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What does digital transformation stand for

I

Stelian Câmpianu

t is stated that the technological process from IT will
determine the forth industrial revolution, marking
the beginning of a digital era that will completely
change the way of doing things. What does this
mean for us as people, how we will be able to adapt
and remain competitive, how will this transform
the activities we perform and what risk does this
transformation entail, are the questions to which
we do not yet have a clear answer to. Be it visible,
or less visible to us, technology makes its way into
our lives and activities, producing a transformation
that comes with a myriad of new concepts and
notions such as: Cloud, Internet of Things, Big Data,
Machine Learning, Artificial Intelligence, Augmented
Reality, Virtualization, Social Network, Digital Person,
Blockchain, Smart City, Industry 4.0 etc. (there are so
many that cannot be explained in an article).
The main reason for this transformation are the
benefits that digitalization brings to a business or
activity. The Gartner Institute defines digital business
as being: “the creation of new business designs by
blurring the digital and physical worlds‘’.
It may sound ambiguous, but let’s look at Uber’s
example. Before, to get a cab we could: stop a free
one on the street, make our way to a taxi station to
find a free one, or we could order a car by phone. The
fare was not per trip, it was per traveled km and per
waiting minute. Payment in cash only. If the driver
asked a customer a price for the entire trip in advance,
the customer would be upset and ask the driver to
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set the taxi meter. Before, we didn’t know anything
about who will pick us, about the drivers driving style,
neither the type / brand of the car, nor the opinion of
previous customers regarding the services offered.
All these things are possible now with Uber, and
customers accept that they have a pre-set fare for a
trip and that this fare may vary for the same trip on
different days (or at different times of the day) 30 lei
on an ordinary day, 50 -60 lei, if it is raining or when
in the city is an important event. Why didn’t the taxi
companies do the same thing as Uber, before Uber?
They had a viable and time-tested business model
that they did not consider necessary to change. At the
center of their process was the car park with which
they could serve travelers, who were able to find taxis
with the infrastructure available to them (nothing
seemed to be missing). Uber took a slightly different
approach. They created an application / platform
with which they could easily reach the passengers, to
whom they offered a different experience from the
existing one emphasizing on a better service, and
giving them the opportunity to rate the transport
service. At the same time, through the same platform,
they managed a large fleet of drivers with cars,
without having to pay them if there were no trips.
Uber did not go to the taxi companies to propose a
change of business concept, because it would had to
deal with the vision and problems of the respective
sector. Uber appealed to those who wanted to be
private entrepreneurs, willing to use their vehicle and
work part-time or full-time, providing them with the
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service of finding customers and an easy and legal
way of cashing the money from the customer.
The Uber example shows that with the digital
transformation occurs a disruption of the traditional
business model. First time seen as a whim, Uber
created serious problems and took the customers
away from taxi companies who didn’t understand
that they had to change their way of managing orders
and customer relationships. Later the taxi companies
upgraded / transformed their processes, copying the
Uber model in an attempt to regain some of the lost
customer base. Of course, things will not stop here
and maybe tomorrow, with the advent of smart cars
that drive alone, Uber will have problems if it does not
adapt its operating mode to the new reality.
1. Digital transformation will become an operational
necessity for all companies, due to the need to
streamline and ensure operational excellence,
to improve control and predictability, in an
increasingly competitive and complex economic
environment. (process automation, elimination
of losses as much as possible, flexibility of cost
structure, reduction of execution times, solving
problems related to staff shortages, etc.)
2. The engine of digital transformation is the creation
of new customer-centric value streams for which
the customer is willing to pay. The challenge is
to create a “personalized” solution for customers,
which they perceive as a quality experience,
tailored to their needs.
3. In the economies where the digital transformation
has shown its effects, companies have understood
that this transformation will not come “from itself”,
from the inside, and at the same time they have
realized that a reactive response to a competitor is
not good enough.
4. That is why new functions have emerged in
the organizational chart, such as the Digital
Transformation Officer, a person whose mission
is to discover those ways in which the company
can become digital. Digital Transformation is an
innovative, multidisciplinary process, involving
several departments and business processes within
the company, and for its successful implementation
it is recommended that:
5. Digitalization cannot be just an IT department
exclusive task. First of all, it is about transforming
the business processes of the company. The
culture and current structures / processes of the
company (the habit of doing things in a certain
way) will be the biggest obstacles to digital
transformation, obstacles that will BE harder to
overcome if current business runs well. That’s why
digital transformation requires innovation and the
creation of a vision, sustained at all levels of the
company, to produce the desired change.
The IT department of the company must be engaged
and part of transformation process. They are the
ones who understand how prepared the existing
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IT infrastructure is to serve the proposed goals. At
the same time, they are the ones who will be able to
establish the strategy, the investment directions, the
technologies and the future priorities to make this
transformation possible.
Call an external consultant working with IT solutions
integrators who are experienced in the field. An
experienced IT integrator will have a lot more
knowledge about the technological possibilities
offered by different manufacturers, will understand
much better the strengths and weaknesses of those
technologies, will be able to recommend the right
solution not only from the technological point of view
but also from the experience from previous projects.
Be zealous and patient. Understand that this
process will be one that involves innovation and this
innovation will not happen overnight. It will take
several iterations, the transformation process will be
based on trial and error. (The first 3 points are meant
to minimize the risk of failure and loss of money).
Work and co-create with your customers. Try to find
out from them what they consider to be useful and
what they think would create a better experience for
them.
In order to avoid staying only in the theoretical area, I
propose a imagination exercise:
Context: Everyone wants problem solving to be faster.
It is common sense that a specialist resolves things
faster and better than a beginner or an average
person, but the specialist costs more and cannot be in
more places at once.
Technology: There are already augmented reality
glasses (superimposing virtual images over the
wearer’s real field of view). The glasses have
camcorder, microphone and headphones, and can
communicate via mobile phone with someone in a
remote place. These glasses can receive and display
interactive information. For example, you can show
a blueprint to the wearer, or you can indicate with a
visual marker a real object in his field of view, etc.
Process: The challenge for you is to define a
service offered to the customers (define the value
proposition for them), and also define what changes
would be required within your organization to
work in this way, articulate the benefits that such
technology would bring to current operations
(costs, employment / personal qualification, quality
assurance, etc.). How would you make more money
from implementing such technology (from sales, from
internal efficiency, etc.)
Digital transformation will always begin with an
exercise of imagination. If you’ve done it while reading
the upper lines, don’t stop! Those who manage to do it
today are the winners from tomorrow!
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Establishing DMAs and Managing Pressures in
Overpressured Systems. Case Study in the City of Onesti
Abstract: The City of Onesti represents a particular case in terms of water loss management and pressure
management. The water network was acquired by RAJA Constanta back in 2015 in a very poor state; with
operating pressure that on average yields around 7.5 bar and consequently with a high level of NRW. Taking
into consideration the fact that the vast majority of the network can operate safely at a 3.5 bar average pressure,
the task ahead was to find a technical solution for reducing the pressure at the desired value and at the same
time to establish DMAs in order to implement a proper active leakage control. The final solution consisted of
the following measures: Establishing DMAs in the water networks; Installing up to 10 PRVs (3 of them already
installed by the water company);Installing up to 11 small booster stations for 8 and 10 story buildings. As a
result of the proposed solution, the average pressure was estimated to drop around the desired value as can
be seen in the hydraulic simulation below. One preliminary conclusion is that 75% of the waterloss reduction is
a direct consequence of pressure reduction while the rest of 25% represents the effect of rehabilitation works.
The additional challenges that had to be overcome were dealing with the fact that the distribution network
also needs to be supply alternatively from a new treatment station. This led to the fact that main pipes of the
network were not part of any DMAs, but instead they were treated as transportation pipes. This approach proved
to be beneficially especially when dealing with situations where some of the PRVs needed a by-pass pipe when
switching from one supply solution to the other. Finally, the paper presents some considerations regarding de
performance indicators before and after the project with emphasis on ILI (which will vary from 32 to 21 and there
is perfectly good reason for this) and other waterloss PIs that indicate a much greater variation.
Keywords: Waterlosses, DMA, pressure management
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The City of Onesti was taken under SC RAJA Constanta
SA management back in 2016 in a very poor state
regarding water losses and general management of
the network. As a result, the water company was very
interested in a solution that can greatly reduce the
water losses on a short term but also to provide the
bases for good active leakage control and pressure
management in the future. This paper presents the
challenges and the results of this activity.
Several common abbreviations will be used in this
paper concerning both the components of the water
balance and the performance indicators, as follows:
- SIV will designate the System Input Volume that is
the water volume injected into the supply system
for a period of one year. The value of SIV depends on
what the actual system is defined: it could represent
the volume of water directly entering the distribution
network or it may represent the volume of raw water
that will be treated an distributed.
- NRW will designate the Non-Revenue Water for the
same period. The NRW contains both the water losses
and the unbilled consumption and represents the
difference between the SIV and billed consumption.
- LKN indicator designates the real losses per
network length (excluding connection length).
Different sources refer to this indicator by different

denominations and measuring units. While the
National Manual (3) prefers LKN in cm/km/year, in
Performance Indicators for Water Supply Services (1) this
indicator is identified as Op28 and expressed in l/km/
day (when the system is pressurized).
- ILI designates the Infrastructure Leakage Index and is
calculated as the ration between the Current Annual
Real Losses (CARL) and the Unavoidable Annual Real
Losses (UARL), both expressed in l/connection/day. ILI
takes into account several factors: the network length,
the number of connections and the average pressure
in the network according to the following formula:
(1)

(2)
The UARL formula may seem slightly different
depending on the source material, but the constants
are actually depending on the measuring units for
length and pressure. The Eq. (2) is using the following
variables and measuring units: Lm represents the
length of mains in km, Nc represents the number
of connections, Lp represents the average length of
service connection in m and P represents the average
pressure in mWC.
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HYDRAULIC MEASUREMENTS AND WATER
BALANCE

reservoirs on the Scutarului Street (in the main
manhole)

The first approach in order to quantify / estimate
the physical losses in the distribution network was
to compare the night flows values with the diurnal
flow values. Also, taking into consideration the fact
that the system was over-pressurized, a separate
campaign was conducted at the same time for
pressure measurements. The utilized equipments were
ultrasonic flow meters and pressure data loggers.

Figure 1 illustrates the flow variations for each of the
five pipes:

Concerning the flow measurements, five simultaneous
measurements were conducted as follows:
3 measurements on the exit pipes of Reservoir A
towards the water distribution network

The City of Onesti is supplied over 90% from only the
two pipes located on street Scutarului

2 measurements on the exit pipes of 10,000 cm

The night flows indicated and confirm a high level of
physical losses

FLOW MEASUREMENTS - City of Onesti
500

400

STR. SCUTARULUI - Dn 300
STR. SCUTARULUI - Dn 600
REZ A - Left pipe
REZ A - Middle pipe
REZ A - Right pipe

A possible explanation for the abnormal variation of
the right pipe flow is that this pipe is normally closed
by a valve that leaks during the high pressure at
nighttime, which cause the reservoir to be supplied
by the network instead of supplying the network. This
hypothesis is supported also by the flow pattern of the
middle pipe, which presents higher values in the night
flow suggesting a loop between these two pipes.

Flow (mc/h)

300

200

The pressure measurements confirmed the high
values indicated by the water company with figures as
high as 7.3 bars. Since the average pressure needed
for the supply network (with the exception of 30
apartment blocks) is around 3.5 bars it became clear
that a pressure management is needed.

100

0

14:24:00

19:12:00

0:00:00

4:48:00

9:36:00

-100

14:24:00

19:12:00

0:00:00

4:48:00

ESTABLISHING THE DMAS

9:36:00

Time

Figure 1: Simultaneous entry points flow measurements for water distribution network of Onesti City (about 90%
of the city is supplied by two pipes of DN 300 and DN 600 respectively)
PRESSURE MEASUREMENTS - City of Onesti
8

7

6

Pressure (bar)

4

Over the course of this activity, some general rules
came into place regarding the DMA configuration and
they are enumerated as follows:

3

Perseveration of the main networks loops as much as
possible. In this regard, the main transport pipes of the
network will not be part of any DMA

2

1

19:12:00

0:00:00

4:48:00

9:36:00

14:24:00

Zone Belci

Zone Mal

Zone Borzesti

Zone Oituz

RAJA Onesti Offices

Str. Orizontului

19:12:00

0:00:00

4:48:00

9:36:00

14:24:00

Time

Figure 2: Simultaneous pressure measurements for water distribution network of Onesti City (confirmation of
high pressures)
6

In order to ensure a good pressure management and a
reliable active leaks control the water supply networks
needed to be split into several DMAs. This task proved
to be more challenging than initially expect due to
some specific factors. One of these factors was the
pressure management, which implied the solution for
the DMA configuration would also have to work with
the localization and settings of the future pressure
reduction valves. The other crucial factor refers to the
possibility of alternatively supplying this network from
a new additional water source.
Finding a solution that works with these constraints
took several iterations that needed to be confirmed
with a hydraulic simulation.

