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Anew World Bank report warns that South
Asia needs to spend up to $2.5 trillion on

infrastructure by 2020 to bring power grids,
roads and water supplies up to the standard
needed to serve its growing population.
The ‘Reducing poverty by closing South

Asia’s infrastructure gap’ report is the first
analysis by the World Bank of the region’s
infrastructure.
The only indicator where the region is roughly

on a par with the rest of the world and East
Asia is improved water access, which stands at
around 90% of the population in the region, the
report notes. However, most of this is through
public stands; only 25% of the population has
access to piped water, and a 24-hour water
supply is a rare exception in South Asian cities.
To close the infrastructure gap South Asia

needs to invest between 6.6 and 9.9% of 2010
GDP a year compared to the 6.9% invested in
2009, says the report. Governments in the region

need to ensure that infrastructure access
is extended to people who need it the most:
women, the poor and marginalised social
groups, the report adds.
According to the study, South Asian policy

makers should invest in rehabilitating and
maintaining infrastructure assets to deliver
services efficiently and sustainably, moving away
from the ‘build, neglect, and rebuild’ mindset.
Another suggestion is to reform service

providers and ensure financial and operational
sustainability so that these bodies can plan
and implement sound investment strategies
and improve operational performance for
the long-term.
Governments could establish solid and

transparent legal, policy and regulatory frame-
works to attract private investment in line with
the best organisational form for each service
and could also appropriately decentralise
service provision, the report concludes. �

Report identifies significant
infrastructure deficit

UN OCHA head warns of need to
prepare for Kariba dam collapse
The UN Office for the Coordination of

Humanitarian Affairs’ news service IRIN
reports that the head of its Zimbabwe office,
Modibo Traore, has called for urgent action
on warnings that the 50-year-old Kariba dam
on the Zambezi river could fail.
A conference in March organised by the

Zambezi River Authority (ZRA), the joint
Zambia-Zimbabwe organisation that manages
the dam, warned that the 128m high structure
could collapse. This would threaten at least 3.5
million people, particularly in Mozambique and
Malawi, IRIN notes.
Engineers at the event reported that years

of erosion had weakened the dam foundations,
and the ZRA is reported as saying that ‘the
situation at the Kariba dam wall is a cause
for grave concern’, and that ‘all urgency is
expected in order to avert any such catastrophe
as dam failure’.
Zimbabwe’s disaster preparedness was

shown to be weak during the February flooding
from the partially-built Tokwe-Mukosi dam,
which displaced thousands downstream.
The director of Zimbabwe’s Civil Protection

Unit, Madzudzo Pawadyira, told the conference
that lessons had been learned from that disaster
and that they were working to prepare for a
possible crisis at Kariba.
Should the Kariba dam wall collapse,

Mr Pawadyira estimated that the waters would
move with ‘tremendous speed’, travelling 150km
in just seven hours. He added that the country is
in constant contact with authorities in Zambia
and Mozambique with updates.
The ZRA told attendees that a fund-raising

committee had been formed to seek the money
to re-shape and stabilise the plunge pool at the
foot of the Kariba dam, to reduce further erosion.
When the dam was built in the 1950s, engineers
predicted that the pool depth would reach a
maximum of 10m, but it has eroded to 90m,
in the direction of the 128m high dam wall.
The plunge pool problem has been reported

before, notably at a meeting of dam operators
in 2012. At that time it was noted that the
direction of erosion meant the plunge pool
was likely to undermine the wall at some point,
and the latest warnings suggest engineers
now believe the foundations are being affected.
Consultants have proposed various

solutions, including a favoured approach
of excavating and widening the hole to dissipate
the energy from the spillways and reduce
excessive turbulence.
However, the proposed works would

cost millions of dollars and take over a year to
complete, and have not yet been undertaken.
The EU has pledged to provide between $85
million and $100 million towards the repairs. �
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Bill proposes major changes to water ownership
Agroup of government and independent

senators in Chile have put forward a bill
that proposes a reform to the constitution that
would assert state ownership of water resources
and create authorities to undertake potable
water and sanitation service provision.
The reform would end individual rights

to water resources and would give the state
the ‘absolute, exclusive, inalienable and
unlimited right’ to water resources. Under this
legislation, the state would provide basic services

to guarantee access to water and sanitation.
The nature of the grouping that has

proposed the bill is likely to mean it is
approved, according to local press source
BNamericas. The proposal is also said to be
in line with President Michelle Bachelet’s
government programme.
The legislation would also ensure integrated

management of water basins and aquifers,
and calls on the state to prioritise uses of water,
a right currently reserved for private users. �

Governmentmulls designation of Thames Tideway project

USDA and US EPA announce
Mexico border rural watsan
initiative

The UK government is considering whether the
Thames Tideway tunnel is to be a Specified

Infrastructure project, following two consultations
on the subject that highlighted a range of opposition
to the tunnel and the financing proposals.
Specifying the tunnel in this way would require

Thames Water to tender competitively for a new
independent company (an Infrastructure Provider)
to finance and deliver the project, rather than
undertake it itself.
Respondents stressed the need to secure best

value, and the difficulty of holding contractors to

account in a very complex relationship with Thames
Water, as well as the need for clarity about the
relationship between an Infrastructure Provider
and other public bodies in protecting assets such
as rail infrastructure.
Opponents also called for a cheaper ‘blue-

green’ infrastructure solution to be adopted in their
comments, but the government response makes
clear that the tunnel remains the preferred option.
The government said that a decision on whether to
allow the tunnel to be a Specified Infrastructure
project is expected in the summer. �

Parliament hears 99%of
Balochistan do not receive
clean water

Aparliamentary panel in Pakistan’s lower
house has been told that 99% of the state

of Balochistan’s population do not receive
clean drinking water.
The secretary of the Ministry of Science and

Technology, Kamran Ali Qureshi, said that a study
in which 12,000 samples were collected found
that 99% of the drinking water in the state was
unsafe for drinking.
The state of Khyber Pakhtunkhwa was ranked

second worst, with 93% of water samples found
to be contaminated. In Punjab only 21% of water
samples were safe, and in Sindh the figure was
28%. In the federal capital, 59% of samples were
safe for drinking.
On questioning, the Minister said that the

departments remit only covered sample testing
and reporting, and that provincial governments
are responsible for providing clean water. �

Green party condemns E. coli levels in drinking water report

The Ministry of Health’s 2012-2013 annual
report on drinking water shows that 48,000

people across the country were drinking water
contaminated with E. coli, a fact swiftly condemned
by the country’s Green party.
E. coli requirements and chemical monitoring

requirements were best for large supply populations,
with 98% achieving the required standard
compared to 78.7% of small supplies.
The report also showed a slight reduction in

achievements against the protozoal standards.

The issues were focused mainly on areas served
by smaller providers – just 22% of residents in
small water zones of 101 to 500 people and
37.8% of those in ‘minor’ zones of 501 to 5000
people received potable water that met all national
standards.
The ‘large’ zone statistics (populations above

10,000) show standards were met for 86.7% of
residents. Overall 76.9% of residents received
potable water that complied with national standards,
a 0.2% increase compared to the previous report. �

The US Department of Agriculture and US
Environmental Protection Agency have announced

a joint initiative to improve access to clean water and
wastewater infrastructure for US communities along
the Mexico border, as a part of their partnership to
increase the sustainability of rural drinking water
and wastewater systems.
An initial needs assessment has been undertak-

en, and the USDA plans to award up to $500,000
through a rural development grant programme
to a private non-profit group for an in-depth
priority assessment of the counties identified
in the assessment.
Based on this report, which is due in late 2014,

the USDA and EPA will target technical assistance to
the communities in most need, and provide or
improve access to safe drinking water and basic
sanitation by establishing partnerships. �



WATER ASSET MANAGEMENT INTERNATIONAL • 10.2 - JUNE 2014 • 3

SydneyWater is the leadingindustry partner in a $16
million international research
project to examine when and
why critical water pipes burst.The
research is developing advanced
condition assessment (CA) and
failure prediction techniques
that can evaluate remaining pipe
life.This will be used to better
target SydneyWater’s and other
utilities’ critical main renewal
programmes and reduce negative
impacts on customers.As part of
this project, current and emerging
CA tools are being evaluated in
the world’s first pipe research
test bed in Sydney,Australia.
Research partners include the
University ofTechnology Sydney
(UTS),Monash University and
the University of Newcastle.
This paper describes the research

effort undertaken by UTS,which aims
to enhance knowledge in the area of
direct methods for CA of buried large
water mains through using advanced

data collection, analysis and interpreta-
tion techniques through machine
learning algorithms.These techniques
have been successfully used in other
industries, ranging from aerospace,
cargo handling,undersea exploration,
ecology, land vehicles and mining.To
that end,SydneyWater has provided
a 1.5km long section of 600mm cast
iron pipe laid in 1922 to research CA
techniques.Collaborative agreements
have been put in place with a number
of industry partners that provide CA
for water mains.Current and emerging
CA technologies are part of the
research programme.Data collection
and analysis is being carried out at a
number of selected excavation sites and
at pits constructed for local deployment
of internal inspection tools.Data
generated with the CA technologies
from the test bed is being used to
design and implement software tools
that in turn will provide an improved
automatic interpretation of these data

as an outcome of UTS’ research.
Improved data interpretation aims to
accurately predict the pipe wall thick-
ness and pitting defects from a set of
sensor readings for a given pipe.
The machine learning algorithms

being developed by UTS rely on vast
amount of data.The data required for
these algorithms comprise sensor
readings associated with what we call
‘ground truth’, i.e., the real geometry
of the pipe (remaining wall thicknesses
and corrosion pitting defects).
Obtaining this ground truth is a
challenging engineering and civil
works problem,where exhumation,
grit blasting and 3D profiling need
to be addressed.Efforts from UTS
and SydneyWater have been put
together to produce a procedure that
obtains an accurate ground truth of
the assessed pipe section through
high-resolution 3D laser imagery
and ultrasonic sensors.
The remainder of this paper contains

A live test bed for the advancement of
condition assessment and failure prediction
research on critical pipes

The prediction of a pipe’s remaining life, especially for critical water mains, is important

for developing effective renewal programmes to manage pipe infrastructure and reduce

the incidence of catastrophic failures. To increase knowledge around condition

assessment an experimental test bed has been established at Sydney Water as part of a

larger collaborative research team of Australian and international researchers and a

consortium of national and international agencies to improve the technological and

financial management of buried water mains. Jaime Valls Miro, Jeya Rajalingam,

Teresa Vidal-Calleja, Freek de Bruijn, Roger Wood, Dammika Vitanage, Nalika Ulapane,

Buddhi Wijerathna and Daoblige Su discuss the research project.

Figure 1
Google Earth
(top-view) image
of 1km of Sydney
Water’s test bed.
Excavation pits for
research run 1 are
shown in purple, for
research run 2 are
shown in yellow and
for research run 3
are shown in red.
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Sydney Water test bed technical information

Location Verona – Long Street, Strathfield, NSW
Year installed 1922
Nominal pipe diameter 600mm
Internal pipe diameter 579mm to 590mm (with cement lining)
External pipe diameter 662mm to 666mm
Nominal wall thickness 27mm
Material Pit cast iron
Internal liner Cement (installed in 1964)
Cement lining thickness 9.5mm to 16.5mm
Pipe lengths 3.6m
Jointing Lead run joints (with tar soaked hemp sealants)
Total length in use for research Approx. 1km
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a detailed description of the test bed,
together with the protocols in place
to obtain the ground truth data used
for both algorithm development and
validation.The research runs carried
out by UTS on the test bed are also
described and some results of the
algorithms developed by UTS in
comparison with the ground truth
are presented.

The test bed
The large collaborative research project
has benefited from a test bed of one
and a half kilometres of pipeline that
SydneyWater decommissioned in
2010 due to its poor condition.Table 1
shows the characteristic of this research
test bed.Figure 1 shows the map of
the area in Strathfield,Sydney where
test bed lies.Figure 2 provides a longi-
tudinal profile of the test bed pipeline
showing variations in elevation.
The main purpose of this test bed is

to be used for parallel research activities

to deliver essential knowledge and
guidance on the cause / effect of failure
and for corrosion modelling.The test
bed will address a number of knowl-
edge gaps by generating data under
controlled conditions.UTS in particu-
lar is in charge of investigating methods
to increase the confidence levels in CA
technologies.Data from the inspected
sections is transferred to UTS to be
subsequently analysed.

Ground truth
The ground truth of the pipe sections
that have been assessed by the CA
technologies is paramount for UTS’
learning algorithms.This ground truth
is also being used for the verification
of the analysis supplied by the CA
providers and for the validation of
the enhanced data interpretation.
UTS, together with SydneyWater,

has established a methodology to
obtain the correct ground truth of the
assessed pipe sections.There are three

key steps to obtain the ground truth:
• A protocol to exhume and gritblast
the assessed pipe section in a consis-
tent manner.This protocol includes:
a) permanently marking a reference
frame that can be correlated with
the measurements taken by the
providers; b) accurate positioning of
the pipe section on the test bed; c)
exhumation of section;d) cement
lining removal; e) 3D scanning
before and after grit blasting of both
the internal and external surface of
the pipe; and finally f) storage.

• The use of a high-resolution 3D
laser scanner to produce a profile
of the pipe section before and after
grit blasting.This step also includes
the algorithm to recover the exact
thickness (subject to resolution)
of the 3D mesh produce by the
laser scanner.

• The use of an ultrasonic sensor to
produce an accurate estimate of the
thickness at discrete points, together
with an improved algorithm to
interpret this data.

The following sub-sections present the
methodology in detail.

Research data acquisition protocol
As it is paramount throughout
this project to reference the ground
truth to the acquired data from
various technologies, it is important
to establish a protocol that will result
in gathering data from each pipe
section in a repeatable and reliable
manner.Such a protocol should
denote factors as:
• Coordinate frame;X-Y axis and
crown of the pipe

• Physical marks on the pipe sections
for future reference

• Position of calibration defects
• Referencing any natural defects
visible in the coordinate frame

• Location of the area to be scanned
by various technologies,with
regards to the joints of the specific
pipe section

Figure 3a shows a drawing of a pipe
section,where the factors described
in the data acquisition protocol are
explained in a graphical manner. In this
figure, the red markings are physical
cuts in the pipe intended to remain
visible after grit blasting. It also shows
the coordinate system used for the
data acquisition and ground truth.
Figure 3b shows an example of a

possible defect map.The red markings
denote the ‘calibration’defects,which
will be exactly the same in each pipe
section,whereas the green markings
denote individual defects,which are
chosen based on expected outcomes
for the various technologies.The green
markings will differ in shape, size and

Figure 2
Sydney Water’s test
bed pipeline profile

Figure 3
Data acquisition
protocol scheme.
Figure a) shows the
marking scheme
and reference
frame. Figure b)
shows an example
of the calibration
defects and some
other artificial
defects.

b) Example of calibration defects

a) Cut marks and reference frame
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location for each individual pipe
section.Once the defects are machined
in the given pipe section, the defect
map is updated with actual sizes, as
it is very difficult to achieve a high
accuracy for the depth and size of
defects while on site.

