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UN report underlines global
water spending needs
he UNDP’s 2006 Human Development report,
Beyond scarcity: power, poverty and the global
water crisis, warns that concerted international
action is needed to end this ‘silent emergency’.
‘When it comes to water and sanitation, the
world suffers from a surplus of conference
activity and a deficit of credible action,’ noted
lead author Kevin Watkins.
National plans and a global action plan with
active buy-in from the G8 countries are both
needed, he added.
Governments should spend 1% of GDP on
water and sanitation, the report says, adding that
water should be made a human right, and that
everyone should be entitled to at least 20
litres/day. Governments should go beyond ‘vague
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constitutional principles’ in enabling legislation to
achieve this goal.
National water and sanitation spending is
dwarfed by military spends, the report notes. In
Ethiopia, the military budget is 10 times the water
and sanitation budget, and in Pakistan it is 47
times higher.
The report also calls for an extra $3.4 billion to
$4 billion each year, doubling current aid, to
bring the water and sanitation MDG within reach.
As progress requires large, up-front investments with a very long payback period, innovative financing strategies are essential, the authors
say, adding that this would be money well spent.
The total cost of meeting the MDG is estimated
at $10 billion a year. ●
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Ofwat warns English and Welsh utilities against complacency
fwat chairman Philip Fletcher has warned the
water industry in England and Wales and its
investors not to assume that the regulator would
reach similar conclusions either on the cost of
capital or financial indicators at the next price
review in 2009.
The economic regulator noted that it would
‘take account of all market evidence in reaching
its decisions to ensure that customers' bills were
no higher than necessary’.
New chief executive Regina Finn added that
the new board structure would enable Ofwat to
take a fresh look at regulatory issues, though
there would be no ‘changes for changes’ sake.’
Ms Finn said: ‘We need to take a long-term
approach to the way we regulate and expect the
companies to do the same in their planning. This
will ensure that we safeguard not only the
interests of today's customers but also those in
the future.’
On competition, Mr Fletcher noted its
development had been held back by constraints
in the new water supply licensing regime,
including the small size of the market. It was now
time for a re-think and Ofwat would be raising
with government the issue of how to encourage
competition in the water sector.
Ofwat has released a letter from new chief
executive Regina Finn to government that warns
of ‘little or no progress’ in the development of
competition.
The letter to environment minister Ian Pearson
adds: ‘To date no customer has switched water
supplier and it is our view that the water supply
licensing (WSL) regime as it is currently
constructed many not deliver on our promise to
promote effective competition.’
The factors identified are first the size of the
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open market – with a high threshold level for
entry, only around 2300 customers are eligible
to switch suppliers.
The second is the very small profit margin
available as a result of applying the mechanism
for calculating access prices to the incumbent’s
network.
‘With low volumes of customers and
potentially very low margins, new entrants could
argue that it is difficult for them to make a viable
business case, even if they are efficient,’ the
letter continues.
Other confounding factors include the fact
that the regime prevents Ofwat from setting or
approving terms or conditions of access
agreements unless a licensee specifically
requests intervention in relation to a specific
case for a specific customer. So far no disputes
have been received.
In addition, Ofwat notes, ‘it is not clear to
players in the market how the WSL regime and/or
the older ‘inset’ appointment mechanism can
facilitate the effective competition that would
deliver benefits to customers’.
On these grounds, Ofwat has asked for a
review of the regime ahead of the set 2008
review date. It warns: ‘We are concerned that
the uncertainty and the constraints in the regime
will only add costs for all parties who are trying
to make the regime work (new entrants,
incumbents and Ofwat) while delivering little in
the way of benefits to customers.’
Ofwat has issued a consultation paper on the
review of its guidelines to water companies on
how to deal with domestic debt.
Debt levels soared after the 1999 Water
Industry Act banned disconnections in England
and Wales.
➤ cont:
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AwwaRF awards nationwide asset management
research project for water and wastewater industry
he American Water Works Association Research
Foundation (AwwaRF) has awarded Westin
Engineering and HDR a research project to identify the
water and wastewater industry’s priorities for asset
management research.
The project, titled ‘Asset Management Research
Needs Roadmap’, will identify the industry’s most
pressing research needs related to asset management,
then define a set of comprehensive, cohesive and
prioritised research initiatives. The results of this project
will establish AwwaRF’s asset management research
agenda for the next five to 10 years.
The project team, led by HDR, includes more
than 30 water and wastewater utilities and
subcontractors including Westin (as co-principal
investigator), American Water and the Electric Power
Research Institute.
Westin delivers enterprise solutions that improve the
performance of water and wastewater utilities. HDR is
an employee-owned architectural, engineering and
consulting firm that specialising in managing complex
projects and solving challenges for clients.
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‘Asset management spans many interrelated
business and operational strategies and activities,’ said
Doug Harp, Westin CEO and co-principal investigator.
‘Moreover, there is no lack of information, opinions,
models, “best practices,” software, and experts on the
topic. This project is a critical step to set a unified vision
and research roadmap for asset management in the
water industry.’
‘This project and the resulting research will guide
utilities toward more effective capital planning and
management of their critical infrastructure investment,’
said Ed Tenny, HDR senior vice president and
co-principal investigator of the project. ‘Ultimately, that
change will ensure that our nation’s utility infrastructure
will continue to provide reliable drinking water and
wastewater treatment for future generations, in the most
cost-effective manner.’
The project will apply a highly collaborative
approach to capture ideas and priorities from
AwwaRF members. In addition to Westin and HDR,
the project team include utilities from across the
United States. ●

EIB to finance Mozambique water supply project

T

he European Investment Bank is to provide
funding for a major water project in the Mozambique
capital, Maputo.
The Maputo Water Supply serves the Greater Maputo
area, which has 1.7 million inhabitants. Some 48% of
the city’s population live in absolute poverty and just
40% have access to adequate drinking water.
The EIB project will significantly increase the
population with access to safe drinking water and
therefore help to move Mozambique closer to achieving
its MDGs on water, health and poverty eradication.
The project has four key aims. The first is to increase
installed production capacity to ensure a constant
supply to the 730,000 people connected to the existing
water supply system (which does not provide a 24-hour
supply) and increase the population served by the
international operator by 467,000 people in 2010 and

by an additional 145 000 by 2014.
The second goal is to improve the system’s
performance by reducing unaccounted for water from
60% to 40%.
Thirdly, the project will expand the water supply in
the poorer peri-urban areas on the outskirts of the city
with the support of small local private operators,
extending the services to an additional 110,000 people.
Lastly, the work will also improve the promoter’s
capacity and financial sustainability, which will
contribute to the improvement of water services in all
of the cities under its responsibility.
The loan is provided under the Cotonou agreement,
which provides a mandate for the EIB to lend
funds for projects that aim to reduce and ultimately
eradicate poverty in African, Caribbean and Pacific
(ACP) states. ●

➤ The key objectives of the review are to ensure that
current guidelines are still relevant, comprehensive, upto-date and easy to follow; stakeholders have a chance
to contribute to improving them; that the guidelines
continue to offer a reasonable balance between
customer protection and the industry’s ability to collect
debts in a fair manner, and that they are flexible enough
that the companies’ different approaches to debt
recovery reflect their customers’ circumstances.
A stakeholder workshop in May 2006 addressed
many of these points, including how the guidelines
should be updated. This suggested that most
stakeholders felt the existing guidelines had worked
well, so Ofwat is proposing to build on these, making
changes only where appropriate.
Stakeholders have only suggested limited changes so
far, Ofwat notes. The consultation questions include
canvassing opinion on whether there is a significant
problem of local authorities evicting customers purely
for non-payment of water bills. Some stakeholders at
the workshop suggested a ‘no eviction’ clause should
be added to local authority agreements.
Ofwat is suggesting a ‘sensible approach’, whereby

companies should make sure that agreements are
drafted so that customers billed by local authorities
are treated fairly. Where eviction is a possibility,
companies are expected to establish ‘effective lines
of communication’
There is also a proposed change to the wording
about third party debt sale, suggesting that agents
should be selected with care. There is also a proposal
that companies should do all they can to establish
whether a property is unoccupied before sending void
notices, and that these should not be used to threaten
or imply disconnection.
Stakeholders are also asked whether the guidelines
should be applied to all indebted customers or just
‘vulnerable’ groups, and ask for ideas on how they
could be distinguished. Ofwat favours covering all
indebted customers, and also makes clear that
the guidelines will not be extended to commercial
customers.
There are also proposed changes to clarify the
way the third party deduction scheme, Water
Direct, which takes deductions directly from benefits,
is used. ● Lis Stedman
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Scottish Water put at foot of
UK customer service league
T

he Water Industry Commission
for Scotland has released a
report that says that Scottish
Water’s customer service is still
worse than the most poorlyperforming water company south
of the border.
Although the authority has
narrowed the gap, it is still 39%
behind England and Wales’s worst
performer in 2004 to 2005. The
report notes that this underlines the
need to allow new operators to
enter the Scottish market.
The authority had improved
water quality, unplanned
interruption and its written
response time for complaints
and inquiries. But sewer flooding
had increased and its customer
service response by phone had
deteriorated. The response to
customers complaining of low
pressure is described as ‘poor’.
In the first of a series of reports
due to be issued on the authority,

the regulator voiced concerns
about the quality of management
information, which it said may be
less reliable or accurate than that
provided to Ofwat by the private
companies south of the border.
Scottish Water improved its
customer service by 33% between
2002 and 2005, but this figure fell
in the current year by 7% to give an
overall 24% improvement.
Ex-Ofwat director general Sir Ian
Byatt, now the chairman of
Scotland’s Water Industry
Commission, said: ‘This underlines
the need to allow new retail
providers to enter the market to
provide business in Scotland with
the quality of service that it
deserves.’
The commission added that it
expected new retail licensing
arrangements to play an important
role in focusing the industry on
improving its service
to customers. ●

WEF wins funding for infrastructure
integration training programme
he Water Environment Federation
has been given a $1.7 million
grant by the US Department of
Homeland Security to implement a
three-year comprehensive training
programme addressing
‘interdependencies between the
water sector and other critical
infrastructures’.
Building on its current water
sector security programme, WEF
will look at the interdependencies
inside and outside the water sector
to engender and enable effective
partnerships to advance prevention,
protection, response, and recovery
from ‘incidents of national
significance’.
The training will focus not just on
water and wastewater utilities but
also on managers from other related
critical infrastructure sectors and
local government officials.
WEF executive director Bill
Bertera noted: ‘WEF has been a
leader in providing all size water
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sector utilities with security and
emergency response training and
we are particularly pleased to
cooperate with DHS on this
innovative programme.
‘Many of the nation’s critical
infrastructures are dependent on
the water sector, and we are
dependent on them. Addressing this
relationship is key to reducing loss
of life as well as minimising the
economic, social, and other impacts
on the nation should an incident
occur.’
The training programme will use a
series of webcasts and other
distance learning tools, stakeholder
symposiums and regional training
sessions/workshops to target
stakeholders across the US.
The training programme will build
partnerships with, and provide
information to, water sector utility
managers and their counterparts in
transport, energy and other key
sectors. ●