5

0
14:24:00

For each of the five measurements a daily average
and a nigh flow were calculated in order to assess
the physical losses and to verify the SIV figure taken
from the water company. One particular situation is
represented by flow measurements from the right
pipe of the reservoir, where the diurnal flow is null
and the night flow is negative. For this pipe only the
average daily flow was calculated. A brief analysis of
the flow measurements yields some conclusions and
remarks:

The DMAs should follow as much as possible the
existing networks configuration. In this regard the
process of establishing the DMAs started with the
peripheral zones of the supply network.

www.detectiviiapeipierdute.ro
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and in those cases the consumers were allocated to
smaller areas (with up to 15 consumers) that would
act in a similar fashion to a DMA. The final solution
presented in figure 3 consisted of 19 DMAs and 15
small metering zones.

HYDRAULIC SIMULATIONS
The hydraulic simulations were a key part in the
process of establishing the DMA configuration and
the position of the pressure reduction valves. For the
purpose of this project all of the hydraulic simulation
were done with the help of Epanet for running the
steady state models, but other software packages
were used in order to build the model based on the
DWG files.

Figure 3: Final solution for DMA configuration

Since there was no Customer Information System
available, the demand allocation was realized based
on the flow measurements but with 2 component for
each node: one component for the actual demand
and the other component for NRW estimation.

The zone supplied from the left pipe of the reservoir
A was split into two DMAs and was not linked with
the main supply network. However a new transport
pipe was designed in such a way that this particular
area could be supplied from either water source (the
existing one a the newly proposed) irrespectively of
the source supplying the main network.

The hydraulic simulation of the initial situations
refers to the existing situation at the time when the
measuring campaign took place. Figure 4 shows
the results of the numerical simulation in terms of
pressure nodes. This simulation in particular was very
useful because it showed a very good consistency
with the measurements taken in the field.

The most difficult part to manage proved to
be the center of the city, which presents lot of
interconnecting pipes. Finding the solution for this
area also required several trial and errors due the fact
that the original layout of some of the existing pipes
will suffer modification in the future rehabilitation
process.

Regarding the hydraulic simulation of the proposed
solution, it is worth to mention that several numerical
models were developed during the course of the
project, but there are some share features between all
of them. Firstly, the small booster stations separately
commissioned by the water utility were considered
as part of the final configuration. Secondly pressure
reduction valves installed at different stages by the
water utility were also part of the hydraulic simulation.
Figure 5 shows the results of the final accepted
solution in terms of pressure nodes with a much
improved average network pressure.

In other instances, in order to allocate as much as
possible of the existing consumers to one DMA or
another, the final solution proposed reconnecting
these consumers to other main pipes. There were
some situations where this idea could not be applied

Figure 4: Hydraulic simulation of the initial situation (very high pressures in the supply network)
www.detectiviiapeipierdute.ro
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Figure 5: Hydraulic simulation of the proposed solution with PRVs and DMAs (normal operating pressure)
IWA

Indicator

Units

2017

2021

2048

A3

Total input volume

m3/day

14.597

8.056

7.183

A21

Total non-revenue water

m3/day

9.980

3.631

2.247

Fi46

Apă care nu aduce venituri

%

68,37%

45,07%

31,29%

A19

Real losses in the network

m3/zday

9.427

3.188

1.754

Op27

Real losses per connection

l/conn/day

2.683

908

499

Op29

ILI

-

31

21

12

Op27

Real losses per km of pipes (LKN)

m3/km/day

114

39

21

Table 1: Performance indicators

FORECAST AND CONCLUSIONS
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project), 2021 (implementation of the project)
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indicator as percentage of SIV was done part as one
of the project requirements but most importantly to
compare it with the ILI.
Judging solely from NRW as percentage of SIV it
appears that only minor water losses reduction
measures have to be taken, but the ILI implies much
more drastic approach. The relatively high ILI at
the end of the project is a normal figure because
it is a pressure dependent indicator. However, the
biggest impact of the project is illustrated by the LKN
indicator. It is worth mentioning that 75% of the total
water loss reduction is a direct results of the pressure
reduction in the network.
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THE USE OF THERMAL CAMERAS - CASE STUDY
Motto: “ Any body in nature, at a temperature above the absolute value of zero degrees 0 K (-2730C)
naturally emits energy. “

ARGUMENT
The use of thermal imagery equipment without
a thorough knowledge of the techniques for
analyzing thermal images, in most cases can lead
to misinterpretation of potential defects, to not
identifying real problems and to the use of thermal
imagery systems to only 10% of their capacity.

Postavaru Alexandru

The present paper includes both a theoretical
presentation with a few cases encountered by the
NRW Bureau in the field and the analysis of thermal
images with the help of specialized programs (Flir
Tools, Thermovision, Thermalviewer Program), where
we have had the privilege to identify potential defects
that can appear in electrical installations, electrical
panels and motors.

INTRODUCTION
Infrared radiation was discovered in 1800 by Sir
William Herschel as a form of radiation beyond the red
light spectrum. These “infrared rays” were mainly used
for thermal measurement.
There are four basic laws of IR radiation: Kirchhoff’s law
of thermal radiation, Stefan-Boltzmann’s law, Planck’s
law and Wien’s law of displacement. The first thermal
camera was marketed in 1965 for inspections of high
voltage electrical lines.
Thermal vision offers incredible solutions for a
growing number of applications: maintenance,
construction, transportation, medicine, research,
surveillance, etc.
A thermal image can provide us with new information
about the scanned object with the help of the
infrared camera, information that is not obtained by
simply viewing with the naked eye or by other nondestructive investigation methods.
Infrared camera users are now much more educated
about possible applications and technological
limitations, but not having an in-depth knowledge of
thermal transfer phenomena, how to compensate for
measurement errors and interpreting thermal images
can lead to errors with unwanted effects.
A thermographic camera (also called an infrared
camera or a thermal imaging or infrared imaging
camera) is a device that forms a heat zone image using
infrared radiation, similar to a common camera that
forms an image using visible light.
The thermal imaging camera does not measure
the TEMPERATURE but the RADIATION emitted by
the surface of the measured object. The radiation

www.detectiviiapeipierdute.ro

emitted depends first of all on the temperature of the
object but also on its property of emitting radiation
depending on the type of material, the quality of
the surface, the visual angle , the geometry of the
surface, the spectrum, the temperature of the object
and the wavelength of the instrument with which the
measurement is made.
This property is called emissivity. Emissivity
characterizes the surface ability of an object to emit
energy through radiation.
The largest errors in temperature measurement by
non-contact methods occur for surfaces with very
low emissivity. Another parameter is the Reflected
Temperature which, apart from the emissivity, has an
influence on the correct determination of the value of
the real temperature. A wrong emissivity setting can
give you a value that has nothing to do with reality.
Compared to the 400 - 700 nano meters of the camera
with visible light, the infrared cameras operate at
wavelengths up to 14,000 nm (14 µm).
Infrared energy is just a part of the electromagnetic
spectrum, a spectrum that includes radiation from
gamma rays, X-rays, ultra-violet rays, a thin region of
visible light, infrared, terahertz, microwave and radio

9
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waves. These are all linked and differentiated in their
wavelength (length of the wave ).
The biggest difference when it comes to optical
cameras is that the focus lenses cannot be made of
glass, because glass blocks long waves infrared light.
Typically, the spectrum of thermal radiation is from 7
to 14 μm. Calcium fluoride or crystalline silicon lenses
should be used. Because of this reason, most lenses
for thermal cameras have anti-reflective coatings.
The high cost of these anti-reflective materials and
coatings is one of the reasons why thermal imaging
cameras are more expensive.
Thermal imaging cameras can be divided into two
types: those with cooled infrared image detectors and
those with non-cooled detectors.
Cooled sensor thermal cameras are usually contained
in a vacuum sealed box and cooled through
cryogenics. Cooling is required for the operation of the
semiconducting materials used.
Most cold detectors operate in the temperature range
60 K - 100 K, depending on the type and level of
performance.
Without cooling, these sensors would be “blinded” or
flooded by their own radiation. The disadvantages of
cooled infrared cameras are that they are expensive
both to produce and to operate.
Cooling consumes a lot of energy, and also a lot of
time.
The cooled sensor thermal camera needs a few
minutes to cool down before it starts operating. The
most commonly used cooling systems are Stirling
rotary-motor cryogenic coolers. Although the cooling
system is bulky and expensive, the infrared cameras
with the cooled sensor deliver superior image quality
compared to those without it.
Thermal cameras without a cooled sensor, operating
at ambient temperature or with a sensor stabilized at a
temperature close to the environment.

10

Non-cooled infrared sensors can be stabilized at
optimum operating temperature to reduce image
noise, but they are not cooled at low temperatures
and do not require cryogenic cooling. This makes
such infrared sensors smaller and less expensive. In
contrast, their resolution and image quality are lower
than cooled thermal sensors.
This is due to the differences in their manufacturing
processes. A thermal camera with a sensor without
cooling must also deal with its own thermal signature
that comes from the internal elements of the camera:
housing, electronic components, radiation emitted by
other objects in the environment, reflections, etc.
The NRW office is equipped with a T650sc Flir thermal
camera model with FPA sensor type and a microbolometer without cooling, having the measurement
characteristics / measurement functions and analysis
such as temperature range: -40… + 2000ºC, accuracy:
± 1ºC or ± 1% of the indication, with integrated
emissivity table, adjustable 0.10… 1.00, temperature
measurement: 10 spots. IR performance - Visible /
Image presentation with field of view (FOV): 25º x
19º, minimum focusing distance: 0.25 m, thermal
sensitivity (NETD): <0.020ºC, infrared detector
resolution: 640 x 480 physical pixels, spectrum : 7.5…
14μm standard, motorized or manual autofocus,
thermal image display, visible, PIP (picture-in-picture),
Thermal Fusion, MSX, Ultra Max, video streaming:
USB - 100% radiometric, automatic report generated
in PDF format directly from the camera. It also comes
with optional accessories such as: wide-angle lens
with 80º horizontal opening, wide-angle lens with 45º
horizontal opening, telephoto lens with 7º horizontal
opening, close-focus lens 2.9x and close-focus lens
5.8x.
The NRW office uses the thermal camera provided
for various activities: in the identification of metallic
sewer covered with asphalt (only provided that on
the respective sewerage route there is circulation
to observe the temperature difference), in general
maintenance, for example in tanks (the body of the
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tank), when identifying the electrical installations
from walls or apparently mounted, of the electrical
panels, the operation of the electric motors, the
server installations within the company as well as the
identification of failures under certain conditions.
Below we will present some images taken by the
thermal camera and analyzed with the Flir Tools
software, where the temperature differences will be
observed, which may indicate (depending on each
situation how large the temperature difference is) in
a certain place, a problem that may arise over time or
require increased attention.
On the maintenance side, different thermal scans
were carried out at the water intake stations in the
Company’s operating area, namely operating regime
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of motors, electrical panels, transformer stations and
related electrical cables.
The problems identified (like bearing without
lubrication on different engines, pipe tension on the
exhaust side of burning gases, rotor shaft offset) are
relatively minor and easy to solve.
The settings used in the present cases were:
emissivity 0.95, the reflected temperature of 19º C,
the measurement distance of 1.67 m and the relative
humidity of 51%.
Minor problems such as weak connections and
oversized cables have also been identified on the
electric cables side. The settings used were: emissivity
0.95, temperature reflected by 21º C, measurement

11

Detectivii Apei Pierdute & Water Loss Detectives

case studies

distance of 2.1 m, relative humidity of 50% as well
as different systems of wide-angle and close-focus
lenses.
Through thermal scans performed on the electrical
panels various weak connections were identified,
defective connectors, fuses that can create problems
over time, cables with imperfect contact (worn or
corroded metal contacts) as well as undersized cables
for the consumers that were served. The settings used
were: emissivity 0.95; 0.60; 0.20 and 0.40 (depending
on the thermal scanned material, oxidized aluminum,
copper for electrical connections, oxidized iron),
the reflected temperature was 23ºC, the measuring
distance of 1.8 m and the relative humidity of 48%.
12