3D scanner profiling
In order to get an accurate ground
truth of the pipes, a high resolution 3D
laser scanner was used for measuring
the geometry of the pipe sections.As
this particular pipeline consists of cast
iron pipe sections, each individual pipe
section will have different dimensions.
Thicknesses differ up to 30% between
sections.For this reason it is important
that the thickness of the pipe is mea-
sured at a high resolution, as well as to
capture small anomalies in the pipe.
In order to produce an accurate

thickness (our ground truth), the
ability to scan the surface of the
pipe,both externally and internally, is
fundamental.The EXAscan scanner
from Creaform was selected as the
preferred scanner to produce the
desired profile.This sensor suite is a 3D
laser scanner capable of scanning up to
a resolution of 0.05mm and, as it is a

relatively small handheld device, it is
also capable of scanning the inside of
pipe sections removed from the test
bed.Note that laser scanners are not
able to ‘see through’graphitization, and
therefore the pipe sections need to be
grit blasted both externally and inter-
nally in order to acquire an accurate
ground truth.The output of the
scanner consists of a 3D mesh,or
model,of the scanned pipe section,
which can be manipulated by software.
UTS has developed a software

algorithm that uses the 3D model
obtained by the 3D scanner and
extracts the thickness of each point
in the pipe.The algorithm is based on
the ray tracing algorithm with octrees
(Revelles et al., 2000) implemented in
the Point Cloud Library (Rusu &
Cousins, 2011).Both the spatial and
the thickness resolution are set to
2mm.An example of the output of
the 3D laser scanner together with
the thickness plot produced by UTS
algorithm is presented in Figure 4.

Ultrasounds
Ultrasound thickness (UT) measure-
ments are widely used in the field of
non-destructive pipe testing (for the
technical details refer to Pagodinas,
2003).With ground truth collection in
mind,UTS has developed an automatic
ultrasonic scanner that will be used to
complement the data from the 3D
laser scanner.The automatic scanner is
capable of scanning a 1m section of a
600mm cast iron pipe.Figure 5 shows a
rendered image of the designed scanner
when set-up around a pipe section. It
can be seen that the ultrasonic probe
moves by controlling a linear actuator.
The linear actuator in turn can be
moved over the curved tracks around
the pipe circumference (although this

rotational movement is yet to be
automated).The UT signal is captured
using an ultrasonic flaw detector (the
Krautkramer USN 60).The linear
position resolution of the system is
about 0.1mm.
The ultrasonic measurements are

known to be very coarse and inaccu-
rate for non-homogeneous materials,
like cast iron,due to the carbon parti-
cles present in this material.This is
evident when looking at an UT signal,
which will mostly consist of noise due
to the high sound wave attenuation
nature of cast iron.Although this is
true, it was found that in cases when
the signal is noise free the accuracy
of the thickness measurement is high.
In order to distinguish between high
and low accuracy readings,UTS has
developed an algorithm that produces
an uncertainty measure associated with
the interpreted thickness (related to the
quality of the UT signal).Results of
interpreting UT signals on a grid of 22
x 10cm (each cell being 2.5 x 2.5cm)
are shown in Figure 6.A comparison
with the averaged 3D laser scanner
results (Figure 6c) show that areas
where the thickness derived from the
ultrasonic signal (Figure 6a) with high
uncertainty (Figure 6b) correlate well
with areas of high errors (Figure 6d).
Therefore,discrete UT measurements
that produce certain thickness provide
really useful information for the
ground truth thickness.
As the resolution of the 3D laser

scanner, albeit due to time constraints,
is normally set to around 2mm, it
results in a ± 2 mm thickness.We
believe that the UT results can be
combined with the laser scanner results
to increase the thickness resolution.

Research runs
As mentioned previously,UTS has
signed research agreements with five
different industrial partners.To date,
four research runs have been conduct-
ed with three of the industrial partners’
technologies.The CA technologies
that have been involved in the four
runs are:
• Magnetic Flux Leakage (MFL)
provided byAIA/AESL (Asset
IntegrityAustralasia Pty Ltd (AIA)
is a joint venture withAdvanced
Engineering Solutions Limited
(AESL)) using the SMART-CAT
tool

• Broadband Electromagnetics (BEM)
provided by Rock Solid Group
(RSG)

• Remote FieldTesting (RFT)
provided by Russell NDE Systems
Inc using the See Snake tool

Figure 1 shows the location of the pits
for three of the research runs carried
out by UTS.
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Figure 5
CAD model (left)
and real system
picture (right) of

automatic UT
scanner on a pipe.

Figure 4
Example of 3D
profiling and
software analysis
for Pit 3, research
run 2

a) 3D laser scanner profile

b) thickness plots obtained through use of
the UTS algorithm

a) Solid Works 3D render

b) Actual installation
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Research Run 1
In February 2012 the first of the
research runs on the test bed took
place.MFL and BEM technologies
were used to assess five pipe sections
at three excavations.MFL is based on
magnetic flux leakage,useful for detect
pitting areas,while BEM is based on
pulse eddy currents,which estimates
general changes in thickness. In all
the research runs only one metre
of pipe at each selected location
is scanned with these CA tools.

Research run 1 location pits are
shown in Figure 1 in purple.Figure 7
shows a picture of Pit 1 being scanned
by MFL and BEM.The data from this
CA tools was transferred to UTS and it
was used to validate simulation models
and to develop the data acquisition
protocol implemented in the following
research runs.

RFT Run
After research run 1 in May 2012, the
See Snake tool owned by Russell NDE

Systems was brought to the test bed to
generate research data.This is an inline
tool that produces results over relative-
ly long sections of pipe, in this case a
1km length.Pits 1 and 3 of research
run 1 were used for insertion and
retrieval respectively.The See Snake
technology employs remote field
technology (RFT) for measuring pipe
wall thickness.RFT technology works
by generating an alternating current
electromagnetic field in the wall of a
pipe and detecting its changes caused
by metal loss.
A comprehensive report from this

research run detailed the condition
of the full kilometre, including the
location of the three worst defects
for each pipe and the location of all
construction elements such as the
joints,off-takes and elbows.From
this report,Figure 8 shows the average
remaining wall for each pipe of the
inspected section.

Research Run 2
From research run 1 several lessons
were learnt.These included: the
need for a fixed permanently marked
reference frame; a more controlled
experimental data acquisition; and the
exact location of each pipe to correlate
with RFT report.The research data
acquisition protocol detailed in a
previous section was put into place
for this second run.Five different
locations,based on the RFT report,
were chosen and analysed in this
research run.
MFL and BEM inspected 1m-long

segments of these five locations in
February 2013.Following the data
acquisition protocol the pipe segments
were inspected,marked, exhumed,
scanned and passed through the
thickness recovery algorithm.
Results are presented below.

Research Run 3
In May 2013,UTS proceeded with
research run 3.As briefly explained in
the introduction,UTS aims at enhanc-
ing the data interpretation for selected
technologies.For this purpose,we are
using machine learning algorithms that
require a vast amount of data.Research
runs 2,3 and further planned research
runs will mean the necessary amount
of data for the development of

Figure 6
Comparison of the
ultrasonic testing
results with the 3D
laser scanner

Figure 7
MFL tool in Pit 1
(left) and BEM grid
(right)

a) UT prediction b) UT uncertainty

c) 3D laser plot d) Error (laser – UT)
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enhanced data interpretation can
be acquired.This data is also being
used to evaluate the algorithms and
demonstrate the improved results to
utilities and technology providers.
For this research run four locations

were chosen again using Russell
NDE’s report.The pipe segments
were scanned by MFL and BEM
technologies and exhumed.An
extra metre segment from a large
pipe already exhumed from run 2 was
also scanned by these technologies.

Results
In this section,we will present some
results about the improvements made
by UTS machine learning algorithms
in comparison with the ground truth.
In particular, the results presented here
are from Pit 3 of research run 2.The
machine learning approach followed
by UTS is shown in Figure 9.This
algorithm requires a data set of sensor
measurements associated with the
respective ground truth (thickness)
at each point.Gaussian Process (GP)
models (Rasmussen &Williams,2006)
are used to learn a non-parametric
model out of the dataset that is subse-
quently used to predict the thickness
from new sensor measurements.The
advantage of this method it that a
measurement of uncertainty associated
with the predicted thickness is also
produced.We have learnt non-para-
metric for MFL and BEM readings.
In MFL technology a test substance

is magnetically saturated and in the
presence of anomalies, a leakage flux
is developed.Suitable sensors are used
to read these leakage fields.A GP
model is used to infer the thickness
(please refer toWijerathna et al, 2013
for further details). Figure 10 shows the
inference results for Pit 3 of research
run 2.The results show that the model
captured the worst deterioration of
the pipe.The model predicted the
remaining wall thickness as 5.94mm
with a deviation of ± 1.27mm where
the ground truth is 6mm.By combin-
ing the predictions for each acquisition
point, the full plot of the depth profile
of the scan area is generated along
with the uncertainly.Figure 10b
shows the overall condition of the
scan area while the uncertainty

associated with the interpretation
in presented in Figure 10c.
BEM technology uses a pulsed eddy

current coil probe sensor.The sensor is
excited by a pulsed voltage and this

time varying excitation induces eddy
currents in a test substance.The sensor
then reads a voltage induced by the
magnetic field.The induced voltage
is then characterised to derive the
average thickness of the test piece or

the pipe wall. Similar to the work done
with the MFL technology, a GP model
is used to interpret the average pipe
wall thickness from the sensor readings.
The results for Pit 3 of research run
inferred by the learned model were
compared with the ground truth and
one such comparison is shown in
Figure 11.The difference between
the ground truth and the inferred
results was also computed and the
particular segment shown in Figure

11 produced a mean absolute differ-
ence of only 1.95mm.

Conclusions
A research test bed has been established

at a SydneyWater site to gain a better
understanding of the current condition
and performance of buried water
mains, and to evaluate and possibly
enhance condition assessment tech-
nologies. UTS, together with Sydney

Figure 8
Results from RFT
run: average
remaining pipe
wall (taken from
Russell NDE
report)

Figure 9
Diagram of the

machine learning
approach using

Gaussian process
regression

Figure 10
Comparison of

real and predicted
depth profile for

MFL data

Figure 11
Comparison of real

and predicted depth
profile for BEM data

Real sensor
data

Ground truth

New real
sensor data

Machine
learning
algorithm

Non-parametric
model with
uncertainty

Estimated
condition +
uncertainty
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Alarge proportion of the
world’s built urban water

infrastructures have, over the past
decades, accumulated alarming
levels of deferred maintenance
and rehabilitation.The combined
replacement value of such infra-
structures can be overwhelming,
demanding efficient planning and
the capability to pace spending
and maximize its impact over
the long-term (Alegre & Coelho,
2012).
From an infrastructure asset

management (IAM) viewpoint, the
notions of system design,preventive
maintenance and system rehabilitation
are all part of the same long-term,
balanced design process. In mature
networked infrastructures, all these
stages co-exist – designing new or
extending,maintaining or rehabilitat-
ing old are all part of the same process
and pursue the same goals.Essentially,
investing in a system over a period of
time should always maximize its
performance-risk-cost balance.
Most urban water infrastructures

are complex, arbitrary networks
that have evolved through fragmented
growth over the years, largely respond-
ing to urban development and geo-
graphical needs.They are always
perfectible and IAM planning should
strive to take every opportunity
(through capital investment or
daily maintenance) to evolve the
system’s configuration towards a
better design – that which best serves
the long-term strategic objectives
defined for the infrastructure, faced
with its evolving context.
This broader perspective does not

preclude adequately managing each

individual asset,making sure that it
does not pose an unwanted risk or
economic liability and that it performs
at its best as part of the whole system.
However, emphasis must be placed on
overall system performance, risk and
cost (and on metrics that reflect them),
as water networks behave not as
collections of assets, but rather as
systems where the symptoms of
problems are often felt at a distinct
location from their causes.

Software support to IAM planning
and decision making
IAM needs to factor in as much
information as possible to support
maintenance and capital investment
decisions that may impact short-
and long-term infrastructural
sustainability,with regards to
financial, environmental and
quality of service considerations.
IAMmust rely on many inputs

from a fragmented landscape of
information systems (IS), including
utility GIS,maintenance management
systems and work order software,
enterprise resource planning systems,
customer and billing applications,
simulation models, and several others.
These processes involve a variety of
utility personnel, from infrastructure
asset managers and maintenance
managers, to engineering planners,
information system staff and finance
managers, further adding to the
dispersion of data,processes,objectives
and decisions.One of the greatest
challenges in achieving efficient
IAM is precisely the integration
of data,processes,objectives and
decisions in aligning strategic,
tactical and operational efforts.