UK report claims lack of demand management
K think tank the Institute of
Public Police Research (IPPR)
has said in a report that the water
companies of England and Wales are
not doing enough to promote
demand-side water efficiency.
Its own summary of the ‘Every
drop counts – achieving greater
water efficiency’ report notes that it
‘aims to stimulate debate on how to
encourage greater water efficiency
and water saving behaviour in
existing homes and to influence the
ongoing work of the Water Saving
Group. It provides an overview of
the need to improve water efficiency and why the current twin-track
approach of balancing supply and
demand is currently tilted towards
supply-side measures’.
The report notes: ‘Water companies are expected to balance water
supply and demand following the
twin-track approach, but the
current regulatory approach to
water resource planning arguably
encourages an ‘either/or’ selection
of demand management or supplyside options.
‘The regulatory system currently
rewards supply expansion and
water company plans tend to be
biased towards supply-side measures. Yet there is significant scope
for water savings in new and
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existing homes. Potential water
savings in the existing housing
stock are estimated to range from
12 to 30%.’
It goes on to say: ‘On average,
water companies in the Greater
South
East spent 11.5p ($0.21) and saved
250ml or the equivalent of a mug of
water per billed connection per year
through household water efficiency
(excluding supply pipe leakage)
activities between 2002 and 2005.’
The report calls on the government to enforce a mandatory
requirement for water companies to
encourage their customers to save
water. The report says: ‘Most
companies undertake a minimum
level of water efficiency activity,
often entailing cheap (as opposed
to cost-effective) measures, which
deliver small and transient savings.’
The report also suggests that
water companies should offer
grants or incentives to consumers
willing to save water through
measures such as low-flow showerheads, low or dual flush toilets and
aerated or spray taps.
It also recommends that the
government should provide consumers with a more direct incentive
to save water by metering more
houses, particularly in water-

stressed areas, saying: ‘The focus
on leakage reduction has overshadowed other key forms of demand
management – metering and
promoting water saving by customers – which are underdeveloped.’
The IPPR says that the government should take forward the
proposals of the Water Saving
Group to streamline the water
scarcity status process to make it
easier for water companies to apply
in the coming years.
They should also integrate the
assessment of metering and other
demand management proposals
into the new statutory Water
Resource Management Plans to be
published in 2009.
In tandem with this, the
Environment Agency should
publish a map
of England and Wales identifying
‘water stressed’ areas. Members of
the Water Saving Group and other
stakeholders should urge companies in areas that have been
identified as water stressed to apply
for water
scarcity status.
The report also suggests local
authorities could do more, noting:
‘Local authorities and other public
bodies also have a duty to take into
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account water conservation and are
well placed to work in partnership
with
stakeholders to deliver water
savings.’
Local authorities could consider
making water conservation a
material consideration in Local
Development Frameworks, and
producing
supplementary planning guidance
to encourage water-efficient new
homes, it notes.
Central government has a critical
role to play, the IPPR adds, in using
product and building regulations to
prevent the installation of the least
efficient products from the market.
It could also consider whether all
homes should be graded against
the forthcoming Code for
Sustainable Homes.
Water company trade body Water
UK responded to the findings by
saying: ‘To their credit the authors
recognise that increasing water
efficiency is no simple matter. Some
of their ideas make sense, like the
call for more extensive use of
meters and the need for collaboration between many different
partners.
‘However in their calculation of
water industry expenditure on
household water efficiency and

CONDITION ASSESSMENT: SHOULD YOU RISK IT?

Condition assessment: should you risk it?
The Orange County Sanitation District (OCSD) asked for assistance in formulating a
replacement and refurbishment program for a large digester complex. The work was
undertaken in several phases, the first of which was a risk-based approach to
determining which assets were candidates for detailed condition assessment.
This work showed clearly why such assessments are, in many cases, not good
investments. At the same time, the detailed investigation into why assets in the complex
have failed in the past, and the frequency and impacts of those failures, pointed the
way towards improving the overall performance of the digestion process at the complex.

CSD is a large regional
treatment agency in Orange
County, California. It serves 22
cities, two special districts, and
Orange County, with a total
population of 2.4 million within a
470-square-mile area (Figure 1). It
treats an average daily flow of 243
million gallons (920 million litres)
and produces over ten million
gallons (37.8 million litres) of
reclaimed water each day.
Among its major assets are two large
treatment plants, 17 pumping stations
of various capacities, 620 miles of both
large and small-diameter pipe, and two
ocean outfalls, one of which is five
miles long.
OCSD has been developing an asset
management programme for several
years.The nature of the work described
in this article was strongly influenced
by that programme and the continuing
efforts within OCSD to identify and
deal with asset risks more effectively.
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What does condition assessment
have to do with risk?
Condition assessment costs money –
and there’s no point spending that
money unless the benefits outweigh
the costs.We generally assess our assets
to understand and reduce risks. So a
close look at what those risks really are,
and their severity, can tell us how much
(if anything) we should invest in
assessing our assets.
This paper suggests a simple and
effective approach, based on the
knowledge of your best asset experts –
your own O&M staff.
OCSD originally asked for a detailed
condition assessment for all digester
assets associated with 11 digesters at the
complex with risk analyses to follow.

Doug Stewart, PE
Asset Management Manager
Orange County Sanitation Distict
USA

© IWA Publishing 2006

equipment, process disruption and so
on, might be $10,000. In such a case,
the risk cost associated with bearing
failure would be 0.2 (the annual
frequency of occurrence) times
$10,000 (the consequence of the
event), or $2,000 annually.

The assessments were to be highly
technical and would include ultrasound measurements, infrared analysis,
metal loss analysis and so forth.
Structure for the analysis
The consultant, recognising that this
approach would be quite expensive,
proposed an alternative. Each asset type
would be analysed from a risk basis
prior to condition assessment, using
a process developed to support
reliability-centered maintenance called
a failure modes and effects analysis
(FMEA).This type of analysis
investigates each asset type to
determine:
● how can the asset fail
(failure mode)?
● how often does each failure
mode occur?
● what is the financial impact of such
a failure?
If these are known, then the annual
risk cost of ownership can be easily
calculated for each asset type. Risk cost
is simply the product of the probability
of an asset failure, expressed as
probability of occurrence in any year,
and the cost of the failure.This is
shown graphically in Figure 2.
Of course, a good understanding of
failure modes and their costs can also
lead to strategies to reduce the
probabilities or consequences of asset
failure, but that was not the primary
focus of the work here, which was
simply to identify where detailed
condition assessment made sense.
As an example, a large motor might
typically suffer a bearing failure every
five years.The consequences of such a
failure, including direct repair or
rebuild costs, damage to associated

V Kenneth Harlow
Brown and Caldwell
USA

Figure 1
OCSD’s service
area

The principle here is that we will
not want to spend more than $2,000
annually (or its equivalent in a onetime capital investment) to reduce the
risk of bearing failure.Within that
constraint, if we were to look for
economical ways of reducing the risk
of bearing failure, we would carefully
investigate two avenues:
● reducing the probability of failure,
for instance, improved bearings,
more frequent lubrication and so on
● reducing the consequence of failure,
for instance, reconfiguring the
existing system, contingency plan,
cheaper motor rebuild vendor, and
so on.
How the project went forward
As might be imagined, data on failure
modes, failure frequencies and failure
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costs are not easy to come by.We
pursued three avenues to gather
these data:
● historical records from OCSD’s
computer maintenance
management system (CMMS)
● the consultant’s knowledge of these
matters from other treatment plants
● the collective knowledge of senior
O&M staff who had worked in the
digester complex for many years.
Of these three sources, the third was by
far the most valuable. OCSD staff
formed the ‘expert panel’ for this study
and were able to arrive at consensus
opinions for very many of the
estimates needed in the analysis.We
believe that these consensus opinions
are very close to reality; the final
numbers used were satisfactory to the
entire panel.
The estimated costs of failure
deserve some mention. Because the
digestion process is slow-paced and
most asset failures do not create any
need for emergency response, failure
costs generally include only labour
hours (both operator and maintainer),
parts and materials, and outsourced
rebuild costs.These costs were
obtainable and, in fact, CMMS records
were of some use in the process.
Although not a factor in most cases
with this digester complex, some asset
failures, particularly ‘outside the fence’,
incur environmental or social costs.
These costs include environmental
damage from spills, traffic disruption
from unplanned (or planned for that
matter) pipe replacements in the
right-of-way, inconvenience to
homeowners and businesses from
excavation, and so forth.Where these
exist, the costs must be fully accounted
for when estimating the consequences
of asset failure.
As a preview to the next section of
this article, we will take a look at what
these investigations discovered:
● most asset failures had very limited
consequences. In some cases, the
only consequence was the need to
replace the asset.
● in recognition of this, most of the
assets were treated as ‘run to failure’,
that is, a proactive replacement
would not be considered and the
asset would be allowed to fail before
replacement (although normal
maintenance would continue).This
was appropriate strategy for these
assets and maximised their useful
lives, resulting in the lowest cost of
asset ownership. In such cases,
detailed condition assessment would
obviously have no value.
● many or most asset failures were not
related to asset condition, but arose
from the operational environment or
maintenance practices.Again,

RISK COST =
Frequency of Failure
(Projected events per year)

X

Consequence of Failure
(Dollar cost of each event)

MEASURE: $/YEAR
Figure 2
Calculation of risk
cost of asset
ownership

condition assessment would not be
useful in forecasting asset failure
● there were only a few asset types
where detailed condition assessment
was indicated, and the assessments
were subsequently performed.
However, most planned assessments
were completely avoided and the
money earmarked for the assessments
went unspent.This represented a major
saving for OCSD and its customers.
We will now look at four examples
where FMEAs were undertaken, and
the results of the analyses.
Examples of Failure Modes and
Effects Analysis (FMEAs)
Sludge mixing pump
The sludge mixing pump keeps sludge
circulating in the digester.This ensures
good mixing; good mixing, in turn,
promotes effective digestion with the
following results:
● after the required retention period,
the sludge can be certified as Class A
and beneficially disposed of by
spreading on agricultural ground.
● generation of methane gas is
maximised.This gas is used by
OCSD’s cogeneration system and
offsets purchases of natural gas that
would otherwise be required.The
economic value of the gas generated
is considerable.
● destruction of volatile solids is
maximised, reducing the volume of
sludge that must be disposed of.This
reduces solids handling,transportation,
and other costs incurred as a result of
the digestion process.

Figure 3
Typical sludge
mixing pump and
motor (on top)

Figure 3 presents a picture of a typical
mixing pump and associated motor.
Staff had identified these pumps as
particularly troublesome.They would

often become jammed due to fibrous
substances and hair in the sludge
(ragging). It was sometimes necessary
to disassemble the pumps in order to
clear blockages. Upon investigating the
common failures of these pumps with
staff, a number of failure modes were
identified (Figure 4).
First, the cost of ragging problems
was not all that high.The only costs
were for the labour needed to deal with
the situation, as there was no impact on
the process or other equipment. It is
likely that the problem was considered
serious more because pump
disassembly and cleaning was an
unpleasant task than because of the
economic impact.
Second, ragging was not associated
with the condition of the pump. In
fact, the pump impellors had been
modified to reduce ragging; a new,
unmodified pump would suffer ragging
issues more frequently.
In short, a detailed condition
assessment would be of no value.The
pump failures (at least those arising
from ragging) were not conditionrelated and, in any event, the annual
costs were small.
This leaves another more costly
failure mode: failure of the mechanical
seals. Occurring on average about once
every four years per digester, a seal
failure requires a pump rebuild
estimated at almost $9000.The annual
cost per digester is about $2,200, more
than triple the costs arising from
ragging.These failures, though, were
of less concern to staff, possibly because
the effort required for the rebuild
took place in another portion of the
plant, by staff other than line
O&M personnel.
Even here, though, the failures were
not condition-related.According to
staff, they arose from the occasional
entry of insufficiently screened water
into the seal water supply system. So
again, detailed condition assessment
would not have been useful to forecast
failure.The conclusion from this
analysis was that detailed condition
assessment of the mixing pumps would
have little or no economic value. Later
in the overall study (see below) the
ragging problem was addressed in a
business case evaluation with
somewhat surprising results.

Sludge mixing pump motor
The mixing pump motor is a 50-60Hp
unit that uses belts to drive the pump. It
can be seen mounted above the pump
in Figure 3. Four failure modes were
identified (see Figure 5).
Failure mode 1, burnout, was
associated somewhat with ragging
problems. Occurring about once every
ten years per digester, it had an incident
cost of about $2,500, so the annual cost
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Failure mode

Effect

1. Chokage
(ragging)

1. Pump won't pump,
requires maintenance
staff to correct.
2. Pump won't pump
but operator can fix by
reversing pump

2. Mechanical/
seal failure

1. Caused by seal
failure, rebuild required

was about $250. Even without ragging,
the motor would have an expected life
of only about 20 years, so the best-case
savings from doing anything would
have been about $125 per year. In any
event, this failure mode was not
thought to be condition-related.
Failure mode

Effect

1. Burnout,
1. Rebuild required
‘smoking the motor’
2. Bearing failure 1. Pump out of service
2. Caused by incorrect
bearing installation,
rebuild required
3. Belt failures
1. Belt replacing
from ragging
4. Motor flooding
1. Rebuild required
due to broken
pipe or seal failure

Failure mode 2, bearing failure, was a
20-year event for ‘normal’ wear-related
failure and a 50-year event for failure
due to improper bearing installation.
The annualised costs were so low that
any investment to predict the failure –
especially since the only possible action
arising from a prediction would be to
spend the money for repair or rebuild
anyway – was considered uneconomical.
Failure mode 3, belt failure, was by
far the most expensive failure mode.
Although the incident cost was low the
frequency was high, with belts being
replaced on average every 90 days.
These failures, again associated with
ragging, actually cost more each year
than motor burnouts, bearing failures
and motor flooding combined.
Assessing the condition of the belts did
not appear useful for obvious reasons.
Failure mode 4, flooding, occurred
when a pump failure released enough
sludge into its immediate environment
that the motor was damaged.This was
an exceedingly rare event, with a
Failure mode

Effect

1. Erosion of
cutter plate and
inspection plate.
2. Mechanical
seal failure

1. Failure to recirculate
sludge. Downtime
2-3 days.
1. Failure to recirculate
sludge. Downtime
2-3 days.

Frequency per
digester per year
2

Incident
cost
$285

Annual cost per
digester
$570

12

$11

$130

0.25

$8,930

$2,233

consequently low annual cost. In any
event, it was not actually a failure of
the motor itself, but a consequence
of a rare type of pump failure, so a
condition assessment of the motor
would not be relevant.
In summary, the annual costs

Figure 4
Failure modes and
annualised costs,
sludge mixing pump

Frequency per
digester per year
0.1

Incident
cost
$2,505

Annual cost per
digester
$251

0.05
0.02

$2,505
$8,930

$125
$179

4

$205

$820

0.01

$2,505

$25

associated with motor failures were
quite low, with none clearly associated
with the condition of the motor.
Detailed condition assessment was
neither recommended nor performed.