On the loss detection side delimitation was attempted
for identifying water damage without using the
conventional loss detection with equipment like
Hydrolux, Correlux and GPR, only by the thermal
scanning method.
Also, the thermal method was used to identify
problems inside houses caused by water losses on
the part of buried pipes as well as to identify losses on
the thermal side where the thermal method can be
successfully used even in the buried heating and hot
water pipes.
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The settings used were: 0.95 emissivity, 8º C reflected
temperature, 10 m measurement distance and 50%
relative humidity.
Below we will present two cases: the localization of
an area of damages in the night time in an area of
traffic and a case in winter, where it was easy to see

14

the difference between the outside temperature,
the snow temperature and the water temperature
coming out at the surface of the pipe. The settings
used were: emissivity 0.95, reflected temperature of
-3ºC, measuring distance 2.4 m, and relative humidity
of 60%.
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Then we used the thermal camera to thermally scan a
colleague to identify if he has tense muscles.
With this camera the differences in temperature of the
body can be determined with a precision of 0,02°C,
this camera can also be used in medicine. The amount
of energy emitted depends on the quantity of blood
in tissue and the intensity of metabolism in the human

Instead of a conclusion, I will finish this study with
a section of questions and answers regarding the
thermal cameras and their use.
What could be the technological limitations of the
thermal imaging cameras?
One of the biggest limitations of an infrared camera
is that it cannot accurately capture an image through
glass or any other bright object (because glass blocks
infrared light with long waves). Another limitation
would be their use when we have strong sunlight.
Infrared cameras can be used during the day in most
scenarios, but sunlight can cause a lot of noise in the
thermal image, especially in the warmer months.
Can thermal cameras be used to detect water leaks in
distribution and transportation networks?
As noted in the previous pictures, these can be used
if the water reaches the lower limit of the asphalt
or concrete. Thus, water creates a temperature
difference from the outside and thus the area with
the problem can be observed on the thermal camera.
These are very often used for pipes buried in walls, on
heating networks pipes, given that the difference in
temperature is greater and more pronounced.
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body. The resulting image is called a thermal graph.
The temperature difference is formed due to the
different blood circulation in the tissues.
Low temperature can be the result of different
circulatory disorders. High body temperature is usually
a symptom of inflammation or diseases.

Can thermal cameras see through walls?
The short answer is no, except for extreme situations.
Since most walls are thick to keep a building isolated,
a thermal camera does not have the ability to identify
the heat on the other side of the wall.
What is the difference between infrared and thermal
cameras?
Thermal cameras use radiation from the far infrared
region of the spectrum, while IR night vision cameras
use light from the much higher frequency range in the
infrared region.
Thus, the near IR field has more common visible light
than in the thermal field.
What type of camera is recommended?
It depends on what the thermal imaging camera
will be used for. I recommend a thermal camera
produced by Flir due to the good quality sensor, with
increased resolution and due to the function of the
contour overlap of the visible over the thermal image
(MSX function).
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Identifying the water loss sectors
by means of flow measurement
Abstract: The paper refers to the fast and accurate identification of defective pipe sections inside the water
distribution network of a DMA by means of a portable flowmeter mounted on the DMA supply point. This
method creates a subsector inside an existing DMA with which we intend to find out the distribution of flows
recorded overnight during period 01-04 a.m. within this DMA. Subsequently, based on results obtained, the best
water loss reduction strategy is to be applied. The main advantages of this method are that losses are precisely
prelocated and good quantitative information related to them can be obtained, information that is important for
making correct and effective decisions in order to eliminate such losses.
Keywords: DMA analysis; water loss evaluation; flow measurements with portable flowmeters

Stage 1- selecting the micro-sector

Sorin A. Murariu

The selected DMA for our example is “Platoul Aviatiei”
area, that belongs to the Iasi City metropolitan area.
It was created in 2007 when the water distribution
network rehabilitation works were completed. Initially,
a mechanical flowmeter was mounted. This flowmeter
was used to generate one week period reports on
consumed water flows and volumes (this was made
via a dedicated flow logger that was mounted two or
three times per year). Since 2018, a technical solution
has been found in order to transfer data from a pulse
transmitter flowmeter towards SCADA, in real time,
fact that enabled the monitoring of night water
consumption and the quick identification of a failure
occurrence.
Magistrala apa = main water pipeline
Aductiune apa = main water supply pipeline
Rezervor = water tank
Technical data - the Platou Aviației DMA:
Area = approx. 526.000 m2
Pipe total length = 9,465 km
FP DN80 --- DN100 = 1.268 km (pressure cast iron)
OL DN100 --- DN200 = 0.784 km (steel)
HDPEDN32 --- DN160 = 7.413 km
No. connections = 560

A section-by-section verification campaign of the
entire distribution network in this DMA, by means of
conventional methods (acoustic correlator, ground
listening, noise loggers) would take months and
eventually the obtained results may be relevant or
not (in such case results ultimately depend on many
external factors that can negative influence he fairness
of measurement).
The proposed method in this paper significantly
reduces the defect identification time, finally resulting
in a map showing the subsector distribution of night
consumption, recorded with an electronic measuring
device mounted in the DMA general water meter
manhole. Once these data are gathered, a real
assessment of pre-localized defects can be carry out
and, hence, the best remedies for them can be found.

Stage 2- Updating the micro-sector’s distri‑
bution network layout
Data related to the distribution network on which
activities are to be carried out are extracted from
the GIS, in order to update the boundaries of the
micro-sector that is to be analysed. Moreover, the
status of the sector valves must be checked on field
(valves must be properly closed). Then, within the
micro-sector, all line valves will be identified, i.e.
the valves which would help to create DMA subsectors (this action will be based on maps/layouts
and discussions held with area operation personnel).
More functional valves means a higher accuracy of
final results. Afterwards, the existence of valves and
their operational condition is to be checked on field
(by closing-opening manoeuvers). Sometimes access
to some valves or valves manholes/covers/street
boxed may be hindered as a result of public road
works. In such case the valves must be located and
uncovered in order to ensure their functionality in
good conditions.
In our situation, a number of 37 line valves have been
identified, out of which:
- 1 micro-sector boundary valve, manhole mounted,
functional and closed

DMA Platoul Aviației
www.detectiviiapeipierdute.ro
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- 30 rod-operated valves encased in street boxes, out
of which 11 required various operations as locating,
digging, rising valve to proper elevation, mounting of
new rods, various repairs.
In order to ease the sub-sectorization activity, a layout
of distribution network was produced. The layout
shows the streets with their valves positions, all valves
and manholes being numbered (fact needed at a later
stage).

Stage 3 – the flow meter

Apometru general = general water meter

A flow measurement campaign needs an electronic
flow meter which must be accurate as possible,
being also able to save all flow/time data into an
internal memory from which data must be afterwards
downloaded to a computer. In this case, we have used
a Flexim F-601 portable ultrasound meter, a device
that performed very well under test conditions in
the Apavital Metrological Laboratory. Even so, the
mounting conditions on field will always influence
the measurement results. Therefore, it is crucial to
choose an optimal and suitable place where to mount
the flowmeter. For the analysed micro-sector the
only optimal measurement location, considering the
possibilities offered on field, was a place upstream the
general flowmeter manhole.
Once the measuring location has been set, the US
portable flowmeter was installed. Afterwards, after a
minimum 24 hours running time, a first comparison
was made between the data transmitted to SCADA
from the general (permanent) water meter and the
data saved into the portable flowmeter’s memory. The
results obtained in our case were similar, this being
proof that the negative influences due to the physical
location of measurement are minimal and, hence, the
obtained data could be trusted.
(m3/h)
Debitmetru portabil = portable flowmeter
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The data obtained at this stage are to be used
as benchmarking values for the end of the prelocalization and network defect repairs stages, when
these data will be compared with the new obtained
values.

Stage 4 – Preparing the terrain for nighttime work
At this stage, the latest details are set to ensure the
soundness and success of the campaign:
- the working team is established
- media is notified about the measurement campaign
(date, hourly interval and streets affected by water
cut-offs)
- the valve closing planning is set
- the settings of the portable flowmeter are verified,
respectively the synchronization of its internal clock
with the ground operator’s watch (crucial for an exact
correlation of the moment when a valve closes and
the effect of this closing on the flow rate variation
recorded by flowmeter),
- other elements are verified and set: the internal
memory capacity (must suffice for storing current
data), the condition of flowmeter external battery (if
flowmeter has been running continuously for several
days), a convenient data storage interval (not too low,
that would lead to a much to fast filling of memory,
but not too large, situation when flow variations are
lost - in our case data recording interval was set to
3 seconds, a number of 20 values saved per minute
being considered a satisfactory amount)
- on the day before the measurement night, access to
all valves is re-checked, and where necessary, special
measures are taken: signposts installed in order to
prevent car parking above valves, manholes filled with
rain water are drained off… etc

Another important thing that must be set is the
time interval at which the successive valve closing
manoeuvers are to be carried out. It is usually
considered that the nocturnal interval when only
water losses are recordable is between 02-04 a.m. For
the “Platoul Aviatiei” micro-sector we have analysed
data recorded in SCADA during the last week before
the night measurement campaign, and we have
noticed that the smallest and steadier level showed by
the consumption graph occured between 01:30 hours
and 04: 00 hours.
Once the time interval and the number of closing
manoeuvers (i.e. 20) were set, we have computed that
in order to comply to the proposed time interval the
time between 2 consecutive manoeuvers should not
exceed a value of 10 minutes.
The planning involved the drafting of a table
indicating the order in which the valve closing
sequences are to be carried out. Thus, the table
indicates the valve or the valves, based on numbering
made in Stage 2, the exact time when the manoeuver
was performed and the areas where water cutoff will
ocur (as accurately as possible).

Example:
The order of manoeuvers conducted on line valves
Hour

Closed
valves

Streets affected by closed valves

01:15

22

Valea Lungă village

01:25

32

Fp50 pipe towards DANCU farm

01:35

33

Aterisaj street

01:45

25 +
27 +
34

Aviației street (partially between
Aterisaj and Aurel Vlaicu)

during the night of 23 to 24 May 2019 in the „Platou
Aviatiei” DMA
The order of line valves closure is dictated by the
following rule: the action must be commenced from
the network’s farthest point in reference to the general
water meter and valves are successively closed until
the last valve before the flowmeter is reached.

Stage 5 - Fieldwork and data correlation
This is the most interesting part of this method, when
after several weeks of preparation the team is ready to
enjoy the results, as a result of contribution from each
team member.
On 24 May 2019 works were carried between 01:15
hours - 04:00 hours in the “Platoul Aviatiei” microsector, and the working team included 2 people, the
undersigned and one plumber. The results obtained
are presented as a graph and a table.

Graph - ORDER of manoeuvers performed on line valves during the night of 23/24 may 2019 inside the
„Platoul Aviaţiei” DMA
www.detectiviiapeipierdute.ro
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Hour

Closed
valves

Streets affected by closed valves

01:15

22

Valea Lungă village

01:25

32

Fp50 pipe towards DANCU farm

01:35

33

Aterisaj street

01:45

25 + 27 + 34

Aviației street (partially between Aterisaj and Aurel
Vlaicu)

01:55

30

Lt. Negel street

02:05

29

Lt. Popovici street (partially)+Avionului street + 7
Oameni street

02:12

11

Lt. Popovici street + Aviației street (fully,both)

02:20

14

Cpt. Protopopescu street (partially)

02:25

16 + 21

For interruption of ring on Marginei street and Obreja
street

02:30

19

Vulturilor street (partially) + Mistrețului street

02:38

17

Nisipari street

02:48

8

Marginei street (partially up to valve 21)

02:57

7

Ceahlău street

03:05

5

Cpt. Protopopescu street (fully)

03:14

4+6

Vulturilor street + Porumbului street + Lt. Av. Caranda
street

03:22

3

Obreja street + Marginei street (fully)

03:30

2

Zborului street

03:40

10

HDPE75 partially distribution Holboca street

03:45

1b

Aeroportului street

03:55

1a

Holboca street (minus the sector between Aurel
Vlaicu, Aeroportului) + Moților street

Table - Order of manoeuvers performed on line valves during the night of 23/24 may 2019 inside the
„Platoul Aviaţiei” DMA

Stage 6 - Data Analysis and measures taken
After correlation of information related to the effect
produced by each manoeuver on the night flow
variation and conducting their analysis, the following
conclusions were drawn:
1.Manoeuvers 1-18 - about 85% of distribution
network was closed, resulting in a flow decrease of
about 4m3/h, these being possible inner losses at
customers or consumptions.
2. Manoeuver 19 - Closing of OL125 + FP50 pipe
section on Aeroportului Street has indicated a 6m3/h
water loss, hence we were sure that it was a pipe
defect, due to the sudden drop in instantaneous flow.
3. Manoeuver 20 - After closing valve 1a from the
intersection Holboca Street-Aeroportului Street, the
OL200 pipe section from the general water meter
remained under pressure and valve 1a too, this
indicating a water loss of 14m3/h.
The next action was to carry out the actual
identification of the defect site or defects identified
on the two pipe sections. Naturally, we started with
the most important one, the one from Holboca Street.
On Monday, May 27th, correlations were carried out
with the special devices and the defect place was prelocated with the acoustic correlator. Then, by ground
listening with the “electronic ear” the exact position of
the damage was marked, after which diggings were
performed and the pipe defect was repaired.
Once the defect was repaired on Holboca Street no. 1,
the portable flow meter was re-installed in the general
water meter manhole and valve 1a was closed during
the day for a short time, Thus, the result obtained
showed that the identified and repaired network
defect was the only one on this sector.
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Moreover, the data recorded in SCADA from the
general water meter, recorded before and after
the failure repair indicated a decreasing in night
consumption from 23m3/h to 9 m3/ h.
As stated at the beginning of this paper, one of the
advantages of this method is that it can quantitatively
assess the value of a water loss. Plus, when several
failures occur, we can use this criterion in order to
prioritize them for future repairs or for even a more
radical decision, such as the full replacement of a
sector, or a sector decommissioning. In this case, a
short calculation showed the amount water saved in
one month: 14 m3 x 24h x 30days = 10.080 m3.