AWARE-P: a system-based
software for urban water
infrastructure asset
management planning
The AWARE-P infrastructure asset

management planning software

has been developed to provide

an organized framework for

evaluating and comparing

planning alternatives or competing

infrastructure asset management

solutions. Sergio Coelho, Diogo

Vitorino and Helena Alegre discuss

the AWARE-P tool and its application.
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Engenharia Civil, Lisbon, Portugal.
Email: stcoelho@lnec.pt;
halegre@lnec.pt.
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Water,have put in place a protocol
to correctly reference pipe sections
that are exhumed for further forensic
investigation,producing accurate and
reliable estimates of pipe thickness.
Combining 3D laser scanner data with
discrete ultrasonic measurements can
increase the reliability of the pipe
thickness estimates.Data from different
technology providers together with
this associated ground truth has then
been used to develop models that can
predict remaining thicknesses of pipe
sections together with the correspond-
ing measure of uncertainty.Accuracy
of these predictions increases with the
amount of data available.Thus, attain-
ing reliable estimates of the exhumed
pipes is critical for the success of the
proposed CA data interpretation
technique enhancements currently
being researched by UTS.�
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The AWARE-P IAM planning software
TheAWARE-P IAM planning
software was designed to be a non-
intrusive,web-based, collaborative
environment to integrate data,
processes,objectives,metrics and
decisions,with the capability to assess
and account for individual as well as
system behaviour. It offers the ability
to collect available data and informa-
tion from a large variety of sources
and processes that may be relevant
to the IAM decision making process,
including maps,GIS layers (shapefiles)
and geodatabases, inventory records,
records of work orders,maintenance
and inspections / CCTV,network
models, performance indicators
(PIs), asset valuation records, and
so on (Figure 1).
The software provides an objective-

and metric-driven organized frame-
work for evaluating and comparing
planning alternatives or competing
IAM solutions, through performance,
risk and cost assessment metrics.
It comprises a growing,modular
portfolio of system metrics and
network analysis tools that may equally
be used individually for diagnosis and
sensitivity gain.The approach corre-
sponds to a vision of IAM that seeks to
align and integrate all efforts that may
reflect on the infrastructure itself and
on the data and information available
about it, striving for measurable long-
term infrastructural sustainability.

Background
TheAWARE-P project (www.
aware-p.org) aimed at providing
water and wastewater utilities with
the know-how and tools needed for
IAM decision making to help achieve
efficient urban water services. It
inherited from previous R&D efforts,
such as the CARE-W and CARE-S
projects (Sægrov,2005 and 2006), as
well as professional best practice (e.g.,
Sneesby,2010; ISO,2012a,b,c).The
IAM approach developed is a manage-
ment process that addresses the need
for a plan-do-check-act cycle at a
utility’s strategic, tactical and opera-
tional decisional levels, aiming to align
objectives,metrics and targets, as well
as achieve effective feedback across all

levels (Alegre et al., 2013,2011).
TheAWARE-P IAM software

system materialized after several years
of utility-driven R&D in a structure
developed in order to host the range of
tools identified as being central to the
analyses and decision support involved
in the IAM planning process.The
public beta release in early 2012
garnered significant numbers of users
worldwide.Subsequent versions and
a growing number of utility deploy-
ments and pilots (USA,Norway,Spain
and Portugal, among others) have been
steadily confirming the potential of its
system-based approach.
The software system has since

expanded to incorporate a growing
family of modules, tools and capabili-
ties, such as the Baseform (Baseform,
2013) development and the deploy-
ment platform that hosts it harbours
new R&D projects (TRUST,2013;
WERF,2013) and utility-sponsored
development efforts.
Maturity has been steadily achieved

through industry roll-out efforts such
as the collaborative National Initiative
for InfrastructureAsset Management
(Leitao et al, 2013; iGPI,2013).The
software’s continued development is
today backed not only by an ecosystem
of research organizations,but is also
present on the market through at least
one provider of professional services.

Software overview
AWARE-P brings to a single
environment a large variety of IAM
decision making data and offers the
ability to take advantage of them
around two main usage modes:
• A portfolio of assessment-oriented
models and analysis tools,used

individually or in combination
for diagnosis and sensitivity gain
to a system

• Following theAWARE-P IAM
planning procedure,oriented to the
definition of a planning framework
(time horizon,metrics, alternatives)
and to feeding the PLAN tool
with metrics issued from the tools
available or sourced externally

The software is thus built around the
PLAN decision making environment
(Figure 2) and the NETWORK
network-level integrated environment
(Figure 3).

The PLAN decision making environment
PLAN (Figure 2) embodies the central
planning framework,where planning
alternatives or competing solutions are
measured up and compared through
selected performance, risk and cost
metrics, through interactive numerical
2D / 3D graphical information display.
The tool is based on the three main
axes that characterize the assessment
and comparison exercise: a set of
alternatives, a set of standardized
metrics and a given time frame.
The latter comprehends a number
of user-specified time steps and may
include both a planning horizon (i.e.,
the time frame of the intervention)
and an analysis horizon (a longer
time frame for impact assessment).
The metrics selected by the user,

which may come from the perfor-
mance, risk and cost assessment tools
present in theAWARE-P portfolio or
from external evaluations as selected by
the user, are standardized as numerical
indices and then categorized as colour-
coded levels,with an emphasis on
coherent definition by the user of
the target category values.

The NETWORK network-level integrated
environment
NETWORK (Figure 3) is the other
integration environment present in the
software and operates at the network
level.A physical description of the
infrastructure is provided along with
2D and 3D visualization,based on
either a network model or layered
geodatabase / GIS maps (Figure 1).
NETWORK allows for the expression

Figure 2
The PLAN decision
making environ-
ment: (left) a
single planning
time frame; (right)
the 3D decisional
space with metrics,
time, and solutions
along the X,Y,Z axes

Figure 1
The AWARE-P
GIS viewer and
geodata browser
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the initial portfolio ofAWARE-P.The
remaining tools are equally applicable
to wastewater / stormwater and water
supply infrastructures.Current devel-
opment aims at increasing the offering
for wastewater / stormwater, as
explained further along.
An important feature of the soft-

ware and of theAWARE-P IAM
approach is its focus on evaluating
the water networks as systems rather
than as collections of independent
assets.For this reason, the range of
assessment models and methods
available draws heavily on the
capability to represent and simulate
system behaviour,whenever possible
with support from network simulators.
This leads to the capability to produce
both component-based metrics and
system-wide metrics.
Further open-source capabilities

have been added to the portfolio
and are the subject of continued
development, such as the ability to
read GIS shapefiles and use them as
another means of representing the
network and perform topological,
connectivity and geodata analyses.
This is particularly useful in the case of
sewer systems,where network models
often represent a morose and much
heavier investment than for water
supply systems.The current portfolio
inAWARE-P includes water supply
simulation capabilities, but not yet a
network model for sewer systems.

Upcoming modules
TheAWARE-P approach is equally
applicable to water supply,wastewater
or stormwater infrastructures.While
the software is designed with that
purpose in mind, the initial portfolio
was evidently more complete as
regards the needs of water supply
systems rather than wastewater or
stormwater systems.A roadmap is in
place to redress that balance,with
important contributions from R&D
funded by the EU’s FP7 programme
(TRUST,2013) and byWERF (2013).
A key goal is to have the level of the

analysis and assessment tools available
for wastewater / stormwater drainage
systems on a par with the tools already
available for water supply.Among
those, some of the most needed
methods concern the capability to
produce risk metrics in wastewater /
stormwater systems, through the
combination of failure estimates
and component importance evalua-
tion.Two new modules are therefore
in the works to become the waste-
water / stormwater counterparts
of FAIL and CIMP.

Technology
From a technology viewpoint, the
software is deployed as a web-based

of component-based analysis results,
such as failure analysis, component
importance,performance indices
or hydraulic simulation, to be concur-
rently expressed on the same 2D / 3D
visualization,with Google Earth
integration available.

The portfolio of analysis tools
The software makes available a
coherent set of user-configurable
assessment algorithms or models
related to performance, cost and
risk,which are used to evaluate user-
defined alternative system configura-
tions or planning solutions, following
theAWARE-P methodology.Based
on given planning objectives and
measuring criteria, the user selects a set
of metrics from the software’s available
metrics portfolio and proceeds to
evaluate each planning alternative
at the selected time frames within the
planning and analysis horizons, feeding
a cubic space of planning results.
The software’s tools are also ready

to be used in stand-alone,direct
assessment mode for the fastest possible
path to results (or in the context of
general-purpose sensitivity gain and
system diagnosis).Examples of such
uses may be a PI calculation, an
analysis of failures rates (Poisson and
LEYP models are available),or an
investigation of network component
importance (as a measure of conse-
quence of failure).The tools have
been specifically developed to make
the available methods and analysis
algorithms accessible for effective
industry usage, striving to retain a
maximum of simplicity in delivering
useable results.The tools plug into
the integrated environment,with
the current range comprising:
• PI – an objective-driven environment
for selection and calculation of PIs;
a quantitative assessment of the
efficiency or effectiveness of a
system,based on standardized,
reference PI libraries as well as
user-developed or customized
ones.Available libraries include
the IWA water supply and
wastewater PI libraries.

• PX* – performance indices; technical
performance metrics based on the
values of certain features or state
variables of water supply and waste /
stormwater networks.The indices
measure performance concepts

related to level-of-service,network
effectiveness and efficiency.

• FAIL – using statistical models such
as Poisson and LEYP, the failure
analysis tool predicts future pipe /
sewer failures for a given network,
e.g. in the context of estimating risk
or cost metrics.The analysis requires
a failure data file, containing a
historical record of pipe failure
events (e.g., from work orders)
and the corresponding complete
inventory of pipes.

• CIMP* – the component importance
tool calculates the importance of
each individual pipe in a network by
comparing the total demand that the
network is hydraulically capable of
satisfying when that pipe is down
(reduced service),with the total
demand that the intact network is
able to supply.The analysis requires
a working network model.

• UNMET* – the unmet demand
tool calculates a service interruption
risk metric, expressed as the expect-
ed volume of demand that the
system will be unable to satisfy over
a period of one year, caused by the
failure of each individual pipe.A
total expected value for the network
is equally computed.The calculation
is based on the predicted failure
rate for each pipe, the component
importance of each pipe and an
average downtime per pipe outage.
The tool combines the results of the
failure analysis and the component
importance tools.

• IVI – infrastructure value index,
representing the ageing degree of an
asset, calculated through the ratio of
the current value and the replace-
ment value of the infrastructure.

• FIN – financial project planning
tool,with the capability to project
investments, costs and revenues over
a user-defined period of time and
calculate NPV and IRR.

• EPANETJAVA* – an efficient, Java-
implemented Epanet simulation
engine and natively integrated MSX
library, for full-range water supply
network simulation (Figure 3),
available in the NETWORK
environment and taking advantage
of its 2D / 3D network and results
visualization.

The asterisk (*) denotes the tools
developed for water supply networks in

Figure 3
The AWARE-P
software’s
3D network
visualization
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application that may be run from
public or private servers, as well as
on an individual machine as a stand-
alone deployment. It materializes as
an integrated and expandable suite
of plug-in tools made available on
the highly modular Baseform
development platform (baseform.org),
taking advantage of its user manage-
ment, common data integration
services,GIS information manage-
ment and advanced 2D / 3D visual-
ization capabilities (Figure 3). It is
open-source, Java-based and runs on
all operating systems that support Java,
such asWindows,Mac OS X or
Linux, as well as on mobile systems
such as iOS orAndroid.

Applying the AWARE-P software in
practice: use cases
The software has been designed
to have an open and flexible arrange-
ment that allows for its usage with
multiple workflows,both structured
and unstructured.The tools may be
used individually or in combination.
When supporting IAM planning,
the most frequent use cases are
variations of two basic modes: support
to strategic planning and support to
tactical planning.Leitão et al. (2013)
describe a range of applications in
strategic and tactical planning that
largely fall into either category.
Both types of use cases are
illustrated below.

Support to strategic planning
Strategic planning is developed
for the entire organization and aims
to establish the global, long-term
corporate direction, typically 10-20
years (Alegre et al., 2013).The first
stage is the definition by top manage-
ment of clear objectives, assessment
criteria,metrics to assess them,and
finally, targets for every metric.
Realistic objectives and targets require
proficient knowledge of the context.
If a utility is preparing a strategic
plan for the first time, setting up
objectives requires taking into account
the available context information,
even if not structured and accurate.
The second stage is a diagnosis

based on the analysis of both the
external and internal contexts, and
anchored in the objectives and targets
established.The evaluation should be
carried out through to the planning
horizon.The third stage is the formu-
lation, comparison and selection of
strategies that lead to meeting the
targets, given the starting point
surveyed in the diagnosis.These
strategies will make up the core
of the strategic plan.A typical
workflow for a strategic planning
use case can be summarized through
the schematic shown in Figure 5.

Support to tactical planning
Tactical planning and decision making
are framed by the strategic plan and
guided by the strategic objectives and
targets.The aim of tactical planning is
to establish the intervention alterna-
tives to be implemented in the medi-
um-term (typically three to five years).
IAM tactical planning is not restricted
to infrastructural solutions, as it should
also consider options related to opera-
tions and maintenance and to other
non-infrastructural solutions.
Managing the infrastructure has close
interdependencies with the manage-
ment of other assets, such as human
resources, information assets,financial
assets and intangible assets.The IAM
plan needs to address the non-infra-
structural solutions that are critical for
meeting the targets and are related to
these other types on assets, e.g., invest-
ing in a better work orders data system.
Typical stage-by-stage workflows for

a tactical planning use case are summa-
rized in Figure 6 (refer to Figure 5 for
the explanation of tool roles at the
corresponding stages in the two
workflows).The key stages of tactical
planning are similar to those described
for strategic planning.The objectives,
metrics and targets need to be coherent
and aligned with the strategic plan.
Metrics should typically address all
three dimensions of performance, risk
and cost, and enable a more detailed
assessment in spatial terms,down to
the subsystem.
The diagnosis stage should be

carried out based on the metrics
selected, for the present situation and
through the planning horizon.There is
often the need to adopt a progressive
system-based screening progress, aimed
at prioritizing system sectors,using
the set of metrics selected.The most
problematic sectors are focused on and
analyzed in more detail. For those that

do not display significant overall
problems, there is the need to confirm
that they do not have relevant localized
problems. If they do, these localized
areas need to be retained as well for
detailed analysis.This screening process
leads to the identification of priority
areas of intervention.For these, the
diagnosis needs to be more detailed in
order for the causes of the problems to
be fully understood.
The plan-producing stage encom-

passes the demanding engineering
processes involved in identifying and
developing feasible intervention
alternatives for each of the priority
subsystems, and the assessment of their
responses over the analysis horizon for
the metrics selected.For each subsys-
tem, the intervention alternatives need
to be compared and that which best
balances the set of metrics for the
chosen objectives,over the long-term,
will be selected.
Both the detail diagnosis and the

design and analysis of infrastructural
and operational intervention alterna-
tives often benefit from the use of
sophisticated analysis and modelling
tools, as permitted by the data available.

