers, motorists, residents, and the public
with reducing their need to call Sydney Water to report
leaks or breaks and reduced disruption to their everyday
lives.

It will also reduce the need for manual surveying and
increase safety standards for Sydney Water employees as
they can better plan and schedule work.

To create a better life with world-class water services,
Sydney Water is continually exploring and implementing
innovative technologies to improve services to over five
million customers across Greater Sydney.

To achieve this, reducing leaks and breaks in Sydney
Water’s system by using acoustic sensors will reduce
unaccounted water loss, reduce disruptions to its network
and increase customer satisfaction. This is a part of an
overall smart network asset strategy that has been
implemented by Sydney Water.

Next steps involve continuing to interpret the data from the
acoustic sensors to train a machine learning model to
improve detection of leaks before they turn into breaks.
Once an algorithm has been sufficiently trained and
validated, a proactive process for the repair and
maintenance of leaks and breaks will be integrated into
Sydney Water’s business-as-usual practice.

The outcomes of this research study will mean Sydney
Water will have a strategy to target acoustic sensing to be
more agile and mobile in urban areas, ensuring water
distribution that provides 24 hours of reliable and resilient
services to our customers.

We would like to acknowledge the support and operational
intellect of the Sydney Water Network Operations team led
by Georgiana Anderson, Abdul Rehman, David Cantlon,
Brendan Cantlon, Greg Alford, Andrew Curtis, Pradeep

Perera and Chau Nguyen who proactively demonstrated
the success of sensing-based leak prevention.

Thank you to Customer Hub representative Nigar Afroza
and Asset Life Cycle representatives Johnny Xiao and
Aravinda Stanley. We would also like to thank our acoustic
sensor suppliers Detection Services, Ovarro and
WaterGroup for their continual support.
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