Graph - checking of DN200 section on Holboca Street up to the intersection with Obreja Street (29 May 2019)

Another negative aspect caused by this failure to
customers in the „Platou Aviatiei” microsector was
the peak pressure fluctuation. We found this with
a Sebalog D3 Pressure Data Logger mounted to
a customer next to his complaints, as regards this
unpleasant situation. The datalogger was mounted
on Thursday, May 23rd, and was removed on May
30th after the failure was repaired (the address of the
consumer being on 9, Lt. Caranda Street).
The recorded graph is quite suggestive, under two
aspects:
- Before repairs, the pressure fluctuations were
significant, this being visible from the graph’s
„thickness” and after repairs these fluctuations almost
disappeared
- Before repairs, the minimum pressure was up to 1.2
bar, but after repairs it did not fall below 1.75 bar. The
graph also shows an increasing of maximum pressure
by about 0.2 bar.
It is to be said that all these negative effects were
caused by a 2 cm hole in a OL200 pipe, with gravity
supply and pressure of 4,5 bar in the failure area.

Conclusions
Graph – SCADA recorded data, before and after the repair of defect located on Holboca Street No.1 (momentul remedierii
defectului = moment when pipe defect was repaired)

Two weeks and half of work were needed for
identifying this water loss, during which the water
distribution layout was updated, new customers were
added, most of line valves were detected, repaired
and operated, correlations and ground listening
campaigns were carried out on a single pipeline
sector, and most importantly, only one road drill
survey was conducted.
On the other hand, by means of this method of
identifying water losses we managed to save 10,080
cubic meters/month of water and the water pressure
at customers’ taps has been significantly improved.
Considering that until the drafting of this paper
measures could not be taken for solving the second
water loss, this water loss will be identified and
repaired as soon as possible.

Graph-pressure measurements in connection manhole, customer Girigan, 9, Lt. Caranda Street
www.detectiviiapeipierdute.ro
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WATER LOSS 2020

About the Conference
The Water Loss Conference and Exhibition 2020 will
be one of the world’s largest water loss conferences
and is expected to attract over 500 participants
from more than 50 countries. Many of the world’s
leading experts in the field of Non Revenue Water
Management will be present and will discuss the
latest developments, strategies, techniques and
applications of international best practices as well
as successful case studies. In addition they will
present a 1-day pre-conference workshop on 7 June
2020 to provide an introduction to the issue of Non
Revenue Water Management and an overview of the
latest IWA Methodology for reducing water losses
from Municipal water supply systems. Sponsorship
opportunities are now available to all service providers
who have an interest in water loss reduction. The
opportunity to showcase your products and services
to the largest group of water loss specialists is not to
be missed!

Aim of the Conference
Water Loss 2020 is intended to present and discuss
the latest developments, strategies, techniques and
applications of international best practices in NonRevenue Water Management.
The Conference is the tenth event in a series of IWA
water loss reduction speciality conferences, following
the successful “Water Loss 2018” that was held in Cape
Town, South Africa, in May 2018 with more than 500
participants from 50 different countries from around
the world.
Water Loss 2020 was brought to China in general
and Shenzhen in particular to address the pressing

need for improved water utility efficiency and smart
solutions for water loss management in this part of
the world.

Topics

• NRW Assessment and Strategy Design
• Leak Detection
• Network Zoning and DMA Design
• Asset management
• Pressure Management
• Customer Metering
• Relevant IT Solutions
• Smart Water Networks
• Performance Based NRW Management Contracts
• Organizational and Institutional Issues
• Economics and Financing
• Water wise city and resilient water supply system
• Experiences from Guangdong-Hong Kong-Macao
Greater Bay Area

The Organizer
IWA Water Loss Specialist Group

The Host
Shenzhen Water (Group) Co.,Ltd

Conference President
Junwei Jin (China)

Organizing Committee
Jiao Guo (China) ,Yukun Hou (China) ,Shuang Li
(China) ,Tao Li (China) ,Zhitu Li (China) ,Kuo Liu (China)
,Shuming Liu (China) ,Thurston Lou (China) ,Yuchen
Lu (China) ,Jianxin Shen (China) ,Shihu Shu (China)
,Dan Wang (China) ,Xuefeng Wang (China) ,Yuxi Wang
(China) ,Zhijun Wang (China) ,Shan Wu (China),Qiang
Xu (China) ,Chunhui Zhao (China) .
Email: secretariat@waterloss2020.org

Scientific Committee
Chair: Roland Liemberger (Austria) ,Co-Chair:
Shuming Liu (China) ,Bambos Charalambous (Cyprus)
,Mary Ann Dickinson (USA) ,Stuart Hamilton (UK)
,Junwei Jin (China)
Ronnie McKenzie (South Africa) ,Dewi Rogers (Italy)
,Gary Wyeth (Thailand) ,Qiang Xu (China) .
https://www.waterloss2020.org
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Digital Transformation of Field Operations in European
Water Utility Company Using GIS Cloud

D

igitizing the process of field data collection and
infrastructure data management utilizing the GIS
Cloud platform, Liburnian waters achieved a multilevel
collaboration with local governments, increased their
data accuracy, and reduced job timeframe by eliminating
paper forms.

Jurica Kovac

The implementation of field inspection via surveys
on mobile phones had the biggest impact on
their workflow, the solution which in time became
SmartAqua application, specialized in water utility data
management.
Water utility companies face challenges on several
frontiers, from excruciating regulatory demands to
water loss problems, as well as issues with outdated
infrastructure data. The problems also emerge in
the organizations themselves, most commonly
because they lack strategic planning, have inefficient
field operations with a lot of paperwork, or use a
cumbersome system for asset management. To have
a chance to tackle these problems, the companies
can turn to digitalization and implement sound
management practices.

Dragan Sokolović

This article presents a case study from southeastern Europe which demonstrates how to digitize
field operations and implement company-wide
collaboration in a water utility company. The study
shows in what way the Liburnian Waters (Liburnijske
Vode), a water utility company in Croatia, improved
the process of collecting and managing water
infrastructure data using the GIS Cloud platform.
They also managed to increase their efficiency and

save time on maintaining water utility infrastructure,
hydrants, manholes, water meters, etc.
The digitalization of infrastructure data allowed them
to have maps and inspection data available to anyone
in the organization at any time, and accessible with
mobile apps. Data was also published online through
a Map Portal, which made data public and open for
collaboration with local governments and citizens.
This article will demonstrate the impact digitalization
can have for a water utility company from a field
operations point of view, and other benefits resulting
from GIS Cloud system implementation.
CASE STUDY HIGHLIGHTS
• Transforming a paper-based field workflow to a
digital one
• Using GIS Cloud for data backup to meet regulatory
demands
• Improving fieldwork efficiency and collaboration
across the board
• Easier data management for water utility assets
• Creating a data overview accessible online and
facilitating decision making

Liburnian Waters and Their Challenges
Liburnian Waters are a water utility company in Istria,
the western part of Croatia. The company is in charge
of the water supply system maintenance, sewage
system, water quality control, and water purification
for four municipalities, including the City of Opatija.
They also provide easy access to water and sewer
infrastructure data to local government units. The
company brings drinking water to approximately
29,000 citizens with current water coverage of 99%.
There were three segments the company wanted to
improve with digitalization:
• Field operations and collaboration
• Data and team management
• Regulatory compliance
The primary challenge was to improve communication
and collaboration in the company while reducing
the paperwork involved in field inspections. At the
same time, to facilitate collaboration with external
stakeholders such as local governments and citizens.
Extensive paperwork and paper maps often included
outdated information, leading to a slow data
collection processes and a slow flow of information
between their employees or third parties.
On top of that, Liburnian Waters had a priority to
comply with regulations by storing their data to a
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secure location and creating a backup of infrastructure
data. That is why they needed a solution for a secure
backup of their spatial data, as well as the system
allowing to easily update information linked to
spatial data, which is changing on a daily basis. What
played the most essential part in solving the issues
mentioned before, was extending from desktop
environment to the cloud, and the digitalization of the
field operations workflow and data management.

The Old Paper-based Data Collection and
Data Management
Liburnian Waters were using paper in every segment
of their field workflow as well as in the office. The
daily workflow started with printing inspection forms
and maps of the survey area. The field crews would
then go on to record the locations of assets with
handheld GPS devices and perform inspections. Later
they would return to the office and transcribe the
data to ArcMap software. This was a typical paperbased workflow with many drawbacks like illegible
inspection forms, inaccurate data, uncredited asset
photos, lost paper forms, and so on.
Although the company was using ArcMap, some
of the infrastructure data was still stored as paper
maps and paper inspection forms. It made data
management extremely inefficient, and data sharing
slow. If a municipality or some other company would
request data, it took a lot of effort and time to get
it. Also, making a backup of data for regulatory
compliance was hard to address with the data
situation at that time. To solve this problem, Liburnian
Waters decided to store their data not only on
desktop, but to also transfer data to an online solution,
and run their field operations and data management
in the cloud.

TECHNOLOGIes

Designing the New Digital Field Workflow
To make improvements for field operations, data
management, achieve collaboration and meet
regulatory requirements, the company needed
to implement a new field workflow and data
management system.
GIS Cloud platform is data management and data
collection system, consisting of web and mobile apps
that seamlessly work together. Web apps are used
to edit, manage and share data, or create surveys to
collect data on specific assets. Mobile apps allow to
gather data in the field and inspect assets, and offer a
real-time data overview from the field.
Data is consumed through a map interface which
can be private, shared with collaborators, or made
accessible to the public. This is how the system
enables collaboration throughout an organization,
and effective data management, controlled with
different levels of access to projects and data. The
system runs in the cloud, but it can be also installed
on-premises behind a firewall.
GIS Cloud is a European company, working in more
than 50 countries worldwide with partners around the
globe.
The first step was to have all data in digital form and
to bring it to the cloud to meet regulatory demands.
This meant transcribing the part of data that was still
in paper form as well as assembling the geospatial
data. The Liburnian Waters were already using ArcGIS
desktop solution, and this meant that the existing data
needed to be transferred to the cloud in some way.
That was easily done with the Publisher for ArcMap,
a plugin that enables a user to transfer data to GIS
Cloud. This provided the company with a reliable
backup system accessible from anywhere.
After they made sure that everything complied with
the regulations, Liburnian Waters started working on
improving their internal processes and collaboration.
The data was now situated in the GIS Cloud, and it
was time to prepare the system for the new field data
that would start coming in from mobile forms. They
used the GIS Cloud web app to set up data collection
surveys and link them to corresponding map layers.
For example, the hydrant inspection survey was linked
to a map layer that contains hydrant locations and
inspection data. The custom survey was then shared
to collectors in the field, assigning them permissions
to collect new data or update existing data from
the field. The GIS Cloud web and mobile apps also
provides a real-time overview of the entire water
utility infrastructure.
The field workers would take their smartphones and
install the GIS Cloud Mobile Data Collection app, find
the survey on hydrants shared to them, and start
filling in the data entry forms regarding a specific
asset (eg. a hydrant). This allowed them to quickly and
accurately collect field data and perform inspections
(even when offline), at the same time saving a ton of
paperwork.

www.detectiviiapeipierdute.ro
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• Bridging the gap between field and office workflows
• Water utility asset management in the cloud
• Effortless compliance with government regulations
• Project monitoring in real time
• Accessibility of data to the public
To sum it up, the Liburnian Waters implemented GIS
Cloud to introduce collaboration with coworkers, local
government units and citizens, digital data collection
and field inspections, an infrastructure overview, fast
maintenance, and planning.
In words of Siniša Čulić, GIS officer in the Water Supply
and Drainage department:

The data instantly appears in the GIS Cloud web and
mobile apps as soon as it is collected, allowing the
managers to edit and review the data in real time.
More importantly, the application was easy to use and
didn’t require any specialized training for their field
crew.
“GIS Cloud enabled our employees to add different types
of data such as sanitary network cleanups, inspections,
and water shortages directly from the field.”
Siniša Čulić, GIS Officer in Liburnian Waters
The mobile apps also allowed easy access to spatial
data using smartphones and tablets with different
levels of permissions (view, edit, and collect). That was
especially useful to management as it allowed them
to monitor the situation at any time regardless of the
location or the device.
To make data accessible to the citizens, it was
published online through a branded map interface,
which allowed citizens to determine whether their
homes can be connected to the sewerage system.
SOLUTION ENABLED:
• Digitalization of field operations using the Mobile
Data Collection app
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“GIS Cloud enables collaboration between our company
and local government units. Our management now
has an overview of existing water infrastructure and
drainage data on their smartphones while in the field.
Moreover, our employees are using digital forms to enter
information about sanitary network cleanups, field
inspections, and water supply shortages. All data can
be monitored from any location – with GIS Cloud Map
Viewer; those who need accurate information now have
a way to access it quickly and efficiently.”