Conclusions
IAM planning is a multi-objective,
multi-stakeholder activity that must
take advantage of a wide range of
information sources and systems in
order to maximize benefit to the
infrastructure over the long-term. It
benefits from the best possible align-
ment and feedback among decision
levels – strategic, tactical and opera-
tional – and it is severely challenged by
the fragmentation and lack of integra-
tion of data,processes,objectives and
decisions in the organization.
TheAWARE-P IAM software

system materialized several years of
utility-driven R&D in a structure

Figure 4
LEYP estimated
failure rates and
probabilities
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developed in order to host the range of
tools identified as central to the analy-
ses and decision support involved in
the IAM planning process.The soft-
ware system has expanded to incorpo-
rate a growing family of modules and
capabilities, as the development and
deployment platform that hosts it
harbours new R&D projects and
utility-sponsored development efforts.
TheAWARE-P IAM planning

software is a non-intrusive,web-based,
collaborative environment to integrate
data,processes,objectives,metrics and
decisions,with the capability to assess
and account for individual as well as
system behaviour.
The software provides an objectives-

and metrics-driven organized frame-

work for evaluating and comparing
planning alternatives or competing
IAM solutions, through performance,
risk and cost assessment metrics.
It comprises a growing,modular
portfolio of system metrics and
network analysis tools that may
equally be used individually for
diagnosis and sensitivity gain.�
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Strengthening Norwegian urban water
networks for a sustainable future
Norway’s water and wastewater infrastructure has been classified as having a very

low level of performance, and with challenges such as climate change and population

growth exerting pressure on the system, sustainability has to be built in now in order to

allow for adaptability in the future. Sveinung Sægrov, Rita Ugarelli and Marius Rokstad

discuss present and future challenges facing the Norwegian water sector and list the

issues to be addressed at different levels of responsibility to upgrade the performance

and management of assets.

Challenges for the sustain-
ability of Norwegian urban

infrastructure primarily include
urbanisation and climate changes,
as well as the natural deteriora-
tion of aging assets.
Urbanization brings increased

demand for resources and raw
materials and results in pollution and
the production of waste.Climate
changes meanwhile can have impacts
in all areas of the water industry,
including the quality and availability
of water sources and water infrastruc-
ture robustness.Networks are subject
to environmental and operational
stresses,which lead to deterioration
and increased operational and mainte-
nance costs.Reduction in the quality
of service and reduction of system
performance are typical outcomes
of this deterioration.
To achieve sustainability, several

factors must be tackled at the same
time: climate change, rising energy
costs and increasing population.
All of these factors put pressure on
management of the water service.
Sustainable water networks must
be designed and operated so as to
minimize energy use, limit leakage,
minimize the number of conse-
quences of failures,make most effec-
tive use of the existing assets, and still
meet customers’needs,both present
and future (Savic &Walters, 1997).
There are many excellent recent

and ongoing research initiatives that
address the issue of sustainable water
systems.However, their results have
only been put into practice to a
limited degree.One reason for this
is may be that these results have not
been set into a practical cost / benefit
context that fits with the utility
planners’ perception of their situation
and opportunities. So, there is a need
to align the outcome of research
programmes to financial and
economic management and the
principles of water managers.

One of the obstacles facing the trans-
formation of today’s conventional
water supply network to a more
sustainable one is the time needed
to achieve this transformation.More
specifically, the transition phase has to
pass through the municipal legislation
bodies,which are always in need of
short-term solutions.Another obstacle
is insufficient practical experience of
the technologies required for these
new sustainable concepts and a lack of
know-how about the organization and
the transition process.The only way to
improve this situation is to learn and
implement research results in pilot
projects, taking into account the
costs involved and the benefits that
are achieved.
Another common limitation to the

implementation of existing research
initiatives is related to the lack of a
complete dataset to run reliable assets
performance and condition analysis.
Without ample initial work with
regards to data collection, the decision
support tools are applied without
sufficient calibration and validation.
Therefore, the results of analyses do
not sound realistic and the ultimate
result is the reduced interest of water
utilities in implementing new
approaches.An improvement in the
degree of accuracy of the results would
entail adjusting / defining the scope
of the analyses (of the different tools)
to the available, reliable data. In Ugarelli
et al (2010), the authors have stressed
the indispensability of a robust data
collection and retrieval system with
well-structured and integrated infor-
mation for pipeline asset management
at OsloVAV.
This paper, after describing in brief

the main challenges facing Norwegian
urban water networks,presents the
issues that should be addressed to
approach these challenges and outlines
a list of Norwegian research initiatives
as well as corresponding practises in
main Norwegian cities.

The Norwegian water sector
under examination: global and
local challenges
The 41,000km of water and 52,000km
of wastewater pipelines in Norway are
relatively young with a typical average
age of 30-40 years.However, the
performance of these pipelines has
been classified as being ‘very low’by
the ‘State of the Nation’ report
published by RIF, theAssociation of
Consulting Engineers, in March 2010.
Water and in particular wastewater
assets, as well as municipal roads,have
been classified as being amongst the
most critical infrastructures.The report
used a classification from 5 to 1, from
the best to the worst.Wastewater and
railroads were given grade 2,while
water supply,municipal / state /
county roads,municipal buildings
and hospitals got grade 3.
One third of fresh water disappears

through leakage and leaking sewer
pipelines can contaminate water
bodies.Beside the loss of a valuable
resource, leaking water pipelines are
an indirect cause of excessive chemical
and energy consumption in water
treatment plants.Undertaking a cost-
benefit analysis to determine how
attractive a return on higher invest-
ments in rehabilitating pipelines would
be,with regard to saving chemicals and
reducing energy costs, is not part of the
planning mentality in Norway.
Whenever there are health-related

mishaps associated with contaminated
water,or losses of marine life associated
with the discharge of untreated or
poorly treated wastewater, the question
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something is happening, like changes
in water colour.Both events will
influence practice, approach,method-
ologies in managing and operating the
system.The acute events will need to
be faced and mitigated at a planning
and crisis management level,while
the slowly developing events have to
be faced more at the planning level.
Pressure due to population growth

The population of Norway is project-
ed to rise considerably in the period
2010-2060.The most important
reason for this is continued high levels
of immigration.Projections show that
the population size is going to increase
from 4.9 million in 2010 to about
seven million in 2060.The degree
of uncertainty is high, especially
concerning future immigration flows.
These projections have been made
on the basis of various assumptions
about fertility, life expectancy, internal
migration (mobility) and net immigra-
tion (Statistics Norway:www.ssb.no).
A growing population puts tremen-
dous strain on ageing water delivery
systems.
In addition to the global challenges

there are remarkable local challenges
squeezing the Norwegian water sector
and the economy.For the water sector,
income comes from municipal fees,
in other words not directly from the
government.This can be regarded
as a settlement between a supplier of
services and customers in the same
way as what happens in private busi-
nesses.The government’s role in the
water sector is limited to providing
guidelines and ensuring that these
are followed. It is up to the utilities
themselves to find the most effective
and sustainable way to run operations.
However, there is a lack of a coordi-
nating governmental ministry that,
together with the municipalities,
can take on the responsibility for
the development of the water sector.
The lack of a coordinator has led to
the fragmented implementation of
approaches and often unsustainable
solutions.
In general, the public owners of

the infrastructure to a large degree use
private contractors to build and carry
out maintenance,which means a large
share of the value creation happens
through private business, for instance
consultants, entrepreneurs, producers
of equipment and material, suppliers,
and specialized companies that carry
out inspections, cleaning and mainte-
nance.We believe that it is in the
interest of the municipal utilities
to have the chance to develop their
professional figures of expertise by
participation in international projects
in relation to research and develop-
ment, amongst other activities.
It seems favourable that public

of ‘how much is too much’may arise,
but the basic motivation then is to take
all precautions possible to avert similar
issues from happening in the future.
The outbreak of dysentery in Bergen
owing toGiardia lamblia in the drink-
ing water was enough to highlight the
possibility that the same could happen
in any municipality, if suitable measures
are not taken (Venkatesh and Ugarelli,
2010). Inaccurate installation practices
in the 1950s-60s and low levels of
operation and maintenance activities
are threatening the functionality of the
water assets in addition to tremendous
forces of change that are already at
work.Changing demands, society,
industry, agriculture are just a few of
the factors that will influence water
and sanitation services in the future.
Climate change,depletion of

natural resources in its broadest sense,
and urban growth are all challenges
that are having a profound impact on
cities across Europe, including Norway.
However,one dominant challenge is
the ageing of infrastructure.Water and
wastewater sectors suffer from old and
deteriorating assets that are vulnerable
to failure. It is a technological and
financial issue to maintain and upgrade
systems so that the right quantity
of water at the right quality can be
delivered to customers and wastewater
can be adequately collected and
treated.
Global challenges act on the

urban water network and they
can be classified as being:
• Impact of the external environment
on infrastructure such as climate
changes,water shortage and popula-
tion / demographic changes

• Impact of the infrastructure on
the external environment such as
energy used – and consequent
energy shortages – and carbon
and pollutant emissions

• Man-made hazards such as
vandalism and terrorism

The major challenges to be faced by
Norwegian utilities beside deteriora-
tion of assets are related to adaptation
to climate change and preparedness
for population growth.

Pressure due to climate changes
Climate change will affect Norway
with higher levels of precipitation and
a larger variation in the precipitation
patterns expected.This will result in
periods of high intensity rain,which
will cause flooding in the sewer
network and stormwater drains.
Basement flooding and flooding on
urban surfaces will be more common.
Variable temperatures in the winter
will cause rain to fall on frozen ground,
increasing the amount of runoff and
facilitating flood problems in winter.
The general water quality of raw

water will be worse due to increased
rain and a higher water temperature.
Increased rain leads to more runoff,
which results in higher amount of
natural organic matter in water and
more incidences of microbiological
contamination of drinking water
sources.Drinking water treatment
plants will therefore have to deal with
additional problems with regards to
treating raw water.Due to a warmer
climate,new species will reside in the
catchment of reservoirs and further
increase the risk of microbiological
contamination.
There are effects of climate change

which will directly or indirectly affect
the whole water cycle.Therefore, it is
necessary to identify climate change
impacts affecting a range of assets and
study how the impact in one part of
the system can cause a cascade effect
on other parts.
The urban water cycle will be

affected by both acute and slowly
developing climate change effects:
the acute deals with acute events
like flooding, the slowly developing
events leave more gradual signs that

Bergen, Norway.
The outbreak of
dysentry in
Bergen’s drinking
water supply in
2004 showed that
the same could
happen in other
municipalities if
measures were
not put in place.
Credit: Nokuro /
Shutterstock.com.



• Estimate the risks to public safety
and public health associated with
deficiencies in the assets and services
– how to assess the new demands
such as the impacts of climate
change, emerging environmental
concerns, etc.

• Asses if current practices
(technology, service delivery
mechanisms,financing,manage-
ment,decision-making, etc.) are
the most appropriate

• Promote solutions to stimulate the
interest of new generations in being
employed in municipal public
sectors

Educational level (civil /
environmental engineering studies):
• Review and update educational
programmes for developing the
required new competences

• Understand ways for increasing
the manpower in municipalities

• Evaluate if the current knowledge
and achievements in research are
applied, and if not, identify the
reasons

The challenge is therefore to work,
at different levels, to allow decision
makers,owners and operators to assess
the current state of infrastructure,
report on its performance,predict
future condition and performance,
and to improve the management of
assets in a holistic way.
Owing to the complexity of issues

in question and to the importance
of a reliable assessment of the state,
performance and management of
the infrastructure,Norwegian research
institutes are acting together to estab-
lish an approach that integrates all
key elements of assets and services
across multiple sectors.

Infrastructure asset management
General approach
Implementing asset management (AM)
practices to face current and future
challenges is becoming more and more
urgent in order to mitigate and adapt
to future change.The impact of the
above-mentioned changes affects a
range of assets and the impact in one
part of the system can cause a cascade
effect on other parts.Therefore,
managing a water system cannot be
performed by focusing on separate
parts of the system – assuming a holistic

view is necessary.The various chal-
lenges related to water management are
closely related to each other, therefore
an integrated approach is necessary to
balance not just social and economic
needs,but also technical.
AM is a systematic process of plan-

ning, operating,maintaining,upgrad-
ing and replacing assets cost-effectively
with minimum risk, ensuring that they
provide the expected levels of service
all through their respective life-cycles
(Ugarelli and Di Federico,2010).AM
is also referred to as infrastructure asset
management (IAM) to clarify that the
topic is the management of physical,
rather than financial, assets. In plain
terms, it allows an organization to
understand what assets it owns,what
condition its assets are in,how these
assets are performing,what service it
currently delivers and what it needs
to deliver in the future,what risks
there are to the services,what assets
will cost over their planned life, and
when assets need to be repaired or
replaced and how.
This typically involves the applica-

tion of one or more of the following:
• Identifying, cataloguing and assessing
the condition of its assets

• Defining and monitoring service
levels (current and future)

• Understanding the deterioration of
asset condition and performance

• Managing risk associated with
failures

• Computing whole life costing
incorporating cost benefit analysis

• Estimating environmental impact
using approaches as life cycle
assessment (LCA)

Making IAM a reality requires the
availability of new information and
analytical tools,new technologies
or implementation of existing
technologies not currently in use,
new approaches to organizational
communication and new manage-
ment practices.
Another important aspect,often

neglected, is that good decisions must
address the associated uncertainty and
variability.For example,when planning
for a reliable water supply, analyzing
environmental impacts, assessing health
consequences in a risk evaluation, as
described in a water safety plan (WSP)
(WHO,2009), variability associated
with the global challenges assumed
needs to be clarified.Uncertainty
is an important factor in the decision
making process at national and local
levels.The Intergovernmental Panel
on Climate Change, for instance,
develops climate change scenarios from
a global perspective but investment
decisions have to be made at local level.
Quantitative evaluation of the degree
and impact of uncertainty and variabil-
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agencies decide on what research
activities need to be undertaken,
but they do not have the personnel
required to promote R&D.In Norway
it is common that R&D is carried out
by universities, research institutions,
consultants and specialized companies;
so it is private actors do a large part of
this work.
Last but not least, the Norwegian

water industry needs to develop an
interest in innovation.The water
industry is too slow to adopt new
technologies, but innovation is
essential in order to cope with eco-
nomical, demographic,behavioural
and climatic changes.