Sludge recirculation pump
The sludge recirculation pump is used
to extract sludge from the digester and
move it through a heat exchanger
(discussed below) to heat it prior to
return to the digester.This maintains
the proper sludge temperature in the
digester at about 95ºF. It is important to
note that, even under worst-case
circumstances (during the coldest
weather of the year), an interruption to
the heating loop can last up to four days
before the sludge in the digester cools
to a critical level.
This has implications for both the
recirculation pump and the heat
exchanger (the latter is discussed
further on).The recirculation pumps
used by OCSD were mostly chopper
pump/motor combination units, an

Figure 5
Failure modes and
annualised costs,
mixing pump motor

Figure 6
Failure modes and
annualised costs,
sludge recirculation
pump

Frequency per
digester per year
0.67

Incident
cost
$7,130

Annual cost per
digester
$4,777

0.42

$7,130

$2,995

initial attempt to break up fibrous
materials in the sludge and reduce
problems of ragging.A picture of a
typical pump is shown in Figure 7.Two
failure modes were identified.
The first failure mode was definitely
condition-related. Grit in the sludge
gradually wore away the cutter plate to
the point where further adjustment
was impossible, meaning that the unit
had to be replaced.The units had a
very short useful life under the
circumstances, about 18 months on
average. In practice, the unit was left in
service until it could not be used any
more, at which point it was replaced
with a rebuilt unit (which was always
kept on hand) and the old unit was
returned to the manufacturer
for rebuild.
This was an interesting case.The
failures were both reasonably
expensive and condition-related. But
what value would a detailed technical
condition assessment bring? Staff knew
the condition of the units very well,
and failure had no consequences
beyond the cost of the replacement.A
quantified measurement of seal wear,
cutter plate erosion, and so forth
would yield a series of numbers
without relevance to staff, who simply
(and wisely) ran the asset to failure and
then replaced it.
The second failure mode, seal
failure, was similar to the mixing pump
in that it resulted not from normal
wear but occasional ‘bad’ seal water.
Condition assessment would be of no
use in forecasting these failures and,
again, the failures had no consequences
to the digestion process or to
other assets.
In summary, once again no
economic justification for detailed
condition assessment was found.

Sludge heat exchanger
This is possibly the most interesting of
the four examples.The heat exchanger
(HEX) is a large unit consisting of two
parallel but unconnected spiral
channels. One channel is for hot water,
the other for sludge.The idea is to
transfer the heat content of the hot
water to the sludge without allowing
the two liquid streams to come into
contact. Hot water is moved through
the HEX using a pump; similarly,
sludge is moved using the recirculation
pump discussed above. Figure 8 shows
a picture of a typical HEX.
Some background on the HEXes
will be useful.Apart from one case,
OCSD’s digesters are arranged in pairs.
If a HEX at one digester fails, the
remaining HEX can be ‘flip-flopped’
to serve both digesters.While
inconvenient, this mode of operation is
adequate – except in the coldest
weather, when the heat transfer is
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insufficient to maintain sludge
temperatures in both digesters. In that
case the situation must be remedied
within four days or there is a risk of
sludge temperature dropping
sufficiently for the sludge to fail to
meet Class-A certification, which
would mean it could not be
beneficially used. Even worse, if this
were to happen at a time of high sludge
loading in the complex (which is
expected to be a common occurrence
in a few years), there is no way
of isolating the ‘bad’ sludge for
dewatering without contaminating
sludge from the other digesters.Thus
the entire process in the complex
would be threatened.
It was this understanding that lay
behind the staff ’s concern with HEX
failures. Ragging was a ‘nuisance’
problem (see below), but there had
been three recent events of weld
failure.While those were repairable,
staff feared that not all weld failures
would be.A new HEX is a long leadtime item and a non-repairable failure,
or absent spares, would result in a long
wait. If the weather were cold, and
sludge loading high, the situation
might be serious.
As further background, of the 11
digesters studies, seven were small units
with small HEXes and four were large
units with large HEXes.The smaller
units were older – 40 to 50 years in age
– and the larger units were newer.
OCSD had one small HEX in stores to
serve small digesters at both of its
regional plants (two more were added
from digesters converted to holding
digesters during the course of the
study).There were no spare large
HEXes. Discussions with staff
identified three failure modes
(Figure 9).
Ragging had a significant cost and
resulted in the unpleasant task of
having to disassemble the heat
exchanger and clean it. However, it was
not a condition-related problem and
no condition assessment was indicated.
Weld failures were more
problematic.While the annual cost of
the failures so far was inconsequential,
it could potentially be very high if, as
discussed above, a failure was not
repairable and occurred at a time of
cold weather and high sludge loading.
Because the failures already
experienced might be age- (that is,
condition) related, a detailed condition
assessment of a sample of the HEXes
was recommended and subsequently
undertaken.
The condition assessments consisted
of teardown, interior inspection by
closed-circuit television, and
ultrasound to determine metal loss.
The results did not in any case indicate
any incipient failures due to wear,

Figure 7
Typical sludge
recirculation
pump/motor
combination

Figure 8
Typical sludge heat
exchanger

Figure 9
Failure modes and
annualised costs,
heat exchange

although in some cases small erosion
pits were noted near the entrances
to the sludge channels.The
recommendation was to fill in the
erosion pits by welding when these
were noted; they were clearly visible
when the HEXes were opened for
de-ragging, which occurred at least
monthly for each HEX.
Staff, however, remained concerned
about the impact of a non-repairable

Failure mode

Effect

1. Ragging of HE

1. Poor heating.
Downtime three days.
1. Loss of hot water to
the dirty side. High
makeup required by
Syngen and boilers.
1. Loss of hot water to
the dirty side. Heat
exchanger needs
replacing, out of service
for 14 weeks.

2. Failure of
welds, repairable

3. Failure of welds,
not repairable

failure, were it to occur.Although the
probability of such a failure seemed
quite small, the consequences were
considered unacceptable.Therefore, as
a follow-on a business case evaluation
(BCE) was undertaken to evaluate
various ways to ameliorate the risk.
During this BCE, staff proposed
several measures that might be taken.
These were:
● do nothing, capital cost $0.This was

Frequency per
digester per year
16

Incident
cost
$285

Annual cost per
digester
$4,560

0.18

$1,340

$241

Unknown (has
not occurred)

$60,460

Unknown
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considered unacceptable because it
did not address what staff believed
was an unacceptable risk.
● add a sludge preheater, capital cost
$800,000.This would add heat to
the sludge before it arrived at the
digesters and allow extended flipflop operation even during
cold weather.
● replace all HEXes with new ones,
capital cost $1.7 million.This would
(it was felt) reduce the probability of
HEX weld failure to nil.
● replace all HEXes with new double
capacity units, capital cost $5.2
million.This would reduce the
probability of weld failure and also
allow flip-flop operation in cold
weather, were such a failure
to occur.
● procure a portable HEX, capital cost
$324,000.This would be a single
unit capable of temporarily replacing
a failed HEX either large or small.
The HEX itself would obviously
need to be a large unit.The cost was
rather high due to the need to
include large hot water and sludge
recirculation pumps to use the unit
on one of the smaller digesters.
In considering these alternatives, it
became apparent that the risk really
only existed for the four large digesters.
As noted above, there were now three
ready spares for the smaller HEXes. In
the event of a non-repairable HEX
failure, it would be a simple matter to
install one of the spares and restart the
recirculation process.
Wouldn’t the same approach work
for the larger HEXes? These HEXes
were newer and of less concern (all
previous weld failures had been at the
smaller units), although in the view of
staff some risk still existed.
The final recommendation was to
purchase a spare large HEX at an all-in
cost of $114,000.This included an
allowance for prefabricating necessary
fittings, since currently-available heat
exchangers had changed somewhat in
configuration, as well as the costs of
preparing instructions for replacement.
If a large HEX failed and could not be
repaired, then the spare would be put in
place and a new spare ordered.
A note on ragging
The reader will have noted that
ragging problems had consequences
throughout the digestion process
ranging from nuisances to significant
annual costs. Ragging caused problems
with the mixing pumps and motors,
heat exchangers, and to some extent
with the recirculation pumps. Frequent
attention was needed to clear problems
caused by ragging; the work was not
particularly expensive but was
certainly unpleasant.

Staff undertook yet another BCE to
address the ragging issue. However it
quickly became apparent that all
ragging costs, taken together, could in
no way justify the solution envisioned
– replacing the mixing pumps with
chopper pumps.These pumps were
more expensive, entailed higher
maintenance and refurbishment costs,
and probably had shorter useful lives
than the existing operating equipment.
The economic justification for the
replacement did not seem to
be present.
However, staff also noted that the rag
content of the sludge resulted in the
gradual formation of a thick, fibrous
‘scum mat’ that floated atop the sludge
in the digester.After this mat formed,
the top mixing jets could not be used at
all and the digestion process was
degraded because of poor mixing.
Calculations were made of the
amount (and economic value) of gas
production lost due to poor mixing
because of the scum mat. Similar
calculations were made of the extra
solids handling and shipping costs
incurred because of degraded volatile
solids reduction. In both cases, the
economic costs of poor mixing were
found to be very high, much higher in
fact than the extra labour incurred
because of ragging.
Taken together, the economic
advantages of improved mixing,
increased gas production and reduced
solids handling costs, along with the
associated reduction in de-ragging
labour costs, were more than enough to
justify the replacement of the mixing
pumps with chopper units.
Therefore a recommendation for
replacement was made, resulting in
both a better economic return for
OCSD’s customers and a more pleasant
work life for its employees.
Lessons learned
The work partially described in this
paper was one of the first undertakings
(in this country at least) where risk was
considered in a quantitative way in
making asset decisions.As the reader
has seen, the asset decisions included
condition assessments, replacements,
upgrades, and even spares policy.
In every case, three questions were
asked: How can this asset fail? For each
failure mode, what is the expected
frequency of failure? For each failure
mode, what are the economic
consequences of failure?
Answering these three questions,
even where there was uncertainty,
illuminated the way forward when
making immediate decisions and in
more generally managing the asset
in question.
The most important lessons learned
from the work described are:

● a close look at asset risk can be a
very powerful way of finding
optimal solutions and avoiding
expensive mistakes.Very often,
seriously thinking about risk, even
without quantifying it, can lead to
wise and perhaps not-so-apparent
ways to deal with assets.
● risk needs to be approached for
both its parameters: probability and
consequence. Measures to reduce
each are different! Keeping
probability and consequence
separate clarifies thinking and leads
to a better understanding of ways to
reduce risk.
● determining the true costs of failure
will help avoid spending more on
risk than the risk is worth.This is a
true ‘silver bullet’ for utilities that
often do not have an objective
standard for spending. Risk
avoidance means spending every
dollar that can be got; risk
management means moving toward
knowledge of how much money
is enough.
● O&M staff often have the asset
knowledge needed to help make
rational asset decisions.This is an
especially important lesson for
many utilities in this country,
particularly larger utilities, which
tend to be vertically split with
resulting ‘silos’.
● sound asset decisions consider
whole-of-life costs of asset
ownership, which cut across the
plan/design/operate and maintain
organisation of most utilities.As in
all aspects of asset management,
working together effectively across
organisational lines is essential to
success and improvement.
The work also resulted in a clear
decision rule about when detailed
(and expensive) condition assessments
of assets are economically sound
investments of customers’ money.
Detailed condition assessment is
justified when:
● replacement is expensive and
condition assessment can indicate
action to extend the asset’s life
● unexpected asset failure has adverse
consequences beyond replacement
cost and condition assessment can
predict the failure
In either case, assessment is likely to
reduce costs by more than the cost of
the assessment. ●
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ver 30 years ago, several
jurisdictions embarked on a
journey that was intended to drive
improvements in infrastructure
asset management throughout
various industries.The practices
were first seen in Australia and
then New Zealand, and then
accompanied the privatisation of
water in England and Wales. Since
then, other countries have joined
in the strategic pursuit of
adopting best and appropriate
infrastructure management
practices. However most have
proceeded along this pathway on
their own. In this ‘go it alone’
context, a fair few have failed to
establish a forward-looking
infrastructure strategy.
The authors have been involved in
all or significant parts of this process,
which has now spread to cover much
of the developed world.We all agree
that there is an opportunity to bring

O

about this important transition in a
more disciplined and efficient manner.
This discussion paper forms the third
in a suite of papers on a future vision for
infrastructure asset management.
● Asset management worldwide: the
lessons learned (WAMI 1.4,
December 2005)
● The AMPLE tool:Asset
Management Program Learning
Environment (WAMI 2.1,
March 2006)
● Taking a global quality framework
approach to driving
infrastructure asset management
improvements (this paper)
It is suggested that readers will
have a better understanding of the
issues if they read the previous papers.
The vision/premise
The idea of creating a global model
for infrastructure management seems
daunting; but, if we can manage our

extensive and valuable community
infrastructure assets far better than
we currently do, we can have a
tremendous impact on the standard of
living for millions of people around the
world.We can have a positive impact
on our planet in the context of a triple
bottom line (TBL) approach by
looking at our infrastructure
management while taking economic,
environmental and social factors into
consideration.
It seems a logical next step that we
come to terms with establishing a
forward-looking standard for
management of infrastructure assets.
As workers and managers or current
stakeholders in the infrastructure
industry, we owe it to our customers,
communities of interest, and in
particular to future generations.
Should we proceed down this path,
it is important to do so using an ISOtype quality framework approach,
which ensures that efforts in this area
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are not wasted and that our scarce
community resources are spent in
the most effective way, providing
infrastructure services that are effective,
efficient and sustainable.
The basic premises for this paper are:
● the key issues and drivers relating to
infrastructure portfolio management
are the same all over the world
● the best appropriate practice
management of infrastructure
portfolios and the whole of life cycle
processes are common for all
infrastructure assets
● the practices related to individual
asset types do differ, for instance
condition assessment practices
● the other key variables involve
different regulatory frameworks,
national, regional and even
individual agency issues, but these
can be addressed under a common
quality based framework
● we can foster broad improvements in
how we manage these infrastructure
service delivery businesses on a
global scale by improving in the way
we engage each other and share
knowledge and leverage our
learning experiences
Basically, the idea is to take the
resources that are directed toward
reinventing the wheel and simply
redirect them to work towards
improving on an accepted version of
the best currently available ‘wheel’. A
common framework will always be
a work in progress, subject to enhancement and improvement as we proceed
along our journey of accumulating
knowledge. Best appropriate practice is
continuously improving, so the model
needs to be dynamic and able to
accommodate this change.
Fundamentally, the distinctions

Total Enterprise Asset
Management Quality
Framework
TEAMQF

The needs and drivers
Obviously, infrastructure services play a
significant role in modern societies.
Because of the environment we live in
and our expectations for our standard
of living, we will need infrastructure for
decades and possibly centuries to
come.The infrastructure, by
definition and as a characteristic of its
fundamental nature, will fail. Many
factors drive the cause of failure, but
the critical ones are:
● the increasing demand for
infrastructure assets due to
population growth, demographic
change (shifts of population) and
increased demand for additional
services and improved levels of
services, including the TBL issues of
better social, environmental and
economic performance.These
demands are in terms of quantity or
capacity and quality of service.
● the rate of decay of our existing
infrastructure assets and the services

The Gap Tools
Basic
Intermediate
Advanced

WBP
BAP
Worlds Best Practice
Life Cycle AM
Processes (Generic)
Asset Related
Practice
Guidelines

found in the current variations are
relatively small points of departure at
the strategic level.These variations in
the best way to conduct the work of
the business evolved as a function of
our inherent desire to distinguish
ourselves, our product, or our
institutions. In the scheme of things,
perhaps some valuable insights and
innovations result. However this model
of ‘everyone doing their own thing’
has costs: it inhibits benchmarking
activities and makes the process of
knowledge transfer, which relies on
similar vocabulary and shared vision, a
much more complex pursuit.
Undoubtedly, universally settling on
a mutually understood framework will
enhance the collaborative learning
process.

CQR

they deliver, which result in the
need for increased maintenance,
rehabilitation and replacement;
enhanced performance or quality
of outputs to match the demands
and increasing levels of service;
augmentation of capacity (in line
with the above demands); and the
adoption of new practices,
technology and support equipment
that will improve efficiency and
reduce the costs of service delivery.
● lack of successful knowledge
transfer mechanisms. Infrastructurerich industries worldwide have
recognised the need for better skills
and knowledge in the unique area
of life cycle infrastructure asset
management. Despite this,
traditional academic institutions
have not moved into the forefront
in developing changes in
programmes and offerings to meet
emerging knowledge needs. To a
significant extent, this vacuum in
upgrading the knowledge
environment has occurred
because of the lack of a cohesive
understanding of the underlying
knowledge requirements.This
might be somewhat explained by
the ‘everyone go it alone’ attitude
found in the infrastructure sectors.
Whatever the root causes, the result
is somewhat akin to a market failure
in the context of educational
offerings.

Figure 1
The AMPLE tool
modules

The Gap Tools
Basic
Intermediate
Advanced

Case Studies
Proofs of
AAM Benefits

AMIP
AM Improvement
Plan

Pilot Project
Training for
Skills Transfer

EIP
Effective
Imlementation Plan

Specialist
Guidses &
Tools

AMPLE Product i sbased on allowing agencies to achieve ISO quality accreditation for
Life Cycle Infrastructure Asset Management

Fully grasping the common elements
of infrastructure knowledge
requirements and increasing awareness
of the changing character of the
infrastructure asset workforce
would do much to create a better
understanding of future human
resource requirements and skill
demands. It has been universally found
across many continents that age
demographics and changing career
patterns present an unprecedented set
of human resource and knowledge
transfer challenges that must be
addressed. In a nutshell, the conditions
include the following:
● an ageing workforce, due primarily
to the ‘baby boomers’
● greater workforce mobility, both
nationally and now internationally
● the shift in attitude from ‘job for life’
to ‘job for now’
● demand for skilled workers from
other developing sectors across the
world such as those of China
and India
● smaller governments and downsized
agencies, meaning there are less staff
to complete the internal training
and mentoring programmes that
were the basis of skills transfer in
the past
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The skill set associated with long-term
strategic management of these assets
places significant demands on our
traditional skill base, allied to our
knowledge of how to build and
operate these systems.The need for
specialist skills to run the new,
complex assets and facilities we are
now expected to manage is evident.
There would seem to be a clear need
for a fully-accredited training
programme with multiple levels to suit
the new roles and responsibilities that
are needed to properly manage these
valuablecommunity asset portfolios.
There is also an accompanying need
for senior managers to have a broader
range of skills.
However, in the short term, it is
prudent to assume the prerequisite
skills will not be readily available in the
context of strategies based on the
current education system.The
distribution of personnel, located over
huge geographic areas, means they
cannot easily be trained by the old
methods that we relied upon.The
process of establishing the market in
the context of emerging demands and
then building the new curricula
presents a fairly lengthy timeline and
does not appear to have much impetus.
This means a new way to share
knowledge and access learning
opportunities is required, and webbased tools offer a great approach when
combined with on-the-job mentoring
and support.

Figure 2
Municipal model
(US)

The key elements of this version
would include all the generic
supporting modules (see Figure 1):
● the quality framework

national committees or centres of
excellence, which would ensure the
most effective global collaboration.
Under the framework, the global

Roads
Drains

AMPLE
GENERIC

Buildings
Parks
Recreation
Plant & Equip
Education

All 3
Generic

Police & Fire

Levels

Water
Wastewater

Structures
AMPLE
GENERIC

Drainage
Sidewalks

Laneways
Cul de Sacs

Bridges

A potential global model
We consider that the common
elements for addressing knowledge
requirements would reflect the
following: to achieve the objectives, an
infrastructure asset management model
would be globally coordinated through
a collaborative approach, with input
from the various national member
bodies.At the national level, outputs
would be shared via a commercial
business model that has value-based
research and development driven by
needs identified by infrastructure
agencies. The model itself would be:
● a standard basic model – an ISObased quality framework so that
LCAM can become a fully fledged
international standard
● a common framework that covers
life cycle processes for sustainable
AM covering all (generic) assets
● common ‘best appropriate practice’
models developed to cover all
individual asset types, for instance all
infrastructure assets including roads,
water pipes and electricity pylons
One of the significant benefits of this
approach will be global collaboration
and coordination. All stakeholders
would need to be involved, through

Residental
Tunnels
Collectors
Roads
Main Roads
All 3
Generic

Speed Controls
Traffic LLights

Levels
Street Lightinh
Walk/Running

Arterials
Freeways
Interstates

Signs & Markings

Figure 3
Roads industry
model showing all
categories of asset
covered and then
how each breaks up
into more detail

model would be created in three
distinct parts:
1) A generic global model.This
would be a generic model that reflects
the world’s best practice information,
managed by a global network of
national asset management steering
(NAMS)-type organisations, whose
sole focus would be on the common
framework model.This model would
involve all process aspects related to
advanced life cycle asset management
of entire infrastructure portfolios, the
life cycle functions and the ISO quality
framework that underpins the entire
tool set, such as TEAMQF.

● the generic best practice processes
for portfolio management, covering
the entire life cycle of the portfolio
(see life cycle wheel)
● the asset-related practices, based on
industry models
● the gap analysis tool suites
● the benefit/cost modules
● the asset management improvement
plan module
● the effective implementation
module (change management)
● the learning experience modules –
the eLearning modules that take
users through a structured training
programme in a step-by-step process
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Structures

AMPLE

Drainage

GENERIC

Sidewalks

Laneways
Cul de Sacs

Bridges
Tunnels

Residental
Collectors

Roads
Main Roads
Speed Controls

All 3

Arterials

Generic

Traffic Lights

Levels
Street Lighting
Walk/Running

Freeways
Interstates

Signs & Markings

with generic and industry/asset
based training programmes.
2) Generic global industry
versions (multiple).These would be
the ones customised to suit the various
industry models.They would still be
global, but modified to include all the
best practices and other information
related to the individual asset types
associated with their particular
industry, such as potable water,
electricity, gas, rail, and seaports.These
global industry models (such as water)
would be managed by a global network
of national industry-based NAMS-type
organisations, whose sole focus would
be related to the industry and the asset
types.These industry-based NAMS
groups would be clearly linked with
the industry-type associations on
both a national and international
perspective. (such as AWA and IWA).
These industry-based models would
develop best practice in the areas of
difference from the generic model by
including key industry issues and case
studies, references and so on.Access to
these industry models would be
gained as the user accesses the relevant
industry version of the generic tool.
This is best shown by the following
figures, which demonstrate how the
generic model expands to a municipal
industry model and then further
expands into a roads model.
3) Asset based versions
(multiple).These industry models
would develop best practice in the areas
of difference from the generic model.
The key areas of difference are:
● asset hierarchy and data standards
● condition assessment practices (such
as the SEWERAT rating for CCTV
footage of sewers)
● key performance indicators (KPIs)