The Results
The new field data collection process improved the
company’s productivity and reduced the time needed
to collect the data (field inspection and maintenance,
adding new sanitary network, facilities, drainage, and
water shortages data).
All data is now available online to the office crews
and management enabling them to plan their
operations and prioritize tasks with more efficiency
than ever. It also helped them to collaborate with local
government units and citizens giving them access to
different segments of spatial data.
With the expertise and services of Smart Cloud staff,
the regional GIS Cloud partner, Liburnian waters
quickly implemented the entire system allowing
them to transform their workflow in no time. The GIS
Cloud mobile apps are user-friendly and didn’t require
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any specialized training for the field crew. The new
solution significantly improved their coordination and
communication.
Encouraged by the excellent results achieved with GIS
Cloud, Liburnian Waters are continuing to improve
their business processes by ensuring the accuracy of
collected infrastructure data.
Siniša Čulić listed the main reasons to use cloud
software in water utilities:
• Intuitive platform for collaboration with people
within an organization, as well as with stakeholders
from local government and citizens
• Reasonable cloud service pricing in comparison to
alternatives
• Easy-to-use and doesn’t require additional training
or IT resources.

SmartAqua: solution for digitalization and
fast recording of field data in water supply
and drainage
After extensive experience working with water supply
companies and following the trends in water utility
industry, which began to acknowledge the benefits
of digitalization versus the paper-based workflow, GIS
Cloud partners Smart Cloud joined forces with Jurica
Kovač (Aqua Libera), an independent consultant with
27 years of experience with the management of public
water supply systems, to surpass industry challenges.
Together they launched SmartAqua, a solution built
upon a GIS Cloud platform, specialized for the needs
of water supply and drainage systems. This system
of web and mobile apps provides a structured and
efficient way to digitally record water losses, making
data instantly available to managers, which results in
efficient workflow organization and fast leak repairs.
SmartAqua is equipped with digital survey forms
for recording and managing data on registered or
unregistered leaks, different water system assets
(hydrants, manholes, valves, etc.), water meter
replacement and leak repair works. Surveys can be
customized according to company’s data collection
needs. Gathered data is accessible online through
a map interface, and it is also represented on a
SmartAqua dashboard with graphs and statistics.
Implementing SmartAqua, water supply systems
which previously stored their data on paper or
desktop solutions can finally have all their data
gathered and managed in one place, accessible
to anyone. Water infrastructure data is visually
represented on a map, overlapped with all necessary
information for the system, as well as images of assets
form the field, as a proof of asset status.
This transformation of data sharing, accessibility
and collaboration across departments or other
organizations makes enormous difference in water
utility industry, creating a modern digital workflow
which will benefit the community as a whole.
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AQUAWAN - Intelligent System
for Remote Reading Smart Water Meters,
Using the LoRaWAN Communication Protocol
Abstract: In the current context of existing technologies, the virtual digitization of any information around us,
implicitly of water consumption, is a desire of modern society. It is mandatory to integrate the information in
order to analyze the parameters for each consumer, from the perspective of the rational use of this essential
resource, water. In this paper, a pilot project, called AQUAWAN is presented. Developed by ETA2U in partnership
with AQUATIM this project aims firstly to validate the implementation of the remote reading of smart water
meters, using the LoRaWAN communication protocol, in real field conditions.
Keywords: Smart metering; AQUAWAN; LoRaWAN
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Water is an essential resource for life, and the trend
is to reduce its availability for both the current
generation and future generations. In the current
context of technologies, scaling up a system at an
urban level for automated collection of individual
water consumption parameters is essential. Using
existing modern technologies for virtual digitization
of any information around us, implicitly of water
consumption, is a desire of modern society. It is
essential to integrate the information in order
to analyze the data for each consumer, from the
perspective of the rational use of this essential
resource, water. This allows consumers to adapt their
operating parameters more easily to their needs.
Postponing the implementation of these modern
technologies can accentuate the gap between the
availability of the water resource and the needs of
society.
The goal of this paper is to present a pilot project,
implemented by ETA2U in partnership with AQUATIM.
This project, called AQUAWAN, deals with smart water
meters reading, using the LoRaWAN communication
protocol.
One of the current technologies that can provide
viable solutions for such projects, as remote reading
smart water meters located on a large geographical
area is the Low Power Wide Area (LPWA) technology.
LPWA represent a new communication paradigm,
which will complement traditional cellular and shortrange wireless technologies in addressing diverse
requirements of Internet of Things (IoT) applications.
These technologies offer unique sets of features,
including large geographical area connectivity for
low power devices and low data rates, which are not
provided by legacy wireless technologies. The low
power wide area networks are special because they
make different tradeoffs than the traditional ones,
such as short-range wireless networks (Bluetooth, ZigBee, Infrared transmission), legacy wireless networks
(WI-FI), and cellular networks (GSM, LTE, CDMA), etc.
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The legacy non-cellular wireless technologies are not
suitable to operate low power devices distributed over
large geographical areas because the range of these
technologies is limited to a few hundred meters, in the
best case scenario. For this reason, the devices cannot
be randomly deployed or moved anywhere, which can
be a requirement for many applications for smart city,
tracking, smart metering, etc.
Obviously, this field is addressed for the mobile
industry, and initiatives have been ongoing for
several years in an attempt to deliver standards
that will enable mobile operators to offer LPWAlike connectivity. Due to a range of a few to tens
of kilometers and battery life of ten years and
beyond, low power wide area technologies are
promising for the Internet of low-power, low-cost,
and low throughput “things”. IoT become even more
interesting due to the existence of Low Power Wide
Area (LPWA) networks. IoT promise to change the
way we live. To achieve visions like energy crisis,
resource depletion, environmental pollution, etc.
things need to “feel” their environment, part this
information among them as well as with peoples to
offer intelligent decision-making.
Due to the features of this technology devices “are
able” to spread and move over large geographical
areas, thus IoT and M2M tools connected by low
power wide area networks can be turned on
anywhere and anytime to sense and interact with their
environment [1].
LPWA technologies are not designed to address each
and every IoT use case. Although these technologies
achieve as advantages long range and low power
operation, also presents disadvantages as low data
rate (in orders of tens of kilobits per seconds) and
higher latency (in orders of seconds or minutes). In
conclusion LPWA technologies are addressed for those
use cases that are delay tolerant, do not need high
data rates, require low power consumption and low
cost.
LoRa (long range) is a proprietary physical layer
used for low power wide area connectivity, which
www.detectiviiapeipierdute.ro
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modulates the signals in SUB-GHz ISM band using a
proprietary spread spectrum technique developed
and commercialized by Semtech Corporation. Using
a special chip spread spectrum technique they
resolved a bidirectional communication, which
spreads a narrow band input signal over a wider
channel bandwidth. LoRaWAN (long range wide area
network) is an open standard defining architecture
and layers above the LoRa physical layer (Fig. 1), which
was proposed by a group of several commercial and
industrial participants, named as LoRa™ Alliance. The
multiple devices communication at the same time,
using different channels and/or orthogonal codes
(spreading factors) is solved with a simple ALOHA
scheme at the MAC layer level. End-devices can
hop on to any base-station without extra signaling
over-head. As next step, these base-stations connect
end devices via a backhaul to network server, these
representing the central unit of the LaRaWAN system
that suppresses duplicate receptions, adapts radio
access links, and forwards data to suitable application
servers. The received data is processed by the
application servers, also performing user-defined tasks
(Fig. 2) [3, 4].
Because the end-devices have different capabilities
as per application requirements LoRaWAN defines 3
different classes of end-devices. All classes support
bidirectional communication but with different
downlink latency and power requirements. These
classes are the following:
• Class A- device achieves the longest lifetime but
with the highest latency. It listens for a downlink
communication only shortly after its uplink
transmission.

• Class B - device, in addition, can schedule downlink
receptions from base station at certain time
intervals. Thus, only at these agreed-on epochs,
applications can send control messages to the
end devices (for possibly performing an actuation
function).
• Class C - device is typically mains-powered, having
capability to continuously listen and receive
downlink transmissions with the shortest possible
latency at any time.
For device authentication with the network LoRaWAN
standard is using symmetric-key cryptography, and
preserve the privacy of application data [2].
In the literature few papers discuss about smart water
meters management. In [5] the authors present a
pilot project, about a LoRa based smart water grid
management system in Mori, a village in the eastern
Godavari district in Andhra Pradesh situated near to
Bay of Bengal. The water grid management system
proposed in this paper involves different sensors
deployed at various strategically chosen locations to
measure the quality of water by generating real time
data. The system also provides an alert mechanism
which notifies the different level of authorities
through email and SMS in case of any issues.
The study in [6] introduces a schematic methodology
for smart water grids for use in water management
platforms, which integrates information and
communication technology into a single water
management scheme. The authors do not remember
with what technology they bring data into the
database.
The 1st section provides an introduction into the
low power wide area technologies world. In this
sections the LoRaWAN communication protocol is also
presented briefly. The 2rd part of this paper shows
the use case about creating a smart water grid based
on the LoRaWAN communication protocol. Finally,
conclusions are synthesized within the 3rd section.

Results and Discussions

Figure 1 LoRa Technology architecture.

The pilot project, called AQUAWAN, developed by
ETA2U in partnership with AQUATIM aims firstly to
validate the implementation of the remote reading
of smart water meters concept in field conditions,
so it can study and analyze the difficulties that may
arise both in the implementation phase and in the
exploitation phase. Another important aspect is the
analysis of the social and economic impact. The social
impact takes into account both from the perspective
of accepting the change in the methodology of
collecting information at consumer points and in
terms of minimizing consumer interaction with
representatives of utility providers.
The proposed specific objectives of the project are as
follows:
• remote reading of smart water meters without
human intervention;

Figure 2 Generic architecture of a LoRa type network.
www.detectiviiapeipierdute.ro

• ensure flexibility on data reading frequency,
depending on the different parameters set by the
operator, based on operational needs;
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• creating a web based platform which allows
access to all parameters of the water management
system, regardless of its degree of automation and
localization;
• ensure a connected infrastructure that can provide
data for increasing the system efficiency based on
daily consumption information, correlated with
environmental conditions and seasonality.
The pilot project was implemented in Timisoara
(Romania), in the area called “Neptun”.
Figure 4 Zenner smart water meter.