Issues to be addressed to ‘upgrade’
urban water networks in Norway
Identifying solutions to the above
challenges and ensuring the effective
management of infrastructure systems
will support the government in
assessing progress towards achieving
sustainable communities with respect
to the three accepted pillars of sustain-
ability – society, environment and
economy (theTriple Bottom Line
approach).
The ‘upgrading’– referring to

the grades given in the ‘State of the
Nation’ reports – of Norway’s infra-
structure has to involve solutions that
are technologically and economically
feasible, since the systems already exist
and need to expand their coverage,
adapt to the changing needs of people
served and to meet requirements
concerning public health and environ-
mental policies.Although RIF has
estimated a gap of NOK800 billion
($135 billion) to fulfil current and
future challenges, renewing the assets
is, unfortunately,not sufficient to boost
the infrastructure; clear objectives need
to be set for the short- and long-term
at different levels of responsibility, as in
the list below.
Political / financial level:

• Increase the national (political and
social) interest in infrastructure
needs

• Estimate future investment needs
• Identifying solutions for funding,
regulation and planning

• Increase interest in innovation and
its implementation

• Develop standards to stimulate small
municipalities / water utilities

Municipality level:
• Choose technologies that can be
properly integrated with social,
economic and organisational
measures

• Estimate the actual state and
remaining life of core public infra-
structure and improve the reliability
of current deterioration prediction
models

The acute events [resulting from climate change]
will need to be faced and mitigated at a planning

and crisis management level, while
the slowly developing events have to be faced

more at the planning level.
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ity is often referred to as risk analysis.
The city utilities need tools to balance
the costs of measures against the risks.
It has only been in the last decade

that risk analysis methods have been
explicitly integrated into decision
making in the water sector.This type
of method attempts to analyse and
quantify the major dimensions of
uncertainties and risks in urban water
systems due to global changes. It should
explore not only current knowledge
about a given problem,but also gaps in
knowledge.

Asset management methodologies
To transfer the general principles of
AM to practical planning,operation
tools and techniques are required that
address water and wastewater network
performance.
This includes traditional tools that

have been subject to comprehensive
developments in recent decades, such
as systems modelling,performance
modelling,demand forecasting, leakage
and energy management, stormwater
control and,more recently, research
related to smart, liveable and sustainable
cities, including advances in sensors and
communication technologies,GIS and
data management and security, reliabil-
ity and resilience.
During the last 15 years several tools

have been developed to assess water
and wastewater distribution networks,
some of them developed by EU
research projects.These include tools
to analyse the situation with regard to
leakage,prediction of failure frequency,
reliability of water supply, safeguarding
tap water quality, assessing risks and
ranking of water and wastewater
projects, etc.They represent a set of
tools that can be used to support the
upgrading of urban water networks.
Table 1 lists some important interna-
tional projects and their contribution
to current knowledge on water and
wastewater network management.
UtilNets (Kønig,2001) was an early
European attempt to provide a consis-
tent empirical model for network
failure probability.This physical asset-
based method required data on local
corrosion as well as mechanical stress
load from water pressure and backfill
and traffic.A calculation tool and a
corresponding network database
structure were also developed.
However, it turned out the data

requirement was beyond that which

could be achieved from utility records.
Thus it was concluded that failure
likelihood and failure forecasting
models should be based on a stochastic
approach.

Project innovation
This was the starting point for the
development of CARE-W, the
ComputerAided Rehabilitation of
Water networks (Sægrov,2004). In
this project, alternative tools for failure
forecasting based on a statistical treat-
ment of failure records were developed.
They enabled the end user to identify
pipelines that were under particular
likelihoods of failures.Additionally, a
statistic-based tool to identify long-
term rehabilitation needs was brought
forward as well as a tool for hydraulic
model-based reliability of water supply.
Further to this, a systematic approach
for the selection and ranking of reha-
bilitation candidates was provided.
In parallel to CARE-W,a

corresponding project on waste-
water was carried out,CARE-S,
ComputerAided Rehabilitation
of Sewer networks (Sægrov,2005).
CARE-S comprises a large number
of computer tools addressing the
main challenges in wastewater
systems, such as clogging, structural
failures and condition prediction
based on CCTV inspections. It
also comprises tools for long-term
rehabilitation needs and selection of
projects.The parallelAPUSS project
developed methods to assess in- and
ex-filtration from sewer networks
(Krebs et al, 2007).
Even though the above mentioned

projects generated significant scientific
results, their use needed to be support-
ed by developers or other experts and
were only to a limited degree taken
into use.Longer-term testing also
demonstrated some weaknesses in the
statistical modelling.Therefore, some of
the partners have continued the work
to improve models and create solutions
that are better fitted to the market.
Examples of these are KANEW
(Dresden University and 3S),LEYP for
forecasting water network failure (by
Irstea),Gompitz for forecasting failures
from wastewater pipes (Irstea) and
AWARE-P for performance assess-
ment, (LNEC & IST,2011). In order to
fit the tools to the Norwegian market,
which is dominated by small- and
medium-sized cities, a national project,

DIVA (DigitalWater andWastewater
Services),has been launched.This is
driven by users such as consulting
companies and municipalities
(Norconsult, 2011).
The first mentioned project,

UtilNets, suffered from the lack of
precise measurements of local corro-
sion. Since then, inspection tools like
the Pipe Scanner (Vangdal et al, 2011)
have been brought forward that
provide accurate information about
location and depth of each local
corrosion area.Combined with
information of water pressure and of
external load this can give information
about spots or segments of the pipeline
that may be subject to failure in the
short-term.
In recent years a second generation

of EU research projects have been
carried out that within the holistic
context of urban water cycle system
addresses sustainability.This includes
the interaction between water treat-
ment and water distribution networks
(TECHEAU;www.techneau.org), as
well adaptation to expected climate
change, including biological growth
in water supply systems and measures
to increase the capacity of wastewater
networks (PREPARED;
www.prepared-fp7.eu). InTRUST
(Transfer to urban systems of tomor-
row) the focus is on sustainability in
terms of resources spent and pollution
delivered to receiving waters as well as
emissions (CO2 footprint).One
particular aspect is the development of
a metabolism model for analysis of the
impact on resources / environment
and the corresponding risk of alterna-
tive strategies for development of the
urban water cycle system (Behzadian
et al, 2013).Studies inTRUST clearly
show the benefit of choosing no-dig
solutions for network rehabilitation
compared to the traditional replace-
ment of pipes.
Within EU / European Economic

Area countries, several programmes
involving urban water are emerging.
The water and sanitary technology
platform (WSSTP;www.wsstp.eu)
has members representing the value
chain of water and wastewater
services, such as municipalities,water
companies,manufacturers, consultants,
research institutions and universities.
They have developed a strategic
research agenda that influences
the thinking of the European
Commission (WSSTP,2006).
EU has just launched a new

research framework,Horizon 2020,
and a parallel initiative by the national
research councils in Europe will
increase the co-ordination of water-
related research in Europe.A strategic
plan has been developed by JPIWater
(WatEur,2013,www.waterjpi.eu) that

Table 1: Leading European international projects on water asset management

Project Innovation
UtilNets Deterministic modelling of corrosion in water networks
CARE-W Several computer tools for rehab planning in water networks
CARE-S Several computer tools for rehab planning in wastewater networks
APUSS Condition measurent in wastewater nteworks
AWARE-P DSS systems for network management
TECHNEAU Water quality changes in networks
PREPARED Resilience for water and wastewater networks in extreme climate related events
TRUST Long-term sustainability of urban water cycle systems



also addresses the challenges that are
related to urban water networks.

Norwegian applications
How does Trondheim water utility cope
with the system challenges?
Trondheim has 200,000 inhabitants
and is situated in the centre of Norway.
Trondheim’s water supply master plan
heavily relies on the methods devel-
oped by CARE-W.In particular, the
water utility has applied tools for
assessing performance, to compute
network reliability and to forecast
future failures due to breaks and
estimate the major leaks.
The water utility ofTrondheim

aims to follow the recommendations
given by these reports.Currently the
utility has:
• A platform for a general level
of rehabilitation (6km,or 0.8%
of total network per year)

• Prioritized districts for leakage
reduction

• Prioritized districts for leakage +
vulnerable materials

• Prioritized pipelines for water
supply reliability

• Prioritized pipelines for future
failure reductions, i.e.materials,
dimensions and districts

In general, rehabilitation plans should
always be based on best available
practices and technologies.Pipes
constructed before 1975, comprising
400km of the pipeline,have to be
considered for rehabilitation.At
the existing rehabilitation rate of
6km/year it will take nearly 70 years
to upgrade them.The oldest pipes in
operation are 150 years old. In 2080,
the pipe stock laid in 1950-1975 will
be 100-130 years old if not rehabilitat-
ed. It is expected that part of the stock
can survive this long.However, this
will need to be analysed in light of
changes influencing water supply
that are expected to appear in the
decades to come.

Bergen (250,000 inhabitants)
Despite being a rather wet city,Bergen
has experienced limitations on avail-
able sources for water supply and
needs to minimize leakages.This
was the reason for joining the project
TILDE,an EU project focusing on
leakage reduction (Sacchiero & Sainz,
2006).This project gave Bergen access
to leading European experts and
methods for water leakage control.
Software developed specifically for
TILDE showed that Bergen has a
good potential for making economic
savings through leakage reduction.
Thus,Bergen’s participation, as well as
providing access methods for monitor-
ing leakage, also generated an increased
awareness of leakage and an improved

competence to reduce it.
TheGiardia epidemic in Bergen in

2004 should be well known by the
international water industry since it
was caused by a failure in the water
supply system.To prevent this from
happening again,Bergen water has
assessed the potential vulnerability of
the water system. Its involvement in
TECHNEAU led to it becoming a
test case for the development of a risk
assessment system,with the aim it
being a case study forWHO’sWSP
concept.This also led to the awareness
of potential threats to the water supply
system and an increased ability to
handle potential critical issues in
water supply.
Methods for analysing the reasons

for water quality changes in networks
was developed and tested within the
framework of the EU programme
TECHNEAU.Particle behaviour
in the network was tested by a
specially-designed method for assessing
sedimentation and resuspension of
particles in water supply networks,
the RPM (Re-suspension Potential
Measurement (Vreeburg,2009)) and
the interaction between treatment and
the water network was analysed. In
summary,TECHNEAU has given
Bergen a tool for planning the man-
agement of its water supply network
(e.g.,flushing plans) and criteria for
rehabilitation.

Oslo (600,000 inhabitants)
OsloVAV was an active partner in
CARE-W and has used the majority
of the outcomes for a comprehensive
assessment of existing water supply
network,using methods for the
estimation of service life, reliability of
water supply and failure prediction.
The results, together with intensive
pipe scanning (Vangdal, 2011), forms
the basis for a new€200 million
($277 million) rehabilitation plan for
2010-2020,with a yearly rehabilitation
rate of 1% of the pipeline.Some results
and plans were presented at LESAM
2009 (Hathi & Sægrov,2009) as well
as at LESAM 2011 (Hathi & Sægrov,
2011).Since then,Oslo water
has been working on improving
condition assessment and information
management.
The master plan for wastewater is

based on the advanced assessment of
results from CCTV inspection using
the computer programme GOMPITZ
(Ugarelli et al., 2013).
Since 2011,Oslo has been an active

partner ofTRUST,which will look
at how communities can achieve a
sustainable, low-carbon water future
without compromising service.Part
of this work is the development of a
metabolism model for water supply
and wastewater systems,which focus

on the environmental impact of the
urban water cycle system.The entire
urban water cycle is also under exami-
nation in the PREPARED project,
where the impacts of climate changes
in managing the urban water cycle
and the need for mitigation and
adaptation solutions are investigated.
It is of remarkable interest to anticipate
how these projects are already showing
how the impact in one part of the
system can cause a cascade effect
on other parts.

Conclusions
Due to global and local challenges,
in Norway there is a clear need of
ensuring safety and reliability of
existing assets through efficient
plans for rehabilitation and upgrading,
and there is the pressure of satisfying
the increasing service demand with
the right amount of assets.
Infrastructure asset management
decisions are not easy tasks; they
require a strategic and programmatic
approach that is why a holistic
approach is foreseen as mandatory
way.A general challenge is the need
for interaction between players at a
national level responsible for the legal
framework and the local municipalities
who are responsible for the day-to-day
services to the customer,which is
important in terms of achieving
sustainable plans and solutions.The
large diversity of municipalities also ask
for variation in terms of management.
Research should be focused to achieve
those objectives: challenges can
become opportunities that will drive
the sector towards greater efficiency, if
something is done at the right time, in
the right way and at the right level of
responsibility.�
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Climate-related hazards
pose significant challenges

to Australian water utility infra-
structure and its operation.Urban
water utilities face a range of
impacts due to extreme climatic
events and changes in long-term
climatic trends,which are not just
limited to water supply shortages.
The most recent drought in
Australia resulted in significant
investment in water supply
infrastructure and demand
management over the last decade
(WSAA, 2012).However, the most
costly impacts of climate variabili-
ty and extreme events on urban
water and sewerage infrastructure
are still yet to be fully understood
and addressed.
Water utilities have extensive

experience in managing weather and
climate-related events through adaptive
risk management.However, climate
change has the potential to change the
frequency,geographical distribution,

intensity and duration of future weath-
er-related and oceanographic events.
The sheer size of existing water and
sewerage infrastructure and the variety
of asset types, ages and functions means
that utilities are exposed to a variety of
climate hazards and impacts
(Maddocks,2011;The RoyalAcademy
of Engineering,2011), including:
• Sea level rise (salt water ingress,
increased pipe corrosion)

• Riverine flooding (inundation of
assets, damage to electrical compo-
nents, excess water in the system
leading to overflows and pollution
incidents)

• Wetting and drying of soils
(pipe cracking)

• Severe storms (physical damage)
• Temperature (changes to biological
and chemical processes, physical
impacts)

• Fires (physical impacts)

Understanding the risks and reducing
the cost of the potential impacts on

AdaptWater: incorporating
climate change adaptation
into utility asset management
decision making
Climate-related hazards pose significant challenges to Australian

water utility infrastructure and its operations. To implement climate

change adaptation responses,

utilities must ensure that

adaptation responses are

effective, justifiable and represent

sound investment. Greg Allen,

Erin Cini, David Cox, Karl Mallon,

Natalie Quinn, Nicola Nelson

and Jessica Sullivan discuss

the AdaptWater tool, developed

to quantify and project the

probability of damage and failure

of assets from existing hazards

and those hazards made worse

by climate change, and outline its

application in an area of Sydney

Water’s distribution network.
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a water utility and its customers is
another consideration when effectively
managing assets. Independent pricing
regulation requires that water utilities’
prices reflect the efficient costs of
providing services to customers.To
implement climate change adaptation
responses,utilities must therefore
ensure that adaptation responses are
effective, justifiable and represent
sound investment.To address this need,
AdaptWater has been developed by the
Water ServicesAssociation ofAustralia
(WSAA) and its members in partner-
ship with SydneyWater and Climate
Risk,with co-funding from the
Australian Government.
AdaptWater is an online risk and

cost-benefit analysis tool designed to
resolve the complex nature of climate
change-related asset management
decision-making.AdaptWater has been
developed for asset managers to enable
quantification and projection of asset
failure due to climate hazards and the
comparison of adaptation options.
AdaptWater makes it possible for
water utilities to consider a number of
adaptation pathways against multiple
assessment criteria, both financial and
non-financial.
The outcomes ofAdaptWater can

be used to assist in internal decision
making and also externally to help
communicate the rationale behind
the investment choices to regulators.
This national initiative was designed to
provide demonstrable evidence that an
adaptation option is the,or one of the,
optimal solutions,based on a consistent
and transparent methodology,using
plausible projections for climatic and
non-climatic changes from reputable
sources.