● performance monitoring equipment
● valuation techniques
● maintenance practices and strategies
● rehabilitation techniques
● non-asset solutions
● specialised support equipment
● specialised information systems
● disposal issues and strategies
These global models would then form
the basis of the national and regional
model in each jurisdiction.The various
members of the global management
committees would report back to
their respective national organisations,
which would then decide on what
new elements would be added to
their model.
They would also decide on issues
that they believe were required for
their jurisdiction, but this would be
vetted through the global network
to ensure that no other jurisdiction
has the same issues and might have
completed work in this area.A decision
would then be made as to whether
this could be adopted, or whether it
should be improved and added to
the global suite.
The following figure tries to show
how the roads transport group would
develop its products, showing the
further break for roads only.
Collaboration globally and nationally
Involving all stakeholders and
coordinating these inputs alongside
your valuable feedback will be a
significant task.The US EPA initially
began this process by holding a national
collaboration workshop on asset
management in Washington in
May 2005.
Where a future ISO-based tool will
be located, and who will manage it,
have not been decided. However steps
have already been taken to use the

Figure 4
Industry – road
transport – asset
types

AMPLE tool to encourage and
support asset management across the
US water industry. The key users are
the utilities and agencies that are
charged with managing these huge
portfolios – the staff and managers –
the policy makers of water agencies
across the country.
Potential global collaboration
partners
Who is ready for the development of
a global model? We believe that several
countries are ready to participate in
the development of this global
approach.The national organisations
that have been working on improving
their infrastructure management
techniques are:
● Australia
● New Zealand
● Canada
● the US
● the UK
● South Africa
● Malaysia
● several European (EU) countries
There may be many other countries
that the authors are not aware of,
though we are very aware of the
tremendous work being undertaken
in several countries across Europe.
We hope that these will be the key
participants, though it should be
remembered that progress in this area
will help many others, with all
developing countries needing basic
asset management skills and training.
This would also give us the numbers to
comply with ISO standard
development.
Where to from here?
This paper is intended to raise
awareness and to start meaningful
discussion on the development of an
ISO standard for infrastructure
portfolio asset management.We are not
sure that it will be possible. It will
require significant collaboration. It will
require participants to give up
parochial attitudes. It will require
giving up vested interests and thinking
of the bigger picture and the common
good, rather than individual
programmes. So, the authors of this
paper are interested to hear from you.
● do you think it is possible?
● would your organisation like to
be involved?
● how can we get it started and what
should we do next?
The authors thank you for taking the
time to read this paper. ●
Please share with us your ideas,
viewpoint, feedback to the author
group by making comments to
roger.byrne@ghd.com.au
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Asset management and its alignment with
effective utility management
For an asset management programme to be successful, an overall change in thinking,
strategy, and process must be embraced across all departments within a utility’s
organisation. Every department and function has a role to play in an asset management
programme, and must understand their overall impact in order to ensure that the
programme achieves its stated goals and objectives. Success requires a multidisciplinary approach that includes engineering, operations, maintenance, financial
and business functions. Because asset management is so all-encompassing, it must
be aligned with overall efforts toward effective utility management. Essentially, asset
management is about ‘businesslike management of assets’, and thus cannot be
considered as a standalone programme that is purely in the realm of engineers,
operators, or maintenance personnel. This is dramatically different to the physical
infrastructure focused approach that many utilities have adopted.

term capital improvement plans and
ensures that they are integrated with
operation and maintenance strategies.
In addition, it addresses a utility’s
organisation, business processes,
technology and data, and ensures that
these can support overarching service
level objectives within the available
financial resources.
The overall ‘mission’ of asset
management is to guide the
implementation of a strategic plan and

Strategic Plan
Environmental

Regulatory and

Policy

Public Policy

Stakeholders

Appointed Officials

regulators and elected officials.
Asset management starts by assessing
high level strategic goals and further
defining these into formal and
established service levels that cover
reliability, customer service and
environmental compliance.A utility
can then develop infrastructure,
business and financial plans that will
deliver these service levels in an
effective and efficient way.
Asset management strengthens long

Elected and

© IWA Publishing 2006

Customers and

sset management can be
defined as ‘delivering a
specified level of service to
customers and regulators at an
optimal life-cycle cost within a
strategy that ensures long term
sustainability of public assets’.
Beyond the textbook definition,
asset management is a focused and
strategic effort by a utility to
better manage its business and
physical infrastructure with a
long-term service level and
financial perspective.
A solid asset management
programme involves the development
of comprehensive plans to maintain
assets over time and ensures that they
perform according to established
service levels and design criteria
throughout their useful lives.Asset
management takes a systematic
approach, using proven methodologies
and techniques.
For water and wastewater utilities,
this process can start with a new or
existing strategic plan (see Figure 1).An
asset management approach can ensure
that a municipality or utility’s strategic
plan is fully implemented, goals are
achieved, and that the plan effectively
responds to the needs and demands of
key stakeholders including customers,

A

David C Sklar
Red Oak Consulting, Denver
USA

Service Levels

Asset Management Plan

Business Plan

Infrastructure Plan

Financial and Funding Plan
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Figure 1
Strategic approach
to asset
management

ASSET MANAGEMENT AND ITS ALIGNMENT WITH EFFECTIVE UTILITY MANAGEMENT

Operations and

Engineering

Maintenance

Asset Management

Business

Financial

strengthen capabilities and decisionmaking throughout an organisation.
The mission is all-encompassing and
should align with a utility’s strategic
goals, such as sustainability, efficiency,
protecting the environment and public
health, and good stewardship of
public assets.
An organisational approach
For an asset management programme
to be successful, an overall change in
thinking, approach, strategy and
process must be embraced across all
departments within a utility’s
organisation. Every department and
function has a role to play in an asset
management programme, and must
understand its overall impact in order
to ensure that the programme achieves
its stated goals and objectives.
Success requires a multidisciplinary
approach that includes engineering,
operations, maintenance, financial, and
business functions. Because asset
management is so all-encompassing, it
must be aligned with overall efforts
toward effective utility management.
Essentially, asset management is about
‘businesslike management of assets’,
and thus cannot be considered as a
standalone programme purely in the
realm of engineers, operators or
maintenance personnel. This is
dramatically different to the physical
asset-focused approach that many
utilities have adopted.

Figure 2
Key domains
of asset
management

At its core, asset management is not
just about condition assessment and
rehabilitation programmes, but
encompasses everything a utility does
to achieve its service level objectives.
This includes its organisational
structure, culture, business processes, IT
systems, data and information – all the
way down to the day-to-day decisions
made in the office and in the field.
All of this can only be achieved with
top-down executive and management
support and an enabling organisational
structure. This approach provides
greater sustainability and helps to
ensure that asset management and
utility management have a significant
impact on bottom line results and
deliver quantifiable performance
improvements.
Defining service levels
Service levels are a critical foundation
for an asset management plan, as
they identify the ultimate goals and
objectives for the utility. Service
levels can be defined as a utility’s
commitment to deliver service at a
specified level of quality and reliability
and can be thought of as a ‘charter’
or ‘contract’ between the utility and
its customers.
They are also tangible metrics that
are routinely reported and tracked
against established targets. Generally,
service levels can be thought of in four
major categories: reliability, quality,

customer service and regulatory
measures.A comprehensive set of
service levels should cover each of
these areas appropriately.
Well-defined service levels provide
clarity of focus for an organisation, and
are the key link between a utility’s
strategic plan and its asset management
plan. Service levels drive strategic
decision-making down to the day-today activities performed in the field,
and help to prioritise investment
decisions. For instance, a 60-minute
target response time for water main
breaks will require a utility to invest in
the proper business processes, work
standards and technology to achieve
this goal.
In addition, if a utility targets no
more than 10 water main breaks
per month, its capital replacement,
rehabilitation and renewal programmes
must focus on identifying those
physical assets that are likely to fail and
ensure that projects will have a direct
effect on meeting this target service
level. Employees are a key part of this
process, and must also embrace these
service levels goals.
Utilities are operating under
increased financial constraints, and
service levels provide a focus that
drives both physical infrastructure
investments and business investments
toward those areas that have a direct
impact on service level improvement.
They can also be used to properly
justify required investments and rate
increases, and give customers and
stakeholders greater confidence that
they are receiving high value and
efficient service delivery.
Developing an infrastructure plan
Once service levels have been
established, a utility can then develop a
comprehensive infrastructure plan that
delivers target service levels effectively
and efficiently through welldocumented maintenance and
operating strategies and capital
investments. This requires a wellmanaged life-cycle plan for all of a
utility’s major infrastructure including
plants, pumping stations, sewers/mains,
valves and so on. Development of this
plan includes an up-front risk and
criticality assessment, condition
assessment and analysis of historic
failures and events.
This is perhaps the most complex
phase of asset management, which
involves integrating many ongoing
activities including asset inventory
and valuation, modeling and capacity
analysis, preventive and corrective
maintenance strategies, renewal and
replacement criteria, rehabilitation
programmes and decision
support tools.
Criticality, capacity, risk and
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condition analysis identify focal
areas toward which preventative
maintenance budgets should be
targeted. In an environment where
budgets are limited, available funds
must be directed towards infrastructure
that has a high probability and/or
consequence of failure. Part of this
strategy involves accepting that many
non-critical infrastructure components
can be run to failure, as it is costprohibitive and inefficient to try and
prevent all failures.
Developing a business plan
A sound business plan ensures that a
utility is able to successfully achieve
its overall asset management goals
through optimised business processes,
information technology and data.
Utilities have come to realise that
business and financial skills are
just as critical as technical and
engineering competencies in
managing a utility and undertaking
day-to-day operations.They are
likewise, just as critical in an asset
management programme.
In order to respond to increasing
pressures from stakeholders, elected
officials and the public, utilities must
operate in an efficient, businesslike
manner with supporting organisation
structures, goals and accountability.

Although many utilities have ongoing
business performance improvement
initiatives, not all have successfully
integrated these into their asset
management plans and strategies. It is,
however, critically important that the
principles of asset management filter
down into all areas of an organisation
so that everyone is travelling down
the same path.
The financial plan –
a final component
Finally, an asset management
programme must be funded with a
long-term perspective and in the most
efficient way.This requires detailed
and accurate financial forecasts and
modeling tools, updated on a regular
basis. It is critical that O&M and capital
programmes are tied into financial
models and rate/funding projections
on an ongoing basis, to ensure that
planned rate structures can properly
finance the asset management plan as it
evolves. These should be ‘living’ plans
and models that are routinely updated
as an organisation’s information and
data improves and as regulations and
situations change. Financial plans
should include debt service coverage,
cashflow requirements, reserve
requirements, capital funding and new
debt service, and rate impacts.
Figure 4
Asset management
implementation
steps
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Critical drivers of success
Utilities should strive to create an asset
management programme that is
sustainable and has a long-lasting
impact.This requires building and
communicating a clear message
up front and getting the whole
organisation to buy into the effort
from the beginning.To do this,
organisations must create a mandate
for change, define clear objectives,
build momentum quickly and lead
from the top.
More often, however, many
utilities get mired in the detail of asset
management, including condition
assessments, criticality analysis, data
collection and significant
rehabilitation programmes, without
defining the need for change and
establishing clear objectives. Some
common tactics to help ensure the
successful genesis of an organisationwide asset management and utility
management effort include:
● create a high level organisational
role
● form cross-functional committees
and identify champions
● secure senior level participation and
governance
● engage boards and stakeholders from
the beginning
● perform an overall ‘fitness
assessment’ to determine how best
to proceed
● determine what is right for your
specific organisation
● conduct extensive training and hold
workshops
● get buy-in early
● create early wins
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Determine
Implementation
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Comprehensive

Implementation
Developing a clear and overarching
asset management strategy is the first
step in a long journey, and successful
implementation of that strategy is the
tricky part. It doesn’t have to be a
daunting task, however, if an asset
management plan is implemented
using a structured methodology.
Implementation strategies should
focus on developing well-defined
and specific initiatives carved into
sizable chunks that an organisation
can handle.
Asset management is a big effort –
but it doesn’t have to be undertaken
all at once. Utilities can use a staged
and cyclical process through strategy,
gap analysis, implementation, and
repeating the cycle on an ongoing
basis through specific initiatives and
continuous improvement.
Successful implementation efforts
will yield lasting benefits over time
and transform an organisation,
turning it towards an asset
management culture and ensuring
long-term success. ●
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Strategic management of water in
urban areas
The Canadian national water and wastewater
benchmarking initiative:
using process to drive improvement
Earth Tech has been successfully benchmarking Canadian municipal water,
wastewater and stormwater utility operations since 1997. While the fundamental
purpose of this project was metric benchmarking to make performance comparisons
that would guide continuous improvement, the work is now acting as a dynamic
platform for considering, examining and implementing a broad range of utility
best practices that have resulted in superior performance where they have been
put in place.
The keys to success, however, were based more on a process that emphasises
communication, teamwork and collaboration rather than the trend to push
computerised data management systems to their fullest potential, and most importantly
in recognising the importance of hard work. With these success factors now well
understood and documented, it is feasible to benchmark almost any public
infrastructure amongst agencies that are willing, regardless of their level of
technological development.
By sharing this methodology, the performance measure descriptions and
detailed definitions, it is also feasible to make international comparisons in a simple and
cost effective manner, thus opening the door to the broad exchange of international
best practices.

n 1997, a group of four
municipal wastewater utilities,
Earth Tech Canada and the
National Research Council
of Canada met to look for a
framework to answer four
seemingly simple questions that
had been posed by each of the
utility’s boards:
● how well are we doing?
● how do we compare with
similar organisations?
● are we getting value for money?
● how can we get better at what
we do?