In this project, 167 meters were installed in different
locations of the Neptun area, their positioning on the
map can be seen in fig. 3. Zenner counters (Figure
4) were used, which are dry dial counters with an
attachable “Electronic Data Capture” (EDC) module.
This EDC module enables electronic pulse detection,
remote data reading and water meter integration in
intelligent measuring systems.
The 167 counters are of different diameters being
divided as follows:
• 25 pieces DN15 (R160) C class;
• 100 pieces DN20 (R160) C class;
• 40 pieces DN32 (R160) C class;
• 2 pieces DN50 (R100) B+ class;

Adaptive Data Rate (ADR) is disabled. The reason
for blocking devices on SF12 and deactivating ADR
is the desire to increase the success rate of the
communication. If we have many devices, as is our
case, if they all transmit at the same time with ADR
enabled, the risk is to “jam” the communication
between the devices and the base stations. To
maximize the rate of success, we prefer to send with
maximum power (SF12) and request a response from
the base stations (acknowledge). If the EDC does
not receive a response from the gateway on the first
attempt that packets have been received, it tries to
send the data two more times, and if neither the
second nor the third transmission is successful, then
the packet is considered lost.
LORATIM is a wireless communications network
developed by ETA2U in Timisoara, based on the
LoRaWAN communications protocol with 868 MHz
operating frequency. The network is made up of 9
gateways in key locations in the city. Due to their
positioning, Timisoara has a very good coverage
(Figure 5).
The problems encountered in this project were
multiple, either problems due to atmospheric
conditions, installation conditions of the meters
(reinforced concrete man hole, basement, car parked
over the man hole). There are many reasons that can
jam the radio signal.
Out of the total of 167 installed water meters, there
were several meters that suffered package losses. In
the first phase the water meters with problems were
identified and the problems were studied for each
separate meter. At the location of these counters
various investigations were made, finding that the
main causes of packet loss are caused by the flooding
of the concrete man hole and the position of the
EDC module towards the gateway (Figure 6). These
problems have been solved by removing the water
from the man hole or by modifying the position of the
EDC module, in some cases also having to bring the
meter closer to the lid of the man hole. (Figure 7).

Figure 3 Location of water meters - Neptun area.
For proper operation of the meters it was necessary to
go through some stages listed below:
• Integration of the water meters into the Network
Server (Actility);
• Optical activation of water meters;
• Testing the LoRaWAN Communication between
water meters and Network Server.
Data transmission is done at night, once every 24
hours. For data transmission ETA2U has used the
LoRaWAN communication protocol.
The measuring devices are sending data via the
LORTIM network and the EDC module attached to the
Zenner counter.
All EDC modules are locked on the SF12 (transmission
at 1.2 s) by the Zenner water meter manufacturer.
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Other causes that may influence the quality of the
signal could be unfavorable weather conditions, a car
parking over the man hole causing partial or total jam
of the radio signal, but these are short-term causes
without affecting the long term data reading.
In order to monitor the system in general and the
meters in particular and for analyzing the data read
by these water meters, a web application was made.
Access to the web application is based on a username
and password.
The data can be displayed directly on a map (Figure 8)
or in a table (Figure 10). With the help of the map you
can precisely locate the mounted water meters and
you can find a multitude of data about these meters
and the data recorded by them (fig.9). Water meter
data can be interrogated using multiple filters (date
of interest, gateway to which a meter is connected,
consumer type, etc.).
The platform offers two ways of searching in the total
number of mounted meters:
www.detectiviiapeipierdute.ro

TECHNOLOGIes

Detectivii Apei Pierdute & Water Loss Detectives

• by the type of consumer to which the meter is
mounted:
-- PF: refers to meters that are mounted at home
owners;
-- AE: refers to meters that are mounted at economic
agents;
-- I: refers to meters that are mounted at institutions.
By selecting a meter on the map the application will
display a new window (Figure 9), which contains
data about both the network parameters for the
selected equipment and the meter data. Also in this
section are information about the consumer: name,
address, subscriber code.
The application offers two ways of exporting data:
Figure 5 LORATIM coverage.
• after the last transmission date:
--

symbolizes the meters that last
transmitted at the date selected by the
user;

--

symbolizes the meters that last
transmitted one day before the date
selected by the user;

--

symbolizes the meters that have not
transmitted for at least two consecutive
days prior to the date selected by the
user.

Figure 6 The initial position of the meter

• CSV format: For this type of export, the information
will be extracted in the form displayed on the
screen, filtered or not, depending on the user’s
preferences;
• Excel format: in this case, the data in the table is
extracted in a format imposed by Aquatim and
does not take into account what is seen on the
screen, i.e. the filters applied the user.
It is very important to note the contents of the
“Alert” column, which refers to the supplier’s limits
of consumption, where the following situations may
occur:

Figure 7 The final position of the meter

Figure 8 Map with the position of the water meters
www.detectiviiapeipierdute.ro
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•

this symbol means that the value of that
water meter is within the required limits, so
there is no alert;

•

this symbol means that the value from that
water meter exceeded 1 day the limits, so
one or more Type 1 alerts occurred;

•

this symbol indicates that the value from
that water meter exceeded the limits for 2
consecutive days, so one or more Type 2
alerts occurred;

•

this symbol means that the value from that
water meter has exceeded the limits
regularly and has exceeded them even at
the end of the period of interest.

In the table viewing mode, it is possible to analyze
data recorded by the meters.
The data provided is divided into three categories:
• Consumption (figure 11) - here is the daily
consumption on that meter for the selected
period as a graph. Also, it is important to note
that there are meters that cannot be read every
day, and for the days that are missing the values 
are approximated. On each consumption graph
there is also a consumption limit represented by a
horizontal red line;
• Virtual meter consumption (Figure 12) - Virtual
meter consumption 0000000000000000 is the
cumulative consumption in the entire Neptun area,
which contains monitored consumption in the
SCADA system (readings once every 10 minutes).
• Counter Details - this section deals with the details
of the selected counter: whether or not the counter
is active (if the value of this field is 0 then the
meter data is not displayed for the user only for

Figure 9 The information displayed when selecting a meter.
the administrator if it is 1 then the meter data is
displayed for the user and for the administrator) GPS
position, set limits, etc.;
• Virtual counter loss (Figure 13) - this section refers
to the loss of the selected period. It is calculated

Figure 10 Table form for showing the meters.
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the past consumption through the virtual
counter 0000000000000000 and the sum of the
consumption recorded from the individual meters
(with LoRaWAN transmission) attached to the
monitored pipeline with the virtual counter.

Conclusions

Figure 11 Consumtion.

Figure 12 Consumption for the entire Neptun area.

by the difference between

Water is an essential resource for life, and the trend
is to reduce its availability for both the current
generation and future generations. In the current
context of technologies, scaling up a system at an
urban level for automated collection of individual
water consumption parameters is essential. Using
existing modern technologies for virtual digitization
of any information around us, implicitly of water
consumption, is a desire of modern society. It is
essential to integrate the information in order
to analyze the data for each consumer, from the
perspective of the rational use of this essential
resource, water.
This pilot project has demonstrated that the
LoRa technology, more precisely the LoRaWAN
communication protocol, is suitable for a smart water
meter management system. Using the web based
platform, it is possible to obtain valued information for
the system operator and what is more important that
the reaction time in case of any problems becomes
very low.
Also such an approach allows consumers to adapt
their operating parameters more easily to their needs.
Postponing the implementation of these modern
technologies can accentuate the gap between the
availability of the water resource and the needs of
society.
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United Utilities rolls out biggest
‘acoustic project’ of its kind
aiming to tackle water leakage in their network by
installing 100,000 leak detection devices by 2020.

“We have one of the largest and oldest water
supply networks in the UK and it is a constant
battle to keep on top of leaks. Many leaks
never show on the surface, so it is a
round-the-clock challenge to find and fix them”

Customer
United Utilities

Industry

Kevin Fowlie
Network Delivery Director, United Utilities

The Challenge
From Crewe to Carlisle, United Utilities supplies over 1.9 billion
litres of water every day through a vast pipe system measuring
over 26,000 miles in length. Maintaining a network of this size
and actively reducing non-revenue water (NRW) is a challenge
that United Utilities is proactively tackling.
Through a wide-ranging consultation process, customers of
United Utilities made it clear that reducing the amount of water
lost through leaks was very important to them. As a result,
United Utilities has pledged to reduce water leakage by
20% by 2025.

Product
PermaNET+

The Solution
Following discussions with HWM, United Utilities conducted a
trial project by installing 2,000 PermaNET+ fixed network telemetry
devices in Liverpool and Manchester city centres. The trialling of the
technology was deemed to be a great success and the 2,000
PermaNET+ units are already thought to have saved up to 5 million
litres of water per day.

Application
- Leak Detection
- Fixed Network

As a result of this impressive trial, United Utilities has decided to
install a further 44,000 PermaNET+ acoustic loggers across their
network by the start of 2020, with the potential to expand this to
100,000 by the end of the year.

MONITORING ASSETS, DELIVERING DATA, BRINGING CONTROL

“By 2020 we will have the largest estate of
accoustic logger technology in the world. Every
quarter of a mile on our water network we will
be able to glean real-time data, allowing us to
respond faster and more accurately when a pipe
begins to leak”
Kevin Fowlie
Network Delivery Director, United Utilities

Phase 1 of the installation will see 44,000 PermaNET+ devices being
installed across the North West of England, starting in July 2019, to
be completed by March 2020.
Phase two could potentially expand this, totalling up to 100,000
acoustic loggers, making the United Utilities network the largest
monitored by fixed accoustic logging in the world.
This multi-million pound investment by United Utilities will play
a huge role in helping to achieve their ambitious leak reduction
targets.

About United Utilities
United Utilities Group PLC is the UK’s largest listed water
company. Through its subsidiary, United Utilities Water PLC, it
manages the regulated water and wastewater network in the
North West of England, providing services to around seven
million people and businesses.
As well as supplying 1.9bn litres of water per day, United Utilities
protects over 400km of coastline and around 7,000km of rivers
across the region.

MONITORING ASSETS, DELIVERING DATA, BRINGING CONTROL

About PermaNET+
PermaNET+ is the
award-winning leak
detection system that
combines a leak noise
sensor with versatile
telemetry technology,
creating a fixed network to
monitor leakage.
PermaNET+ is designed
with the latest
mobile communication
technology, reliably
connecting whilst
minimising cost. Each unit
transmits both leak and
secondary sound data via
GPRS telemetry.
PermaNET+ is also fully
compatible with Google
Maps and overlays
United Utilities’ GIS pipe
network, allowing for
real-time tracking and
helping leak teams to
respond quickly to
problems within the
network.

www.hwmglobal.com
Represented in Romania by
ENVIROTRONIC
www.envirotronic.ro
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Technology and application of leak detection methods
for large and small diameter pipe
Keywords: Leak detection, toolbox approach, large and small diameter

Introduction

P.Pina
M.Allen

Controlling water loss has become a priority for water
utilities around the world. In order to improve their
efficiencies, water utilities need to apply good practice
in leak detection. To deal with losses in an effective
manner water utility managers are increasingly
turning to technology to reduce costs, increase
efficiency and improve reliability. Companies that
continuously invest in technology and innovation
should see a positive return on investment in terms of
improving daily operations and collection and analysis
of network data for decision making and forward
planning. Further to the direct impact of leaks (water
loss) those can also be interpreted as a good indicator
of the condition of the pipe and a warning signal for
potential problems. Before a leak becomes prominent
or eventually leads to a failure, which can be quite
catastrophic especially in large diameter pipes, it will
typically go through an escalating period.
Methodologies for achieving the best results to reduce
water losses are continuously evolving. This is leading
to some innovative technologies and new product
development to complement current methodologies.
The choice of a particular leak detection technique
and technology depends on a number of factors
namely: the operating conditions, construction
material of the pipeline, diameter amongst others.
For example, in large diameter pipes leaks below 40 l/
min are hardly detectable by traditional methods such
as bulk flow metering or external fixed acoustics. In
small diameter pipes those traditional methods are
effective but given the complexity of the networks
and the fuzzy acoustic environment, false positives are
traditionally frequent. Overall there are a vast number
of techniques to detect where leakage is occurring
in the network. Often a tool‐box approach is used,
where multiple technologies are deployed (Hamilton
& Charalambous 2015). This paper will focus on two
approaches: inline leak detection for large diameter
pipes (transmission) and fixed monitoring based on
multiple data streams for distribution networks and
present successful examples of their application

Inline leak detection
Many of the technologies currently used for leak
detection involve acoustics, the reason being a leak
inside a pressurized pipeline produces a specific
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acoustic signal. This acoustic signal is created when
the pressurized product inside the pipeline escapes
into the lower pressure atmosphere outside the pipe.
Traditional acoustic detection equipment identifies
the sound or vibration resulting from the acoustic
signal emitted by a leak. While these devices have
proven to be one of the most effective and reliable
means of identifying water leaks in conduits, fixed
sensors (noise correlators) have limited range due to
the rapid attenuation of sound, making it a difficult
task if the distance between the leak locations and the
position of the equipment is significant.
This has led to the development of free swimming
or tethered acoustic equipment for detection of
in-line leakage, which is inserted into the pipelines
while it remains in service. This type of technology is
referenced by the IWA as one of the most effective for
leak detection in large diameter conduits (Hamilton &
Charalambous 2015).
Acoustic in-line leakage detection is a non-destructive
technology, where the acoustic sensor passes
through the pipeline while it remains in service. The
technology detects the sound generated by the
existing leaks with great sensitivity and accuracy as it
passes in close proximity to the leak.
SmartBall™ is a commercial free swimming in line tool
that traverses the pipeline, it continuously records all
acoustic data in the pipeline, which is evaluated later
to identify acoustic activity that may be associated
with leaks along the pipeline. As the SmartBall tool
rolls along the bottom of the pipeline, it will always
pass within one (1) pipe diameter of a leak or pocket
of trapped gas.
As the SmartBall tool approaches a leak, the acoustic
signal detected by the SmartBall technology will
increase. The acoustic signal will crescendo as the
tool approaches the leak, peak at the point at which
the SmartBall tool passes the point of the leak, and
then diminish as the SmartBall tool continues away
from the leak. This phenomenon is clearly evident in
Figure 1.
In addition to detecting potential leaks and pockets
of trapped gas, acoustic events are further evaluated
to estimate the approximate magnitude of the leak.
SmartBall is able to report leaks as being small,
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Figure 1 - Acoustic frequency spectrum of a lea event
medium, or large. Small leaks are estimated to be in
the range of 0 – 7 litre/ per minute (lpm). Medium
leaks are estimated to be in the range of 7 - 37 lpm
and large leaks are estimated to be greater than
37 lpm.