Methodology
AdaptWater includes features such as
uncertainty analysis, yearly time steps
and adaptation option triggers to
provide decision makers with feedback
and flexibility as they seek to compare
adaptation measures and the timing of
their implementation.
AdaptWater can quantify and

project the probability of damage and
failure of assets from existing hazards
and those made worse by climate
change. It assesses and compares
adaptation options for both sewerage
and water supply assets.
The features ofAdaptWater include:

• Assessing the assets’ exposure to
climate change hazards

• Quantifying the impact of the
hazard(s) on water supply and
sewerage assets

• Calculating risk to the utility in both
financial and non-financial terms

• Comparing costs and benefits of
multiple adaptation options

Table1: Climate change drivers and hazards (Mallon et al., 2013)

Climate change driver Climate hazard Description
Sea level rise Coastal flooding Inundation of assets due to flooding from high sea

events driven by increased mean sea levels and storm surge
Salt water ingress Saline water from a tidal water table entering underground assets

Precipitation Riverine flooding Inundation of assets due to surface flows and increased river
heights during high precipitation events

Wind Extreme wind Extreme wind gusts that exceed the design standard of structures
Temperature Heatwave High ambient temperature event that may exceed the design

standard of structures or equipment
Bushfire Fire event in grassland or forest which includes temperatures

consistent with direct flame exposure

Assessing the assets’ exposure to
climate change hazards
The tool enables users to select which
hazards to assess and the source of the
hazard information (AdaptWater
databases store multiple spatial layers
for different hazards and data sets from
reputable scientific and government
institutions to enable user flexibility).
Assets are assessed geographically for
user-specified climate change and
impact scenarios.The likelihood of
the climate change hazard events
occurring (based on an annual
probability of exceedance for a given
scenario) at that location is drawn
from spatial (mapped) data for current
hazards held in theAdaptWater data-
bases and projected for any year in
the future based on a comprehensive
set of hazard algorithms.AdaptWater
currently has about 130 spatial data
files available for use (Mallon et al.,
2013).TheAdaptWaterTool has been
developed to include the climate
drivers and hazards listed inTable 1.

Quantifying the impact of
the hazard(s) on water and
sewerage assets
The risk arising from a climate change-
related hazard requires both exposure
to a hazard and a level of vulnerability
to the hazard, such that the hazard
situation exceeds an asset’s capacity
to operate.To quantify the impact,
AdaptWater determines the extent to
which each individual asset is vulnera-
ble to the selected hazard.To determine
asset vulnerability,AdaptWater disag-
gregates the asset into elements (civil,
electrical,mechanical, etc.) and defines
the major material characteristics and
design of each component part to
establish its damage threshold and
failure points (Mallon et al., 2013).
Once the exposure of an asset (or

group of assets) has been assessed, the
AdaptWaterTool uses asset material or
design to assess the asset’s vulnerability
for each hazard within a given climate
change scenario.The failure threshold
of asset elements is determined, as is
the probability of failure impacting
the operation of the whole asset and

resulting in flow-on consequences to
other assets and / or system operations
(Mallon et al., 2013).

Calculating risk to the utility in both
financial and non-financial terms
Financial and non-financial key
performance indicators (KPIs) are used
to quantify impacts.KPIs include:
• Annual risk of asset failure
• Risk of dry weather overflow
• Risk of environmental discharge
into receiving water

• Equivalent number of residential
customer service outages

• Risk cost (projected average annual
financial loss) each year

• Cost of water ingress or egress
• Net present value of adaptation
actions or ensembles of actions

• Cash flow and net present value of
cash flow

AdaptWater is designed to provide
an estimate of the projected average
annual risk (financial and non-finan-
cial) associated with the statistical
probability of asset failures.Adapt
Water calculates the Risk Cost
(total and annualised) based on the:
• Intrinsic Risk Cost – the direct
asset cost for re-instating the asset,
which may include repairs or
replacement.The Intrinsic Risk Cost
derives from any physical damage to
an asset itself.AdaptWater uses the
asset replacement values taken from
utility databases, as well as cost
allocations for asset elements such
as civil,mechanical and electrical
components per asset type (Mallon
et al., 2013).

• Consequence Risk Cost –
the indirect consequential costs
stemming from the asset’s failure to
operate.The Consequence Risk
Cost focuses on the value of the
services the asset provides in terms of
customers, quality and compliance,
plus any associated direct monetary
value.

Non-financial impacts are referred to
in terms of other KPIs. In some cases
a non-financial KPI may also have a
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Figure 2
Illawarra case
study – asset risk
cost output, impact
over time

SydneyWater isAustralia’s largest
water utility,providing essential
services to over 4.6 million people in
Sydney, the Illawarra and the Blue
Mountains.This includes supplying
about 500 billion litres of water and
collecting and treating approximately
474 billion litres of sewage for more
than 1.7 million homes and businesses,
per annum (SydneyWater, 2012a;
SydneyWater, 2012b).The case
study area is the Illawarra region,
approximately 75km south of
Sydney’s central business district
along the southern New South
Wales coast (Figure 1).

Climate change scenario
The case study shows the impact of
future climatic hazards on a range of
water and sewerage asset types within
the Illawarra region (including pump-
ing stations,pipes, treatment plants and
chemical dosing facilities).The case
study considers 17 individual assets in
the Illawarra over the period 2013-
2100.The climate change scenario
settings for the case study include:
• Coastal inundation – IPCC
Medium (A1B) (IPCC,2000;ACE
CRC Canute 2.0)

• Bushfire – CSIROHigh Scenario
(CSIRO,2006)

• Heat wave - OzCLIMHigh (A1F1)
(CSIRO,2013)

AdaptWater outputs
The outputs produced byAdaptWater
include the failure probabilities for the
assets, the financial risk cost and the

financial impact, for example salt water
ingress into pipes results in higher
pumping and treatment costs for the
utility. If the Intrinsic Risk Cost and
Consequence Risk Cost are both
monetised, their sum is captured as
the annual Risk Cost.The Risk Cost
represents how much it would cost a
utility to insure the impacted asset in a
given year (in the analysis time series)
based on the risk to the asset and the
replacement cost of the damaged
element(s) (expressed in $).
Indirect or external economic values

are not included.For example, costs
associated with penalties for licence
breaches or payment of standardised
compensation for loss of service are
included inAdaptWater,but ‘external
costs’ associated with business disrup-
tion, reputational damage or environ-
mental degradation are not.

Comparing costs and benefits of
multiple adaptation options
Once the risk cost of impacts is deter-
mined byAdaptWater, a sequence of
adaptation options can be compared.
To assess adaptation responses, the

tool requires users to specify adaptation
options (a single action or a sequence
of adaptation actions).Actions can
be developed either by selecting
from a pre-populated library of
typical existing industry responses
or by creating customised asset
specific adaptation actions.
Adaptation actions inAdaptWater

are modifications made to reduce the
risk of damage arising from climate
change.These actions reduce the risk to
key performance indicators (financial
or non-financial) and in the prototype
version ofAdaptWater fall into the
following categories:
• Avoid exposure (e.g., change heights,
change depths, change extent,
change location)

• Reduce vulnerability (e.g.,more
resilient materials, protective
coatings,back-up generators,
waterproof components)

The efficacy of an adaptation option
is determined by re-evaluation of the
impacts of climate change on the assets
after applying the adaptation and can
be compared to the un-adapted asset

or alternative adaptation options.The
adaptation process involves (Mallon et
al., 2013):
• Selecting a sub-set of assets that will
be adapted as identified by the user

• Applying adaptation actions to an
asset either from a pre-populated
library or by changing an asset’s
properties

• Calculating the associated year of
occurrence for any triggered actions,
by reference to the climate change
scenario settings specified by the user

• Re-analysing the asset risks, costs and
consequences

• Comparing adaptation options based
on the aggregated overall perfor-
mance of all of the assets with or
without adaptation

Pilot case study: Sydney Water
The outputs ofAdaptWater can be
used to prioritise the assets that are
most at risk, the most costly,or that
will impact the highest number of
customers under the chosen climate
change hazards.Asset managers can
use these outputs to compare the costs
and benefits of different adaptation
measures and / or different implemen-
tation timing.
This case study at SydneyWater can

show howAdaptWater can be used to
quantify the impacts of climate change
on selected assets and how the tool is
used to develop and compare adapta-
tion options.The case study shows the
types of outputsAdaptWater produces
to assist decision makers. It should be
noted that the case study presented
does not reflect the total risk to Sydney
Water due to climate change hazards.
To demonstrate and test the

outputs during the development of
AdaptWater, SydneyWater was used
as the primary test utility to pilot the
concepts and approaches.The project
team selected the Illawarra region as a
discrete geographic coastal area that is
exposed to a range of potential climate
change hazards for the pilot study.Asset
specific information for each unique
asset within the Illawarra region was
loaded intoAdaptWater.This allowed
the project team to run scenarios and
interrogate the system in real-time for
a range of climate change hazards and
adaptation response strategies.

Figure 1
Map of Sydney
Water’s water
delivery zones
with an arrow
indicating the
Illawarra area of
operation (case
study area)
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select an adaptation option which
specifically reduces the risk to that
element, including waterproofing the
electrical components and / or raising
the asset to avoid coastal inundation.

Adaptation options
In the Illawarra case study three
options to reduce the asset risk
due to climate hazards were selected to
compare with the base case (the total
risk cost including all hazard impacts):
• OptionA:heatproof civil
(implemented in 2030) and mechan-
ical (in 2050) elements.Heat-
proofed civil and mechanical
components are no longer
vulnerable to bushfire.

• Option B:heatproof the asset
(in 2030).Heat-proofing all asset
elements means the asset is no
longer vulnerable to bushfire.

• Option C:heatproof civil element
(in 2035) and raise the asset 0.5m
(in 2050).Heat-proofed civil
components are no longer
vulnerable to bushfire.Raising
the asset 0.5m above ground
level protects against inundation.

The comparison of the three options
and the base case is displayed in Figure
5,which shows Option C is the most

successful at reducing risk cost, reduc-
ing it to below the risk cost in the
current year (2013) prior to the
application of the selected climate
change scenario.However, in making
decisions,utilities must select adapta-
tion options which are effective,
justifiable and represent sound
investment.To facilitate robust
decision making by asset managers,
AdaptWater provides information
for each adaptation option regarding
present values and net present values.

Conclusion
AdaptWater can be used to help
understand the complex nature of
climate change-related decision
making for asset management,
including temporal, spatial, technical,
financial, social and probabilistic
information management.As a result
of the development ofAdaptWater,
SydneyWater has identified benefits
to its business, including:
• Easy to access climate change
visualisation tool that enables
comparison and communication
of the impacts and costs of multiple
adaptation strategies

• Asset managers and planners are
better informed regarding the
hazards that are likely to be of

non-financial risks including dry
weather overflow of sewage, customer
supply disruption (unplanned),
saltwater ingress into the sewerage
system and water quality breach.
To make large volumes of complex

information as accessible as possible,
the outputs are presented in a variety
of means, including:
• Expandable tables for each data set
• Charts for each of the KPIs
• Maps which show the data overlaid
on satellite maps of the selected area

• Dynamic charts and maps which
show how the results progress
with time

• Charts showing comparison of
adapted,business-as-usual and
base assets

• Charts comparing various
adaptation options

• Net present value of each
adaptation option.

AdaptWater results are useful when
considering long-term planning due
to the temporal nature of the climatic
variability.Figure 2 shows how the
AdaptWater outputs present the risk
cost for a range of hazards over time.
Figure 2 shows that in the case

study, the hazards which result in an
increase in risk cost to the selected
assets are coastal inundation,bushfire
and heat wave. It can be noted that
AdaptWater identifies coastal inunda-
tion and bushfire as being current and
ongoing risks to assets,whereas heat
wave represents a low risk cost over
the next three decades, after which
time the risk cost significantly increas-
es and by 2100 can be expected to
exceed the risk cost associated with
coastal inundation and bushfire
combined.
In addition to analysis of the overall

risk cost,AdaptWater allows the user
to gain a further understanding of the
cause of the impact by breaking down
the risk cost into functional elements
(Figure 3,Figure 4).Figure 3 shows
the breakdown of risk cost for each
functional element (e.g., civil ele-
ments, electrical elements) associated
with the selected assets and the hazard
contributing to the risk cost.Figure 4
shows the breakdown of risk cost for
each climate hazard and the functional
element impacted by the hazard.
Both Figure 3 and Figure 4 provide
theAdaptWater user with an under-
standing of the hazards likely to
impact on the asset and the functional
elements most at risk.This can assist
asset managers in the creation of
appropriate adaptation options for
analysis by identifying the priority
areas for improvement.For example,
where coastal inundation contributes
to the risk cost associated with electri-
cal functional elements, a user can

ADAPTWATER: INCORPORATING CLIMATE CHANGE ADAPTATION INTO AM DECISION MAKING

Figure 3
Illawarra case

study – asset risk
cost output,

element by hazard

Figure 4
Illawarra case

study – asset risk
cost output,

hazard by element

Figure 5
Illawarra case

study – risk cost of
selected assets

over time showing
application of

adaptation options
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France is divided into 101regional administrative units,
known as departments.These
are essentially a stepping stone
between central and municipal
government.Within each depart-
ment, there are several municipal-
ities, responsible for drinking
water supply systems in their
respective areas. Some municipali-
ties may choose to operate water
services in partnership with neigh-
bouring councils. Funding for
water supply purposes can be
allocated by the department in
which a municipality is located.
AQUADEP was a research project

carried out from 2008 to 2012,bring-
ing together a team of geographers,
sociologists, and engineers.As part of
a wider programme set out by the
French Ministry for Ecology,
AQUADEP was designed to charac-

terise, assess, and monitor departmental
policies relating to drinking water
throughout France (Barbier, 2012).
One of the key parts of the project was
an in-depth analysis and assessment of
the information systems and indicators
developed by French departments as
part of their respective drinking water
policies (Renaud et al, 2012).Systems
from three different departments were
studied, including the Rhône depart-
ment, which is one of only a handful
to take an interest in the way in which
assets are managed within the munici-
palities under its jurisdiction (Renaud
and Large,2011).
Located in the East of France, the

Rhône department is a fairly small but
highly developed area,dominated by its
main city of Lyon.Out of a total of 1.7
million inhabitants, around 1.3 million
live within the Lyon UrbanArea
(LUA).The main objectives relating to

Implementation of supra-
local drinking water asset
management policies:
A study of the Rhône
department, France
The AQUADEP project

(2008-2012) looked at the

characterisation, assessment

and monitoring of departmental

drinking water policies in France.