I

Benchmarking, defined as ‘the
continuous process of measuring
products, services and practices against

the toughest competitors or those
companies recognised as industry
leaders’, was pioneered by Robert C
Camp at the Xerox Corporation in the
1970s. Because of its widespread use in
all leading corporations through the
1990s, it was agreed that benchmarking
could be effectively utilised to provide
the answer to these important questions.
However, what seemed straightforward and intuitive through many
best practice publications, was in fact
very challenging.The difficulty
appeared once the practice was
recommended for use in the public
sector. In the private sector,
competition results in ruthless selection
of the fittest; whereas virtually all
private sector corporations ultimately

David Main
Earth Tech
USA
Leslie Ng
Earth Tech
USA
Andy North
Earth Tech
USA
© IWA Publishing 2006

roll all performance metrics into only
one final performance measure (total
return to shareholders as measured by
profit and shareholder equity), public
agencies have always had a much
broader set of objectives, including
performance on social and
environmental as well as
financial matters.
Benchmarking was assumed to be a
well-documented process, but in fact
had to be redesigned from the ground
up in order to develop a management
process that reflected the attainment
of goals that by definition will always
compete with one another (for
example, improved environmental
performance will be at the expense of
bottom-line financial results).
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An extensive literature search
showed that benchmarking in the
public sector had been conducted in
the past, even within the municipal
water and wastewater utility industry.
Further analysis however, showed that
past exercises tended to be short-lived,
usually terminating after one or two
iterations. Only in exceptional cases
has benchmarking appeared to deliver
remotely satisfactory results.
Weaknesses within all examined
examples included:
● inability to provide accurate and
comparable data
● lack of agreement about what
to measure
● lack of patience among participants
to optimise the benchmarking
process
● few if any tangible improvements in
participating organisations
By focusing efforts at the early stage
of the project on each of these issues,
the national water and wastewater
benchmarking initiative was able to
design a robust methodology for
successfully and continuously
undertaking metric benchmarking
within the public sector.The project
has found success not only in its
fundamental purpose of metric
benchmarking, but also as a dynamic
platform to consider, examine, and
implement a broad range of utility best
practices that have brought about
superior performance. In addition, the
project has developed into a highly
effective peer network from which to
share and exchange ideas about utility
management.
What is benchmarking? (and more
importantly, what is it not?)
In some circumstances, benchmarking
has become another in a long list of
management buzzwords that have
been promoted as a single strategic
management cure-all. It is not. In fact,
if all you do is benchmarking, then
there is no value to the process
whatsoever. Benchmarking must be
used in association with a coordinated
series of management and operational
actions that produce change.
If you agree, however, that you
cannot improve what you do not
measure, then benchmarking is an
essential part of a strategic
management framework.As shown in
Figure 1, this was confirmed by
Boston-based Bain Consulting’s annual
Management tools and trends Bain &
Co (2003) survey.This highlighted the
most effective strategic management
processes used by more than 700 global
companies over the past nine years.
According to Bain & Co, strategic
planning (used by 89% of firms), was
followed by benchmarking, (used by

Strategic Planning
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Benchmarking

84%
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84%
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Most effective
management
processes: 2003
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Participating cities in the national water
and wastewater benchmarking initiative
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Canadian urban centres that account
for over 60% of the country’s
population.
This wide participation base is not
without its challenges. Canada is the
second largest country in the world. It
spans four and a half time zones and
includes climates that range from near
Mediterranean to Arctic (including
permafrost). Precipitation ranges from
desert to temperate rain forest levels. In
the past, comparisons amongst such a
diverse base had been discounted. But
by taking local factors that may affect
cost, performance or the selection
of practices into account in the
methodology, participants are rewarded
by being able to evaluate an enormous
range of practices.The fact remains,
regardless of where we are located,
we are all in the same business of
operating public water and wastewater
utilities. Figure 2 shows a map of the
distribution of participating utilities.
Methodology: it’s not rocket science,
but it is hard work
The NWWBI uses a nonproprietary benchmarking
methodology that follows a
conventional annual cycle as shown in
Figure 3. Great emphasis is placed on
keeping the methodology simple and
focusing on the effectiveness of each
task within the overall process.The
management premise is that if even one
link is broken the overall programme
has no chance of success.The following
continue to be critical in the
programme’s ongoing success:

84% of firms), as the most effective
of all management tools.‘They are your
basic management tool kit’, the survey
noted.
For the national water and
wastewater benchmarking initiative
(NWWBI), benchmarking
encompasses regular annual
comparisons about the attainment
of common goals for the purpose of
identifying performance gaps. Equally
important is implementing the
improvements, monitoring progress
and reviewing the benefits of the
implemented changes.
What differentiates this programme
from the traditional consultancy-led
private sector programmes aimed at
competitor analysis is that the
NWWBI has been undertaken
collaboratively, through the willing
sharing of performance data, to learn
about the circumstances and processes
that underpin superior performance. In
tandem with this is the realisation that
no single organisation has all the
answers, and that success is measured
through a wide range of criteria that
may include financial, sustainability,
reliability, environmental and customer
service measures.
Participation is national in scope
Launched in 1997 as a pilot project that
included four participating cities as well
as team members from Earth Tech (as
the programme Manager) and the
National Research Council for
technical advice, the benchmarking
initiative has grown to the point where
it serves as a national standard.Today,
the initiative includes 37 of Canada's
leading municipal and regional utilities.
The partnership now represents

The utility management model: what should
we measure?
The first task of the project was
to develop a standardised utility

Utility management model
Goals

Performance
measures
Data collection

Data analysis
and evaluation

Closing workshops

Report and database
action plans
Figure 4
Utility management
model

Figure 3
Annual
methodology

National water and wastewater benchmarking initiative
utility management model
Utility Goals
Reliability and
sustainability

Infrastructure
adequacy

Cost efficiency

Safe &
Public health &
productive work
safety
environment

Customer
satisfaction

Environmental
protection

Performance Measures (PMs)
2 PMs eg
No. of water quality
complaints per 1000
customers

3 PMs eg
Volume of treated
water / volume of raw
water

Water

8 PMs eg
No. of sick days
taken per FE

Waste
water

9 PMs eg
Length of main
cleaned / length

12 PMs eg
Capital reinvestment /
replacement value

18 PMs eg
Length CCTV inspected
/ 100km

3 PMs eg
% of design
AAF utilised

37 PMs eg
Per-unit biosolids cost

5 PMs eg
Number of reported
surcharges

4 PMs eg
No. of accidents / 1000
labour hours

2 PMs eg
No. of odour
complaints / 1000
customers

3 PMs eg
Kg BOD discharged to
environment per capita

Storm
water

4 PMs eg
23 PMs eg
No. of hours of storage
O&M cost / Ml treated
capacity at ADD

4 PMs eg
Length of eroded
steam / length of
streams

4 PMs eg
Stormwater fees /
serviced population

3 PMs eg
O&M + indirect costs /
100km length of
drainage

4PMs eg
Value of damage due
to flooding / serviced
population

3 PMs eg
No. of training hours
for SW employees /
employee

2 PMs eg
Are there stormwater
regulations?

3 PMs eg
No. of breach closures

Data
collection

Data analysis &
evaluation

Closing
workshops

Annual
Review

Annual
review

Report &
database

management model that would
provide the framework for selection
and definition of performance measures.This single step proved to be
critical
to the foundation of the entire project.
Figure 4 illustrates the utility
management model adopted, with the
utility goals and the relationship to the
many performance measures. The
utility management model defines a
framework of high-level goals to
which all water and wastewater utilities
in Canada aspire to. Success therefore,
is literally based on the attainment of
these goals.The model provides the
basis for selecting practical and relevant
performance measures to measure
goal attainment.
Complete utility management goals
are presently stated as:
● provide reliable and sustainable
infrastructure
● provide accessible and sufficient
infrastructure (capacity)
● meet service and performance
requirements at minimum
sustainable cost
● protect public health and safety
● provide a safe and productive work
environment
● have satisfied and informed
customers
● protect the environment and
minimise environmental impacts
With the utility management model
in place, a comprehensive set of
performance measures was formulated
to measure a utility’s success in
attaining each individual goal.A
very detailed definition for each
performance measure numerator
and denominator was also documented
so that comparable data could be
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collected to assure valid comparisons.
In most cases, each performance
measure includes a numerator
(expressing the level of goal
attainment) and a denominator
(a normalisation factor to enable
comparisons, amongst agencies of
differing sizes).Table 1 below shows an
example performance measure and its
corresponding definition:
In all, the NWWBI conducts
benchmarking on about 50
performance measures each for water
and wastewater treatment, water
distribution and wastewater collection.
There are presently about 15
performance measures for stormwater
drainage. In keeping with our approach
to an open methodology, all the
NWWBI performance measures and
the definitions are published and
available to any interested party on the
project website (www.national
benchmarking.ca). Other benchmarking practitioners are encouraged
to leverage their efforts from NWWBI
published standards. It is our view that
the more international agencies that
use these same measures, the easier
it will be to make international
comparisons if the parties are
interested in doing this.

Data collection: communication and team
work, not data processing
Data collection is the most difficult
and time-consuming aspect of benchmarking. It is also vitally important, for
without accurate and reliable data it is
impossible to make performance
observations. Earth Tech’s early
research into past exercises showed that
the data collection effort was severely
underestimated and the resulting data
collection flaws brought about the
termination and/or failure of the
benchmarking examples. Our
experience is that no less than 30% of
the benchmarking effort must be
dedicated to this single activity, at least
in the early stages, before quality
information can be assured.
A key distinguishing factor of this
benchmarking project when compared
to similar benchmarking efforts is that
data is collected through on-site data
collection visits with the use of trained
data collection staff from Earth Tech in
close association with key utility staff.
In addition to effort, participants
must be willing to be patient in
developing a robust benchmarking
database. Ofwat, the economic
regulator for the water industry of
England and Wales, predicted that it
would take two years (two complete
iterations) before reliable data could be
assumed in its benchmarking efforts.1
In our experience, two years has
been an optimistic target that only
some utilities have been able to

Performance
Measure

Numerator Definition

Denominator Definition

Total Operations &
Maintenance Cost
/ km Length of
Distribution
system).

Sum of the actual O&M costs incurred
in the operation of the distribution/
transmission/ integrated system
(excludes capital costs, indirect costs,
transfers to reserves and debt/interest
charges). Includes O&M costs for both
linear (pipes, meters etc) and non-linear
(pump stations, reservoirs etc)
infrastructure. Revenues are only
included where they are recoveries for
work done by water distribution staff that
is extraneous to the utility (for example,
lab tests for other utilities).

Total length of mains in the distribution/
transmission/integrated system (i.e. excluding
length of service connections). For the
distribution system length include all
connecting pipes between pump stations,
rechlorination facilities and storage facilities if
these are located within the distribution
system. For the transmission system length
include all connecting pipes between pump
stations, rechlorination facilities and storage
facilities when located between the source
and the treatment plant or between the
treatment plant and the distribution system.

Table 1
Example of
performance
measure and
definition

Figure 5
Example of a group
comparison graph

3

achieve. For the NWWBI, it has taken
about five years to develop reliable,
usable data that is statistically
significant, historically sound and
accurate for historic trending.
However, this longer term has allowed
the NWWBI to document best
practices for the collection and
management of utility data. Unlike
other best practice efforts, which rely
on computer-based data management
systems, the key to success is
communication and team work within
each utility department. Computerised

data management projects must be
designed only after business processes
have been developed and installed.
Because of the need for
communication and cooperation
within utility agencies, a peoplefocused approach to the collection of
information has helped to develop
greater insight into each utility’s local
factors and operations.The personal
involvement of Earth Tech staff in
collecting the information also helps to
ensure that quality assured data is
collected and is comparable.