Leak and burst detection based on fixed
monitoring and multiple data streams.
One of the well accepted strategies for dealing
with pipe bursts and pervasive leakage problems
is monitoring systems that can detect and localize
underground burst events or sources of long-term
water losses, enabling implementation of timely
mitigation and repair. To date the most detailed data
about the current state of the water network in terms
of flow, pressure and water quality is gathered using
Supervisory Control And Data Acquisition (SCADA)
systems located at reservoirs or water tanks.
Although this is a growing area generally permanent
systems comprising on-line monitoring and analysis
capabilities deployed on the pipes and valves within
water distribution networks are not so frequent. For
example, pressure and water quality are spot-checked
to comply with regulations or to deal with customer
complaints, while background leakage surveys are
performed periodically around the system (typically
using mobile acoustic leak detection devices).
Since the pipes in a water distribution network
are pressurized, events such as pipe bursts, valve
opening/closure can be detected remotely as pressure
transients distinct from the background pressure
signals.
Wireless sensing technology has advanced to the
point that the deployment of dense networks of lowcost devices for real-time infrastructure monitoring
is now feasible. When combined with appropriate
data processing techniques, the increased density
and availability of these measurements enables
improved response, management and prediction of
infrastructure failures.
The WaterWiSe (Water Wireless Sentinel) platform
has three components: i) an online wireless sensor
network, ii) the Integrated Data and Electronic Alerts
System (IDEAS), and iii) the Decision Support Tools
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Module (DSTM). The WSN provides on-line streams
of data or events; IDEAS processes raw data streams
to detect and localize abnormal events (such as
leaks or contamination events); and DSTM provides
decision support tools based around a hydraulic
model of the water distribution network that is
periodically calibrated using data from the WSN. These
components provide key services to help both water
supply network planning and operations teams in
the office and in the field. WaterWiSe can operate as
a stand-alone system as well as a component in an
integrated water management system. In stand-alone
mode, a map-based web interface and dashboard is
provided to both IDEAS and DSTM. This user interface
is accessible through the web-browser on regular
desktop PCs as well as tablet and smart phone,
allowing for in-field analysis and validation by the field
crew. WaterWiSe is either hosted locally within a water
utility or over the internet via the cloud.

Case Study 1: Singapore
The WaterWise system has been deployed in
Singapore since 2009, Singapore is one of the best
examples in the world of NRW reduction, we like to
think that we have made a strong contribution for that
achievement. The system has scaled from a proofof-concept 8-node network collecting only pressure
data to 321 sensors installed nationwide across the
potable water mains network for about 5400km. These
sensors continuously transmit pressure, water quality,
flow and acoustic data in real-time to the WaterWiSe
data management, modelling and analytics platform.
Constantly monitoring and collecting of data from
the network enables better situational awareness.
Advance data analytics applications on WaterWiSe
also provides early detection of poor pressure, pipe
bursts and water quality events, identification of pipes
at risk of failure, hydraulic simulations of operational
scenarios, water demand analysis and prediction, as
well as generating of virtual sub-zones for isolating
water quality events. These are some examples of the
way Singapure is using the system for leak detection:
1) Leak detection: IDEAS automatically detect
transients at several sensor node data streams
minutes after the data has been sampled. Several
detections are grouped together and show a cluster
of likely junctions that match the relative times of the
detections. An alert is sent to all subscribed engineers
about the possible burst and the estimated location.
2) Leak validation: The coordinating engineer sends a
field crew to the estimated location to look for obvious
signs of a leak. The field team remotely contact the
DSTM network map on a tablet device to pinpoint the
location of the junctions based on their names and
locations, and find water above
ground close to where IDEAS indicated. The leakdetection crew arrive to find the exact leak location.
3) Solution testing: The team of engineers in the
supply network office determine the set of valves
required to isolate the leaking pipe for repair. The
engineer uses DSTM’s operational simulator to
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find the relevant valves in the network model and
run a 24 hour-ahead simulation to determine the
expected impact on customers. Satisfied that the valve
operations will not adversely affect customers, the
engineer
gives the go-ahead to the field crew to run the
operation. The engineer shares the simulation results
with the field crew via their tablet logged into DSTM,
who begin looking for the correct valves within the
area to close.
4) Execute repairs: Over the following hours, the
ground around the leak is excavated and the pipe
isolated. During this time, the engineers use the IDEAS
interface to keep a close eye on the data streams of
the sensor nodes that detected the burst and make
sure the data match the expected behavior, paying

After inspections EPAL went on the excavate and
repair the leaks. The overall results reported in 2018
are quite compelling: NRW in those two key supply
zones was reduced by 17% and 36%, representing a
trunk main NRW reduction of approx. 1.7 million m3
corresponding to a saving of approx. 1 million euros.

close attention to any new alerts that arrive over email
or SMS. The burst pipe is repaired, and the pipe is
decommissioned. The field crew verify the pressure
and flow data have returned to the expected values
before the leak and report back to the engineers in the
supply network office.

Case Study 3: Amsterdam

5) Validate repairs: Over the following hours and days,
the sensor node streams are closely monitored on
IDEAS to make sure the repairs have fixed the leak as
expected.

The WRK-1 and WRK -2 pipelines, 1500 mm and
1200mm diameter concrete pipelines are the main
arteries of Waternet serving Amsterdam in the
Netherlands.

Case Study 2: Lisbon

As a result of incidents with pressurized water
pipelines in nearby dikes, the dikes authority required
Waternet to prove the integrity of their pipelines
assets. While both pipelines travel through rural
farmland, some sections of the pipes run through
dike systems. SmartBall has been used approx. every
two years since 2013 to check for leaks along the
lines (approx. 200km) to provide the dike owner with
confidence in the integrity of both the pipeline and
the dike.

In the last 15 years, EPAL the water utility of
Lisbon has successfully implemented a network
monitoring project aimed at reducing water losses.
The basis of this project has been the progressive
implementation of more than 150 District Metered
Areas (DMAs), along with associated flow and
pressure monitoring equipment and telemetry
systems, undertaken in parallel with the renewals
and rehabilitation program (Dias et al., 2014). The
success of this process was manifest: Between 2005
and 2014 EPAL reduced their real losses from 23.5%
to 8.1% (corresponding to a saving of 26.93 M m3/
year to 8.18 M m3/year) (Donnelly, 2019). In 2016,
EPAL measured the first notable reverse in NRW
trend since the implementation of the program. The
issue was promptly identified in two supply zones,
encompassing 150km of mains, mainly composed of
larger diameters pipes (>400mm). Due to complexity
of the system, the (expected) inaccuracy of bulk
flow meters to detect very small flow variations
and the limitations of the traditional leak detection
methods (correlation, field hydrophones and others)
EPAL decided to invest in specialized leak detection
interventions using Sahara and SmartBall. The Sahara
campaign included 11 surveys and identified 26 leaks
on 10.5km of DN800/1000 mains. The SmartBall trial
consisted of 1 survey and identified 11 leaks on 1.6km
of DN500/600 mains.
One of the most notable results that might seem
counter intuitive is the extremely high number of
leaks for such short distances, especially considering
the low NRW numbers of the system. In fact, after
more than 8000 km of inspections with these
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technologies all around the world Pure, A Xylem brand
reports an average of 3 leaks per 10km for these types
of pipes. We believe the reason for such high rate is
the precision that supported the choice of pipes to be
inspected. Based on their existing information system,
EPAL knew quite well where the blind spots were
located, e.g. areas where due to the reasons described
above the existing solutions couldn’t provide EPAL
precise leak location results. EPAL focused their inline
leak detection efforts precisely on those areas.

Leak detection technologies are typically used by
utilities and pipeline owners to manage non-revenue
water (NRW) levels. However, owners are increasingly
looking to leak detection tools as a means for
condition assessment and integrity management.

In this instance, independent research by the
dike owner indicated that the dike systems could
withstand pipeline leaks of up to 1 litre per minute
without compromising the dike’s integrity. In 2013
Waternet performed independent checks with
SmartBall and during their evaluation they confirmed
the repeatability of the technology and they were able
determine a minimum leak detection limit below 1 l/
min that was the requirement of the dike authority.
Since 2013 multiple inspections have happened
together in some occasions with high resolution
condition assessment evaluations to determine the
pipe health condition. Only a limited number of leaks
have been found but in some cases, these are very
high risk such one very small leak that was detected in
the pipeline 24.6 kilometres from the insertion point.
The position of the leak was located in a high-risk area
upstream from a dike, and verified through repeat
inspection runs. The size of the leak was classified as
‘very small’ and estimated to be less than two litres per
minute.
Waternet subsequently performed an excavation at
the reported location and found the leak in a seal of
the pipeline.
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Conclusion
One solution doesn’t fit all, in leak detection such as in
many other areas a tool box approach is recommend
and in many occasions such like in the examples
provided the best results comes from the right
combination of data streams or technologies. Leak
detection tools have been proven useful for pipeline
condition assessment. Different deployment options
provide utilities with a variety of ways to effectively
gather information, taking into consideration
operational constraints.
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www.leakssuitelibrary.com

Are you one of the 40,000 users from 193 countries
who regularly accessed free information from www.
leakssuite.com website since 2013, and wonder why
the LEAKSSuite Library website now contains fewer
papers and presentations?

Allan Lambert
Managing Director,
LEAKSSuite Library.

Since 2012, there have been several important
developments in better understanding of
fundamental concepts which are the foundation
of the practical approaches we use to analyse and
predict leakage, bursts, pressure management
and performance indicators. Material formerly on
LEAKSSuite website is now being reviewed and
updated in a more modern format on the new
website, at a pace subject to the limits of our valued
sponsorship income.
The section on Apparent Losses has been transferred
to Malta College of Art, Science and Technology
(mcast.edu.mt/apparent-losses). The recently formed
IWA Specialist Group on Intermittent Water means
that topic is now in good hands, and our LEAKSSuite
Library IWS Section now directs you to them.
LEAKSSuite Library will in future focus on Concepts,
Influences of Pressure, and Leakage Performance
Indicators, and include one of the largest online
sources of International ILIs from an increasing
number of countries.
If you value the ideas and information LEAKSSuite
Library provides, take a look at our campaign to
eliminate the widespread use of NRW and leakage

expressed as % of System Input Volume. Examples in
www.leakssuitelibrary.com/pros-abandon-percentsof-siv/ clearly show it’s a systematically flawed
misleading KPI. When regulators/politicians/media/
funding agencies use (or rather misuse) it to set
targets and assess our performance, why do so many
leakage professionals stay silent and pretend that’s
not our problem?
Why not take positive action on World Water Loss
Day; join the 141 international experts from 27
countries who have already registered at https://www.
leakssuitelibrary.com/pros-abandon-percents-of-siv/
in our Professionals abandon Percentages Initiative.
The bigger the numbers, the more powerful your
voice. Leakssuite Library will ensure this issue will
continue to be heard, loud and clear.