As part of this project, the

allocation of funding for pipe

renewal in the Rhône department

was studied. Eddy Renaud, Aurore

Large and Estelle Martin discuss the outcomes of the funding policy

used by the Rhône department with regards to pricing disparity, asset

management and water loss reduction and how it can be improved.
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Irstea Bordeaux, Gazinet, France.
Email: eddy.renaud@irstea.fr /
aurore.large@cemagref.fr.

Estelle Martin
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Table 1: Adjustment of levels of funding based on water prices

Price < DA DA≤Price < DA + 25% Price > DA + 25%
Level of funding 0% Standard rate Standard rate + 10%

Table 2: AMI score required to obtain funding

AMI <30 AMI≥30
Level of funding 0% Applicable rate

concern, and the spatial and
temporal aspects that will require
further consideration in asset
renewal and planning

• Ability to carry out the first
pass assessment of future climatic
hazards and guide the user to
prioritise analysis

• Useful outputs that can be
incorporated into existing decision
frameworks for resilience planning

AdaptWater has been developed to
deliver a flexible risk management
investment / adaptation approach
acceptable to stakeholders to enable
effective climate change adaptation.�
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Figure 1
Evolution of water
price disparity
indicators

Figure 2
Water price

distribution in
2008 and 2009

the linear loss index with the renewal
rate (Table 3). In order to do this, the
LLI is first calculated based on a set
of benchmark values (Table 4).These
values take into account whether
theWSS is located in an urban, semi-
urban,or rural area.WSSs are placed
into these categories based on the
Linear Consumption Index (LCI)
which is the annual volume of water
consumed by users per day and by
kilometre (Table 5).

Assessing the effectiveness of the
funding system
In 2011, the available data was
collated to examine the effectiveness
of the funding system implemented
in 2007 in the Rhône department:
• Water prices from 41 out of 45
WSSs between 2006 and 2009

• Information relating to work
subsidised between 2008 and
2011

• Technical information fromWSSs
who received funding between
2007 and 2009

A significant limiting factor is the
absence of technical information from
WSSs who did not receive funding.
This is exacerbated by the fact that
subsidies were not allocated to the
sameWSS year on year.
The system of funding for pipe

renewal in the Rhône department
is driven by three key objectives:

• Reducing disparities in water prices
• Improving asset management for
water services

• Reducing water losses

The reasons for applying certain
criteria to certain objectives were not
clearly defined.Also, there were no
indicators to measure the effectiveness
of the funding system. In view of this,
reasons why the different criteria
were selected had to be assumed.The
indicators were then based on these.
Using available data, the fulfilment
of objectives could be evaluated
and possible improvements to the
system suggested.

Reducing water price disparity
With the objective of reducing price
disparity,one of the conditions of
receiving funding in the Rhône
department is that water prices charged
byWSSs have to be above the depart-
mental average. If the prices exceed this
average by more than 25%, funding is
increased to 10% above the standard

rate (Table 1).The average price for
a given year is calculated with the
figures from two years previously.
These are figures from allWSSs within
the department (including ULA),
weighted by the number of customers.
It was assumed that the Rhône

department’s decisions were based
on the following principles. If the

drinking water management in the
Rhône department are the following
(Département du Rhône,2010):
• Reducing disparities in water prices
from one area to another

• Maintaining reliable water distribution
• Improving asset management
• Reducing water losses
• Protecting water resources

In 2007, to meet these objectives,
the Rhône authorities introduced a
performance-orientated system of
funding,based on indicators set out
in national regulations (République
Française, 2007).

Allocation of funding for pipe renewal
In the Rhône department, funding for
pipe renewal is distributed based on
three criteria.These take into account
four key performance indicators
defined in the French water
regulations:
• Water price (average price for
120m3, including tax)

• Asset knowledge and Management
Index (AMI).The value of this
indicator is between 0 and 100.
Points are added in tens based on
knowledge of the network and the
implementation of a long-term pipe
renewal programme.

• Network Renewal Rate (RR).This
is the quotient (as a percentage) of
the annual average length of pipes
renewed (excluding connections)
over the last five years, divided by
the total network length.

• Linear Loss Index (LLI) is the
volume of water lost within a
network per day and per kilometre
(excluding connections)

The first criterion used to determine
the level of funding provided to aWSS
(water supply system) is its water price
compared to the departmental average
(DA),which is the average water price
for allWSSs in the department (includ-
ing LUA),weighted based on the
number of subscribers (Table 1).The
second criterion requires a minimum
AMI score to be obtained (Table 2).
The third criterion cross-references

Table 3: Standard level of funding based on LCI and RR

0%≤RR≤1% 1%≤RR≤1.5% RR > 1.5%
LLI Good or Acceptable (%) 25 15 0
LLI Average or Poor (%) 35 25 15

Table 4: Benchmark LLI values based on network type

Rural Semi-urban Urban
Good < 1.5 < 3 < 7
Acceptable < 2.5 < 5 < 10
Average < 4 < 8 < 15
Poor ≥4 ≥8 ≥15
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department finances work carried out
byWSSs which already have high water
prices, they will be able to limit their
borrowing and therefore avoid increas-
ing their prices any further.For services
with very high water prices, providing
added bonuses has even greater effect.
If the department does not provide
funding toWSSs with low water prices,
the cost of investment will result in
them raising their prices and discour-
age them from maintaining very low
prices.The system can encourage
WSSs to review their pricing structures
in order to receive funding. If this is
the case, it will have the desired effect
(reducing price disparities) for low-
pricedWSSs,who will increase their
rates to above the departmental aver-
age. However, for high-pricedWSSs,
the effect will be the opposite, as they
will increase their prices further to
benefit from the 25% bonus.Using the
departmental average as a benchmark
rather than a fixed value allows funding
thresholds to adapt dynamically, taking
into account changes in economic
conditions.

Two indicators were created to
measure ‘price disparities’ between
allWSSs in the department,based
on the distribution of water prices
during a given year.
The first,Rq, is the ratio between

the third and first quartiles in the
distribution of water prices: the level
below which 75% and 25% ofWSSs
respectively set their price.This indica-
tor measures the differences between
extremes and is always greater than or
equal to 1.The higher the value of this
indicator, the more price disparity
there is.

Rq = 3rd quartile
1st quartile

The second indicator is the Coefficient
ofVariation (CV) for water price
distribution.This is the ratio of the
standard deviation (SD) to the average.
The greater the value of CV the more
price disparity there is.

CV = SD
Average

For ease of comparison of the two
indicators,we set them both at a scale
of 100 for 2006 (Table 6):

IRq = Rqx100 ICV = CVx100
Rq(2006) CV(2006)

The first thing that stands out here is
that the choice of indicator impacts
the way in which price disparities are
shown.For example,we can see in
Figure 1 that between 2006 and 2007,
Rq shows a reduction in disparity,
whereas CV shows an increase over
the same period.
The second important point is that

regardless of the indicator used, the
current system does not lead to a
reduction in water price disparity.
To analyse this in more depth,we
compared the evolution of average
prices charged by subsidised and
non-subsidisedWSSs between 2008
and 2009 (Table 7).This showed that
far from increasing as anticipated, the
water price charged by non-subsidised
WSSs actually reduced.The same was
true in the case of subsidisedWSSs,
whose high prices increased even
further.The effect was therefore to
increase, rather than reduce,price
disparity.
There are several possible

explanations for the current system’s
failure to reduce price disparities.
The current system only takes into
account investment,whereas over
50% of the price of water is down to
operating costs and taxes; changes in
which can offset any benefits obtained
through outside intervention.
By aiming to both reduce price

disparities and encourage pipe renew-
al, the system encourages high-priced
WSSs to carry out work without
covering the full cost.The remainder
of the cost is then met directly by the
WSS, thus pushing up water prices
further. Low-pricedWSSs are not
encouraged to invest any money,
meaning that their prices remain
more or less stable.They may even
drop further once debts are paid off.
The distribution of water prices in

2008 and 2009 (Figure 1) is consistent
with these conclusions.Prices below
€1.50 ($2.1) did not increase, and
prices above that level did not rise
in accordance with the thresholds
used to allocate funding.

Improving asset management and
reducing water losses
The aims of improving asset
management and reducing losses are
simultaneously targeted using a system
of pipe renewal incentives, based on
two key criteria.The first condition
for receiving funding is to obtain a
minimumAMI score (Table 2).The
second criterion adjusts the standard
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Table 5: Type of network based on Linear Consumption Index (LCI)

Type of network LCI
Rural < 10
Semi-urban < 30
Urban ≥30

Table 6: Water price disparity indicators for WSSs in the Rhône
department between 2006 and 2009

2006 2007 2008 2009
1st quartile (€) 1.63 1.69 1.58 1.72
3rd quartile (€) 2.49 2.45 2.55 2.58
Median (€) 2.03 2.10 1.96 2.07
Rq 1.52 1.45 1.61 1.50
IRq 100.0 95.0 105.8 98.6
Standard deviation (€) 0.55 0.58 0.62 0.62
Average (€) 2.09 2.14 2.08 2.13
CV 0.26 0.27 0.30 0.29
ICV 100.0 102.7 112.4 110.6

Figure 3
Evolution of LPR

and RR from 2008
to 2011
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reducing price disparity, it is important
to take into account the large number
of complex factors in play and the fact
that water prices are affected by a range
of different things.Because of this, a
sectoral approach (only involving pipe
renewal) with low levels of funding
(15% to 45% for eligibleWSSs) will
not produce any appreciable results.
Indeed, in certain cases,notably –
as has been shown – where high-
pricedWSSs are encouraged to borrow

more money, such a system may have
negative effects.
For reducing water losses, the system

uses the third criteria, centred on the
LLI and RR,with the main aim being
to help the most problematicWSSs:
i.e. those with high loss levels and low
renewal rates.This would appear to
be a logical approach.However, any
potential benefits are offset by the
other two criteria.BecauseWSSs with
water prices below the departmental
average and anAMI score below 30
are ineligible to receive funding,many

of theWSSs most in need of assistance
are excluded.
Another shortcoming in the system

is to base everything on pipe renewal.
In reality, renewal can be used for a
variety of objectives other than simply
reducing leaks (Le Gaufre et al, 2005)
By the same token,pipe renewal is not
the only means by which leaks can be
reduced (Farley et al, 2008).
In essence, the system is effective in

so much as it encourages pipe renewal.

However, theWSSs receiving funding
are often the same,year after year.
TheseWSSs have high water prices,
which do not tend to be reduced as a
result of work carried out. In addition
to this, the more work that is carried
out on a network, the less potential
there is for reducing water losses.
Questions can also be raised about

the relevance of using a ‘Renewal
Rate’ indicator with a fixed benchmark
of 1% for allWSSs as a way of improv-
ing asset management. In reality, the
optimum renewal rate for a given

rate of subsidy based on the combined
values of the LLI and Renewal Rate
(RR) (Table 5).
Although they are not expressly

stated, the principles behind this system
would appear to be the following:
• Having up-to-date plans and a
renewal programme (included in the
master plan) are essential elements
for effective asset management

• Effective asset management is
defined by a high renewal rate and
reduced water losses. It is therefore
necessary to invest in networks with
high water losses and low renewal
rates (remedial system).

• Municipalities need to be
encouaged to keep their renewal
rate at 1% at least

• Pipe renewal is the preferred method
of reducing water losses

To analyse whether or not the goal
of improving asset management was
achieved, three indicators were created
(Table 8):
• The Length of Pipes Renewed
(LPR) for the year

• TheAnnual Renewal Rate (ARR)
for subsidised municipalities

• The number of Services Subsidised
Annually (SSA)

It was found that there was a net
increase in the number ofWSSs
receiving funding and in the length
of pipes renewed by these services.
Also,while pipe renewal increased
significantly between 2008 and 2009,
it then stabilised at close to the desired
level of 1% (Figure 3).
It would appear that the current

system is effective in encouraging the
renewal of pipes for thoseWSSs who
are eligible to receive funding.
To analyse whether or not the goal

of reducing water losses was fulfilled,
two performance indicators were used:
the Linear Loss Index (LLI) (Alegre et
al, 2006) and the Customer Leakage
Index (CLI) (Renaud,2010). These
indicators were calculated from 2007
to 2009 for tenWSSs which received
funding from the Rhône department
(Table 9).These indicators show an
increase in the level of losses between
2007 and 2009 (Figure 4).The funding
system did not, therefore (within the
period studied), attain its objective of
reducing water losses.