Field FTEs

Tech/Eng FTEs

Supervisor FTEs

Lab FTEs

Indirect FTEs

2003 Estimate % O&M contracted

120%
100%

2.5
2

80%

1.5

60%

1

40%

.5

20%

0

0%
Negative Values - no data available

-.5

-20%

X-axis - in order of increasing flow

$1,600,000
$1,400,000
$1,200,000
$1,000,000

Figure 6
Continuous
improvement
example of a trend
for energy costs
normalised by total
horsepower of all
pumps in wastewater collection
systems

y=69.755x + 262.67
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$600,000
$400,000
$200,000
$0
0

2000

4000

6000

8000

10000

Total PS Horsepower

WATER ASSET MANAGEMENT INTERNATIONAL • 2.3 - SEPTEMBER 2006 • 19

12000

14000

STRATEGIC MANAGEMENT OF WATER IN URBAN AREAS

2003
2002
2001

$42
$39
$48

Minimum

Figure 7
Example of a
minimum/
maximum/average
personalised graph
for water
distribution
systems

$456
$414
$355

Maximum
$189
$180
$169

Average

$244
$216
$288

Utility A
$0

$100

$200
$300
Negative value - no data available

The unexpected benefit for
many participating agencies is that
benchmarking may be the first time
many utility staff have been asked for
very specific information. It is not until
the data collection task begins that
utilities begin to realise both how
much information they actually have
about their system, and also whether
they can locate it. Many utility
organisations still rely on the memories
of veteran utility operators or foremen,
who have intimate knowledge of each
valve, pipe, and pump.This complex
knowledge is in danger of disappearing
with the impending retirement of
long-time operators.We try to
maintain a personal aspect to the data
collection process to ensure that
someone talks to this operator (and
documents the detail) if the
information is not kept elsewhere.
The well-documented and rigid
structure required for the NWWBI
data collection procedure provides a
detailed framework for beginning the
difficult process of documenting
operational and management
information.The ultimate aim is to get
this information into key management
systems (such as CMMS and GIS)
and therefore, ensure that valuable
knowledge will not be lost with the
retirement of that one utility operator.
The results are worth the effort and
investment. Because the participants are
able to use the results with confidence,
the project has been able to tackle a
wide range of performance-related
discussions productively. Each year,
the project has added valuable content
that makes the results more and
more accessible to municipal utility
practitioners.

Results: from data collection to continuous
improvement
The usefulness of benchmarking
data only becomes apparent when
continuous improvement actions are
formulated. To start this process, the
NWWBI produces a vast array of

$400

$500

pictorially-based graphs (some 5,000)
that depict overall group performance,
and personalised historical trending
graphs.These results are published in an
annual report, and are always available
online through the project website.
Earth Tech even provides a help
desk service to customers to help in
customising the data to meet a wide
Goal 1 - Reliable
100%

Group Average 2003

80%
Goal 5 - Safe

60%
40%

Goal 2 - Sufficient

20%
0%

Goal 4 - Public Health

Goal 3 - Sustainable Cost

variety of reporting needs.All data is
generated from a relational database
management system, but the MS
Access-based application tends not to
be that intuitive for the occasional user,
therefore assistance is always available.

Group comparison graphs: how do we
compare with similar organisations?
First, group graphs are produced which
compare results within similar groups.
Performance measures are calculated
from the compiled data in each area:
water distribution, water systems,
wastewater collection, wastewater
treatment and stormwater. In
comparing the data in group graphs,
we compare similar systems – for
example, only conventional water
treatment plants of less than 60 MLD
are compared for measures such as
O&M costs to avoid the large gap
created by economies of scale and
because clearly conventional treatment
plants cannot be compared to

Figure 8
Example of a radar
chart

unfiltered or even direct or membrane
filtration plants.
As we make further comparisons
and interpretations of the graphs, our
personal knowledge of the systems
helps to evaluate what local factors
may be considered as well as regional
issues that may be of importance.
Despite these unique characteristics,
there are always comparable issues and
factors.This article includes example
group performance graphs.

Minimum, maximum and average graphs:
how are we doing?
One of the other types of graphs that
are produced is the personalised
minimum, maximum and average
trending graph.The group average,
minimum and maximum are shown
over three years as well the utility’s own
data for three years. In this way, an easy
visual comparison can be seen for
overall improvement, comparability
and performance gaps within a
comparable group.
For example, utility A is clearly
above average in terms of pump station
O&M cost per total pump station
horsepower. To realise the full benefits
in identifying this performance gap, the
people-focused approach to a utility’s
data collection and operations lends
insight to the unique local factors that
are affecting the results from this utility.
Perhaps energy costs are higher in this
area, or perhaps they have oversized
pumps.The key to improved
performance is understanding what the
performance driver is and then being
able to respond to it.The graphs only
help to identify performance gaps; the
personal knowledge of the utility
allows the information to be applied in
a relevant continuous improvement
action plan.
Radar charts: how are we doing overall?
When asked how a utility was doing
on a whole, we did not initially have a
visual representation of the utility’s
total performance.The radar chart, as
seen in the Environmental
Sustainability Index project (Yale
Center for Environmental Law and
Policy, and the Center for International
Earth Science Information Network
(CIESIN) at Columbia University),
was configured as a roll-up of the
various goals and performance
measures to help utility managers and
operators get a quick view of their
utility’s performance amongst
competing goals, where each goal
forms its own axis on the radar chart.
Both high and low targets for
performance had to be determined to
calculate a utility’s performance based
on their achievement of the targets.
To quantify each utility’s performance
for the goals, representative
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performance measures were used.
The logic for quantifying the
performance measures for the
radar charts is based on discussion,
assumptions and conclusions agreed
upon at the annual workshop.
A radar chart does not eliminate
the need for bar charts, but instead
summarises the information provided
in the bar charts. One benefit of the
radar chart is that it identifies where to
start focusing energy on improving the
utility’s performance. For example, in
Figure 8 it is clear that on goals 3, 4 and
5 the utility is performing on average
with the group but on goals 1 and 2
work needs to be done. The utility
would now have to look at the bar
charts for the relevant performance
measures under goals 1 and 2 to assess
what can be done to improve their
performance.
Radar charts can provide annual
comparisons for a utility as well as
comparisons to best practices or targets
established by the group.They allow
utilities to compare their overall
management to similar utilities. Radar
charts are very useful as a way to
analyse and summarise large amounts
of data.They do not replace the
analysis of each bar chart and the
details behind each performance
measure, but will enhance the utility’s
ability to take a quick snapshot of its
performance that can be used to
communicate performance to all the
stakeholders in the utility.
Comparing graphs is one thing, but
benchmarking cannot end there. In
order to improve any function, the
information must be used to help with
the overall strategic management
programme.While this is ultimately
the responsibility of each participant,
the NWWBI is directly involved in
the process, with the creation and
facilitation of an enormous peer-topeer network, in considering,
planning, and executing a wide variety
of continuous improvement initiatives.

Peer to peer network and annual workshop
From the outset of the NWWBI,
each benchmarking iteration was
thoroughly debriefed in a multi-day
workshop forum dedicated entirely
to understanding the results. Early
workshops were informal events,
usually held in the meeting rooms of
a volunteer host utility. But as the
partnership grew, and the crossdepartmental interest in the results of
each participant also increased, these
modest facilities proved inadequate for
a productive workshop.
The summary workshop is now a
major annual event that has a total
attendance of up to 150 staff from
participating utilities.The key to
success remains the event’s workshop

Figure 9
An example effort
and benefits
diagram

approach, and it does not duplicate the
professional association’s conference
format. It is also a major networking
opportunity for all participants.
After benchmarking for over five
years, the partnership has grown and
made significant strides towards
continuous improvement through
various strategic partnerships and task
forces, by identifying utility gaps and,
not least, by developing a network
of industry operators and managers
collaborating and sharing their
information.The network is unique in
that a similar private sector partnership
could never be expected to share
this type of information with their
competitors.An atmosphere of
familiarity, comradeship and trust has
developed through adherence to the
group confidentiality protocol2 by all
partners, which encourages individual
and organisational learning, and
ultimately increases public sector
efficiency and accountability. There is
no doubt that one of the greatest
benefits and results of the Canadian
National Water and Wastewater
Benchmarking initiative is the network
of peer contacts that has emerged.

Effective continuous improvement
While many of the participants have
developed confidence in their data
and more accurate methods of data
collection, the NWWBI is now
recommending the effort and benefits
diagram as a tool to document
continuous improvement priorities.
The effort and benefits diagram
illustrates a scale of ease-of-

implementation and benefit-of-action
that helps to prioritise a continuous
improvement programme.
To gain the most benefit for the ease
of implementation it is important to
undertake an effort and benefits
analysis for the top five continuous
improvement initiatives, identified
through a high level review. By rating
each continuous improvement
initiative identified for each utility
along those two scales, the effectiveness
of each action can be seen relative to
the others.
Those performance improvement
initiatives in the upper right hand
corner are the initiatives that deserve
more focus in the next year, as they
have been identified as being not
very complex to implement while
achieving a high level of benefit.
Conclusions
For organisations that are interested
in using benchmarking to help
achieve continuous improvement,
the methodology outlined above will
provide answers to the first three of the
four questions originally posed in this
paper’s introduction:
● how well are we doing?
● how do we compare with
similar organisations?
● are we getting value for money?
But if you look at benchmarking in
isolation, you will not have addressed
improvement.To address the final, and
ultimately most important question
(how can we get better at what we
do?), the organisation must be willing
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to accept change.
Accepting and embracing change is
by far the hardest thing that any
organisation faces and there are no easy
answers, since human beings are
creatures of habit. But if you approach
benchmarking not as a numerical
exercise that relies on data, automation,
and computerisation, but rather as a
process to expand communication,
teamwork and collaboration, the door
to performance improvement will
suddenly open, and you will be
surprised at the result.
As the National Water and
Wastewater Initiative matures, we are
now starting to benchmark the final
result: success in implementing change.
To state it another way, the final
question becomes ‘Did you do what
you said you were going to do?’
By answering this question ‘Yes; and
here is the proof ’, we now see
organisations focusing their efforts on
what is truly important. Only now, the
leading Canadian municipal utilities
that participate in the National Water
and Wastewater Benchmarking
Initiative understand that hard work,
communication and teamwork will
once again be the keys to success. ●

Footnotes
1
International Benchmarking
Presentation by S St Pier (OFWAT) to
the NWWBI, May 2003)
2
Un-blinded benchmarking results are
confidential to the partnership

Improving wastewater treatment plant
operations efficiency and effectiveness. Water
Environment Research Foundation, US.
Environmental sustainability index: an
initiative of the global leaders for tomorrow
environment task force,World Economic
Forum (2002). Yale Center for
Environmental Law and Policy and the
Center for International Earth Science
Information Network (CIESIN) at
Columbia University.
http://www.ciesin.columbia.edu/
indicators/esi/
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Water Utility Management International is a new publication focusing on the needs and interests of senior water utility managers. The aim of this
publication is to provide those heading water and wastewater utilities with an international reference point on the strategic issues affecting their
organisations. Water Utility Management International will also be of value to consultants and others following developments in this area.
Presented in a newsletter format, Water Utility Management International will contain news, interviews, and in-depth brieﬁngs on topical issues.
Other articles will take an executive brieﬁng approach or be based on landmark case studies. Regular themes for articles will include ﬁnancing,
investment, regulation and personnel matters. There will also be a central theme of achieving efﬁciency in water utilities, encompassing topics
such as benchmarking, billing, tariffs, IT and service standards.
Subscriptions
Water Utility Management International is published four times a year
(March, June, September, December) by IWA Publishing and is available
as either a print or an online subscription.
Free sample copy of December 2005 issue to be available on IWA Publishing website.
2006 price (4 issues): £165 / €249 / $329 (IWA members: £150 / €225 / $299)
Contact: Portland Customer Services, Commerce Way, Colchester, CO2 8HP, UK
Fax: +44 (0)1206 79331. Email: sales@portlandpress.com