WORLD WATER LOSS DAY
Globally water losses from drinking water supply networks
amount to 346,000,000,000 liters per day!
If these water losses were reduced by only 30%, 800 million
people could be supplied with already treated water!
The Water Loss Specialist Group of the International Water Association
(IWA) has very recently established the World Water Loss Day to raise
awareness of the enourmous problem of water losses from drinking water distribution systems and the need to
get more serious fighting it!
On the 4th of December in Colombo, Sri Lanka, the IWA Water Loss Specialist Group will introduce the
World Water Loss Day at the IWA Stand at 09:55 – 10:10. Welcome to join us in the activity at the IWA Stand

(booth no. 110)!
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Who does water actually belong to?
Pipe location for tracking down theft of water in Peru
Water makes you important
Water is nowadays such a precious commodity that some countries which in fact already have too little drinking water
for their own demands are selling rights to water sources to international companies or are even exporting water they
desperately need themselves. The better the water supply functions in a country, the lower the risk of a drinking water
shortage will be. This is turn reduces the risk of political dependence on neighbouring states or companies and
lessens the potential for conflict about the question: "Who does water belong to?"
Water costs money

Water can be eaten

Whatever your attitude to the sensitive matter of trading
in the commodity of water, one thing is certain:

Water also plays a key role in food manufacturing. Consumers
often do not see at first glance how much water foodstuff production takes. For example, some 16.000 l water is needed to
produce 1 kg of beef, and around 4,300 l for the same quantity of
chicken. This includes rearing, processing the meat and all subsequent processes until its consumption.

Tapping into new drinking water resources is not always
easy, and is frequently also associated with high development and energy costs, for example with seawater
desalination plants. Investment is needed to establish
and maintain infrastructure, as well as for the treatment
and provision of drinking water. If the customer of a
water supply company wishes to be supplied with highquality drinking water at any location, at all times and in
individual quantities, this costs money, and the consumer
has to pay for this service. Water must nevertheless continue to be affordable for everyone.
Water is precious
The main task consists of raising awareness among suppliers and consumers when using water and understanding its value. It is also important to train staff at water supply companies in methods and equipment designed to
minimise water losses and about the introduction of
water loss management.
Water knows no borders
Water loss management does not however just mean
"There's a hole in my bucket", but also involves finding
leaks in pipes and repairing them. The important issue of
water is of interest beyond national borders, and this is
why there additionally needs to be an international
exchange about organisation, administration and technology.
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Such "virtual" water increasingly exacerbates the drinking water
shortage in developing countries. The extraction of water for agriculture further reduces our water resources, which are already in
short supply.
Water can be stolen
In such a country as Peru where the supply of drinking water is
increasingly becoming a major problem, few people understand
that the issue of water costs both time and money. The theft of
water still seems to be a minor offence for many. Both the supplier and the consumer are not yet sufficiently aware that the lack
of revenues prevents investment in the water supply. In Peru over
30% of its drinking water is not billed, whether due to poor
organisation, pipe leakage or illegal extraction. One key step
towards the effective provision of water and reduction in water
losses through theft involves the systematic installation of water
meters throughout the country.
How to find such illegal house connections?
Pipe location for tracking down water theft in Peru: A case
for Sewerin.
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Pipe location for tracking down water theft in Peru
The drip-drip effect costs money
Enrico Sanchez, an employee at a water supply company in Peru, has suspected for a
long time that a poultry abattoir on the eastern outskirts of the city is using a lot more
water to process its meat than shown in its official consumption statements. And this
is not the only indication of water theft on a large scale. The discrepancy between water consumption levels and the amount of water that then arrives at wastewater treatment plants has long led to the suspicion that many businesses and homes are procuring water illicitly. To date opportunities and with them the interest in finding illegal
water connections have been very limited, and the authorities restricted themselves to
tolerating the situation in silence.
But it is not just suppliers who are hurt by water theft, but also consumers who have to
pay for the resulting losses. Such selfish behaviour thus costs both parties money.
How to find illegal connections?
Still waters can be heard
An employee from the water supply company sets off with colleagues for the suspect
poultry abattoir, backed up by staff from Hermann Sewerin GmbH.
Cooperation with Sewerin means that the water supplier has professional equipment
technology at his disposal. When used with the COMBIPHON®, the AQUAPHON® A
200 makes it possible to locate pipes made of plastic and fibre cement. This also
makes the process ideal for detecting illegal connections.
Michael Kersting from Sewerin briefly explains how the devices are used. In South
America water meters are typically installed outside a building, so they are freely
accessible.
Enrico opens the cover and fits the COMBIPHON® tapper to the house service connection. Acting like a hammer, the tapper strikes the pipe with a freely selectable intensity and frequency. The sound that spreads along the pipe can now be located on
the surface using the ground microphone of the AQUAPHON® A 200.
Electro-acoustic detection normally calls for plenty of experience and good hearing.
However, thanks to the self-explanatory menu navigation, simple handling and clearly
audible tapping noises Enrico is at once equipped to set off in search of pipes.
After just a few meters he comes across a spot where the sound splits. As he is not
sure how to proceed for a moment, he compares his acoustic impression with what he
can see on the screen of the AQUAPHON® A 200. He then changes direction and follows the sound branching off from the main pipeline until he is standing right in front of
the building belonging to the poultry abattoir. As this branch does not appear on the
official plan, his suspicion of an illegal house service connection seems to have been
confirmed.
"Santa Maria!" Enrico has a huge grin on his face. "Sí. Creo que hay algo. Michael, le
pido que eche una mirada." ["Yes, I think there's something there. Michael, take a
look, please".]
®
The Sewerin employee looks at the AQUAPHON A 200 and nods in agreement. The
ground is now dug up at this point by the other employees from the water supply
company. Lo and behold: Enrico has found the illegal pipe.
Water loss management pays off
With Sewerin's help a complex and seemingly intractable problem becomes a process
that can be solved in easy steps, even for inexperienced users.
It is now possible to investigate suspicious circumstances more easily, targeting house
connections and pinpointing them with the help of sophisticated technology and
human expertise.
Besides this personal triumph for Enrico, the newly installed water meter henceforth
translates into real money for the company.
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Step by step, every solved case of water theft helps to prevent water resources
from becoming scarcer: Case solved!
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Management of leaks in the Rabat and Sale drinking
water network.
Abstract:Reducing volumes of water loss on the drinking water supply network is a significant challenge
that is entirely in line with the sustainable development policy of all countries. Indeed, an effective network
management strategy reduces water loss and saves money in different areas. This proper management requires
a precise network knowledge, its infrastructure, its hydraulic operation and requires regular, and network regular
maintenance. Our study consisted of analysing Rabat and Sale data to minimize drinking water losses.
Key Words: Water Supply Systems, Losses, Leakage Management.

Introduction

Ziane Imane

MOHAMMED KARIM
BENHACHM
Rares Halbac-CotoaraZamfir

Research and leaks repair are among the direct and
essential operations in action programs for improving
drinking water supply networks performance. Over
time, network pipelines are subject to progressive
degradation mechanisms due to operating and /
or environmental conditions that are manifested
by a decrease in their performance and an increase
in service maintenance costs. Which explains the
rehabilitation requirements that are proposed to
remedy observed dysfunctions or to reduce them
(Alexandre O. (1998). Elnaboulsi J.). Management
objectives of drinking water networks are multiple:
to avoid any break of service, to ensure the quality
of rendered service, by the search for control of the
costs of investments, exploitation, and maintenance
of the system in a under specified conditions of
dependability, to perform a required function (AFNOR,
2001 ; Dell ’Orfano et al, 2013 ;
Granger et al ,2010; Charrat, 1995). Maintenance
decision, which is sensitive to economic and
financial, social and technical criteria, requires a good
understanding of the interaction between various
factors that contribute to the damage in the drinking
water system or that are related to impacts that
become unacceptable.

Water loss
Water losses are a real problem for the managers
and the environment, The Data is provided by REDAL
(Autonomous Water and Electricity Distribution
Authority), Network heritage represents a total linear
of 3980 km in drinking water. The strategy adopted by
REDAL is as follows:
-Sectorization of distribution networks, this method
is adopted to detect and locate leaks. It allows an
annual, permanent, and punctual follow-up.
But before the intervention, it is necessary to analyse
the performance indicators adopted by REDAL: Night
flow, linear loss index, linear leakage index and age of
pipes.
Figure 1: Hydraulic sectors of the cities Rabat and Sale
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Indicators
Performance of the
distribution network

Formula calculates
R = (Volume consumed annually / volume
distributed annually) * 100

Linear loss index

ILP= night flow / network Length (m3 / km / day)

ILF= Total Number of Leaks / Cumulative Swept
Linear Leakage Index
Linear (Leak / km)
Table1. Some performance indicators used and their calculation formula (Renaud,2010)

To prioritize the indicators used the method of
multicriteria analysis. Data is processed using
Geographic Information System (GIS) to establish risk
maps to define priority areas.
Prioritization of sectors facilitates tasks for managers,
and then comes the role of Team intervention.
- leak detection RC, this section is responsible for
investigating possible leaks in the drinking water
system, responding to customer complaints to
repair leaks in the drinking water system. REDAL has
developed a unique application called SIGID, which
facilitates the management of claims and work orders
that follow customer complaints.
- Oriented leak detection DFO, based on night flow
data and leak history, leak detection teams are
oriented towards increasing night-time flow zones.
After the mission, the intervention report must include
the information in the GIS. The search methods use
the files after the mission. The intervention report
must integrate the information into the GIS. The
research methods use acoustic pre-localization.
Regulation, pressure modulation and telemetry
and meter calibration. The results obtained in the
following table by the two intervention teams: with
Water price/cubic meter:2,7 DH/m3= 0,26EUR

Conclusion
Figure 2.Water leaks risk maps in hydraulic sectors for 2018

After the Rabat and Sale data processing, some sectors
have priority over others. This analysis facilitated the
tasks to establish an action plan for leak detection
and team orientation for better management of the
drinking water system, as long as the regular check
and anticipate an emergency program for repair
immediate leaks from the network. The hierarchical
prediction plan for sector pipeline renewals obtained
was consistent with the distributor’s perspective. This
proves the reliability of the work developed during
this work and offers the opportunity to exploit this
system on a larger scale thus saving the time and
resources of the manager, something that is profitable
for the latter.
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TECHNOLOGIes

Water Loss Research and Analysis Ltd
www.wlranda.com
Kate Stanton-Davies
Managing Director,
WLRandA Ltd

WLRandA was founded by Allan Lambert and Kate
Stanton-Davies in 2010 as a focus for research
into pressure:leak flow rates and pressure:bursts
relationships and to promote international
dissemination of the growing knowledge of the
influences of pressure on management of distribution
systems. Numerous papers and specialised software
products, in Excel format, were produced and used in
international projects, training and workshops.
Following several years collaboration with Professor
Kobus van Zyl, WLR&A showed that John May’s 1994
concept of Fixed and Variable Area Discharges can
provide a better practical understanding of several
concepts currently used in leakage management and
analysis – N1 Power Law and Night-Day Factors – and
also permit continuous real-time separation of Zonal
inflow into leakage and consumption.
WLR&A has also begun to incorporate these practical
concepts into web applications. The UARL with

System Correction Factor software allows the UARL
equation to be applied over a wider range of pressures
and system sizes, and shows why ILIs less than 1
can occur in very small systems. The concept will be
presented at the NAWL Nashville Conference on World
Water Loss Day.
Further information from https://www.wlranda.com/
software/uarl-with-scf/
A metric version, and other on-line software will be
created during 2020.

`Source: Water Services Association of Australia/WLRandA/Wide Bay Water Corporation PPS3 2011

http://waterloss2019.org
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Leaders in leak detection technology
Fully automatic, correlating fixed network leak monitoring systems –
for distributions networks and now also for trunk mains

• Greater connectivity and deep
coverage
• Penetrates cast iron chamber lids
• Flexible deployment
• Longer battery life than other cellular
technologies
• Low total cost of ownership
• No additional components
• Battery can be replaced in the field
• Easy deployment with an Android app
• Interacts with ZONESCAN net cloud

• Highly sensitive hydrophone sensors
• Daily correlations and advanced
spectrum analysis
• Automatic, accurate pinpointing
of leaks
• Customisable alarms and reports
• Effective on large diameter and
long length pipes
• Effective on plastic pipes
• Solar-powered data gateways
• Interacts with zonescan.net /
gutermann.cloud

Intelligent Water Loss Management
Pipe and Valve Locators · Leak Locating Correlators · Correlating Radio Loggers
Electronic Listening Sticks · Digital Ground Microphones · Unmanned Leak Monitoring Systems
Gutermann Limited, Unit A, Deacons House, Bridge Road, Bursledon, Southampton Hampshire, SO31 8AZ
Tel +44(0)2380 402789 · www.gutermann-water.com
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