Discussion
It would appear that the Rhône
department’s funding system,based on
three criteria (water price,AMI, and a
combination of LLI and RR) fails to
fulfil two out of its three objectives,
namely reducing water price disparities
and reducing water losses.
With regard to the objective of
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Table 7: Weighted average prices for subsidised and non-subsidised
WSSs in 2008 and 2009

2008 (€) 2009 (€) Evolution (€)
Subsidised WSSs (18) 2.37 2.45 + 0.08
Non-subsidised WSSs (19) 1.67 1.61 - 0.06
Ensemble (37) 2.13 2.15 + 0.03

Table 8: Asset management indicators from 2008 to 2011 inclusive

2008 2009 2010 2011
SSA 14 15 17 18
LPR (km) 36 53 56 63
ARR (%) 0.56 0.82 0.76 0.82

Table 9: Loss indicators between 2007 and 2009

2007 2008 2009
LLI (m3/km/day) 1.7 1.9 2.1
CLI (m3/customer/day) 0.11 0.12 0.13

Figure 4
Evolution of LLI

and CLI from 2007
to 2009
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WSS is largely dependent on network
construction history, as well as a range
of other factors that influence the
ageing and service life of water pipes
(Renaud et al, 2012;Herz et al, 2004).

Conclusion
The system used by the Rhône
department to allocate subsidies
for pipe renewal is based on clear
objectives, applying criteria that take
into account some of the performance
indicators required by French water
regulations.Thanks to this distinct
framework, it was possible to examine
in depth the existing water funding
operation and carry out an evaluation
based on available data.
It became apparent that using a

single instrument (pipe renewal) to
address all three of the key objectives
(reducing price disparities, improving
asset management and reducing water
losses) had mixed results.
One of the most significant issues

was the use of water prices in deter-
mining eligibility to receive funding.
This policy excluded a large number
of water services which could have
benefited a great deal from improve-
ments to their asset management and
reductions in water losses.
Pipe renewal is just one type of

action that can be taken to achieve
the required objectives. It would be
advantageous for the Rhône depart-
ment’s water policy to start taking
into account other possible means of
improvement.To reduce water losses,
pressure regulation and sectorisation,
and active leakage control could be
useful.From the point of view of
improving asset management, it is
important to take into account
connections, and encourage the
use of water main rehabilitation
techniques.
Our suggestions on to how to

improve the system are as follows:
• Simplify funding eligibility criteria
to include only indicators of knowl-
edge (existence of a master plan, asset
knowledge) and finance studies
aimed at improving this knowledge

• Use water prices only to determine
the level of funding rather than
whether or not funding is allocated.
Introduce a system of bonuses for
high water prices and penalties for
low prices.

• Provide funding for pipe renewal
only where work is really required
(service outages, reduced water
quality, continuous leaks), rather
than relying on renewal rates.

• Finance more work and studies
aimed at reducing water losses,
namely sectorisation and pressure
regulation.When allocating funding,
use an indicator that is simpler to
interpret than LLI (e.g.Customer

Leakage Index), and focus more on
indications thatWSSs are actively
working to limit losses (e.g. leakage
control rate).

To run an effective funding system,
it is necessary to clearly define perfor-
mance indicators at the planning stage.
In order to do this correctly,data need
to be collected from allWSS’s (not only
those receiving funding).�
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A listing of upcoming asset
management-related events and
conferences. Send event details
to WAMI for inclusion.

Meter Asset Management and
Operations
23-24 June 2014, London, UK
Web: www.smi-
online.co.uk/meter39.asp

13th International Conference
on Urban Drainage 2014
7-11 September 2014,
Sarawak, Malaysia
Web:
www.13icud2014.com/index.php

Sustainable Water & Sanitation
Services for All in a Fast
Changing World
15-19 September 2014,
Hanoi, Vietnam
Web: www.wedcconference.co.uk
/index.html

IWA World Water Congress &
Exhibition 2014
21-26 September 2014,
Lisbon, Portugal
Web: www.iwa2014lisbon.org
The IWA World Water Congress &
Exhibition, which will be held in Lisbon,
Portugal this year, brings together water
professionals from across the globe
to present the latest research and
technology from all areas of the water
sector. For asset and utility managers
there will be a pre-congress forum on
Sunday 21 September on infrastructure
asset management (IAM) of urban water
systems, as well as technical sessions
on IAM, performance assessment &
benchmarking, human resource capacity
gaps, workforce planning and development,
best practice and management models
under the theme of Leading Utilities.
There will also be technical sessions
under the associated themes of Water &
ICT, Governance & Finance and Future
Cities, as well as a Utility Leaders Forum.
There will also be meetings and activities
centred around IWA’s Specialist Groups.
More information can be found on the
Congress website and the early bird
discount registration deadline is
1 July 2014.

Water IDEAS - Intelligent
Distribution for Efficient and
Affordable Supplies
22-24 October 2014, Bologna, Italy
Web: www.waterideas2014.com/
?lang=en

LESAM 2015
17-19 November 2015,
Yokohama, Japan

For a full list of water sector events
taking place in 2014 and 2015,
visit: www.iwapublishing.com
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AM UPDATES

MWH has been selected as one of
six capital delivery partners for UK

utility AnglianWater’s AMP6 investment
period Integrated MainWorks Capital
(IMWC)Alliance,which will develop
and deliver solutions for its £1.3 billion
($2.2 billion) water and wastewater
infrastructure and non-infrastructure
assets programme.
To drive efficiency, IMWC contractors

will commit toAnglianWater’s key customer
outcomes and will work on a ‘total outperfor-
mance’ basis; recovering head office costs and
earning profit only when they outperform
AnglianWater’s business plan targets.
To maximise collaboration, efficiency and

innovation through creating different ways
of working, contracts will be for a 15-year
period with a review after each five-year
AMP period;one of the longest collaborations
in the industry, says MWH. �

www.mwhglobal.com

i2OWater has announced the launchof Smart Pressure Management,
which the company claims is the
first technology platform to provide all
levels of pressure management within
one unified solution.
The platform is designed to give water

utilities the flexibility and agility to imple-
ment the right level of pressure control for
each area in the network at that point in
time. It incorporates intelligence and
automation systems to deliver precise
control of network pressures, thereby
reducing the excess pressure that increases
leakage and burst frequency and reduces
the lifespan of the network.

i2O says that it has made the logging
and control hardware even more intelligent,
smaller and easier to install,while the new
software offers easy to use, easy to integrate
tools to monitor and control pressure
across the network.The platform will
enable water utilities to mix and match
a range of different pressure management
strategies including initial monitoring of
pressures and flows, remotely implementing
fixed outlet or time scheduled pressure
profiles, and automatically and continuously
optimising pressures to a target at the critical
point.�

www.i2owater.com

The City of DentonWastewater
Department inTexas has chosen

Innovyze’s InfoMaster Sewer software
to help manage the replacement and
rehabilitation of its underground
distribution infrastructure.
Located north of the Dallas-FortWorth

metropolitan area,Denton is one of the 25
fastest-growing cities in the United States.
From 2000 to 2010, the city grew by 40
percent and today encompasses a population
of 123,000.To serve this burgeoning com-
munity, Denton maintains more than 500
miles (800km) of wastewater collection
mains distributed over four main basins
and 33 sub-basins. It also operates its own
cleaning and closed circuit television
(CCTV) inspection programme.
Innovyze says that InfoMaster Sewer is

designed for utilities looking to expand,
upgrade and optimize their infrastructures,
to ensure future operation. It allows utilities

to plan system improvements by scoring
both the probability and consequence
of failure for each underground asset.
Probability of failure is determined
based on the pipe's physical condition and
location as well as its hydraulic performance
characteristics.Consequence of failure
ranking draws on such data as service
to critical facilities, total flow carried,
population served, adjacent vehicular
traffic, and other geospatial factors.
With InfoMaster Sewer, a utility can

manage its entire underground infrastruc-
ture directly from the Esri geodatabase.
Further, InfoMaster Sewer includes direct
support for gravity pipes, force mains,
manholes, laterals, pump stations,CCTV
inspections,manhole inspections, smoke
testing, customer incidents, and other field
activities, says the company. �

www.innovyze.com

i20Water launches Smart PressureManagement technology

Suez awarded three India
contracts

The Indian government has engaged
Suez Environnement on three new

contracts covering the country’s entire
water cycle.
One of the projects, in Mumbai, is to improve

water distribution services for 12.5 million people
in order to supply water 24 hours a day, seven days
a week.This will be a five-year contract worth
€31 million ($42.8 million) in revenue and will
be the largest water distribution and network
management contract in India.There will be a
particular emphasis on supplying water to the
city’s shanty town residents.
The second contract, in Pune, is to build and

operate a drinking water plant for 2.5 million
residents,whilst the third contract is the operation
of two new wastewater plants in Bangalore.�

www.suez-environnement.com

Melbourne water utilities to
undergo AM review

Australia’sVictorian government has
announced an efficiency programme

for the state’s water distribution network,
which will involve reviewing asset manage-
ment, procurement procedures and finan-
cial management of water resources.
PeterWalsh, state minister for water, said

delivering efficiencies and system-wide cost
reduction is a key objective of the Melbourne’s
Water Future plan.‘As well as creating resilient
urban water systems based on whole-of-water-
cycle principles,Melbourne’sWater Future is
based on the delivery of affordable water services
through improved efficiency,’Walsh said.�

KeldaWater Services refreshes asset
management strategy with Infor

Infor, a provider of businessapplication software, has announced
that KeldaWater Services (KWS), a
UK water and waste water contract
operations company, has selected Infor
Public Sector (Hansen) to support its
asset management across England,
Scotland,Wales and Northern Ireland.
The water company,which delivers
large-scale and long-term infrastruc-
ture solutions to organizations includ-
ing the Ministry of Defence,Northern
IrelandWater and ScottishWater,will
use the Infor application to boost
asset performance, help reduce risk,
and support customer service as
part of an ongoing strategy to deliver
best practice asset management and
support compliance.

‘As a leading water and waste
management business, assets are
integral to our performance, and as
such we need to ensure that they are
managed proactively to minimize
downtime and maximize their lifecycle,’
said Robert Marrill, director,KWS.
‘In order to deliver best practice,meet
industry standards and ensure that our
customers’ evolving and varying needs
can be met continuously,we required
a leading-class asset management system
to support the next phase of the company's
growth. Infor delivers on all counts, and
we are looking forward to taking our
strategy to the next level.’ �

www.infor.com

Texas wastewater department to upgrade
distribution infrastructure

MWHwins key role in Anglian
Water AMP6Alliance
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PUBLICATIONS

Water Management and Water Loss
Authors: Stuart Hamilton and Ronnie McKenzie

Water Management andWater Loss contains
a selection of papers and articles written by
various internationally recognised specialists
in the field of water loss reduction.
The articles have been drawn together

from IWA conferences during the past five
years and provide details of how water losses
from municipal distribution systems can be
reduced.The book provides useful back-
ground information and reference materials
to help explain the different approaches and
interventions that are used to reduce water
losses.Numerous real case studies are provid-
ed that highlight the processes and method-
ologies employed around the world to reduce
water losses.
Water Management andWater Loss covers

many aspects of water loss control including:
pressure management; leak detection and
repair; internal plumbing losses and retro-
fitting; community involvement and
education / awareness; school education;
and leak repair projects.
IWA Publishing July 2014
250pp. Paperback
ISBN: 9781780406350
Price: £95.00 / US$171.00 / €128.25
IWA members price: £71.25 / US$128.25 / €96.19
To order, visit: www.iwapublishing.com

Research Digest: Decision
Analysis/Implementation Guidance
Asset Management Tools Development
WERF Report SAM1R06e

Author: Duncan Rose

This research digest summarizes five asset
management support tools developed as
part of the StrategicAsset Management
Challenge.These tools are available in SIM-
PLE (WERF’s onlineAsset Management
Knowledge Base) and are also available in
stand-alone versions by downloading them
from SIMPLE.The GapAnalysis,Risk
Management, and the Benefit Cost tools
were developed previously.The report
presents an overview of the concept,

description,purpose, and benefits of each
tool, an organizational diagram,examples of
the ‘core tool’, cases of task related text, and
worked examples.
IWA Publishing July 2014
80pp. eBook
ISBN: 9781780400495
To order, visit: www.iwapublishing.com

Transforming Our Cities: High-
Performance Green Infrastructure
INFR1R11b

Author: Marcus Quigley

Traditional approaches to stormwater
management include the construction of
large, centralized end-of-pipe or interceptor
solutions that can be extraordinarily
expensive.The goal of this research is
to look beyond conventional approaches
to stormwater infrastructure and examine
the effectiveness of various decentralized
controls that use natural elements to
dampen stormwater surges.
This research looks into the development

of highly distributed real-time control
technologies for green infrastructure, such
as advanced rainwater harvesting systems,
dynamically controlled green roofs,wet
detention basins and underdrained bio-
retention systems.Particularly, the objective
is to demonstrate that these systems can
play a critical role in transforming urban
infrastructure.
IWA Publishing July 2014
120pp
ISBN: 9781780405599
Web: www.iwapublishing.com

Leading Practices and Key Performance
Indicators for Asset Management
SAM1R06k

Author: Terrance M Brueck

As part of theWERF StrategicAsset
Management benchmarking activity, a
research team identified three areas of
competency of best management practices
related to maintenance.To maintain continu-
ity, the maintenance and key performance
indicator (KPI) survey was broken down
into the three broad competencies to help
identify the best maintenance management
performance indicators.
The areas of competency were strategy and

tactics,work flow management, and manag-
ing and monitoring.Data was gathered from
27 utilities using survey statements and KPIs.
Analysis results showed that there were no
clear top performers who did everything well
within the three categories.Therefore, the
competencies were further broken down into

ten specific competencies.There were clear
top performers for these ten competencies
and the research team created maintenance
practice case studies on these topics.
The research gathered information from

the utilities on the maintenance programme
and the KPIs used to support the programme
through personal interviews, reports, data
sheets, survey results, etc.This information
was used to create five case studies, each
covering two maintenance practices and one
utility.The research indicated that the utilities
were able to implement the maintenance
practice successfully with external and / or
internal help.The research also found that the
implementation and integration of new
maintenance practices were far reaching,
having impacts to organization structure, the
technology in use and asset maintenance
IWA Publishing, September 2014
180pp
ISBN: 9781780405926
To order, visit: www.iwapublishing.com

The Regulation of Water and Waste
Services
An Integrated Approach (Rita-Ersar)

Author: J M Baptista

The Regulation ofWater andWaste
Services:An IntegratedApproach
(Rita-Ersar) presents a practical
integrated regulatory approach.This
approach is called theARIT-ERSAR
model and it is capable of contributing
to the promotion of access by citizens to
these services that is tending towards the
universal.These services are provided
with suitable quality by utilities at socially
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