ISSN (print): 1747-7751
ISSN (online): 1747-776X
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European Commission releases manual on wastewater reuse
new manual on wastewater reuse is
now available from the European Commission
Publishing Services.
The manual was developed in the frame of the
international project AQUAREC ‘Integrated
concepts for reuse of upgraded wastewater’,
which was funded by the Fifth Framework
Programme of the European Commission. Its
strategic aim was to consolidate dispersed
knowledge in the area of water reclamation and
reuse (www.aquarec.org).
The manual aims at providing a single source
of information on commonly used or applicable
management practices in implementing and
operating water recycling and reuse schemes.
The aim is not to contribute to additional
experimental research but to disseminate the
knowledge that has accumulated over many
years, the results of which are often still not
readily accessible (in a single document).
This publication presents practical information

A

on waste water reuse concepts based on actual
and proved management and operational
practises. The manual comprehensively
addresses organisational, economic and
financial considerations together with social
and environmental aspects. The extensive
presentation of technological issues, such as
treatment processes, disinfection, monitoring
and distribution, covers many of the end-use
requirements and specifications.
The targeted readers are mainly practitioners
concerned with implementation of waste water
reuse schemes, but this publication may also
become ‘the wastewater reuse manual’ for
decision makers, local authorities, consultants
and research bodies involved in the area.
This manual can be useful in encouraging
best practice and generating discussion,
directing research and deepening understanding
in the development of safe and sustainable direct
non-potable water reuse schemes. The manual

do not pretend to give the ultimate answers to
how to manage water reuse schemes, but it can
be seen as a milestone to reach international
consensus on best practice.
The publication is available as printed or PDF
document from OPOCE at: http://bookshop.
europa.eu/.
Other outputs of the Aquarec and other EU
projects and up-to-date developments in the use
and management of reclaimed water at large will
be addressed at the upcoming 6th IWA Specialty
Conference on Water Reclamation and Reuse for
Sustainability. Some of the issues at the centre of
debate will be the role of water reuse as a useful
measure to reach integrated water management
goals, to reach the Millennium Development Goal
and to provide reliable and sustainable water
supply to agriculture and industry. The upcoming
deadline for submission of abstracts is January
12, 2007. More details of the conference can be
found at www.wrrs.2007. ●

Asset Management: online training tools and resources
Bridging the gap – online video resource for
asset managers
Bridging the Gap is dscribed as a
ground-breaking online video designed to
help elected officials and water and wastewater
managers make smart choices as they address
water and wastewater infrastructure issues.
Developed with EPA grant funds, this
innovative video and website is a collaborative
undertaking with Penn State’s College of
Engineering, World Campus, and its Public
Broadcasting units. The video outlines the key
steps to developing an asset management plan
for both novice and experienced professionals.
The hosting website provides an online learning
experience with an extensive array of reference
materials to support the central concepts and
real-world examples of emerging best practices
and innovations in water asset management.
Bridging the Gap provides an overview of
issues to promote municipal infrastructure asset
management and it motivates viewers apply the
concepts to their local challenges. The video
includes interviews with EPA officials and
perspectives on water and wastewater from
stakeholder organisations. It also includes
commentary from leading local public officials,
including the Mayor of Atlanta.
Access to the video and related materials is
available at: https://courses.worldcampus.
psu.edu/public/buried_assets/.

Asset management ‘train the trainer’ course
and TEAMS Software
Train-the-Trainer is an asset management toolkit
from Maryland Center for Environmental Training
(MCET), designed for instructor delivery to a
group of participants, or as a self-paced
interactive presentation for use by an individual.
The subjects covered in this Asset
Management trainer's course include the

establishment of management teams,
developing objectives, conducting asset
inventory and condition assessments,
developing maintenance and rehabilitation
programs, capital improvement planning and
program administration. Curriculum, complete
with trainers guides, can be downloaded from
this site. The TEAMS software program is
available on request.
This toolkit consists of three sections:
1) presentation slides and instructor notes
covering asset management principles; 2)
presentation slides and instructor notes for
TEAMS – Total Electronic Asset Management
System; and 3) an overview and introduction
section, the TEAMS User’s Guide; a Resource
list, and a copy of TEAMS software.
This information is in Power Point and
PDF format. The toolkit is organised to allow
instruction in the principles of asset
management and, where applicable, the
corresponding section of TEAMS. The modular
format of the presentation materials allows the
principles and the corresponding section on
TEAMS to be given sequentially or individually as
two distinct offerings.
The toolkit was prepared in this manner to
allow flexibility in instruction. The toolkit can be
downloaded and placed in a binder using the
Tabs to organise the content.
Training Medium: This toolkit is designed for
instructor delivery to a group of participants, or
as a self-paced interactive presentation for use
by an individual. Each module has a Power Point
presentation and a trainers guide.
MCET provides site-specific environmental,
health and safety training and services for
municipalities, private businesses and industry,
and state and federal agencies. Its programmes
focus on delivering quality education and
assistance to professionals in drinking water and

wastewater operations, areas in health and
safety for employers and employees, technical
outreach for industry, and compliance
assistance services.
http://www.mcet.org/am/index.html

Arivu 2006: risk modeling in the facilities
and infrastructure industries
Knowledge Based Managements’ Release
of Arivu 2006 signals ‘a step change in the
management of risk within asset-intensive
companies’, claiming to allow for greater
results, faster.
KBM released the first production version of
Arivu on the 18th of September. An enterprise
level solution for modeling risk in the facilities
and infrastructure industries, Arivu uses the
latest in software architecture and design, and
has been deployed for immediate use with the
KBAI models (Knowledge Based Asset Integrity)
recently implemented by the Royal Mail Group
(UK). Arivu will also soon become operational
within the CarillionWSP Area 12 lighting assets
managed on behalf of the Highways Agency.
Arivu represents a leap forward for managing
assets according to risk and has overcome
many of the common issues relating to the
implementation of reliability based programmes
for physical assets, providing a unique
competitive advantage for clients. Through the
modeling methodologies developed by KBM,
combined with the depth of industry knowledge
and experience of its parent companies, Arivu
aims to provide a powerful means for clients to
accelerate the journey to value in the application
of risk based principles, such as those contained
within the standard PAS-55, to their physical
asset base.
For further information please contact Daryl
Mather, Business Development Manager KBM,
on +44 (0)796 606 9970.
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New stormwater management WERF reports from IWA Publishing
Decentralised Stormwater Controls for Urban
Retrofit and Combined Sewer Overflow
Reduction
WERF Report: Stormwater (03-SW-3)
Author: N Weinstein
Decentralised stormwater controls provide a
significant and promising alternative strategy to
limit the number of overflows from combined
sewer systems. This research evaluates the
functional processes employed by decentralised
controls and possible methods of quantifying
stormwater retention and detention
mechanisms. Pilot installations and modeling are
demonstrating significant reductions in runoff
volumes especially when targeted at problematic
catchment areas of the collection system. The
technical considerations and perceived
impediments of urban retrofits are analysed and
a methodology for modeling effectiveness is
outlined. The comprehensive benefits gained
from decentralised controls, in addition
to stormwater volume reductions, are
also presented.
The results of this research provide a
framework for communities to begin

Diary
A listing of upcoming asset
management-related events
and conferences. Send event
details to WAMI for inclusion.

Asset Management
Excellence Exchange
5–6 March 2007
Boston, USA
Join us in Boston for NEWEA’s
2007 Asset Management
Excellence Exchange Event at the
Newton Marriott. This first time
event will bring together many of
the nation’s public and private
businesses to share facility and
infrastructure best management
and cutting edge practices
including:
● Designing for O&M Readiness
● Maintenance Practices
(RCM/FMEA/PdM)
● Autonomous Maintenance
● Root Cause Failure Analysis
● Warehousing, Technology
(CMMS/GIS/SCADA)
● Data/Information Management
● Energy Management
● Asset Renewal/Replacement
Strategies
● Finance and Capital Planning
● Risk Management
● Performance
Monitoring/Metrics
● Business Process Workflow
● Communication Plans
● Change Management
● Training Programmes and
Sustainability

implementing decentralised controls as a
component of a combined sewer inflow
reduction program. Analytical assessments
of categorical controls are provided to aid in
the selection of appropriate decentralised
techniques and strategies.
The title belongs to WERF Report Series. This
publication can be purchased and downloaded
via Pay Per View on Water Intelligence Online:
www.iwapublishing.com.
Publication Date: April 2006; 182 pages
ISBN: 184339748X

Critical Assessment of Stormwater
Treatment and Control Selection Treatment
WERF Report: Stormwater (02-SW-1)
Author: E Strecker
Although historically the process of selecting
stormwater treatment systems has centered on
choosing categories of treatment systems from a
menu of options, the state of the practice allows
for a more fundamental approach that explicitly
incorporates the concept of unit operations and
processes (UOPs) in a manner analogous to the
conceptual design process for wastewater

A special Change Management
workshop based on the newly
released ‘Our Iceberg is Melting’
book wil be held on Sunday,
March 4th. Training contact
hours will be available
to attendees.
Web: www.newea.org

The Adam Smith Institute’s
12th Annual Conference:
The Future of Utilities,
featuring the inaugural
‘Metering Forum’
26–28 March 2007, London, UK
In addition to ‘The Future of
Utilities’ conference, The Adam
Smith Institute is delighted to
announce its new ‘Metering
Forum’, taking place on the
28th March 2007, directly after
the standard two day conference.
This forum will comprise of an
in-depth focus on the metering
sector, which has become a key
and challenging area that affects
the whole of the Utilities industry.
Top-level speakers already
confirmed include:
● Philip Davies, Director of Retail
Markets and Environmental
Policy, Ofgem
● Nicola Cumner, Director of
Market Instruments,
Department of Trade & Industry
● Tony Smith, Chief Executive,
CCWater
● Nick Horler, Managing Director,
Retail, E.ON UK
● Mike Pocock, Head of Strategic
Planning, Veolia Water UK

treatment systems. The incorporation of one or
more UOPs into specific design elements of a
stormwater treatment system, or treatment
system components (TSCs), places emphasis
on the selection of systems that are intended, by
design, to specifically address project goals
and objectives.
The purpose of this guidance document is
to provide a framework for applying fundamental
principles of UOPs to aid in the evaluation and
selection of runoff management and treatment
control systems for urban and urbanising areas.
The steps of the conceptual design process
presented herein include: 1) problem definition,
2) site characterisation, 3) identification of
fundamental process categories, 4) selection of
treatment system components, 5) practicability
assessment, 6) sizing and development of
conceptual design, and 7) development of
performance monitoring and evaluation plan.
This publication can be purchased and
downloaded via Pay Per View on Water
Intelligence Online: www.iwapublishing.com.
Publication Date: January 2006; 500 Pages
ISBN: 1843397412

● Michael Rea, Director of
Strategy & Markets, Carbon
Trust
● Stephen McCully, General
Manager, NIE Supply, Northern
Ireland Electricity
● Petter Allison, Head of
Metering, British Gas
● Vanessa Clark, Head of
Metering, Thames Water
The 'Metering Forum' will give you
the unique opportunity to:
● Learn from top-level speakers
about developments in the
metering sector
● Debate how smart metering
can meet the needs of
customers, utility companies
and the environment
● Take a detailed look at how
customer reactions,
government policy and other
considerations might affect the
provision of services
● Understand the challenges
facing your contemporaries and
hear about the possible
solutions
● Share cross-industry
experiences with other
participants in our roundtable
discussion groups
Delegate places for this industry
leading event are now available.
For more information or to book
on to the ‘Metering Forum’ or ‘The
Future of Utilities’ conference,
please call our customer services
team on +44 (0) 20 7608 0541,
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email: conferences@marketforce.
eu.com, or visit the conference
website at:
www.marketforce.eu.com/utilities
for up-to-date conference
programmes.

Leading-Edge Strategic Asset
Management
17–19 October 2007
Lisbon, Portugal
Water and Wastewater
companies operating all around
the world have faced rising asset
management and replacement
costs, often to levels that are
financially unsustainable. LESAM
2007 will provide an opportunity
to discuss developments at the
leading-edge in key fields to an
audience of utility personnel,
regulators and consultants.
Focus will be on the techniques,
technologies and management
approaches aiming at optimising
the investment in infrastructure
while achieving demanded
customer service standards.
Topics will include:
● Global approaches to asset
management
● Target definition and
performance assessment
● Cost and benefit valuation
● Target definition and
assessment of risks
● Asset data and information
systems
● Financial management
Web: www.lesam2007.org
Email: lesam@lesam2007.org

